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1. Introduction

Allergic rhinitis is a symptomatic disorder of the nose induced after allergen exposure
due to an IgE-mediated inflammation of the membranes lining the nose [1]. It was defined in
1929 [2]: “The three cardinal symptoms in nasal reactions occurring in allergy are sneezing,
nasal obstruction and mucous discharge.”

Allergic rhinitis is a global health problem that causes major illness and disability
worldwide. Patients from all countries, all ethnic groups and all ages suffer, from allergic
rhinitis. Allergic rhinitis affects social life, sleep, school and work. The economic impact of
allergic rhinitis is often underestimated because the disease does not induce elevated direct
costs. However, the indirect costs are substantial [1]. Both allergic thinitis and asthma are
systemic inflammatory conditions and often are co-morbidities.

Although asthma and other forms of allergic diseases havé /been described in the
Antiquity, “hay fever” is surprisingly modern. Very rare descriptions can be traced back to
Islamic texts of the 9th century and European texts of the 16th.century. It was only in the
early 19th century that the disease was carefully described and,at that time was regarded as
most unusual [3]. In the 19" Century, the disease followed the industrialization of
Westernized countries [4]. By the end of the 19th century it had become commonplace in both
Europe and North America. However, the prevalence of’allérgic rhinitis was still low and has
considerably increased during the past 50 years. In some countries, over 50% of adolescents
are reporting symptoms of allergic rhinitis [5]. Using.a-conservative estimate, allergic rhinitis
occurs in over 500 million people around the world. The prevalence of allergic rhinitis is
increasing in most countries in the world, and particularly in areas with low or medium levels
of prevalence. However, it may be plateauing.or even decreasing in the highest prevalence
areas. Rhinitis and allergic diseases are now-taken seriously and the European Union [6] or
countries such as Canada have specific programs to better understand, manage and prevent
allergic diseases.

Risk factors for allergic rhinitis-are'well identified. In the Middle of the 19™ century,
the cause of hay fever was ascribed to'pollens [7, 8]. Indoor and outdoor allergens as well as
occupational agents cause rhinitis and-other allergic diseases. The role of indoor and outdoor
pollution is probably very impertant, but has yet to be fully understood both for the
occurrence of the disease and its'manifestations.

The diagnosis of allergic rhinitis is often easy, but in some cases it may cause
problems and many patients«are still under-diagnosed, often because they do not perceive the
symptoms of rhinitis as a disease impairing social life, school and work.

The management/of allergic rhinitis is well established and many guidelines have been
issued but the first ones'were not evidence-based [9-11].

1.1. The ARIA workshop

In 1999,/during the ARIA (Allergic Rhinitis and its Impact on Asthma) WHO
workshop, the suggestions were made by a panel of experts and based on evidence using an
extensive review of the literature available up to December 1999 [1]. The statements of
evidence fot the development of these guidelines have followed WHO rules and are based on
those of Shekelle et al [12].

The second important achievement of ARIA was to propose a new classification for
allergic rhinitis which was subdivided into "intermittent" or "persistent" disease [1].

Moreover, it is now recognized that allergic rhinitis comprises more than the classical
symptoms of sneezing, rhinorrhea and nasal obstruction. It is associated with impairments in
how patients function in day-to-day life. The severity of allergic rhinitis was therefore
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classified as "mild" or "moderate/severe" according to symptoms but also to quality-of-life
[1].

Another important aspect of the ARIA guidelines was to consider co-morbidities of
allergic rhinitis. The eye involvement in allergic rhinitis has been described for a long time
[13]. The nasal airways and their closely associated paranasal sinuses are an integral part of
the respiratory tract [1, 14-16]. In the second century, Claudius Galenus, one of the fathers of
modern respiratory physiology, defined the nose as a “respiratory instrument” in/is work De
usu partium (on the usefulness of the [body] parts [17]. The co-morbidities betwéen the upper
and lower airways were described with the clinical description of allergic rhinitis [3, 8]. The
nasal and bronchial mucosa present similarities and one of the most important concepts
regarding nose-lung interactions is the functional complementarity [14]. Interactions between
the lower and the upper airways are well known and have been extensively studied since
1990. Over 80% of asthmatics have rhinitis and 10-40% of patients with rhinitis have asthma
[1]. Most patients with asthma have rhinitis [18] suggesting the concept of "one airway one
disease" although there are differences between rhinitis and asthma{ 19, 20].

The ARIA document was intended to be a state-of-the-art-for the specialist as well as
for the general practitioner and other health care professionals:

e To update their knowledge of allergic rhinitis.

To highlight the impact of allergic rhinitis on asthma.

To provide an evidence-based documented revision On.diagnostic methods.
To provide an evidence-based revision on treatments.

To propose a stepwise approach to management.

The ARIA document was not intended- to be a standard-of-care document for
individual countries. It was provided as a basis-for physicians, health care professionals and
organizations involved in the treatment of allergic rhinitis and asthma in various countries to
facilitate the development of relevant local standard-of-care documents for their patients.

The ARIA workshop held at the World Health Organization proposed the following
recommendations (Table 1):

Table 1 — Recommendations of.the ARIA workshop

1- Allergic rhinitis is a major chtanic respiratory disease due to its:
- Prevalence
- Impact on quality of life
- Impact on work/school-performance and productivity
- Economic burden
- Links with asthma
2- In addition, allergic “rhinitis is associated with sinusitis and other co-morbidities
such as conjunctivitis
3- Allergic rhinitis-should be considered as a risk factor for asthma along with other
known risk factors
4- A new subdivision of allergic rhinitis has been proposed:
- Intermittent\(IAR)
- Persistent/(PER)
5- The severity of allergic rhinitis has been classified as "mild' and "moderate/severe"
depending on the severity of symptoms and quality-of-life outcomes
6- Depending on the subdivision and severity of allergic rhinitis, a stepwise therapeutic
approach has been proposed
7- The treatment of allergic rhinitis combines:
- Allergen avoidance (when possible)
- Pharmacotherapy
- Immunotherapy
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- Education

8- Patients with persistent allergic rhinitis should be evaluated for asthma by history,
chest examination and, if possible and when necessary, the assessment of airflow
obstruction before and after bronchodilator

9- Patients with asthma should be appropriately evaluated (history and physical
examination) for rhinitis.

10- A combined strategy should be ideally used to treat the upper and Jower airway
diseases in terms of efficacy and safety.

1.2. Need for an ARIA update

An update of the ARIA guidelines is needed because:
A large number of papers have been published within the past </years extending our
knowledge on the epidemiology, diagnosis, management and co-morbidities of allergic
rhinitis. Other guidelines have been produced since 1999 [21];¢but they did not review
extensively the ongoing literature using an evidence-based model.
e The ARIA recommendations were proposed by an expert-group and needed to be
validated in terms of classification and management.
e New evidence-based systems are proposed to guide recommendations and include safety
and costs as well as efficacy of treatments [22, 23].
e Moreover, there were gaps in our knowledge in the first ARIA document. In particular,
o Some aspects of treatment like complementary and alternative medicine were not
appropriately discussed.
o The links between upper and lower airways in developing countries and deprived
areas have not been sufficiently developed even though, in the ARIA document, a
section was written on this subjectin collaboration with the UNION (formerly
IUATLD).
o Sports and rhinitis in athletes.
o Rhinitis and its links with asthma'in pre-school children.
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1.3. Development of the ARIA update

The ARIA update was started in 2004. Several chapters of ARIA were extensively

reviewed in an evidence-based model, and papers were published (or submitted) in peer-
reviewed journals: tertiary prevention of allergy, complementary and alternative medicine,
pharmacotherapy and anti-IgE treatment, allergen-specific immunotherapy, links between
rhinitis and asthma and mechanisms of rhinitis [24-28].

There was then a need for a global document based on the published.papers which

would highlight the interactions between the upper and the lower airways in.order to:

Develop an evidence-based global document on a key problem of respiratory medicine
including diagnosis, epidemiology, common risk factors, management-and prevention.
Propose educational materials for health care professionals and patients.

Meet the objectives of the WHO Global Alliance against Chronic Respiratory Diseases
(GARD) [29] which will help to coordinate the efforts .of the different GARD
organizations towards a better prevention and management of chronic respiratory
diseases (CRD), increase CRD awareness and also fill some of the gaps in knowledge.
Focus on the prevention of chronic respiratory and allergic-diseases.

Highlight gaps in knowledge, particularly in developing/countries and deprived areas.
Prepare an executive summary and pocket guide for physicians, patients and health care
professionals.
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2. Definition and classification of rhinitis

2.1. Introduction

Rhinitis is defined as an inflammation of the lining of the nose and is characterized by
nasal symptoms including anterior or posterior rhinorrhea, sneezing, nasal blockage and/or
itching of the nose. These symptoms occur during two or more consecutive. days for more
than one hour on most days [9].

Allergic rhinitis is the most common form of non-infectious rhinitis_and is associated
with an IgE-mediated immune response against allergens. It is often associated with ocular
symptoms.

Several non-allergic conditions can cause similar symptoms: infections, hormonal
imbalance, physical agents, anatomical anomalies and the use of certain drugs [30]. Rhinitis is
therefore classified as shown in (Table 2) [1]. The differential diagnosis of rhinitis is
presented in (Table 3) [1].

Since the nasal mucosa is continuous with that of the patanasal sinuses, congestion of
the ostia may result in sinusitis which does not exist without rhinitis. The term
“rhinosinusitis” should replace “sinusitis” [31].

Vasomotor rhinitis is a term which is not used. in this document since vasomotor
symptoms can be caused by allergic and non-allergic rhinitis.

Table 2 - Classification of rhinitis

From [1]

eInfectious eOccupational NARES
viral Intermittent [rritants
bacterial Persistent Food
other infectious agents eDrug-induced Emotio_nal

eAllergic aspirin Atrophic
Intermittent other medications eldiopathic
Persistent sHormonal

oOther causes

Table 3 - Differential diagnosis of allergic rhinitis
From [1]

¢ Rhinosinusitis with or without nasal polyps
eMechanical Factors
Deviated septum
Hypertrophic turbinates
Adenoidal hypertrophy
Anatomical variants in the ostiomeatal
complex
Foreign bodies
Choanal atresia
eTumours
Benign
Malignant
eGranulomas
Wegener's Granulomatosis
Sarcoid
Infectious

Malignant - midline destructive granuloma
oCiliary defects

eCerebrospinal Rhinorrhea
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2.2. Allergic rhinitis

Definition and classification of allergic rhinitis

e Allergic rhinitis is clinically defined as a symptomatic disorder of the nose induced
after allergen exposure by an IgE-mediated inflammation

Allergic rhinitis is subdivided into intermittent or persistent disease

The severity of allergic rhinitis can be classified as "mild" or "moderate/severe”
Allergic rhinitis impairs quality-of-life, sleep, school and work

Many non-allergic triggers induce nasal symptoms which mimic allergic rhinitis.
They include drugs (aspirin and other non-steroidal anti-inflammatory agents),
occupational agents, foods, physical, emotional and chemicalfactors, and viral
infections

2.2.1. Definition of allergic rhinitis

2.2.1.1. Clinical definition

Symptoms of allergic rhinitis include rhinorrhea, nasal-obstruction [32], nasal itching
and sneezing which are reversible spontaneously or with treatment [2, 33-36]. Post-nasal drip
mainly occurs either with profuse anterior rhinorrhea in/allergic rhinitis [37] or without
significant anterior rhinorrhea in chronic rhinosinusitis [38, 39]. Pre-school children may just
have nasal obstruction. However, nasal obstruction-as the only symptom is very rarely
associated with allergy. Patients with non-allergic rhinitis may have similar symptoms [40].

Allergic rhinitis is subdivided into "intermittent" or "persistent" disease. The severity
of allergic rhinitis can be classified as "mild" or “immoderate/severe" [1].

2.2.1.2. Definition for epidemiologic studies

The clinical definition of rhinitis 4s difficult to use in the epidemiologic settings of
large populations where it is impossible to visit every person or to obtain the laboratory
evidence of each immune response. However, the standardization of the definition of rhinitis
in epidemiological studies is of crucial.importance, especially when comparing the prevalence
between studies.

Initial epidemiologic studies’ have assessed allergic rhinitis on the basis of simple
"working definitions". Various.standardized questionnaires have been used to this effect [41,
42].

e The first questionnaires assessing seasonal allergic rhinitis dealt with "nasal catarrh"
(British Medical Research Council, 1960) [43] and "runny nose during spring" (British
Medical Research Council, 1962) [44].

e Questions introducing the diagnostic term of "seasonal allergic rhinitis" were successively
used: "Have you ever had seasonal allergic rhinitis?" or "Has a doctor ever told you that
you suffer fromrseasonal allergic rhinitis?"

e In the ECRHS (European Community Respiratory Health Survey) full-length
questionnaire, the question asked on rhinitis was: "Do you have any nasal allergies
including-"seasonal allergic rhinitis"?" [45]. In order to identify the responsible allergen,
the ECRHS study has included potential triggers of the symptoms. However, this question
is not sensitive enough and some patients with non-allergic rhinitis answer “yes”.

e There are however problems with questionnaires. Many patients poorly perceive nasal
symptoms of allergic rhinitis: some exaggerate symptoms whereas many others tend to
dismiss the disease [46]. Moreover, a large proportion of rhinitis symptoms are not from
allergic origin [47]. In the SAPALDIA (Swiss Study on Air Pollution and Lung Diseases
in Adults) study, the prevalence of current seasonal allergic rhinitis varied between 9.1%
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(questionnaire answer and a positive skin prick test to at least one pollen) and 14.2%
(questionnaire answer only).

e Diagnostic criteria affect the reported prevalence rates of rhinitis [48-50].

e A score considering most of the features (clinical symptoms, season of the year, triggers,
parental history, individual medical history, perceived allergy) of allergic rhinitis has
recently been proposed [51]. Using the doctor’s diagnosis (based on questionnaire,
examination and skin tests to common aeroallergens) as a gold standard, thés¢/scores had
good positive and negative predictive values (84% and 74%, respectively) in the
identification of patients suffering from allergic rhinitis. Symptoms of ‘perennial rhinitis
have been defined as frequent, non-seasonal, nasal or ocular ("rhinoconjunctivitis").

e In one study, the length of the disease was also taken into consideration in order to
differentiate perennial allergic rhinitis from the "common cold" (viral upper respiratory
infections) [52].

e The GA’LEN (Global Allergy and Asthma European Network)-quéstionnaire on allergy is
given in Annex 1.

Objective tests for the diagnosis of IgE-mediated allergy (skin prick test, serum
specific IgE) can also be used [53-55]. The diagnostic efficiency of IgE, skin prick tests and
Phadiatop® was estimated in 8,329 randomized adults from*the SAPALDIA. The skin prick
test had the best positive predictive value (48.7%) compdred to the Phadiatop® (43.5%) or
total serum IgE (31.6%) for the epidemiologic diaghosis of allergic rhinitis [56]. Future
working definitions may encompass not only clinical.Ssymptoms and immune response tests
but also nasal function and eventually specific nasal challenge [57].

2.2.2. Intermittent (IAR) and persistent allergic rhinitis
(PER)

Previously, allergic rhinitis was subdivided, based on the time of exposure, into
seasonal, perennial and occupational [9,10, 58, 59]. Perennial allergic rhinitis is most
frequently caused by indoor allergens such as dust mites, molds, insects (cockroaches) and
animal danders. Seasonal allergic rhinitis.is related to a wide variety of outdoor allergens such
as pollens or molds. However, this classification is not entirely satisfactory as:

e In certain areas, pollens and melds are perennial allergens (e.g. grass pollen allergy in
Southern California and Florida/[60] or Parietaria pollen allergy in the Mediterranean
area [61]).

e Symptoms of perennial allergy may not always be present all year round. This is
particularly the case for a‘large number of patients allergic to house dust mites suffering
only from mild or moderate/severe IAR [62-65]. This is also the case in the Mediterranean
area where levels of house dust mite allergen are low in the summer [66].

e The majority of patients are sensitized to many different allergens and therefore exposed
throughout the jyear [33, 62, 67-69]. In many patients, perennial symptoms are often
present and patients present seasonal exacerbations when exposed to pollens or molds. It
appears therefore that this classification is not adherent to real life.

e Climatic changes modify the time and duration of the pollen season which may make
predictions-difficult.

e Allergic patients travel and may be exposed to the sensitizing allergens in different times
of the year.

e Some patients allergic to pollen are also allergic to molds and it is difficult to clearly
define the pollen season [70].

e Some patients sensitized only to a single pollen species present perennial symptoms [71].

e Due to the priming effect on the nasal mucosa induced by low levels of pollen allergens
[72-77] and minimal persistent inflammation of the nose in patients with symptom-free



15

rhinitis [64, 78, 79], symptoms do not necessarily occur strictly in conjunction with the
allergen season.

e Non-specific irritants such as air pollution may aggravate symptoms in symptomatic
patients and induce symptoms in asymptomatic patients with nasal inflammation [80].

Thus, a major change in the subdivision of allergic rhinitis was proposed in the ARIA
document with the terms "intermittent" (IAR) and "persistent" (PER) [1]. It was shown that
the classic types of seasonal and perennial rhinitis cannot be used interchangeably with the
new classification of intermittent/persistent, as they do not represent the same stratum of
disease. Thus, “intermittent” and “persistent” are not synonymous with. “seasonal” and
“perennial” [36, 62, 67, 81-83]. In the original ARIA document, the number of consecutive
days used to classify patients with persistent rhinitis was more than 4 a week [1]. However, it
appears that patients with persistent rhinitis usually suffer almost every‘day [84].

Whereas the majority of patients present symptoms unrelated to seasons, it is possible
to discriminate pollen seasons in some patients. In this case, patients present symptoms during
defined times of the year or present mild persistent rhinitis during most months of the year
and have more severe symptoms when exposed to high concentrations of allergens during
pollen seasons.

Since most patients are polysensitized, it appears)that the ARIA classification is
closer to the patient’s needs than the previous one [85].
Moreover, persistent rhinitis does not necessarilytesult from allergic origin [86].

2.2.3. Severity of allergic rhinitis

2.2.3.1. Classical symptoms and signs

Allergic rhinitis is characterized by-subjective symptoms which may be difficult to
quantify because they depend largely on.thé patient’s perception.

2.2.3.2. Symptoms associated with social life, work and school

It is now recognized that allergic rhinitis comprises more than the classical symptoms
of sneezing, rhinorrhea and nasal“obstruction. It is associated with impairments in how
patients function in day-to-day:life. Impairment of quality-of-life is seen in adults [10, 87]
[88] and in children [89-92]. Patients may also suffer from sleep disorders, emotional
problems, as well as by impairment in activities and social functioning [93].

Poorly-controlleds symptoms of allergic rhinitis may contribute to sleep loss or
disturbance [94-104]. Moteover, H;-antihistamines with sedative properties can increase
sedation in patients with.allergic rhinitis [105, 106]. Although sleep apnea syndrome has been
associated with nasal'disturbances [107-109], it is unclear as to whether allergic rhinitis is
associated with ,sleep apnea [100, 107, 110]. It has been shown that patients with
moderate/severe, symptoms of intermittent or persistent allergic rhinitis have an impaired
sleep pattern by comparison to normal subjects and patients with mild rhinitis [111].

It is also commonly accepted that allergic rhinitis impairs work [10, 84, 112, 113] and
school performance [114-116].

In several studies, the severity of allergic rhinitis assessed using quality-of-life
measures, work productivity questionnaires or sleep questionnaires was found to be somewhat
independent of duration [67, 84, 111, 117].

2.2.3.3. Objective measures of severity

Objective measures of the severity of allergic rhinitis include:
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e Symptom scores.
e Visual analogue scales (VAS) [118, 119] (Figure 1).
Figure 1 : Assessment of rhinitis severity using a visual analogue scale

from [119]
“Are you bothered by your rhinitis ?”
Not bothered at all Extremely bothered

10 cm

e Measurements of nasal obstruction, such as peak inspiratory flow measutements, acoustic
rhinometry and rhinomanometry [120-122].

e Measurements of inflammation such as NO measurements, cells_and mediators in nasal
lavages, cytology and nasal biopsy [121, 123].

e Reactivity measurements such as provocation with histamine, methacholine, allergen,
hypertonic saline, capsaicin or cold dry air [124].

e Measurements of the sense of smell [125].

Measurements of VAS, nasal obstruction and smell-are used in clinical practice. The
other measurements are primarily used in research.

2.2.3.4. ARIA classification of allergic rhinitis

In the ARIA classification, allergic rhinitis- can be classified as “mild” and
“moderate/severe” depending on the severity of symptoms and their impact on social life,
school and work (Table 4). It has also been proposed to classify the severity as “mild”,
“moderate” and “severe” [36, 126, 127], but it seems that this proposal makes it more
complex for the practicing physician without-bringing significant improvement to the patient
since this more complex classification does net'translate to a difference in therapeutic options.

Table 4 - Classification of allergic rhinitis according to ARIA

1]
1- "Intermittent" means that thessymptoms are present:
¢ Less than 4 days a week
¢ Or for less than 4 consecutive weeks
2- "Persistent" means that the symptoms are present:
e More than 4 days a'week
¢ And for more than 4 consecutive weeks
3- "Mild" means that fione of the following items are present:
o Sleep disturbance
¢ Impairment of daily activities, leisure and/or sport
¢ Impairment of school or work
e Symptems present but not troublesome
4- "Moderate/severe" means that one or more of the following items are present:
¢ Sleep disturbance
¢ Impairment of daily activities, leisure and/or sport
¢ Impairment of school or work
o Troublesome symptoms

The-severity of allergic rhinitis is independent of the treatment. In asthma, the control
level is also independent of asthma medications [128-132]. Although such an independent
relationship was suspected in a study on allergic rhinitis [67], this very important finding was
confirmed in a recent study in which it was found that the severity of rhinitis is independent
of its treatment [119]. Thus, as for asthma, one of the problems to consider is to replace
“severity” by “control”, but sufficient data are not yet available.
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2.3. Other causes of rhinitis

2.3.1. Infectious rhinitis

For infectious rhinitis, the term rhinosinusitis is usually used. Rhinosinusitis is an
inflammatory process involving the mucosa of the nose and one or more sinuses, The mucosa
of the nose and sinuses form a continuum and thus more often than nof“the mucous
membranes of the sinus are involved in diseases which are primarily. caused by an
inflammation of the nasal mucosa. For this reason infectious rhinitis is-discussed under
rhinosinusitis.

2.3.2. Work-related rhinitis

Occupational rhinitis arises in response to an airborne agent/ptesent in the workplace
and may be due to an allergic reaction or an irritant response [133};,Causes include laboratory
animals (rats, mice, guinea-pigs, etc.) [134], wood dust, particularly hard woods (mahogany,
Western Red Cedar, etc.) [135], mites [136], latex [137], enzymes [138], grain (bakers and
agricultural workers) [139, 140] and chemicals such as acid anhydrides, platinum salts [141],
glues and solvents [142].

Occupational rhinitis is frequently under-diagnosed,due to under-reporting and/or a
lack of physician awareness [133, 143]. Diagnosis is suspected when symptoms occur in
relation to work. Differentiating between immunological sensitization and irritation may be
difficult. Given the high prevalence of rhinitis in the general population, whatever the cause,
then objective tests confirming the occupational origin are essential [144]. Measures of
inflammatory parameters via nasal lavage and the/objective assessment of nasal congestion
both offer practical means of monitoring responses [133]. Growing experience with acoustic
rhinometry and peak nasal inspiratory flow(suggests that these methods may have a role in
monitoring and diagnosing [145]. The surveillance of sensitized workers may allow an early
detection of occupational asthma.

2.3.3. Drug-induced rhinitis

Aspirin and other non-steroidal anti-inflammatory drugs (NSAIDs) commonly induce
rhinitis and asthma (Table 5). /The disease has recently been defined as AERD (aspirin
exacerbated respiratory disease) [146]. In a population-based random sample, aspirin
hypersensitivity was more fréquent among subjects with allergic rhinitis than among those
without (2.6% vs. 0.3%) [147}. In about 10% of adult patients with asthma, aspirin and other
NSAID that inhibit cyclpexygenase (COX) enzymes (COX-1 and -2) precipitate asthmatic
attacks and naso-ocular<réactions [148]. This distinct clinical syndrome, called aspirin-
induced asthma, is characterized by a typical sequence of symptoms: an intense eosinophilic
inflammation of the.mnasal and bronchial tissues combined with an overproduction of
cysteinyl-leukotrienes’ (CysLT) [149] and other prostanoids [150, 151]. After the ingestion of
aspirin or other NSAIDs, an acute asthma attack occurs within 3 hours, usually accompanied
by profuse rhinorrhea, conjunctival injection, periorbital edema and sometimes a scarlet
flushing of the‘head and neck. Aggressive nasal polyposis and asthma run a protracted course,
despite the.avoidance of aspirin and cross-reacting drugs [152]. Blood eosinophil counts are
raised and“eosinophils are present in nasal mucosa and bronchial airways. Specific anti-COX-
2 enzymes were usually well tolerated in aspirin-sensitive patients [149] but many are no
longer marketed.

Table 5 - List of common NSAIDs that cross-react with aspirin in respiratory
reactions
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From [1]
Generic names Brand names
Aminophenazone Isalgin
Diclofenac Voltaren, Cataflam
Diflunisal Dolbid
Etodolac Lodine
Fenoprofen Nalfon
Flurbiprofen Ansaid
Ibuprofen Motrin, Rufen, Advil
Indomethacin Indocid, Metindol
Ketoprofen Orudis, Oruval
Ketoralac Toradol
Klofezon Perclusone
Mefenamic acid Ponstel, Mefacit
Metamizol Analgin,
Nabumetone Relafen
Naproxen Naprosyn, Anaprox, Aleve
Noramidopyrine, Novalgin
Oxaprozin Daypro
Oxyphenbutazone Tanderil
Piroxicam Feldene
Propylphenazone Pabialgin, Saridon
Sulindac Cilnaril
Tolmetin Tolectin

* Paracetamol is well tolerated by the majority of patients, especially in doses not exceeding 1000 mg/day.
Nimesulide and Meloxicam in high doses may precipitate.nasal and bronchial symptoms [153].

A range of other medications is known.to cause nasal symptoms. These include:

Reserpine [154].

Guanethidine [155].

Phentolamine [156].

Methyldopa [155].

ACE inhibitors [157].

a-adrenoceptor antagonists.

Intraocular or oral ophthalmic preparations of B-blockers [158].
Chlorpromazine.

Oral contraceptives.

The term rhinitis ,medicamentosa [159-161] applies to the rebound nasal obstruction
which develops in patients who wuse intranasal vasoconstrictors chronically. The
pathophysiology of the,.condition is unclear; however, vasodilatation and intravascular edema
have both been implicated. The management of rhinitis medicamentosa requires the
withdrawal of topical’decongestants in order to allow the nasal mucosa to recover, followed
by treatment of the tinderlying nasal disease [162].

Cocaine sniffing is often associated with frequent sniffing, rhinorrhea, diminished
olfaction and-septal perforation [163, 164].

Amongst the multiuse aqueous nasal, ophthalmic and otic products, benzalkonium
chloride is-the most common preservative. Intranasal products containing this preservative
appear to be safe and well tolerated for both long- and short-term clinical use [165].

2.3.4. Hormonal rhinitis

Changes in the nose are known to occur during the menstrual cycle [166], puberty,
pregnancy [167, 168] and in specific endocrine disorders such as hypothyroidism [169] and
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acromegaly [170]. Hormonal imbalance may also be responsible for the atrophic nasal
change in post-menopausal women.

A persistent hormonal rhinitis or rhino-sinusitis may develop in the last trimester of
pregnancy in otherwise healthy women. Its severity parallels the blood oestrogen level [171].
Symptoms disappear at delivery.

In a woman with perennial rhinitis, symptoms may improve or deteriorate during
pregnancy [172].

2.3.5. Nasal symptoms related to physical and chemical

factors

Physical and chemical factors can induce nasal symptoms which may ‘mimic rhinitis in
subjects with sensitive mucous membranes and even in normal subjects/if-the concentration of
chemical triggers is high enough [173, 174]. Sudden changes in temperature can induce nasal
symptoms in patients with allergic rhinitis [175]. Chronic effects ofcold dry air are important.
Skier’s nose (cold, dry air) [176] has been described as a distinct entity. However, the
distinction between a normal physiologic response and a disease. is not clear and all rhinitis
patients may exhibit an exaggerated response to unspecific physical or chemical stimuli. Little
information is available on the acute or chronic effects of air pollutants on the nasal mucosa
[177].

The alterations of the physiological nasal respiration is of importance for any athlete.
The impact of exercise on rhinitis and the effect of rhinitis on exercise received considerable
attention before the 1984 Olympics, where evidence ‘indicated that chronic rhinitis frequently
occurs and deserves specific management in athletes [178]. Athletes suffering from symptoms
of rhinitis were shown to have impaired performances [179]. Many active athletes suffer from
allergic rhinitis during the pollen season [180, 1817 and most of these receive a treatment for
their nasal symptoms.

On the other hand, some conditions induce nasal symptoms. This is the case of the
skier’s nose, a model of cold-induced rhinitis [176, 182-184] or rhinitis in competitive
swimmers who inhale large quantities.of,chlorine gas or hypochlorite liquid [185-187]. In
runners, nasal resistance falls to about half of its resting values. Decongestion begins
immediately after starting the running and persists for around 30 minutes after its end [27].

In multiple chemical sensitivities, nasal symptoms such as impaired odor perception
may be present [188].

2.3.6. Rhinitis in smokers

In smokers, eye irritation and odor perception are more common than in non-smokers
[189]. Tobacco smoke can alter the mucociliary clearance [190] and can cause an eosinophilic
and "allergic"-like inflammation in the nasal mucosa of non-atopic children [191]. Some
smokers report a sensitivity to tobacco smoking including headache, nose irritation
(rhinorrhea, nasal congestion, postnasal drip and sneezing) and nasal obstruction [192].
However, in normal- subjects, smoking was not found to impair nasal quality-of-life [193].
NARES might \be caused by passive smoking inducing an “allergy-like” inflammatory
response [194];

2.3(7, Food-induced rhinitis

Food allergy is a very rare cause of isolated rhinitis [195]. However, nasal symptoms
are common among the many symptoms of food-induced anaphylaxis [195].

On the other hand, foods and alcoholic beverages in particular may induce symptoms
by unknown non-allergic mechanisms.
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Gustatory rhinitis (hot spicy food such as hot red pepper) [196] can induce rhinorrhea,
probably because it contains capsaicin. This is able to stimulate sensory nerve fibers inducing
them to release tachykinins and other neuropeptides [197].

Dyes and preservatives as occupational allergens can induce rhinitis [198], but in food
they appear to play a role in very few cases [195].

2.3.8. NARES and eosinophilic rhinitis

Persistent non-allergic rhinitis with eosinophilia is a heterogeneous syndrome
consisting of at least two subgroups: NARES and aspirin hypersensitivity [30].

Non-allergic rhinitis with eosinophilia syndrome (NARES) was defined in the early
1980s [199-201]. Although it probably does not represent a disease entity on its own, it may
be regarded as a sub-group of idiopathic rhinitis characterized by ‘the presence of nasal
eosinophilia and persistent symptoms of sneezing, itching, rhinorrhea.and occasionally a loss
of sense of smell in the absence of demonstrable allergy. It occurs/in children and adults.
Asthma appears to be uncommon but half of the patients show bronchial non-specific
hyperreactivity [202]. It has been suggested that NARES may,4n-some patients, represent an
early stage of aspirin-sensitivity [203]. NARES responds usually but not always favorably to
intranasal glucocorticosteroids [204].

2.3.9. Rhinitis of the elderly

Rhinitis of the elderly, or senile rhinitis as~it/is called in the Netherlands, is a
distinctive feature in the clinical picture of an elderly‘patient suffering from a persistent clear
rhinorrhea without nasal obstruction or other nasal symptoms. Patients often complain of the
classical drop on the tip of the nose.

2.3.10. Emotions

Stress and sexual arousal are known to have effects on the nose probably due to
autonomic stimulation.

2.3.11. Atrophic rhinitis

Primary atrophic rhinitis is ¢haracterized by a progressive atrophy of the nasal mucosa
and underlying bone [205], rendeting the nasal cavity widely patent but full of copious foul-
smelling crusts. It has been attributed to infection with Klebsiella ozaenae [206] though its
role as a primary pathogen is fiot determined. The condition produces nasal obstruction,
hyposmia and a constant bad smell (ozaenae) and must be distinguished from secondary
atrophic rhinitis associated with chronic granulomatosis conditions, excessive nasal surgery,
radiation and trauma.
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2.3.12. Unknown aetiology (idiopathic rhinitis)

Sometimes termed "vasomotor rhinitis", these patients manifest an upper respiratory
hyperresponsiveness to non-specific environmental triggers such as changes in temperature
and humidity, exposure to tobacco smoke and strong odors.

The limited data available suggest that these patients might present [207}

e Nasal inflammation (in a small number of patients).
An important role for C-fibers although direct observations explaining this_mechanism are
lacking.

e Parasympathetic hyperreactivity and/or sympathetic hyporeactivity and/or
Glandular hyperreactivity .

Some people consider even slight nasal symptoms to,be abnormal and seek
consequent medical advice. Inquiry into the number of hours spentywith daily symptoms may
help to determine a distinction between a normal physiologic response and disease. Also, the
use of a daily record card to score symptom duration and intensity, combined, if appropriate,
with peak nasal inspiratory flow measurements, can provide the physician with more insight
into the severity of the disease. Marked discrepancies can befound between the description of
the problem at the first visit and data from these daily medstrements [208, 209].

2.4. Rhinosinusitis

Definition and classification of rhinosinusitis

e Sinusitis and rhinitis usually coexist and-are concurrent in most individuals; thus,
the correct terminology for sinusitis is“rhinosinusitis

e Depending on its duration, rhinosinusitis is classified as acute or chronic (over 12
weeks)

e Symptoms and signs overlie with.those of allergic rhinitis

e For the diagnosis of chronic ‘thinosinusitis (including nasal polyps), an ENT
examination is required

e Sinus X-rays are not useful forthe diagnosis of chronic rhinosinusitis

e CT scans may be useful to/diagnosis and management of chronic rhinosinusitis

Sinusitis and rhinitis usually coexist and are concurrent in most individuals; thus, the
correct terminology for sinusitis'is now rhinosinusitis. The diagnosis of rhinosinusitis is made
by several practitioners, including allergologists, otolaryngologists, pulmonologists, primary
care physicians and many others. Therefore, an accurate, efficient and accessible definition of
rhinosinusitis is required.,

Attempts have/ been made to define rhinosinusitis in terms of pathophysiology,
microbiology, radiology, severity of symptoms and their duration [210-212].

Until recently, rhinosinusitis was usually classified, based on duration, into acute, sub-
acute and chronic [212]. This definition does not incorporate the severity of the disease. Also,
due to the long timeline of 12 weeks in chronic rhinosinusitis (CRS), it can be difficult to
discriminate between recurrent acute and CRS with or without exacerbations.

Dug to the large differences in technical possibilities for the diagnosis and treatment of
rhinosinusitis/nasal polyps by ENT specialists and non-specialists, subgroups should be
differentiated. Epidemiologists need a workable definition that does not impose too many
restrictions to study large populations whereas researchers need a set of clearly defined items
to describe their patient population accurately. The EP30OS task forces attempted to
accommodate these needs by allocating definitions adapted to different situations [31, 213].
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2.4.1. Clinical definition

Rhinosinusitis (including nasal polyps (NP)) is an inflammation of the nose and the
paranasal sinuses characterized by:
e Two or more symptoms:
o Blockage/congestion.
Discharge: anterior/post nasal drip (which can be discoloured)
Facial pain/pressure.
Reduction or loss of smell.
One of the symptoms should be nasal obstruction or discharge (anterior/posterior
nasal drip):
The presenting symptoms of CRS are given in Table 6.

0 O O O

Table 6 - Presenting symptoms of chronic rhinosinusitis
adapted from Meltzer et al [214]

Presenting symptom Percentage of
patients with symptom
Nasal obstruction 94 %
Nasal discharge 82 %
Facial congestion 85 %
Facial pain-pressure-fullness 83.%
Loss of smell 68%
Fatigue 84 %
Headache 83 %
Ear pain/pressure 68 %
Cough 65 %
Halitosis 53 %
Dental pain 50 %
Fever 33 %

e And endoscopic signs:

= Polyps and/or

= Mucopurulent discharge‘ffom middle meatus and/or

= Edema/mucosal obstructien primarily in middle meatus.
o And/or CT changes: Mucesal changes within ostiomeatal complex and/or sinuses.

Computed tomography (CT) of the paranasal sinuses has emerged as the standard test
for the assessment of chronic rhinosinusitis, as evidenced by the emergence of several CT-
based staging systems. Despite its central role in the diagnosis and treatment planning for
chronic rhinosinusitis,.the sinus CT represents a "snapshot in time”. In chronic rhinosinusitis,
the correlation between a CT scan and symptoms is low to non-existent [215, 216]. The most
frequently used scoring system for CT scans in chronic rhinosinusitis is the Lund-Mackay
score [217]. Overall; the Lund-Mackay score in the general population is not 0. A Lund score
ranging from 0-fo 5 may be considered within an incidentally "normal" range, and should be
factored into €linical decision making [218].

A proposal for the differentiation of acute and chronic rhinosinusitis has been recently
published[219] (0).
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guidelines
Type of rhinosinusitis
Acute rhinosinusitis chronic rhinosinusitis
without nasal polyps with nasal polyps
Patterns of symptoms | e Symptoms present for a Symptoms present for = 12 wk
maximum of 10 d up until a
maximum of 28 d
o Severe disease” (presence of
purulence for 3-4 d with high
fever) OR
o Worsening disease (symptoms
that initially regress but worsen
within the first 10 d)
Symptoms for Requires: Requires 22 of the following Requires 22 of.the following
diagnosis  Anterior and/or posterior symptoms: symptoms:
mucopurulent drainage PLUS o Anterior and/or posterior o Antefior and/or posterior
o Nasal obstruction OR mucopurulent drainage muicopurulent drainage
o Facial pain/pressure/fullness o Nasal obstruction » Nasal obstruction
o Facial pain/pressure/fullness » Decreased sense of smell
Objective Requires either: Requires both: Requires both:
documentation o Nasal airway examination for * Rhinoscopy to exclude polyps in o Rhinosocpy to confirm the
mucopurulent drainage: middle meatus and document presence of bilateral polyps in
o Beyond vestibule by either presence of inflammation, such middle meatus AND
anterior or posterior as discolored mucus or edemd of | e Evidence of rhinosinusitis on
endoscopy OR the middle meatus or ethmoid imaging (CT-scan)
o Posterior pharyngeal area AND
drainage OR o Evidence of rhinosinusitis.on
* Radiographic evidence of acute imaging (CT-scan)
rhinosinusitis
From [219]

2.4.1.1. Severity of the disease

The disease can be divided into MILD, MODERATE or SEVERE based on the total severity

visual analogue scale (VAS) score (0-10 cm):
MILD = VAS 0-3
MODERATE = VAS 3.1-7

SEVERE = VAS 7.1-10
To evaluate the total severity, the patient is asked to indicate on a VAS the reply to the
following question (Figure 2):

Figure 2 — Assessment of rhingsinusitis severity by a visual analogue scale

How troublesome are your symptoms of rhinosinusitis ?

Not troublesome Worst thinkable troublesome

10 cm

The severity of rhinosinusitis can also be assessed by using quality-of-life
questionnaires {215, 220-227]. However, these different methods of evaluation of
rhinosinusitis‘severity are not always correlated [215, 228].

2.4.1.2. Duration of the disease

The EPOS-3 document proposes to define the disease as acute rhinosinusitis
(symptoms lasting for less than 12 weeks and complete resolution of symptoms) and CRS
(symptoms lasting for more than 12 weeks without complete resolution of symptoms) .
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2.4.2. Definition for epidemiologic studies

For epidemiologic studies, the definition is based on symptomatology without ENT
examination or imaging. However, a considerable overestimation of the disease can be
observed when a definition of rhinosinusitis is only based on symptomatology without ENT
examination or imaging [229-231].

o Acute Rhinosinusitis is defined as:
= a sudden onset of two or more of the symptoms one of which should be either
nasal blockage/obstruction or nasal discharge:
e Blockage/congestion
e Discharge anterior/post nasal drip;
e Facial pain/pressure;
e Reduction/loss of smell;
= for <12 weeks,
= with validation by telephone or interview.
Questions on allergic symptoms i.e. sneezing, watery rhinorrheaynasal itching and itchy
watery eyes should be included.
o Common cold/ acute viral rhinosinusitis is defined as’an-acute rhinosinusitis lasting less
than 10 days.
o Acute bacterial rhinosinusitis is defined by an increase of symptoms after 5 days or
persistent symptoms after 10 days with less than 12'weeks duration.
o Chronic Rhinosinusitis/nasal polyps is defined by:
= Symptoms, one of which should be eithet nasal blockage/obstruction/congestion or
discharge (anterior/posterior nasal drip):
e Discharge: anterior/post nasakdrip.
Facial pain/pressure.
Reduction or loss of smell,
Nasal congestion/obstruction/blockage with
Facial pain/pressure; or
e Reduction/loss of'smell

= For >12 weeks

= With validation by telephone or interview
Questions on allergic symptomSs i-e. sneezing, watery rhinorrhea, nasal itching and itchy
watery eyes should be included.

2.4.3. Definition for research

For research purposes acute rhinosinusitis is defined as above. Bacteriology (antral
tap, middle meatal tap)'and/or radiology (X-ray, CT) are advised, but not obligatory.

For research(purposes CRS is the major finding and nasal polyposis (NP) is considered
a subgroup of this-entity. For the purpose of a study, the differentiation between CRS and NP
must be based on endoscopy. The research definition is based on the presence of NP and prior
surgery.
e Definitions when no previous sinus surgery has been performed:

o “Polyposis: bilateral, endoscopically visualized in the middle meatus
o Chronic rhinosinusitis: bilateral, no visible polyps in the middle meatus, if
necessary following decongestant
This definition accepts that there is a spectrum of disease in CRS which includes a
polypoid change in the sinuses and/or middle meatus but excludes those with polypoid
disease presenting in the nasal cavity to avoid overlap.
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e Definitions when sinus surgery has been performed: Once surgery has altered the
anatomy of the lateral wall, the presence of polyps is defined as pedunculated lesions as
opposed to cobblestoned mucosa > 6 months after surgery on endoscopic examination.
Any mucosal disease without overt polyps should be regarded as CRS.

2.4.4. Nasal polyposis

Nasal polyps and CRS are often considered as one disease entity, becadse it seems
impossible to clearly differentiate both entities [58, 232-234]. Nasal Polyposis'is considered a
subgroup of CRS.
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3. Risk factors

Risk factors of allergic rhinitis

e Allergic rhinitis is a multi-factorial disease induced by gene-environment

interactions

Indoor and outdoor inhalant allergens cause allergic rhinitis

Major outdoor allergens include pollens and molds

Major indoor allergens include mites, animal danders, insects and-molds

Food allergens are rarely the cause of isolated nasal symptoms

Occupational agents can cause rhinitis by allergic and non-allergic mechanisms

The role of indoor and outdoor air pollutants is probably of importance, but more

data are needed to assess their effect

e Socioeconomic differences are reported in allergic diseases, but more data are
required before making specific recommendations

Risk factors of rhinitis may intervene at all ages of life .and epidemiology has greatly
contributed in the exploration of these factors.

3.1. Genetics and familial history

Allergic rhinitis is a multifactorial disease with genetic as well as environmental
factors influencing disease development. Allergic/diseases such as asthma and rhinitis have
closely related phenotypes and often occur with atepy [235, 236]. They show strong familial
and intra-individual clustering, suggesting overlapping disease aetiology. However, some
genetic polymorphisms have been associated “with rhinitis alone but problems with the
definition of the studied phenotypes, the ‘small size of the population and the lack of
reproductibility of the results still prevent-a generalization [236-248]. Over the past decade,
various antigens of the HLA system have been identified as responsible for seasonal allergic
rhinitis [235].

It is clear that the recent increase in the prevalence of allergic rhinitis cannot be due to
a change in gene pool.

3.2. Early-life risk'factors

Sensitization to allergens may occur in early life [249]. However, besides allergens,
early-life risk factors have tarely been related to rhinitis [250, 251]. Young maternal age,
markers of fetal growth [42; 252-254], multiple gestation [255-257], mode of delivery [258-
262], prematurity [263},. low birth weight [264, 265], growth retardation [265], hormones
during pregnancy [266]and perinatal asphyxia [263] were all inconstantly related to the risk
of developing allergic diseases or rhinitis. As a consequence, existing results are contradictory
and require confirmation.

The monthof birth has been related to allergic rhinitis but findings could have been
biased becaus¢ negative studies have not been published [267-271].

Several environmental co-factors and the so-called hygiene hypothesis may influence
the development or prevention of allergic diseases (see 5.2.2).

3.3. Ethnic groups
Although some studies have been carried out on asthma, fewer studies have examined

the role of ethnic origins in the development of allergic rhinitis. In England, native persons
were at a lower risk of developing allergic rhinitis than those born in Asia or the West Indies
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[272]. Similarly, Maori people suffered more from allergic rhinitis than New Zealanders from
English origin [273]. Migrants from developing to industrialized countries seem to be at risk
of allergy and asthma development [274]. It appears that lifestyle and environmental factors
in western industrialized areas are more important than ethnicity [274-277].

3.4. Allergen exposure

Allergens are antigens inducing and reacting with specific IgE antibodies. They
originate from a wide range of animals, insects, plants, fungi or occupational.sources. They
are proteins or glycoproteins and more rarely glycans as in the case of Candida albicans
[278].

The allergen nomenclature was established by the WHO/IUIS Allergen Nomenclature
Subcommittee [279]. Allergens are designated according to the taxonomic name of their
source as follows: the first three letters of the genus, space, the first letter of the species, space
and an Arabic number. As an example, Der p 1 was the first Dermatophagoides pteronyssinus
allergen to be identified. In the allergen nomenclature a definition of "major" and "minor"
allergens has been proposed. When over 50% of tested patieénts have the corresponding
allergen-specific IgE, then the allergen can be considered as "major".

Most allergens have associated activities with potent-biological functions and can be
divided into several broad groups based either on their demonstrable biologic activity or on
their significant homology with proteins of a known fanction [280]. They include enzymes,
enzyme inhibitors, proteins involved in transport and régulatory proteins.

3.4.1. Inhalant allergens

3.4.1.1. Role of inhalant allergens in rhinitis and asthma

Aeroallergens are very often implicated in allergic rhinitis and asthma [281-283].
They are usually classified as indoor (prineipally mites, pets, insects or from plant origin e.g.
ficus), outdoor (pollens and molds) or occupational agents.

Classically, outdoor allergens appear to constitute a greater risk for seasonal rhinitis
than indoor allergens [284], and indoor allergens a greater risk for asthma and perennial
rhinitis [285]. However, studies using-the ARIA classification show that over 50% of patients
sensitized to pollen suffer from peérSistent rhinitis [62, 67] and that, in the general population,
a large number of patients sensitized to house dust mites have mild IAR [62].

Although there are some{concerns [286], the prevalence of IgE sensitization to indoor
allergens (house dust mites and cat allergens) is positively correlated with both the frequency
of asthma and its severity{[287-290]. Alternaria [287, 291] and insect dusts [292, 293] have
also been found to be linkéd with asthma and its severity as well as with rhinitis.

The complex modern indoor environment may contribute to an increasing prevalence
of atopic diseases. Multiple indoor environmental allergen sources may have a synergistic
effect on atopic co-morbidities [294].

Due to climatic conditions there are regional differences between allergens. It is
therefore of importance for physicians to determine the allergens of their region.

3.4.1.2. Mites
3.4.1.2.1. - House dust mites

House dust mites make up a large part of house dust allergens and belong to the
Pyroglyphidae family; subclass Acari, class of Arachnid, phylum of Arthropods [295, 296].
The most important species are Dermatophagoides pteronyssinus (Der p), Dermatophagoides
farinae (Der 1) [297-304], Euroglyphus maynei (Eur m) [305-307], Lepidoglyphus destructor
(Lep d) [308] and Blomia tropicalis (Blo t) particularly, but not only, in tropical and sub-
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tropical regions [306, 309-314]. Most mite allergens are associated with enzymatic activities
[315] which were shown to have direct non-specific actions on the respiratory epithelium
[316, 317], some of which may potentiate a Th2 cell response [318].

Dermatophagoides and Euroglyphus feed on human skin danders which are
particularly abundant in mattresses, bed bases, pillows, carpets, upholstered furniture or fluffy
toys [319-325]. Their growth is maximal in hot (above 20°C) and humid conditions (80%
relative humidity). When humidity is inferior to 50%, mites dry out and die [326]. This is
why they are practically non-existent above 1800 meters in European mountains [327, 328]
where the air is too dry whereas they are abundant in tropical mountain areas-[329, 330].

Even though mites are present in the home all year round, there_are usually peak
seasons [65, 331, 332]. Many patients present symptoms all year. round but with a
recrudescence during humid periods [333]. However, many other patients with house dust
mite allergy have IAR [62, 64].

House dust mite allergen is contained in faecal pellets (10-20.4m). Airborne exposure
occurs with the active disturbance of contaminated fabrics “and settles rapidly after
disturbance.

Mite allergen in dust is associated with the prevalence of sensitization and control of
the disease [334]. The presence of 100 mites per gram of house dust (or 2 pg of Der p 1 per
gram of dust) is sufficient to sensitize an infant. For around 500 mites or 10 pg of Der p 1 per
gram of house dust, the sensitized patient shows a greater risk of developing asthma at a later
date [335-337]. The higher the number of mites in.dust, the earlier the first episode of
wheezing [336]. The prevalence of the sensitization todmites in the general population is more
important in humid than in dry regions.

3.4.1.2.2. - Other mites

Storage mites (Glyciphagus domesticus and destructor, Tyrophagus putrecentiae
Dermatophagoides microceras, Euroglyphus.maynei and Acarus siro) are present in stocked
grains and flour [338]. These species have/an importance in the house dust of very damp
houses, in tropical environments where the growth of the molds increases their development
and in rural habitats. These mites are patticularly associated with agricultural allergies [339-
342] and can induce persistent rhinitis symptoms [343, 344].

Other species of mites /such as spider mites intervene in other professional
environments (Panonychus ulmi_in" apple growers, Panonychus citri in citrus growers and
Tetranychus urticae [345-350]and Ornithonyssus sylviarum in poultry breeders [351]). In
Korea, the citrus red mite (Panonychus citri) is also a common sensitizing allergen in children
living in rural areas near citrus orchards [352, 353].

3.4.1.3. Pollens

The pollen grain is the male sex cell of the vegetable kingdom. Depending on their
mode of transport,~one can distinguish anemophilous and entomophilous pollens. The
anemophilous pollens; of a very aerodynamic form, are carried by the wind and represent a
major danger as‘they are emitted in large quantities, can travel long distances (hundreds of
km) and consequently can affect individuals who are far from the pollen source. However,
patients who_are nearest to the emission of the pollen generally show the most severe
symptoms.-The entomophilous pollens are those carried by insects, attracted by colourful and
perfumed flowers, from the male to the female flower. The pollens stick to the antennae of
the insects. Few pollens are liberated into the atmosphere and there must be a direct contact of
the subject with the pollen source to sensitize exposed subjects, as is the case with
agriculturists [354] or florists [355]. However, atopic patients may occasionally develop
sensitization to these entomophilous pollens [356, 357]. Certain pollens such as dandelion are
both entomo- and anemophilous.
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The capacity for sensitization to pollens is theoretically universal, but the nature and
number of pollens varies with the vegetation, geography, temperature and climate [61, 358-
360]. There are important regional differences. Most patients are sensitized to many pollen
species [361]. Surprisingly, pollen sensitization is lower in rural than in urban areas whereas
the pollen counts are higher in the country [362]. The pollens causing the most common
allergies are:

e QGrasses that are universally distributed. The grasses pollinate at the end of spting and the
beginning of summer, but, in some places such as Southern California or Florida, they are
spread throughout the year. Bermuda grass (Cynodon dactylon) and Bahia grass
(Paspalum notatum) do not usually cross-react with other grasses [363]-

e Weeds such as the Compositeae plants: mugwort (Artemisia) and ragweed (Ambrosia)
[364-366], Parietaria, not only in the Mediterranean area [367-373], Chenopodium and
Salsola in some desert areas [374]. Weeds such as ragweed flowet. at the end of summer
and the beginning of autumn. Parietaria often pollinates over/a long period of time
(March-November) and is considered as a perennial pollen.

e And trees: birch (Betula), other Betulaceae [375-381], “@leaceae including the ash
(Fraxinus) and olive tree (Olea europea) [382-384], the\oak (Quercus), the plane tree
(Platanus) [385, 386] and Cupressaceae including the cypress tree (Cupressus) [387-392],
junipers (Juniperus) [393], thuyas [394], the Japaneselcedar (Cryptomeria japonica) [395]
and the mountain cedar (Juniperus ashei) [396, 397]~Trees generally pollinate at the end
of winter and the beginning of spring. However, the’length, duration and intensity of the
pollinating period often vary from one year to,the next sometimes making the diagnosis
difficult. Moreover, the change in temperatare- in Northern Europe has caused earlier
birch pollen seasons [398]. Multiple pollen’ seasons in polysensitized patients are
important to consider.

The size of the pollen varies from (10yto 100 pm on average. This explains their
deposition in the nostrils and, more particularly, the eyes. Most pollen-allergic patients suffer
from rhino-conjunctivitis. However, pollen allergens can be borne on submicronic particles
[399, 400] and induce and/or contribute/to the persistence of rhinitis and asthma. This is
particularly the case of asthma attacks-occurring during thunderstorms [401-405].

Cross reactivities between pelléns are now better understood using molecular biology
techniques [406-409]. Howevery it/is unclear as to whether all in vitro cross-reactivities
observed between pollens are_clinically relevant [410]. Major cross reactivities include
pollens of the Gramineae family[411-413] except for Bermuda and Bahia grasses [414, 415]
and Bahia grass [416], the Oleacea family [382, 417, 418], the Betuleacea family [419, 420]
and the Cupressaceae family [421] but not those of the Urticaceae family [422, 423].
Moreover, there is clinically little cross-reactivity between ragweed and other members of the
Compositeae family [424-426].

3.4.1.4- Animal danders
3.4.1.4.1. - Cat and dog allergens

The number and variety of domestic animals have considerably increased over the past
30 years, especially in urban environments of western countries. It is estimated that in many
European ,eountries, as many as 1 in 4 residences possess a cat. Dogs are found in even
greater numbers. The danders and secretions carry or contain powerful allergens capable of
causing allergic reactions [427].

Cats and dogs produce major allergens in asthma, rhinitis or rhino-conjunctivitis,
cough, but also, more rarely, in urticaria and angioedema.

The principal sources of cat allergen are the sebaceous glands, saliva and the peri-anal
glands but the main reservoir is the fur. The major cat allergen (Fel d 1) is transported in the
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air by particles inferior to 2.5 pum [428] and can remain airborne for long periods. Fel d 1 is
also adherent and can contaminate an entire environment for weeks or months after cessation
of allergen exposure [429]. It sticks to clothing and can be carried out to areas in which the
pet has no access. Fel d 2 is another important allergen.

The major dog allergen (Can f 1) is principally found in the dog’s fur and can also be
found in the saliva [430], skin and urine [431]. This allergen can be transported in airborne
particles.

Cat and dog allergens are present in high amounts in domestic dust,) upholstered
furnishings and to a lesser degree in mattresses [432, 433]. Moreover, they.can be found in
various environments where the animals do not live such as day care centers [434, 435],
schools [436], public transportation [437], hospital settings [324, 438,)439] and homes
without animals [440]. Schools represent a particular risk environment‘for children allergic to
cats as they may develop or worsen symptoms [441], and are a site/for the transfer of cat
allergen to homes [442]. The low level of cat allergen that exists in many homes without cats
is capable of inducing symptoms in very sensitive patients [443].

Patients allergic to cats and dogs frequently display IgE-reactivity against allergens
from different animals [444, 445]. Albumins have been recognized as relevant cross-reactive
allergens [446]. Moreover, there are common, as well as species-restricted, IgE epitopes of
the major cat and dog allergens [447].

3.4.1.4.2. - Rodents

Rabbits (Oryctolagus cuniculus, Ory c) and-other rodents such as guinea pigs,
hamsters, rats (Rattus norvegicus, Rat n), mice (Mus musculus, Mus m) and gerbils are potent
sensitizers. The allergens are contained in the fur;urine [134], serum [448] and saliva. Cross-
sensitizations between rodents are common.

These animals can determine occupational sensitization in laboratory personnel (10-
40% of the exposed subjects) [449] and in children of parents occupationally exposed to mice,
rats and hamsters [450-452]. Rodent allergens are common in houses either from pets or due
to contamination by mouse urine in deprived areas. Exposure to mouse allergen induces high
sensitization prevalence in inner-city home environments [453].

Subjects can become sensitized-to rodents in less than a year when directly exposed to
the animals.

3.4.1.4.3. - Other_animals

Most patients allergic«to! horses (Equus caballus, Equ c) initially develop nasal and
ocular symptoms but severe ‘asthma exacerbations are not uncommon. The allergens are very
volatile and sensitization4may occur by direct or indirect contact [454]. The allergens are
found in the mane, transpitation and urine. The major allergen of horse dander is Equ c1 [455,
456]. Cross-sensitization-can sometimes be found with other equidae (pony, mule, donkey,
zebra) and with cat, dog and guinea pig albumins.

Allergy to cattle (Bos domesticus, Bos d) has decreased due to the automation of cattle
breeding and milking but it still remains present in cattle breeding areas [457-459].

3.4:1.5. Fungal allergens
3.4.1.5.1. - Molds

Supetior fungus, mold and yeast are plants which do not possess chlorophyll but
which liberate large quantities of allergenic spores into indoor and outdoor environments.
Mold spores make up an allergen source whose importance is significantly related to an
increase in the hospitalization of asthmatics [460-462]. Widespread in the air and resulting
from putrefying organic matter, fungi and molds are present everywhere except in the case of
low temperatures or snow, which hinders their growth. Their development is especially
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increased in hot and humid conditions, which explains their seasonal peaks and abundance in

certain hot and humid areas.

The mold spores are small in size (3-10 um) and penetrate deeply into the respiratory
tract. They can provoke rhinitis as well as asthma. For reasons which are unknown, children
are more often sensitized to mold than adults [463].

Three important types of mold and yeast can be distinguished according to their origin
[464].

e The principal atmospheric (outdoor) molds are Cladosporium [465, 466]'\and Alternaria
[467-470] with a peak during the summer, and Aspergillus and Penicillium which do not
have a defined season. Large regional differences are found [471-477].

e Domestic (indoor) molds are also very important allergens [474, 476, 478, 479].
Microscopic fungus present in homes is capable of producing spores all year round and is
responsible for persistent symptoms, especially in a hot and humid.interior. Indoor molds
have been associated with dampness [480-483]. They can alse’ grow in aeration and
climatization ducts (central heating and air conditioning) and‘the water pipes. They are
particularly abundant in bathrooms and kitchens. Molds also grow on plants, which are
watered frequently or on animal or vegetable waste, furnishings, wallpaper, mattress dust
and fluffy toys.

e Molds can be naturally present in foods (Penicillium,/Aspergillus and Fusarium and more
rarely, Mucor) and as an additive as they are used in the preparation of numerous
foodstuffs. However, it is difficult to define the allergenic role of these alimentary molds.

3.4.1.5.2. - Yeasts

The yeasts reputed to be the most alleggenic are Candida albicans, Saccaromyces
cerevisiae and minor [484] and Pityrosporum [485]. IgE-mediated sensitization to yeasts has
been shown, particularly in atopic dermatitis.[485-488]. Most yeasts present cross-reactive
antigens [489]. Yeast can be found in foods and in the atmosphere. Sporobolomyces is
responsible for asthma and rhinitis [490].

3.4.1.5.3. - Basidiomycetes and Ascomycetes

Their spores are found in large ‘quantities in the atmosphere and can be allergenic in
patients with asthma and rhinitis [491, 492] but their role as an atmospheric allergen is still
difficult to define. However cases+of occupational allergies to superior fungal spores are not
rare [493].

3.4.1.6. Insects

The inhalation of insect waste can induce an IgE immune response and respiratory
allergies. Certain allergens, such as haemoglobin or tropomyosin of diptera, have been
identified [494-496].

Insect allergens can be found indoors (cockroaches [293] or Chiromides in some
tropical areas like.the’'Sudan) [497, 498] or induce sensitization after occupational exposure
(e.g. experimental-work with crickets) [499-501]. However, the concentration in allergens
must be very high to bring about a sensitization.

Cockroach allergen is found in gastro-intestinal secretions as well as on the chitin
shell. The allergen is distributed in large particles that do not become airborne. Cockroaches
tend to cluster in hiding places and forage in the dark. Seeing cockroaches during the day
suggests that they are in very large numbers. The allergen is usually distributed throughout an
infested home [502]. Elevated concentrations have been observed in high-rise apartments,
urban settings, pre-1940 constructions and households with low incomes [503-505].
Cockroaches are particularly important in low-income housing ("inner city") where they can
cause severe asthma [292]. In certain hot and humid regions of the United States [506, 507] or
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tropical areas such as South East Asia [508-510], allergies to cockroaches are as frequent or
even more frequent than allergies to ragweed pollen or to house dust mites. However,
cockroaches are also prevalent in many European countries [511-513] and even in Nordic
countries [514].

3.4.1.7. Other inhalants

The allergenic role of bacteria is difficult to evaluate. At the present/stage of our
knowledge, it can be estimated that asthma or rhinitis brought about by a bacterial allergy is
exceptional, even though specific IgE to bacteria have been found. However, the enzymes
originating from bacteria and used in the industrial environment (e.g. detergents) can cause
asthma or rhinitis with a high prevalence [515, 516].

Ficus benjamina, known as Java willow, Ceylon willow or Bali-fig tree is a tropical
non-flowering plant used ornamentally in many homes and public places. Inhalant allergy to
Ficus has been reported [517] and appears to be relatively commony probably because Ficus
allergens are cross-reactive with those of latex [518]. The allergens originally located in the
sap of the plant are also present in dust collected from the leaf/Surfaces and in house dust on
the floor where the allergen may persist for months after remoyval of the plant [519]. Other
ornamental plants may also be potent allergens [520].

3.4.2. Food allergens

Food allergy is rare in subjects with allergic rhinitis without other symptoms. On the
other hand, rhinitis is a common symptom of food“allergy in patients with multiple organ
involvement. In infants under 6 months, the majority of allergic reactions are due to milk or
soy. Over 50% of infants with cow’s milk allergy, suffer from rhinitis [521]. In adults, the
most common food allergens causing severe.reactions are peanuts [522], tree nuts, fish,
crustacea, eggs, milk, soybeans, sesame, celery and some fruits like apples and peaches (for
review see [523]).

Pollinosis patients often display adverse reactions upon the ingestion of plant-derived
foods as a result of IgE cross-reactive-epitopes shared by pollen and food allergen sources.
The symptoms of such pollen-food syndromes range from local oral allergy syndrome to
severe systemic anaphylaxis [524-526]. The best known association is between birch pollen
and a series of fruits (including apple), vegetables and nuts [419, 527-532]. Other associations
include celery-mugwort-spice [533-535], mugwort-mustard, mugwort-peach, ragweed-melon-
banana [536], grass-melon [537], plantain-melon, Parietaria-pistachio, Russian thistle-
saffron, peach-cypress [538}-and Japanese cypress-tomato [539]. An association between
grass pollen and peanut allergy was recently suggested [540] but needs confirmation. On the
other hand, clinically insignificant cross-reactivity exists among cereal grains and grass
pollens [541].

Cross-reactive.antigens have been identified between latex and banana, chestnut or
kiwi fruit [542, 543(]./Although it is common to find positive skin tests and IgE antibodies to a
range of legumes in peanut allergic patients, except for lupine [544], only a small percentage
of the individuals also have clinical responses which are almost always less severe than to the
peanut itself [545].

Molécular biology-based approaches have also improved our knowledge on cross-
reactivity @mong allergens [546-548]. The identification of allergens in fruits and vegetables
showed IgE cross-reactivities with the important birch pollen allergens Bet v 1 [549] and Bet
v 2 (birch profilin) [550-553]. Many other cross-reactive antigens have also been identified
and characterized. Dependent on the main cross-reactive allergen, different symptoms may be
observed. Bet v 1 in apples, cherries, peaches and plums mainly causes mild symptoms such
as the oral allergy syndrome [554]. However, Bet v 1 associated with other allergens may
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cause generalized symptoms. Sensitization to Bet v 2 is more often associated with
generalized symptoms, in particular urticaria and angioedema [555]. Lipid-transfer proteins
are relevant pan-allergens of fruits and vegetables [556, 557].

3.4.3. Occupational agents

Occupational airway diseases (OAD) include asthma, rhinitis, COPD and chronic
cough (Figure 33). Pneumoconiosis and fibrosis are other occupational respiratory diseases
but are not included in OAD. There are many overlaps between the four diseases and it may
be difficult to make a clear distinction between them. Moreover, many patients suffering from
occupational and non-occupational airway diseases are exposed to many“risk factors and it
may not be easy to demonstrate the occupational origin of the disease.

Figure 3 — Occupational airway diseases
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3.4.3.1. Classification.and definition

Work-related rhinitis and asthma refer to at least two nosological entities [558]:

e Occupational rhinitis and/or asthma “caused” by the workplace [133, 559]. Occupational
agents can then be sensitizing (inducing as an allergen), irritant or both.

e And asthma or rhinitis which worsens at work due to other causes (work-aggravated or
exacerbated asthma) [84,560-562].

e In many cases, and particularly for high-molecular weight agents, occupational rhinitis
precedes asthma [133,/559]

Work-related chronic cough is often associated with asthma or COPD, but, as the
only symptom, represents a prevalent work-related airway disease [563, 564].

COPD does not have a clinical subcategory that is clearly identified as occupational,
largely because the-condition develops slowly and several risk factors (in particular tobacco
smoking) are eencomitant [565]. However, some patients may have rhinitis, asthma and
COPD at a varying degree due to the interaction of multiple occupational agents and co-
factors such.as tobacco smoke, outdoor and indoor air pollution in particular biomass fumes
in developing countries.

3.4.3.2. Most common occupational agents inducing rhinitis and
asthma

In most countries, the same occupational agents are the most common causes of
asthma and rhinitis [566, Bang, 2005 #21970, 567-569]. These include: isocyanates [570],
flour and grain, wood dust [135, 571, 572], glutaraldehyde and anhydrides [573],
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solder/colophony [574-576], laboratory animals, insects [577], resins and glues [578], latex
[137], metal salts [141] and persulfates [579, 580].

Small mammals can determine occupational sensitization in laboratory personnel (10-
50% of the exposed subjects) [449, 581]. Two distinguishable syndromes have been identified
[582]. The first is characterized by rhinitis with negative skin prick tests. The second consists
of rhinitis leading progressively to asthma with positive prick tests. Atopy [451, 452] and
active smoking [583] represent a risk for the development of laboratory animalallergy. Prick
tests are useful diagnostically only in the latter. Moreover, the prevalence of allergy to
laboratory animals is quite high.

Industrially used natural rubber latex is obtained from Hevea brasiliensis
(Euphorbiaceae family). Whereas the chemical additives used in latex manufacture are a
cause of delayed-type hypersensitivity (allergic contact dermatitis)./[584], IgE-mediated
allergy to natural rubber latex proteins (latex allergy) is a serious héalth issue in health-care
workers [137, 585] and other occupations. Symptoms of latex<allergy include contact
dermatitis, rhinitis and asthma and, more occasionally, anaphylaxis.[137, 586]. Skin tests and
serum-specific IgE can be used for the diagnosis of latex allergy [587, 588]. If needed,
provocative challenge can be carried out.

Bakers often present with rhinitis and asthma [139y 589, 590]. IgE-sensitization to
bakery allergens (flour) [139, 591] or enzymes [592], or/contaminants [593] seems to be the
main cause of bakers’ asthma and rhinitis but cannot explain nasal or bronchial symptoms in
each case [594]. Occupational rhinitis, both IgE- and.non-IgE-mediated, is associated with
asthma symptoms [595]. Bronchial responsiveness t0 bakery-derived allergens is strongly
dependent on specific skin sensitivity [596]. There may be interactions with tobacco smoking
[597].

Many other high molecular weight allergens can induce IgE-mediated rhinitis and
asthma: agricultural mites [339-342, 347, 348, 350, 351], coffee beans [598], proteolytic
enzymes [515, 599, 600], other enzymes/[601, 602], insect dust [577]; plants and flowers
[603, 604].

Low-molecular weight agents represent at least 50% of occupational asthma agents,
but the mechanisms of the reactions are(still poorly understood [605-607]. Although these can
act as reactive haptens, non-immuncélogical mechanisms are common [608]. An IgE-mediated
sensitization is clear for some agénts, but IgG subclasses and IgGy are also increased as a
consequence of the exposure, thedisease or both [605]. Many occupational agents inducing
rhinitis and asthma are isocyanates [570, 609], aldehydes [610], anhydrides [573], ninhydrin
[611], pharmaceutical compounds [612] or others [613]. However, more than 250 different
chemical entities have been) identified. Some compounds like chlorine can induce irritant
rhinitis in 30 to 50% of exposed workers [173, 174].

Formaldehyde is a-small volatile chemical widely used in industry and as a sterilizing
agent in medicine. Athigh concentrations, it is toxic and can induce irritative side effects, but
it acts as a reactive hapten and can become allergenic usually leading either to IgE-mediated
reactions or contact-dermatitis. However, IgE-mediated allergic reactions appear to be related
mostly to the—pharmaceutical use of formaldehyde [614, 615]. In homes, schools or
occupational settings, formaldehyde acts mainly as an irritant [616, 617] but not always [618,
619].

3.4.3.3. Problems specific to developing countries

For several years, miners and founders have been known to suffer from
pneumoconiosis, often associated with tuberculosis and tobacco smoking [620-623].

More recently, asthma, COPD, chronic cough and/or rhinitis induced by occupational
exposure have been identified in developing countries [591, 624-638].
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The same agents of occupational asthma are found in developed and developing
countries [639-641], but some agents are specific to developing countries, and the levels of
exposure are not usually controlled, making the diseases more prevalent and severe than in
developed countries. Tobacco smoking, air pollution and possibly tuberculosis and its
sequelae (not demonstrated for asthma) were found to be confounding factors.

3.5. Pollutants

Up to 1970, in Europe and the USA, episodes of atmospheric winter pollution were
frequently responsible for acute mortality epidemics by cardiovascularand respiratory
diseases. The responsibility for such effects was given to high concentrations of sulphur
dioxide (SO;) and particulate matter (PM) in the air of cities usually-due to unfavorable
meteorological conditions and air stagnation. There has been a sighificant reduction of
industrial pollution in Western countries with the use of efficient filters in factory chimneys,
and of combustibles such as petrol and electricity which polluteyless than coal. Urban air
pollution is still highly prevalent in some developing countries and-in a few developed ones.
Moreover, urban-type pollution is still of major concern in Westérn countries with an increase
in automobile-induced pollution.

Throughout the world, indoor air pollution, tobaeeco smoking and occupational
exposures are of great concern. Augmented reactivity to itritants is a phenotypic characteristic
of both non-allergic and allergic rhinitis, but the role of pellution in rhinitis is still a matter of
debate.

3.5.1. Outdoor pollutants in allergic rhinitis

3.5.1.1. Pollution, IgE sensitization and rhinitis prevalence

Cross-sectional epidemiologic studie€sy have demonstrated that allergic rhinitis in
general [642, 643], and pollinosis to Japanes¢ cedar pollen in particular [644, 645], are more
prevalent in subjects living in areas of heavy automobile traffic. Sensitization to pollen was
found to be increased in relation to trueks/but not car traffic [646]. Some studies found that
exposure to outdoor air pollutants may‘increase the risk of allergic rhinitis [647-650] whereas
others did not find any relationship,/[651]. Outdoor pollutants were also associated with an
increase in rhinitis of undefined origin [652-655]. However, many studies showing effects of
air pollution on health rely on self-reported exposure, which may be inaccurate [656, 657],
and the results of these studies.ate inconsistent. However, they warrant further attention.

Fossil fuel combustion:products may act as adjuvants in the immune system and may
lead to an enhancement ©f)allergic inflammation [658]. Through this mechanism, diesel
exhaust may be a contributor to the increased prevalence and morbidity of asthma and allergic
rhinitis. Diesel exhaust particles were shown to skew the immune response towards IgE
production [659] and-augment allergic inflammation [660-662]. Nasal challenge with diesel
exhaust particles induces alterations in cytokine responses and an increase in IgE production
[663]. Diesel exhaust particles can induce allergic diseases with an increased IgE production
and a preferential activation of Th2 cells [664-666]. They may also act as an adjuvant of
pollen allergens [667]. Metabolic and cellular activation pathways were linked to chemicals
such as polycyclic aromatic hydrocarbons contained in diesel exhaust particulates [668].

3.5.1.2. Automobile pollution and nasal symptoms

The principal atmospheric pollutants emitted by automobiles can be classified as
follows:
1- _oxidant pollutants which are chemically evolving in the troposphere due to the sun rays:
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e carbon monoxide (CO), a result of incomplete coal combustion, but with no apparent
involvement in rhinitis.

e nitric oxides (NOy) and especially NO and NO,, a result of nitrogen oxidation in the air at
high temperatures. In Swiss pre-school children, symptoms of irritation of the upper
respiratory tract were increased in the zones of high NO, concentrations [669].

e volatile organic compounds (VOC) including hydrocarbons and some oxygen
composites. The formed secondary pollutants are, above all, ozone [670] but'there are also
other species of oxidants (peroxyacetylnitrates, aldehydes, nitric acid, oxygen peroxide,
etc). The production of ozone is maximal in steep-sided or very sunny geographical sites
such as Southern California [671], Switzerland, Austria, Germany, the South of France
and around large cities. The ozone peaks occur from April to September in the Northern
Hemisphere. Nearly 40% of the inhaled ozone is absorbed by the-nhasal mucosa. Ozone
challenge results in nasal inflammation and congestion [672-675]. It increases the late-
phase response to nasal allergen challenge [676]. Long-term ozone exposure in children
[677] showed acute inflammation of the nasal mucosa after-the first ozone peak and
possible adaptation of the mucosa during the summer season. Chronic exposure to high
levels of ozone was not found to induce nasal symptoms in children but increased
bronchial hyperreactivity [678].

2-_sulphur pollutants, such as SO, formed from diesel sulphur. High levels of SO, sign acid-

particulate pollution of industrial origin in relation to the-combustion of coal and fuels which

are rich in sulphur. Exposure to SO, decreases the sectetion of nasal mucus and increases the

resistance of the nasal airways [679, 680].

3- organic chemical agents which include’ “polyaromatic hydrocarbons, such as

benzo(a)pyrene, benzo(k)fluoranthene, benzo(b)fluoranthene, benzo(g,h,i)pirylene, and

benzo(a)anthracene. Even though formaldehyde and VOC are mainly indoor pollutants, they
are detectable in some cities, such as Los Angeles, at concentrations able to induce irritating

symptoms of the upper respiratory tract [681],

4- carbon dioxide (CO,) produced by the oxidation of the carbon of the fuels.

5- metals (notably lead), present initially.in oils and fuels.

6- particles (PM) which are produced-mainly by the incomplete combustion of the fuels and

lubricants. They can be classified @ecording to their diameter : PM 10 (less than 10um), PM

2.5 (less than 2.5um) and nanoparticles (less than 1um). The finer the particles, the deeper

they penetrate into the respiratory tract and the more capable they are of passing through the

air-blood barrier [682]. Somé:studies have found that subjects exposed to PM10 had more
upper respiratory symptoms than those exposed to lower levels [683, 684]. PM2.5 can induce

nasal eosinophilia [685].

In developing countries, automobile pollution in large cities is becoming a major
problem because of the increased traffic and the level of maintenance of vehicles which emit
very large levels of poHutants.

3.5.1.3. Acute effects of outdoor air pollution

Acute effects due to outdoor exposure to several gases/fumes and particulate matter
have not been sufficiently studied on nasal symptoms. The few available studies
inconsistently suggest an increase in rhinitis symptoms or consultations for allergic rhinitis
during peaks of pollution [686-688]. Pollution and meteorological factors are closely related
to complaints of non-allergic, non-infectious perennial rhinitis patients [689].

3.5.1.4. Chronic effects of outdoor air pollution

The chronic effects of atmospheric pollutants have been studied, but, except for the
known effects of PM on lower airways, no definite conclusion can be drawn [690].



37

Pollution is an important cause of nasal symptoms in non-allergic subjects as
demonstrated in Mexico City [177, 691, 692].

In one study, patients living in congested areas due to automobile traffic had more
severe symptoms of rhinitis and conjunctivitis that those living in uncongested areas [693].
Outdoor pollution appears to induce symptoms in patients with allergic rhinitis [174, 651,
694].

3.5.2. Indoor air pollution

3.5.2.1. Developed countries

Indoor air pollution is of great importance since subjects in industrialized countries
spend over 80% of their time indoors. It includes domestic allergens and indoor gas pollutants
[695-698], among which tobacco smoke is the major source [699].

Other pollutants may have a role, especially when a fuel ©f wood-burning stove is
present in the house [700-702] with the emission of carbon oxides; nitric oxides, PM, VOC
and SO,. In some studies, household wood or coal stove use was.negatively associated with
atopic sensitization and allergic rhinitis in childhood [703] butthis was mainly confounded by
childhood residential environments, especially the farm envitonment [704].

Gas cooking may also be involved in respiratory.symptoms [705], especially in
women and atopic subjects [706].

Certain furniture can also liberate compounds,utilized during the manufacturing
process (plywood, glue, fabric, giving off formaldehydes and isocyanates) [617]. However, in
these studies, nasal symptoms were not usually examined. An association between asthma and
allergic symptoms and phthalates in house dust has'been found in children [707].

3.5.2.2. Developing countries

Biomass fuels represent a major danger in developing countries. However, over two
billion people, almost all in developing ceuntries, rely on coal and biomass in the form of
wood, dung and crop residues for domestic energy [708, 709]. These materials are typically
burnt in simple stoves with a very incomplete combustion. Consequently, women and young
children are exposed to high levels of indoor air pollution every day resulting in an estimated
1.5-2.0 million premature deaths a,year and a high prevalence of COPD [698, 710]. Little
information is available for allergic rhinitis. However, in Ethiopia, an increased risk of allergy
was associated with the use of biemass fuel and particularly kerosene in the home [711].

3.5.3. Tobacco smoke

3.5.3.1. IgE sensitization

Many patients ‘with allergic rhinitis smoke. Smoking inconstantly increases total and
specific IgE [712-746} and the IgE sensitization to some occupational allergens [717-719].
However, in the abserce of longitudinal studies, it is difficult to establish whether smoking is
a causative factot.of allergy or not [714 , 720].

Pre-natal {252, 721] and early post-natal exposure to tobacco smoke enhances allergic
sensitization.in.some groups of subjects such as boys [722] during the first three years of life.

Few 'studies have examined the relationship between tobacco smoking and the
prevalence-of rhinitis [55, 715, 723-729]. In three studies, the prevalence of self-reported
nasal allergy symptoms was lower in smokers than in non-smokers [55, 715, 723]. In one
study involving adolescents, smoking was found to increase the prevalence of
rhinoconjunctivitis [729]. On the other hand, there was no effect of environmental tobacco
smoke (ETS) exposure at home, neither on allergic sensitization nor allergic rhinitis [730].
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3.5.3.2. Effects of tobacco smoke on nasal symptoms

In smokers, eye irritation and odor perception are more common than in non-smokers
[189]. Moreover, some smokers report sensitivity to tobacco smoking including headache
and nose irritation (rhinorrhea, nasal congestion, postnasal drip and sneezing) [192]. The
more the subjects smoke, the more they report chronic rhinitis [731]. Objective assessments
have confirmed that smoke-sensitive patients present rhinorrhea and/or nasal, obstruction
when challenged with tobacco smoke [732]. Tobacco smoke does not appear to be allergenic
in contradistinction to tobacco leaves in exposed workers [733, 734]. Tobacco smoke can
alter the mucociliary clearance [190] and can cause an eosinophilic and "allergic"-like
inflammation in the nasal mucosa of non-atopic children [191]. In some rhinitis patients,
tobacco smoking or passive smoking can induce a nasal reaction intetfering with allergens
and inducing symptoms of rhinitis [735]. However, in normal subjects, smoking does not
impair nasal quality-of-life [193].

Passive smoking may be associated with nasal symptoms.but studies do not always
accord. In Trinidad and Tobago, smoking at home is strongly/associated with symptoms of
asthma and rhinitis in children of primary school age [736]. A substantial number of women
experience nasal symptoms with ETS exposure [737].

It is not yet known whether tobacco smoke may “affect the response to intranasal
glucocorticosteroids.

3.5.4. Climatic change impacts allergens

Climate change impacts aeroallergens, particularly pollen [738] and molds [739]. The
timing of tree pollen seasons is known to depend mostly on a non-linear balance between the
winter chilling required to break dormancy and-spring temperatures. A shift in the timing of
birch pollen seasons was found in Europe due-to warming but there are regional contrasts, the
season being earlier or later [398, 740]. In-Spain, it has been predicted that in 100 years oak
will pollinate one month earlier than now~due to climate change [741]. However, similar
findings have been observed for grass.pollens [742]. The duration of the pollen season is
extended in some species. Moreover, plants produce a greater quantity of pollen under these
changed climatic conditions [743, 744]. Stronger allergenicity is observed in pollen from trees
grown at increased temperatures otyin polluted areas [745-748]. Climate changes are blamed
for the increase in allergic diseases.[738, 749].

3.6. Social class

Socioeconomic differences in allergic disease prevalence have been reported; asthma
and particularly severe asthma have been associated with poverty in the United States [750]
and hay fever and eczema with relative affluence in developed [721, 751, 752] and
developing countries{753]. In the inner city of the US, low social class was univariately
associated with increases in total IgE, the number of allergen sensitizations and levels of
specific IgE [504]~It is not yet established as to what degree such differences in disease
prevalence reflect patterns of sensitization and specific allergen sensitivities. Moreover, in
longitudinal studies it has been found that the role of social class has changed over time. The
steepest increase in asthma and allergic rhinitis occurred in conscripts with a low socio-
economic 'status [752].

In Nottingham, in a study of 2,114 individuals, those with perennial symptoms were
no more likely to have been working in a dusty or smoky environment [754].
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4. Mechanisms

4.1. Allergic inflammation

Allergic rhinitis is classically considered to result from an IgE-mediated allergy
associated with nasal inflammation of variable intensity [755]. Cells, mediatots,,cytokines,
chemokines, neuropeptides, as well as adhesion molecules and cells co-operate in a complex
network provoking the specific symptoms and non-specific nasal hyperreactivity. The
understanding of the mechanisms of disease generation provides a framework for rational
therapy in this disorder, based on the complex inflammatory reaction_rather than on the
symptoms alone.

4.1.1. IgE-dependent mechanisms

Allergy is generally caused by a sustained overproduction of Immunoglobulin E (IgE)
in response to common environmental antigens such as indoorland outdoor allergens, foods
and other allergens [756]. IgE itself constitutes a very minute( fraction of the total antibody in
the human serum (50-300 ng/ml of IgE versus 10 mg/mlof IgG). However, the biological
activities of IgE are powerfully enhanced by the activities’ of specific cell surface receptors to
which it binds, which may be of the high or low affinity/phenotype.

IgE production results from complex interactions between B-cells, T-cells, mast cells
and basophils, involving the presence of the cytokines IL-4, IL-13 and IL-18, as well as a
physical interaction between T- and B-cells by a fiumber of surface and adhesion molecules
[757]. Th2-cells [758] and a down regulation of T-regulatory cells-1 (Treg-1) responses [759,
760] drive synthesis of IgE and the recruitment; maturation, survival and effector function of
accessory cells such as eosinophils, basophilsand mast cells.

Local IgE production has been a gontentious concept for over 40 years. For a long
time, IgE-producing B-cells were observed’in local lymphoid tissue. However, it has been
shown that IgE are produced in the local lymphoid tissues and locally in both the nasal and
bronchial mucosa [761, 762]. There is'a persistent IgE synthesis in the nasal mucosa during
and just after the pollen season [763}. Allergen drives class switching to IgE in the nasal
mucosa in allergic rhinitis [764].

Allergen-specific IgE, Synthesized in response to allergens in the environment,
becomes fixed to FceRI on ‘the membranes of mast cells and basophils. Mast cell
accumulation in the airway-mucosa is an important pathophysiological event in allergic
rhinitis and asthma, as inhaled allergens impact the mucosal surfaces of the nose and/or lungs.
The aggregation of receptor-bound IgE molecules on exposure to specific allergen results in
the production of mediators (histamine, leukotrienes and others) that produce the allergic
response [765]. The-ammediate response depends on the structure of the target organ:
typically, itching, sneezing, rhinorrhoea and blockage in the nose, with bronchoconstriction
and wheeze due to’smooth muscle contraction in the lungs [766]. Late-phase allergic reactions
and chronic inflammatory changes in the asthmatic lung involve many cell types including T-
cells, mast cells and eosinophils [767]. The links between an IgE-mediated reaction and
rhinitis or asthma have been confirmed by the effect of an anti-IgE monoclonal antibody in
these diseases [768-771].

4.1.2. Non-IgE-dependent mechanisms
However, it is now also appreciated that allergens, on account of their enzymatic

proteolytic activity, may directly activate epithelial cells [318, 772, 773] and eventually lead
to a Th2-immune response, inducing cytokine and chemokine release [774] and thus have the
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potential to induce airway inflammation independent of IgE [775]. Moreover, Der p 1 is able
to alter the epithelial tight junctions [316] thereby increasing epithelial permeability [776].
The relative importance of non-IgE to IgE-mediated mechanisms is undetermined.

4.1.3. Inflammation of the nasal mucosa in allergic rhinitis

Pollen-induced rhinitis is the most characteristic IgE-mediated allergic disease and is
triggered by the interaction of mediators released by cells which are implicated in both
allergic inflammation and non-specific hyperreactivity [777]. This disease can be mimicked
by nasal challenge with pollen allergens [778] but such a challenge differs-from the natural
course of the disease in that it is a single provocation and does not reflect the multiple triggers
which occur during the pollen season. It does not take into account the priming effect on the
nasal mucosa which appears to play an important role in allergic rhinitis.[72, 779].

Studies of cells infiltrating the nasal mucosa during the pollen<season show that there
is an increase in the numbers of various inflammatory cells and that'this is correlated with
both the severity of symptoms [777, 780-782] and nasal non-specific hyperreactivity [783,
784]. Eosinophils are almost always found in the mucosa betweennon-desquamated epithelial
cells, in the submucosa and in nasal secretions [780, 785]. Mast cells are present in increased
numbers in the epithelium and the submucosa but they are often degranulated [785-788].
CD4" T-cells are increased in number during the pollen season [789]. Moreover, in allergic
patients there is an increase in Langerhans-like cells (CD"Y during the season [790].

In patients with indoor allergy, nasal eosinophiliasis not a permanent feature [78, 199,
791-793]. Mast cells are not always increased in the mucosa.

The concept of "minimal persistent inflammation" is important [64, 78, 79]. In patients
with allergic rhinitis, the allergen exposure varies' within the year and there are periods in
which there is little exposure. This is the case 1 the Mediterranean area for house dust mites
during the summer, or when allergen avoidance is effective. However, these patients, even
though they are symptom free, still present/inflammation of the nose.

Allergic rhinitis is characterized by an inflammatory infiltrate and the release of
mediators responsible for the symptoms=Moreover, neurogenic mechanisms including a naso-
nasal reflex play a role which is still not fully appreciated.

4.1.4. Inflammatorycells

The inflammatory infiltrate-is made of different cells.

Mast cells are not only.effector cells of the immediate-phase response, but also play a
role in on-going allergic inflammation [795].

Eosinophils may differentiate from progenitors in the nasal mucosa during the pollen
season [796]. They are/increased in numbers and activated in the nasal mucosa of
symptomatic allergic patients [797].

T-cells, macrophages, fibroblasts and other cells participate in the inflammatory
infiltrate of the nasal. mucosa of patients with allergic rhinitis.

This cellularresponse includes:

e Chemotaxis; selective recruitment and trans-endothelial migration of cells in particular by
CC3 chemekines [798].

e Localization of cells within the different compartments of the nasal mucosa. Mast cells are

not only the effector cells of immediate phase allergic reaction,

Activation and differentiation of various cell types.

As well as a prolongation of their survival.

Release of mediators by these activated cells.

Regulation of the local and systemic IgE-synthesis.

Communication with the immune system and the bone marrow.
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4.1.5. Mediators

A range of mediators are released in nasal secretions during the pollen season [799].
These include Cys-LT [800, 801], ECP [802] and, inconstantly, histamine.

Histamine was discovered just after the turn of the century and rapidly became known
as the mediator of allergic and anaphylactic reactions. In the late 1930s, it appeared that other
chemical mediators such as the slow-reacting substances of anaphylaxis (SRS-A, now
identified as Cys-LT) were involved in the allergic reaction. The mechanisms_of the allergic
reaction are now becoming better understood and although histamine (released by mast cells
and basophils) is still one of the major effectors of the allergic reaction, many other mediators
produced by different cell types are involved. Thus, mediators, cytokines, chemokines,
neuropeptides, adhesion molecules and cells co-operate in a complex network provoking the
specific symptoms and the non-specific hyperreactivity of allergic rhinitis.

Cysteinyl leukotrienes (CysLTs) are a family of inflammatory lipid mediators
synthesized from arachidonic acid by a variety of cells, including mast cells, eosinophils,
basophils and macrophages which play a role as multi-functional'mediators in allergic rhinitis
[803]. Besides their vasoactive properties, CysLT play roles(in)the maturation, as well as in
the tissue recruitment, of inflammatory cells.

4.1.6. Neurogenic mediators

The nose provides defensive and homeostatic~functions requiring rapid responses to
physical and chemical stimuli [804]. As a result, it istarmed with a complex nervous system
that includes sensory, parasympathetic and sympathetic nerves. Sensory nerves transmit
signals from the mucosa generating sensations._such as pruritus, motor reflexes, such as
sneezing and parasympathetic and sympatheticreflexes that affect the glandular and vascular
nasal apparatuses [805]. Reflexes directed to'the nose are also generated by inputs from other
body regions. Hence all symptoms that constitute the nosologic entity of rhinitis can be
triggered through neural pathways. Neural‘function can be chronically upregulated in the
presence of mucosal inflammation. The.molecular mechanisms of hyperresponsiveness are
not understood, but several inflammatory products appear to be playing a role. Neurotrophins,
such as the nerve growth factor /[806], are prime candidates as mediators of neural
hyperresponsiveness [807].

4.1.7. Remodeling processes

In allergic rhinitis{ another chronic inflammatory disease, remodeling is still poorly
understood [19, 808,.809]. Even though inflammation is similar in allergic rhinitis and
asthma, the pathologie'.extent of nasal remodeling as well as its clinical consequences may be
different from those.of bronchi.

Epithelial/damage is only minimal in the nasal mucosa of patients with allergic rhinitis
[810-812]. Moreover, epithelial cell metaplasia has been observed in the nasal biopsies of
some patients-suffering from perennial rhinitis [813, 814]. Although the nasal and bronchial
mucosa are ‘exposed to the same noxious environment (and even more so the nose), epithelial
shedding is_more pronounced in the bronchi than in the nose of the same patients suffering
from asthma and rhinitis [19, 815].

The reticular basement membrane does not appear to be largely pseudo-thickened
[815] although some collagen and fibrous protein deposition can be found on the reticular
layer [816, 817]. Moreover, the demonstration of fibrogenic growth factors in the nasal
mucosa of patients with allergic rhinitis is unclear due to the paucity of studies [818] [819].



42

Matrix metalloproteinases (MMPs) are major proteolytic enzymes that are involved in
ECM turnover [820] but their role in allergic rhinitis is not fully understood [821, 822].

The stereological estimation of blood vessel surface and volume densities was studied
in human normal and rhinitic nasal mucosa [823]. The volume and surface densities of the
cavernous blood vessels in rhinitis were unaltered and there was no evidence of vascular
remodeling. On the other hand, the hypervascularity and overexpression of the platelet-
derived endothelial cell growth factor (PD-ECGF) and VEGF, an angiogenie factor, were
found in allergic nasal mucosa [824, 825].

The epithelial-mesenchymal trophic unit [826] is of cardinal importance in asthma but
this concept has reduced the importance of the smooth muscle as an<inflammatory and
regulatory cell [827]. It is however possible that some of the differences in remodeling
between the nasal and the bronchial mucosa are related to the smooth muscle cells interacting
with the epithelium and other mesenchymal cells [827-829]

Many of the genes involved in IgE synthesis and airways.(re)modeling might be
conserved fetal genes [830] which may not be silenced during-early infancy. Their gene
products might play an important role in the induction and maintenance of the pathogenesis of
asthma [831]. Since the nose and bronchi have a different émbryologic origin, it might be
proposed that the persistence of fetal genes is involved insthe differences observed between
the remodeling of the nose and the bronchi [19].

4.2. Nasal hyperreactivity and non-specific triggers

Non-specific nasal hyperreactivity is an important feature of allergic and non-allergic
rhinitis [832] and can be defined as an increased nasal response to a normal stimulus resulting
in sneezing, nasal congestion and secretion,-either a single symptom or in various
combinations.

This phenomenon can be observed afternasal stimulation [833] such as:

e Heating of the nasal mucosa [834].

Challenge of the nose with cold air which can induce an inflammatory response with the
activation of mast cells [835, 836] and’'the occurrence of a late-phase reaction [837].
Challenge of the nose with histamine [156, 838] or methacholine [839].

Acrolein [840].

Capsaicin [841].

Strong odors [842].

Distilled water [843].

Change of posture [844]:

Change of body temperature [833].

Consuming hot drinks (soup) [845].
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5. Burden

Burden of allergic rhinitis

e Allergic rhinitis is a global health problem that causes major illness and disability
worldwide

e Patients from all countries, all ethnic groups, all socioeconomic conditiens and all
ages suffer from allergic rhinitis

e In many countries, the prevalence of allergic sensitization is often-higher than 50%
of the population in some age groups

e Using a conservative estimate, allergic rhinitis occurs in over,’500 million people
around the world

e Allergic rhinitis is increasing in prevalence in areas with low.or medium levels of
prevalence. It may be plateauing or even decreasing in high“prevalence areas

e Allergic rhinitis affects social life, sleep, school and work

e The economic impact of allergic rhinitis is often underestimated because direct
costs for the disease are not elevated. The indirect costs are substantial

5.1. Prevalence of allergic rhinitis

Despite recognition that allergic rhinitis is a global-health problem and is increasing in
prevalence [846-850], there are insufficient epidemiological data using allergy tests and more
data are needed with regards to its etiologic risk factors and natural history. Many national or
multinational studies are rapidly improving our knowledge in the prevalence of rhinitis and its
possible risk factors. These include:

e The second National Health and Nutrition Examination Survey (NHANES II) [275, 285],

e The European Community Respiratory Health Survey (ECRHS) [851].

e The International Study on Asthma and /Allergy in Childhood (ISAAC I) [852] and its
follow up study (ISAAC III) [853].
The Swiss Study on Air Pollution and Lung Diseases in Adults (SAPALDIA) [854].

e The Swiss Study on Childhood/Allergy and Respiratory Symptoms with Respect to Air
Pollution, Climate and Pollen (SCARPOL) [855].

The prevalence of an IgE-sensitization to aeroallergens measured by allergen-specific
IgE in serum or skin tests is-over 40% to 50% in the population of Europe, the USA and
Australia-New Zealand [68;-856-859]. Most but not all sensitized subjects suffer from allergic
rhinitis and/or asthma.

The clinical definition of rhinitis is difficult to use in the epidemiologic settings of
large populations where it is impossible to visit every person or to obtain the laboratory
evidence of each immune response. It seems that there is an overestimation of allergic rhinitis
using questionnaires-only [854, 860] and that the attributable fraction of IgE-medited allergy
in patients with\a diagnosis of allergic rhinitis by questionnaires is slightly over 50% [47].
Thus, studies/using questionnaires only may overestimate the true prevalence of allergic
rhinitis. On/the other hand, many subjects suffer from non-allergic rhinitis. Non-allergic
rhinitis was teported to account for 30 to 70% of patients with chronic perennial rhinitis [82,
861].

5.1.1. Monocentric studies
Most epidemiologic data concern seasonal allergic rhinitis, but not exclusively. The

prevalence of seasonal allergic rhinitis using questionnaires ranges from 1% to 40% (Table 8)
The prevalence of perennial rhinitis varies from 1% to 13%.
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Table 8 — Cumulative prevalence of allergic rhinitis in monocentric

epidemiologic surveys

country year | author ref age seasonal perennial | nasal
group rhinitis rhinitis symptoms
or AR
Australia 1997 [ Downs [862] 1282 | 7-12 non-aborigines
44.2%
158 | 7-12 aborigines 31.4%
Canada 1999 | Lévesque [863] 1520 | 9 9.7% 16.98%
China 2002 | Yu [648] 11580 | 7-15 27:6%
2621 24:8%
Denmark 1995 | Mortz [864] 1606 | 12-16 12.5% 9.0% 15.7%
Finland 1992 | Varjonen [865] 1712 | 15-16 14%
France 1991 | Harf [866] 629 | adult 18.5%
1992 | Vervioet [54] 2067 | 20-60 5.9%
1995 | Pariente [52] 35615 | >18 4.1%
Finland 1979 [ Alanko [867] 10-19 2.7% (rural)
1979 | Haahtela [868] 15-17 22%
1992 | Varjonen [865] 15-16 14%
Germany 1992 | Dold [869] 3984 | 9-11 9.5%
1994 | Weiland [694] 2050 | 13-16 22.5%
Holland 1996 | Droste [55] 2167 | 20-70 6.6% 12.7% 29.5%
Israel 1998 | Kivity [277] 658 | 8-17 arabs : 9.7%
Italy 1997 Matricardi [870] 1649 | men 13.3%
1998 | Astarita [871] 1998 | 9-15 13.1%
Japan 1990 | Ogino [872] 471 | 18-22 32.7%
1994 | Okuma [873] 1013 | 6-15 12:9%
1992 | Okano [874] 431 | school 22.5%
1995 | Sakurai [848] 2307 | M: 1965 34.5%
1996 | Suguru [875] 15234 | 6-9 15%
Korea 1997 | Min [876] 9069 | All 1.14%
Norway 1990 | Bakke [877] 4492 | 15-70 10.0%
1994 | Dotterud [878] 551 4.7-12 20.6%
Poland 1995 [ Breborowski | [879] 6-15 16.7%
Russia 1994 | Dotterud [880] 1684, |\ 8-17 13.9%
Scotland 1998 | Hannaford [881] 1244-| >14 18.2%
Singapore 1994 | Ng [882] 2868 | 20-74 4.5%
1996 | Goh [883] 6238 [ 6-7 13.4%
2000 | Wang [48] 4602 | 6-80 Persistent
rhinitis: 13.1%
Spain 1999 | Azpiri [884]" 2216 | 10-40 10.6%
Sweden 1990 | Hattewig [885] 1654 | 7 8%
1992 | Brattmo [725] 511 ] 18 39%
1997 | Olsson [727] 10670 | 19-80 24%
1987 | Norrman [886] 1112 | 1318 17%
1995 | Aberg [887] 2481 [ 7 13%
Switzerland 1926 [ Rehsteiner [888] 0.28%
1984 | Varohief [888] 4781 | 5-6 0.5% 0.6%
1995 | Wauttrich [854] 8357 | 16-60 14.2%
Taiwan 2003 | Chen [294] 1472 | 6-8 39.8%
Thailand 1994 ['\Bunnag [889] 3124 | 11->50 13.15%
Turkey 1997~/ Kalyoncu [890] 738 [ 6-13 18.7%
1997+{] Ozdemir [891] 1603 | students 9.7%*
2006 ) [ Unlu [892] 1366 | 13-18 8.1%
2002 | Tomac [893] 1500 | 6-9 37.7%
2002 | Dinmezel [894] 995 27.7%
UK 1989 | Howarth [895] 1792 | 16-20 18%
1989 | Burr [896] 965 | 12 14.9%
1986 | Sibbald [33] 2969 | 16-65 3% 13.2% 24%
1992 | Ninan [897] 1989 | 8-13 11.9%
1992 | Richards [46] 813 | 5-59 29%
1995 | Strachan [898] 12355 | 23 16.5%
1998 | Jones [899] 2114 | >14 18.9% 8.6%
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1999 | Arshad [860] 1456 | 10 22.6%
USA 1969 | Hagy [900] 1836 | 16-21 21.1% 5.2%
1974 | Broder [901] 9226 | 47 10.2%
1988 | Turkeltaub | [275] 12742 204%
1994 | Wright [721] 747 | 9 42%

N: number of subjects
NS : nasal smears
*: only 28% of rhinitis patients had positive skin prick tests

In a survey, skin prick testing with 8 non-standardized extracts of inhalant allergens
confirmed that perennial rhinitis was often associated with allergy as there was an excess of
skin prick test positivity to cat or dog among individuals suffering from perennial rhinitis
[275, 285].

In the Tucson study, it was found that 42% of children had)physician-diagnosed
rhinitis at 6 years of age [721].

The prevalence of seasonal allergic rhinitis is higher in children and adolescents than
in adults. Perennial rhinitis is more common in adults than in children but few reliable data
exist [861].

In many parts of the world, pollen allergy is very common, but in Eastern Asia, Latin
America and tropical areas, mite allergy is more common.

In more recent studies, the prevalence of allergic rhinitis has increased, in particular in
countries with a low prevalence [636, 902-909].

5.1.2. Studies using the ARIA definition

In a study on the general population in Europe, the prevalence of allergic rhinitis was
found to be around 25% [62, 63]. The prevalence of confirmable allergic rhinitis in adults in
Europe ranged from 17% (Italy) to 28.5% (Belgium) (Table 9).

Table 9 — Prevalence of allergic rhinitis-in the general population
From [62, 63]

Age (yrs) Prevalence of Self-reported Type
allergic rhinitis Selflaware Physician diagnosed Persistent Intermittent
Belgium 39.0 28.5% 65.3% 52.5% 24.8% 72.0%
France 38.8 24.5% 60.6% 45.7% 28.7% 55.4%
Gemany 38.0 20.6% 83.0% 66.0% 41.7% 19.2%
Italy 41.5 16.9% 83.8% 70.3% 32.4% 35.1%
Spain 313 21.5% 64.0% 52.0% 21.0% 48.5%
UK 42.7 26.0% 80.8% 57.7% 53.8% 57.7%

5.1.3. SAPALDIA

SAPALDIA, acress-sectional study of 9,651 adults carried out in 1991-1993, studied
the prevalence of bronchial asthma, chronic bronchitis and allergic conditions in the adult
population of Switzerland and examined the risk factors for these diseases, particularly air
pollution [910-912}-and allergy.

On the-basis of a positive Phadiatop® and/or a positive skin prick test to common
aeroallergens;.32.3% of the study population was considered atopic (males 35.7%, females
28.8%). The highest rate of positive skin prick tests was observed for grass pollen (12.7%),
followed by house dust mite (8.9%), birch (7.9%), cat (3.8%) and dog (2.8%) [56, 854].

The prevalence of allergic rhinitis (rhinitis symptoms associated with atopy) was
13.5% (males 14.3%, females 12.6%).

The prevalence of current seasonal allergic rhinitis varied between 9.1%
(questionnaire answer and a positive skin prick test to at least one pollen), 11.2%
(questionnaire answer and presence of atopy) and 14.2% (questionnaire answer only).
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5.1.4. SCARPOL

The impact of long-term exposure to air pollution on respiratory and allergic
symptoms and illnesses was assessed in a cross-sectional study of school children (aged from
6 to 15 yr, N = 4,470) in Switzerland [284, 913]. Sensitization to any allergen was most
strongly associated with reported seasonal allergic rhinitis (OR = 5.7), mose problems
accompanied by itchy-watery eyes (OR = 4.4), symptoms occurring only during the pollen
season (March through September) (OR = 4.9) and a combination of these latter two
symptoms (OR = 5.8). Finally, the under-diagnosis of allergic rhinitis)was found to be
common. Children growing up on a farm were less likely to be $ensitized to common
aerollergens and to suffer from allergic diseases than children living‘in the same villages but
in non-farming families [855].

5.1.5. ISAAC

The ISAAC was founded to maximize the value of epidemiologic research into asthma
and allergic disease, by establishing a standardized methodology and facilitating international
collaboration. Its specific aims are [914]:

e To describe the prevalence and severity of asthma,thinitis and eczema in children living
in different centers, and to make comparisons within and between countries.

e To obtain baseline measures for the assessment ‘0f future trends in the prevalence and
severity of these diseases.

e To provide a framework for further .etiologic research into genetic, lifestyle,
environmental and medical care factors affeeting these diseases.

The ISAAC design comprises three phases [915]:

e Phase I used core questionnaires desighed to assess the prevalence and severity of asthma
and allergic disease for two age groups. It was completed in 156 collaborating centres in
56 countries: 463,801 children in the13-14 year age group and 257,800 children in the 6-
7 year age group. One of the problems raised with this study was that only a questionnaire
was used and that responses ,for rhinitis may overestimate the real prevalence of the
disease [284]. Moreover, there.was a season-of-response effect on the responses to the
questions on rhinitis symptoms suggesting a recall bias relating to recent symptoms
[916].

e Phase II investigated possible etiologic factors, particularly those suggested by the
findings of Phase 1.

e Phase III was a repetition of Phase 1 to assess trends in prevalence [853].

ISAAC Phase T-has demonstrated a large variation in the prevalence of asthma and
rhinitis symptoms in,children throughout the world. The prevalence of rhinitis with itchy-
watery eyes ("rhineconjunctivitis") over the past year varied across centres from 0.8% to
14.9% in 6-7-year-olds and from 1.4% to 39.7% in 13-14-year-olds [697, 852, 883, 917-937].
The overall coirelation between the prevalence of asthma and rhinitis in school children was
significant [852, 917]. In particular it was found that countries with a very low prevalence of
asthma (<5%) such as Indonesia, Albania, Romania, Georgia and Greece, also had low
prevalences-of rhinitis. On the other hand, the countries with a very high prevalence of
asthma (>30%) such as Australia, New Zealand and the United Kingdom, had a high
prevalence of rhinitis (15-20%). Other countries with a very high prevalence of rhinitis
(Nigeria (>35%), Paraguay (30-35%), Malta, Argentina, Hong Kong (25-30%), Brazil (7-25%
in different centers)) had asthma prevalences ranging from 10 to 25%. It is likely that
environmental factors were responsible for major differences between countries.
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The results of ISAAC Phase III have been published [853] (Table 10).
Table 10 — Prevalence of asthma and rhinitis in the ISAAC phase Il study

from Asher et al [853]

Years Asthma symptoms Allergic rhinoconjunctivitis | Eczema symptoms

between | | symptoms | |

Phases

Phase | Phase | Change | Phase |Phase |[Change [Phase |Phase|Change
One |Three |per year |One Three |peryear |©One |Three |per year

6—7 year age-group
Africa (English-
speaking)
Nigeria 7-0 4-8 5-6 0-10 37 36 =001 4-5 5-0 0-07
Asia-Pacific
Hong Kong 6-0 91 94 0-03 137 177 0-67 39 4-6 0-12
Indonesia 6-0 41 2-8 -0-21 3-8 36 -0-03
Japan 80 17-4 18-2 0-10 7-8 106 0-35
Malaysia (3) 6-3 6-5 5-8 -012 41 4-8 0-11 9-5 126 0-49
Singapore 7-0 157 10-2 -0-80 8:5 87 0-02 2-8 89 0-87
South Korea (2) 5-0 13-3 5-8 -1-45 9-8 87 -0-18 8-8 11-3 0-52
Taiwan 7-0 9:6 9-8 0-04 14.6 24-2 1-37 35 67 0-46
Thailand (2) 6-0 82 119 0-47 73 10-4 0-30 119 167 079
Eastern Mediterranean
Iran (2) 6-0 5-4 120 1714 15 2:2 012 11 20 013
Malta 70 8-8 14-9 0-86 7-2 89 0-24 4:2 4-0 -0-03
Sultanate of Oman 6-0 71 8-4 0-21 6-2 70 0-13 4:2 4:2 0-00
Indian subcontinent
India (6) 7-5 6-2 6-8 0-06 32 39 0-05 30 2:4 0-00
Latin America
Brazil 70 213 24-4 0-44 125 120 -0-07 6-8 6-8 0-00
Chile (3) 70 18-2 179 -0-06 8-2 12-3 0-56 109 129 0-26
Costa Rica 80 321 376 0-69 11-6 15-9 0-54 87 89 0-02
Mexico 8:0 8:6 84 -0-03 8-6 7-2 -0-17 49 4-0 -0-11
Panama 6-0 23-5 227 -0-13 71 117 0-77 79 14-4 1-09
North America
Barbados 6-0 189 19-5 0-11 5-5 6-4 0-15 67 9-2 0-42
Canada 9-0 141 182 0-47 8-2 10-8 0-29 87 120 0-36
Northern and Eastern
Europe
Albania 5-0 76 5-0 -0-53 41 39 -0-03 25 37 0-24
Estonia 7-0 9-3 9-6 0-05 35 4-2 0-11 9-8 11-5 0-24
Georgia 7-0 9-3 69 -0-34 39 2-8 -0-16 51 24 -0-39
Lithuania 7-0 4-6 66 0-28 32 3-8 0-08 23 30 0-09
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Poland (2) 7-0 109 136 0-38 7-2 130 0-78 6-3 11-5 0-77
Russia 60 111 114 0-05 56 4-7 -0-16 94 66 -0-46
Sweden 80 10-3 10-2 -0-01 80 69 -0-14 19-5 22-3 0-35
Ukraine 40 12-2 12-5 0-07 97 77 -0-51 62 53 -0-21
Oceania

Australia 90 272 200 -0-80 9-8 12-9 0-34 111 171 0-67
New Zealand (4) 95 236 222 -0-11 95 114 0-19 143 15-0 0-08
Western Europe

Austria (2) 70 7-8 7-4 -0-05 51 6-1 0-15 57 6-1 0-05
Belgium 70 73 75 0-02 49 58 0-13 77 116 0-56
Germany 5-0 9-6 12-8 0-65 5-4 6-9 0-30 67 79 0-23
Italy (6) 8-0 75 79 0-07 5-4 6-5 015 5-8 101 0-53
Portugal (3) 70 132 12-9 -0-07 87 93 0:16 96 97 0-09
Spain (6) 73 62 95 0-44 54 79 0-33 34 59 0-31
UK 5-0 18-4 209 0-50 9-8 101 0-05 130 16-0 0-60
13-14 year age-group

Africa (English-

speaking)

Ethiopia 8-0 10-7 91 -0-20 10-6 9-9 -0-09 199 19-0 -0-12
Kenya (2) 6-0 13-9  |158 |0-35 1422 212 0-94 104 |152 |0-83
Nigeria 60 107 13-0 0-38 397 16-4 -3-88 177 77 -1-66
South Africa 70 16-1 20-3 0-60 151 207 0-80 83 13-3 0-71
Africa (French-

speaking)

Algeria 6-0 59 87 048 9-9 207 1-80 32 6-5 0-56
Morocco (2) 65 7-8 104 0-00 131 216 112 107 21-8 172
Tunisia 5-0 85 1139 0-67 35-8 232 -2-52 80 94 0-28
Asia-Pacific

China (2) 7-0 4-3 6-0 0-24 81 104 0-33 1-2 1-4 0-05
Hong Kong 70 12:4 86 -0-55 240 226 -0-21 27 33 0-08
Indonesia 6-0 21 5-2 0-52 5-3 4-8 -0-08 12 2:2 0-16
Japan 8.0 13-4 13-0 -0-05 14-9 17-6 0-34

Malaysia (3) 6.3 10-1 89 -0-13 139 16-2 0-53 89 99 0-19
Philippines 7-Q 12-3 8-4 -0-55 15-3 110 -0-61 5-2 7-8 0-37
Singapore 70 9-8 114 0-24 1541 165 0-20 74 92 0-25
South Korea (2) 50 77 87 0-20 10-2 11-6 0-28 3-8 57 0-39
Taiwan 6-0 5-4 70 0-26 117 17-8 1-02 1-4 41 0-45
Thailand (2) 60 1341 116 -0-21 155 21-0 0-84 8-2 9-6 0-39
Eastern Mediterranean

Iran (2) 6-5 109 132 017 7-5 9-8 0-31 26 4-4 0-30
Kuwait 60 171 76 -1-59 126 10-7 -0-32 84 6-1 -0-38
Malta 70 160 [146  |-020 [200  [209  [-115 77 |54 |-033
Pakistan 60 85  [117 |053 18-1 168 |-0-22 96 [132 |01
Sultanate of Oman 60 89 |84 |-008 [114 152|063 47 |71 039
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Indian subcontinent

India (8) 71 67 64 002 63 100 0-43 4-3 37 -0-03
Latin America

Argentina 5.0 11-2 136 [0-48 174 169 -0-09 7-4 63 -0-23
Brazil (5) 74 227 199 -0-42 16-2 15-8 -0-05 5-3 4-2 -0-08
Chile (3) 67 102 |155 |084 10-7 22:2 112 96 16-1 0-86
Costa Rica 8.0 237 |273 0-46 143 177 0-43 72 63 -0-11
Mexico 8.0 66 116|063 94 71 -0-28 4:4 28 -0-20
Panama 60 176|229 088 94 117 0-40 7:8 145 [ 111
Paraguay 5.0 194 209 |031 345 451 212 108 |17:7 |138
Peru 60 260 |196 |-1-06 194 187 -0-12 82 105 0-38
Uruguay 8.0 190 [1799 [-013 160 106 -0-67 72 52 -0-25
North America

Barbados 5.0 177|208 |062 110 11-8 0-16 50 70 0-40
USA 6.0 229  |223 [-007 13-4 19-1 071 85 83 -0-03
Northern and Eastern

Europe

Albania 6:0 26 34 012 40 55 024 08 20 019
Estonia 70 86 93 0-09 47 63 022 66 87 0-29
Finland 70 131|190 |o0-84 15:3 155 0:04 132|156 | 034
Georgia 70 36 51 0-21 45 45 -0-01 28 1-8 -0-14
Latvia 100 83 105 | 022 53 45 -0-08 52 34 -0-19
Lithuania 60 82 |67 |-024y |56 46 -0-17 17 (18 |002
Poland (2) 70 78 [102 |05 88 189|135 50 |85  |044
Romania 70 30 227 |281 52 143 1-29 63 54 -0-13
Russia 60 99 112 ~.] 022 78 117 065 49 38 -0-18
Sweden 8.0 126 |97 \[-036 |11 10-4 -0:09 158|129 |-037
Ukraine 4.0 129|209~ | 201 112 112 -0-01 53 57 0-11
Oceania

New Zealand (5) 9.0 297\ | 267 | -039 19-1 180 -0-13 12:9 |88 -0-44
Western Europe

Austria 8.0 118 | 151 0-41 92 97 0-06 53 75 028
Belgium 7.0 120 |83 -0-52 145 16-9 0-34 67 72 0-07
Channel Islands (2) 5.5 351 |265 [-162 173 150 -0-45 170  |110 |-104
Germany 5.0 142 [175 068 144 150 012 71 77 012
Isle of Man 6:0 334 [ 312 [-036 20-1 20-2 002 156 | 111 -0-76
Italy (9) 7.9 94 84 -0-22 143 155 007 62 77 016
Portugal (4) 7.8 95 120 032 70 95 0-40 44 51 016
Republic of Ireland 8.0 291 267 -0-30 193 155 -0-48 136 8:6 -0-62
Spain (8) 7.6 93 96 0-04 13-9 15-0 0-10 41 40 -0-01
UK (6) 7.3 310 | 247 | -071 189 153 -0-57 147 [106 -0-39

5.1.6. ECRHS
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The ECRHS was planned to answer specific questions about the distribution of asthma
and the health care given for asthma in the European Community [45]. Specifically, the
survey was designed:

e To estimate variations in the prevalence of asthma, asthma-like symptoms and airway
responsiveness.

e To estimate variations in exposures to known or suspected risk factors for asthma.
To assess to what extent these variations explain the variations in the prevalence of the
disease.

e To estimate differences in the use of medication for asthma.

No co-operative study on allergic rhinitis has been carried out.among adults but the
ECRHS asked in comparable representative samples about ‘nasal allergy’. [45].

The protocol provides specific instructions on the sampling strategy adopted by the
survey teams. It also provides instructions on the use of the questionnaires, the allergy tests,
lung function measurements, tests of airway responsiveness, and.blood and urine collection.

Results for the prevalence of "nasal allergy" have been published in only a few studies
[55, 851, 938-941]. The findings of Droste et al [55] confirmed the close relationship of skin
test positivity with reported symptoms of nasal allergy in 4a/general population. Specific IgE
positivity also shows a close relationship with nasal §ymptoms in response to allergen
exposure in a general population. Skin testing and’ specific IgE measurement may be
considered complementary to one another in the diagnosis of allergic rhinitis.

5.2. Variations in allergy prevalence

An increase in the prevalence of allergic.rhinitis has been observed over the past 40
years of the last millenium [252, 721, 847, 897, 942-950]. Some studies report allergic rhinitis
in OD from baseline. In a study in Australia.with 50% aborigines, it was found that allergic
rhinitis increased from 1982 to 1992 but noet in 1997 [951]. There are some signs of reversing
trends [952], but more data are needed. These studies proposed different reasons for these
trends which may be related to allergen-load or co-factors.

In ISAAC III [853], it was found that in the 6-7-year age group, there is a global
increase in rhinitis prevalence across most countries. In the 13-14-year age group, there is also
a global increase in allergic rhinitis in countries where low, medium and high prevalence rates
were found during ISAAC Phase I (Table 10). On the other hand, rates are plateauing or
decreasing in countries with a high prevalence rate.

Table 11 — Variations/in-prevalence in allergic rhinitis in studies not included in

ISAAC 11
country author year age SAR nasal symptoms
of AR
Denmark Linneberg" | [944] 1989 15-41 22.3%
1997 15-41 31.5%
Finland Rimpela [953] 1977-9 12-18 5%
1991 12-18 14.9%
Latvala [954] 1966 Military 0,5%
1990 recruits 5.1%
1997 8.2%
Germany Von [250] 1991-2 9-11 2.3%
East Mutius 1995-6 5.1%
Norway Selnes [948] 1985 School 16.5%
1995 children 24.7%
2000 29.6%
Sweden Aberg [846] 1971 Army recruits | 4.4%




Aberg [943] 1979 ? 5.45%
Aberg [846] 1981 Army recruits | 8.4%
Aberg [943] 1991 ? 8.1%
Braback [955] 1952-56 Military 4.3%
1957-61 recruits 6.0%
1962-66 7.9%
1967-71 12.2%
1972-77 16.1%
Switzerland | Varonier [888] 1970 15 4.4%
1980 15 4.4%
Wauttrich [956] 1885 15-24 16%
Wauttrich [854] 1991 18-60 14.2%
Grize [957] 1992 5-7 5.0%
1995 5.6%
1998 5.4%
2001 4.6%
Thailand Bunnag [889] 1975 6-34 23y 6%
1995 21.9%
Turkey Demir [947] 1993-4 5-18 4.6%
2001-2 13.6%
UK Butland [252] 1974 16 12.0%
1986 23.3%
Upton* [723] 1972-6 45-54 5.0%
1996 45-54 19:9%
Ninan [897] 1964 8-13 3.2%
1989 8-13 11.9%
Burr 1973 12 9%
1988 12 15%

*: parents and offspring

In countries where the prevalence of allergy and rhinitis is high, a reduction in
increase, a plateau or a slight reduction have been observed. On the other hand, in countries
with low prevalence, there is a considerable increase of allergy and rhinitis. Trends in asthma
and rhinitis prevalence do not always accord:

5.2.1. Rural-urban differences and modification of life style

Studies in North America [285}; Europe [41, 958], Central America [959] and South
Africa [960] have shown that the prevalence of atopy and allergic rhinitis is higher in urban
than in rural areas [961]. This is patticularly the case for pollinosis whereas pollen counts are
usually higher in urban than in rural areas. Selection bias may act in selecting people who can
live in the countryside [285, 854, 962-964], but confounding factors are likely to exist.

The children of farmers  have less allergic rhinitis than other children, suggesting that
countryside lifestyle could possibly protect children from the development of allergy [855,
965-969]. Most consistently, the “protective” farm effect was related to livestock farming and
thus to microbial exposure [753]. A dose-dependent inverse relationship between exposure to
endotoxin in the mattress dust of children and the occurrence of atopic diseases was shown in
rural environments i’ Europe [970, 971]. Muramic acid, a constituent of peptidoglycan, is
present in graménegative and gram-positive bacteria in the environment, but is not an
additional marker of microbial exposure [972]. Another possible protective mechanism is the
ingestion of non-pasteurized milk in infancy [973].

In 1989, in East German children, there was a reduced prevalence of atopy and
seasonal allergic rhinitis by comparison to West German children [958, 974]. Similar trends
have been observed in the Baltic States and Scandinavia [975] or between Finland and Russia
[976]. Although there is some controversy [977, 978], it seems that the prevalence rate of
atopy and seasonal allergic rhinitis is now similar in all parts of Germany [250]. However, in
some former Eastern European countries such as Estonia, the prevalence of allergy does not
appear to increase due to change in life style [965, 979].
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Asthma and allergic diseases in developing countries are associated with the adoption
of an urbanized "western" lifestyle [980-986]. However, in rural areas, the prevalence of
sensitization to aero-allergens such as house dust mites determined by specific IgE is common
but skin tests to these allergens are usually negative [987]. Some studies suggest that, in
tropical areas where parasites are endemic, the relationship between asthma and IgE is
different from that of areas without major parasitic disease [987-990]. Many non-exclusive
reasons may explain that IgE-mediated hypersensitivity reactions are rare in{patients with
chronic helminth infections, even though basophils and mast cells in these )patients are
sensitized with antiparasite IgE and exposed to large amounts of parasite.antigens. These
include the production of IgG,4 “blocking antibodies” in the serum of the‘nfected individual
[991-994] and Th2-responses without atopy with elevations of anti-inflammatory cytokines,
such as IL-10, that occur during long-term helminth infections and ateinversely correlated
with allergy [995-997]. High degrees of parasite infection may preyent asthma symptoms in
atopic individuals [998] and the long-term treatment of parasitic patients with anti-parasitic
drugs increases skin test reactivity to inhalant allergens [999].

5.2.2. Infections in the neonatal period and the hygiene
hypothesis

Several studies have found an inverse relationship<between atopy, seasonal allergic
rhinitis (and asthma) and sib-ship size and order [252, 1000-1002]. Seasonal allergic rhinitis
is less frequent in large families even after taking the month of birth into account [42].

Strachan first proposed that infections and unhygienic contact might confer protection
against the development of allergy [1000]: the &o-called hygiene hypothesis which may
operate in allergic and auto-immune diseases [1003]. Three major hypotheses have developed
and explored the role of overt viral and bacterial'infections, the significance of environmental
exposure to microbial compounds and the effect of both on underlying responses of the innate
and adaptive immunity. To date, a truly unifying concept has not yet emerged [1004] and
there are some concerns about this hypothesis [1005].

An inverse association between tuberculin responses and atopy was observed in
Japanese children [1006], indicatingthat BCG immunization, subclinical exposure to
Mycobacterium tuberculosis without clinical disease, or host characteristics may influence the
T-helper (Th) lymphocyte balance’with decreased atopy as a result. However, no relationship
between tuberculin reactivity and ‘atopy in BCG vaccinated young adults was found in
developed [1007, 1008] and developing countries [ 1009, 1010]. In developed countries, many
studies found an absence of any relationship between BCG vaccination and atopic diseases in
children [1011-1017] and, young adults [1008]. In other developing countries, there was a
weak protective effect of. BCG vaccination against asthma and hay fever [1018-1020]. In
developing countries, an_¢arly BCG vaccination was associated with a weak prevention of
atopic diseases [1009]/A Mycobacterium tuberculosis infection may protect against allergy in
a tuberculosis endemi¢ area [1021, 1022].

Childhood, immunization against infectious diseases (diphtheria-tetanus-pertussis
(DTP)) or measles-mumps-rubella (MMR) may protect from the development of atopic
disease or inv€rsely may increase it [1023], but the relationships are complex and no definite
conclusion ¢an be raised [1024]. However, the benefit of vaccination is such that the potential
and unproven risk of increased allergic disorders should not be considered.

Infectious diseases such as hepatitis or salmonellosis can be inversely associated with
allergy [870, 1025, 1026].

Priming of the immune responses against allergens takes place in utero. In addition,
early-life events are essential in shaping the immune answer towards the Thl- or Th2-profile,
associated with a non-allergic or allergic phenotype, respectively. The hygiene hypothesis
suggests that an early-life environment primes the immune system in the Thl direction (non-
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allergic) while a “sterile” environment tends to promote the development of allergy. The
current view of cellular and molecular mechanisms underlying these phenomena includes fine
balancing between innate immune mechanisms and Thl, Th2 and regulatory T-cells [1027,
1028].

Several questions remain unresolved, concerning notably the nature of protective
infections, the mechanisms of protection, the spectrum of diseases concerned by the
hypothesis, the difference between triggering and protective infections and ,lastly the
strategies which could be devised to mimic the effect of infections [1003].. Moreover, the
hygiene hypothesis differs in countries where helminth infections are commen [995, 996] and
atopy might prevent against enteric infections [1029].

5.2.3. Other factors

e Changes in lifestyle [915]. An anthroposophic life style, suchl as restrictive use of
antibiotics and vaccinations, an a diet containing live lactobacilliy/ appears to prevent the
development of allergy in Sweden [1023]. The

e Obesity may increase the prevalence or the severity of symptoms in patients with allergic
rhinitis, but more data are needed [1030-1032].

e Increase in exposure to allergen [1033], pollution [748] and irritants (smoke, gas...) [711,
1034]. Studies on the relationship between allergy in parents and allergy in their offspring
should always consider the home environment as a. potential confounder. For allergy
prevention, results imply that among allergic “parents there is an awareness and
willingness to take measures to reduce exposure to‘indoor allergens [1035].

e Modification of diet responsible for the diminution of the intake of protective nutrients
[1036, 1037].

e The link between physical activity, allergic-diseases and asthma needs to be investigated
in more detail. [1005, 1038].

e Stress.

5.2.4. Natural history

Most longitudinal studies have. explored the development of asthma in individuals
suffering from allergic rhinitis. In,many patients, rhinitis is an independent risk factor for the
development of asthma (see chapter9).

The prognosis of allergie,rhinitis classically depends on age and sex but no clear data
are available. With age, rhinitis symptoms tend to become milder [252, 275, 721] and
simultaneously the allergic_skin reactivity decreases in the elderly [1039]. Some studies
found an increased prevalence of allergic rhinitis in young adults [1040-1046].

A few studies have examined the incidence and remission of allergic rhinitis in the
same general population, A study from Denmark showed that the remission of allergic rhinitis
symptoms was relatively infrequent, and that the remission of both symptoms and IgE
sensitization was_rar¢ [1047]. A study in Sweden [1048] showed that the prevalence of
allergic rhinitis (ncreased from 12.4% in 1992 to 15.0% in 2000. The incidence of allergic
rhinitis from 1992 to 2000 was 4.8%, while 23.1% of the cases with allergic rhinitis in 1992
stated no rhinitis symptoms in 2000 indicating remission. After a ten-year course of the
disease, 20%-of patients with non-allergic rhinitis reported spontaneous disappearance and
36% improvement [861].

The “Allergy March” from birth to adolescence is important in the understanding of
the development of allergic rhinitis and other diseases (see chapters 9 and 11.1). In birth
cohorts, it was found that the development of pollen-induced allergic rhinitis is characterized
by a marked increase in prevalence and incidence after the second year of life [1049]. This
study indicates that in combination with the risk of allergic predisposition, at least two
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seasons of pollen allergen exposure are needed before allergic rhinitis becomes clinically
manifest.

5.2.5. Conclusion

Asthma and allergic rhinitis are common health problems that cause major illness and
disability world wide. Studies such as the ISAAC [917] and the ECRHS [45] have
demonstrated that asthma is a prevalent condition in most countries. These studies suggest
that there are more than 300 million persons worldwide who are affected by ‘asthma [1050].
Rhinitis is similarly seen as a worldwide condition with lifetime prevalence estimates between
10 and 20% of the population in the US, UK, Germany, Switzerland and“Finland [854, 953,
1051, 1052].

Using a conservative estimate, it is proposed that allergic rhinitis/occurs in around 500
million people.

Over 100 million people in Europe and North America.

Over 150 million people in Asia-Pacific.

Over 100 million people in India, Pakistan and surrounding ‘countries.
Over 75 million people in Central and South America.

Over 30 million people in Africa.

Over 50 million people in other countries.

200 million also have asthma as a co-morbidity.

Moreover, non-allergic rhinitis/rhinosinusitis .ocetr in hundreds of millions of people
around the world since the attributable fraction of allergy in studies using a rhinitis
questionnaire is around 50 to 60%, but the estimation'is currently difficult.

Allergic rhinitis is a very common disease-in western lifestyle countries. It tends to be
more common in developed countries. Furthermore, an increase in the prevalence of allergic
rhinitis is commonly observed in developing countries. However, knowledge of allergic
rhinitis is far from complete. More studies.on the epidemiology of allergic rhinitis should be
advocated. They may provide useful clues towards the interpretation of the immunologic
abnormalities associated with allergic diseases in general.

5.3. Social life

It is now recognized that/allergic rhinitis comprises more than the classical symptoms
of sneezing, rhinorrhea and nasal obstruction. It is associated with impairments in how
patients function in day-to-day:.life [1053]. It has been known for a long time that having an
allergic reaction causes significant fatigue and mood changes [1054], some impairment of
cognitive function [10554 1056], depression and anxiety [1057, 1058]. Impairments on quality
of life and work and. school performance are common, particularly in patients with
moderate/severe symptoms.

Quality-of-lifeyis a concept including a large set of physical and psychological
characteristics assessing problems in the social context of the lifestyle. In rhinitis, two types
of HRQL (health-related quality of life) measures — generic and specific - have been used
[1059-1061].

5.3(1; Generic QOL questionnaires

Generic questionnaires measure physical, mental and psycho-social functions in all
health conditions irrespective of the underlying disease and can be used in the general
population. The advantage of generic instruments is that the burden of illness across different
disorders and patient populations can be compared.

Generic questionnaires include the Sickness Impact Profile, the Nottingham Health
Profile and the Medical Outcomes Survey Short Form 36 (SF-36) [1062]. The SF-36 has been
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used to characterize patients with perennial rhinitis [52, 88], seasonal [1063-1065] and
persistent rhinitis [1066-1068]. A new instrument examining satisfaction in 32 aspects of
daily life (the Satisfaction Profile (SAT-P) was used in seasonal allergic rhinitis and was
found to correlate with the SF-36 data [1069].

Rhinitis-related HRQL appears to be moderately correlated with the more classical
outcome variables used in clinical trials such as daily symptom scores [1069] and nasal
hyperreactivity [1070]. These observations are in line with the results of studies comparing
disease-specific HRQL in asthmatics with asthma symptoms, peak flow!and bronchial
hyperresponsiveness [1071, 1072].

Pediatric questionnaires (teen version of the pediatric quality-of-life inventory
(PedsQL) are available and showed an impaired QOL in adolescents with.rhinitis [1073].

Impairment in the functioning of patients with moderate to severé.perennial rhinitis [88]
is comparable with the limitations perceived by asthmatic patients with a moderate to severe
disease [1074]. The extent to which asthma and rhinitis co-morbidities are associated in
HRQL has been studied in the same population [87]. Both asthma. and allergic rhinitis were
associated with an impairment in HRQL, but rhinitis was found,/to impair social life whereas
asthma mostly impaired the physical component of HRQL.

Generic questionnaires of QOL show an improvement of QOL in patients treated with
oral Hj-antihistamines and intranasal glucocorticosteroids in seasonal [1065, 1075, 1076],
perennial [1077, 1078] and PER [1067]. However, the imptrovement is usually less important
than with specific questionnaires [1065, 1067].

5.3.2. Specific QOL questionnaires

Health-related quality of life (HRQOL). questionnaires currently used to evaluate
allergic disease are organ-specific. They therefere fail to take account of the systemic aspects
of allergic disease. Specific instruments have been designed by asking patients what kind of
problems they experience from their disease, rhinitis or conjunctivitis [1079]. Both the
frequency and importance of impairments find expression in the questionnaires. These
instruments have the advantage of describing more accurately the disease-associated problems
of the patients. Moreover, they seem t0<be more responsive to changes in HRQL than generic
instruments. The Rhinoconjunctivitis—Quality of Life Questionnaire (RQLQ) [1080] and the
Rhinitis Quality of Life Questionnaire [1081] have been tested in adult patients with seasonal
allergic rhinitis, perennial allergic-rhinitis as well as intermittent and PER. The RQLQ has
been adapted to many different Cultures and languages [89, 1082-1084]. Specific instruments
for different age groups of patients with rhinitis have also been developed [89, 90, 1085] and
other questionnaires have been proposed for rhinosinusitis [222, 226, 227, 1086].

The RQLQ scotess are significantly impaired in patients with moderate/severe
intermittent or persistent rhinitis by comparison with patients with mild intermittent or
persistent rhinitis [841:

The Pediatric Allergic Disease Quality of Life Questionnaire (PADQLQ) was
developed in children to encapsulate problems related to the eyes, ears, nose, lungs, skin,
emotions and everyday activities [1087]. It was found that impairment in PADQLQ is directly
related to thetlevel of allergen exposure and allergic airway inflammation [1087]. The same
approach was used in asthma and a QOL instrument assessing both asthma and rhinitis has
been developed [1088]. RHINASTHMA was able to differentiate patients with rhinitis from
those with both rhinitis and asthma.

5.3.3. Evolution of QOL during interventions

The RQLQ has been used in several trials to assess the effect of intranasal
glucocorticosteroids [1085, 1089-1094], oral H;-antihistamines in seasonal [1095-1097],
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perennial [1077, 1078] and persistent rhinitis [1066, 1067, 1098], the combination of
intranasal glucocorticosteroids and oral Hj-antihistamines [1099], leukotriene receptor
antagonists [1100, 1101], allergen immunotherapy in pollinosis [1102-1104], omalizumab, an
anti-IgE monoclonal antibody [768, 1105], allergen avoidance [1106] and homeopathy
[1107]. Studies have also been performed in children [1108].

Generally, the effect on HRQL runs parallel with the effect on conventional medical
outcome measures. However, in some studies, differences can be found indicating that
patients perceive differences in efficacy, not captured by conventional symptor scores.

5.3.4. Quality-of-life instruments in the individual patients

Although studies have shown an impairment of QOL in rhinitis in a/group of patients,
these questionnaires are not currently applicable for use as a clinical tool in individual
patients. Inclusion of these outcome measures in the evaluation ,and management of the
individual patient should be the next step. Moreover, there is a need‘for a specific instrument
measuring QOL in patients with both asthma and rhinitis“and, if appropriate, this
questionnaire may be used as a primary outcome variable in clinical trials.

5.3.5. Health-related QOL and health-care costs

The high prevalence of allergic rhinitis and thé concern about health-care costs
justifies the increasing interest for cost-effectiveness-.studies. Not only the efficacy of
treatment has to be demonstrated, but also the cost ‘effectiveness. In these studies, HRLQ
measures have to be incorporated in order to make €omparisons across patient populations
and different disorders. QALY's (quality-adjusted life years) associated with different medical
therapies can easily be incorporated into cost-effectiveness studies.

Utility instruments are mostly generic. A recent rhinitis-specific utility, the
Multiattribute Rhinitis Symptom Utility IndeX; has been developed for clinical trials and for
cost-effectiveness studies comparing medigal treatment for rhinitis [1109].

5.4. Sleep disturbance

Poorly-controlled symptoms -of allergic rhinitis may contribute to sleep loss or
disturbance [94, 96, 98-104]. Moreover, sedation in patients with allergic rhinitis may be
increased by using sedative treatments [105, 106]. Although sleep apnea syndrome has been
associated with nasal disturbances [107-109], it is unclear whether allergic rhinitis is
associated with sleep apnea-[100, 107, 110]. It has been shown that patients with
moderate/severe symptoms_of-intermittent or PER suffer from impaired sleep by comparison
to normal subjects and patients with mild rhinitis All dimensions of sleep are impaired by
allergic rhinitis, particularly by the moderate/severe type [111]. Seasonal allergic rhinitis
leads to increased daytime sleepiness [1110].

5.5. Learning disability

In children.with uncontrolled allergic rhinitis, learning problems occur during school
hours either byyditect interference or indirectly by nocturnal sleep loss and secondary daytime
fatigue [95,/114, 116]. Seasonal allergic rhinitis may be associated with a reduced ability to
learn [1111];and to be successful at examinations [1112]. Treatment with sedating oral H;-
antihistamines will aggravate these problems, whereas treatment with non-sedating oral H;-
anti histamines will only partially reverse the limitations in learning [115, 1113].



5.6. Work impairment

It is commonly accepted that allergic rhinitis impairs work [10, 84, 113, 1114, 1115].
It induces work absenteeism as well as a reduction in work productivity and presenteeism.
Pollen and mold exposure impairs the work performance of employees with allergic rhinitis
[1116]. Nasal congestion was found to impair work productivity [1117]. Work impairment is
correlated with the severity of allergic rhinitis [84].

In a study in the US [562], allergic diseases were found to be major contributors to the
total cost of health-related absenteeism and presenteeism. Allergic rhinitis-was the most
prevalent of the selected conditions; 55% of employees reported experiencing allergic rhinitis
symptoms for an average of 52.5 days, were absent 3.6 days per year due-to the condition and
were unproductive 2.3 hours per work day when experiencing symptonis.

In the U.S., in 1994, allergic rhinitis resulted in approximately.811,000 missed work
days, 824,000 missed school days and 4,230,000 reduced activity days'per year [1118].

The economic impact of work place productivity losses compared several diseases
including allergic. Allergies are major contributors to the-4otal cost of health-related
absenteeism and presenteeism. The mean total productivity (absenteeism and presenteeism)
losses per employee per year were 593 US § for allergic/rhinitis which was the first most
costly disease of the study [562].

The treatment of allergic rhinitis was found to’improve work productivity in pollen
[1119] and PER [1115], but sedative oral H;-antihistamines reduced work productivity [1120,
1121].

Very little is known about the impact of.allergic rhinitis on the career of patients.
Patients may not change or lose jobs except in the.case of occupational allergy [1122]. On the
other hand, some allergic subjects may not takepart in work with a high allergen load such as
bakers.

5.7. The social economic‘impact of asthma and rhinitis

Asthma and rhinitis are chronie-gonditions with a substantial economic impact on the
affected persons and their families,~on' the health-care systems and on society as a whole.
Persons with asthma or rhinitis must cope with both the immediate and long-term impact of a
condition that often affects daily.functioning. They are frequently required to make choices
on how to re-allocate their personal and family resources--originally dedicated to daily needs
such as food, clothing, and heusing--to pay for medical care aimed at improving their
condition.

The world literature-on the economic burden of asthma and rhinitis has only recently
emerged, and to date has-focused primarily on asthma because this disease was thought to
place more burden .than rhinitis. However, the few individual studies examining the
economic impact of thinitis also provide compelling evidence of its substantial impact [1123].
Moreover, it is important to study the economic impact of rhinitis considering the patient
globally with rhihitis co-morbidities [1124]. Data for children are less clear and results
observed in developing countries may differ from those of Western populations [1125].

5.7.1. Understanding the costs of illness

The cost-of-illness study is the tool for understanding the economic burden of illness
[1126]. This approach separates costs into those associated with medical-care treatments for
the illness (direct costs) and those resulting from non-medical losses as a consequence of the
illness (indirect costs). Standard methods exist for placing an incremental economic value on
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direct medical-care costs and indirect non-medical costs. Intangible costs, specifically those
associated with the value of the psychosocial impacts of illness, have also been theorized.
However, to date, the methods for valuing intangible costs have not been fully developed.
Costs of illness can be viewed from the perspective of the society, the health-care system
(organizations within a community that provide or finance care) and/or the individual.

5.7.2. The costs of illness for rhinitis and its co-morbidities

Although several economic analyses of allergic rhinitis have been published, there are
relatively few cost-of-illness studies outside the US.

In the USA, in 1994, the total costs for rhinitis were estimated 4o be 1.2 billion $
[1118]. In 1996, direct costs for allergic rhinoconjunctivitis was 1.9 billion $ [1127]. In
another US study, the direct medical cost of rhinitis exceeded 3 billion $ in 1996 and an
additional cost of 4 billion $ resulted from co-morbidities [1128]. The most recent estimates
of the annual cost of allergic rhinitis range from 2 to 5 billion $,.(2003 values) [1129]. The
wide range of estimates can be attributed to differences in identifying patients with allergic
rhinitis, differences in cost assignment, limitations associated” with available data and
difficulties in assigning indirect costs (associated with reduced productivity) of allergic
rhinitis. Rhinitis increases asthma costs [1130, 1131].

The National Health Interview Survey (NHIS) was used to obtain information on the
days lost from work and on lost productivity due to allergic rhinitis [1132]. Wage estimates
for occupations obtained from the Bureau of Labor Statistics (BLS) were used to calculate the
costs. Productivity losses associated with a diagnosis of allergic rhinitis in the 1995 NHIS
were estimated to be 601 million $. When additional survey information on the use of
sedating over-the-counter (OTC) allergy medications, as well as workers' self-assessments of
their reduction in at-work productivity due to allergic rhinitis, were considered, the estimated
productivity loss increased dramatically. At-work productivity losses were estimated to range
from 2.4 billion $ to 4.6 billion $.

The cost of illness of atopic asthma and seasonal allergic rhinitis were studied in
Germany [1133]. Overall, annual costs_per patient increased with the severity of atopic
asthma and if associated with allergic thinitis. The average annual cost of seasonal allergic
rhinitis was 1,089 € per child/adolescent and 1,543 € per adult.

In Ankara, Turkey, the mean cost of seasonal allergic rhinitis per person without a co-
morbid disorder during the grass“pollen season was around 80 $ without co-morbidity and
reached around 140 $ in the presence of asthma and/or conjunctivitis [1134].

The Japanese all belong to either a government, union or community health insurance
system. An accurate report of total medical expenditures can therefore be reported. For 1994,
the total costs for rhinitis’were 1.15 Billion $ including direct and indirect costs as well as
OTC costs. The average annual expenditure was 118 $ per patient [1135].

Direct medical‘cost parameters (medications, physician visits and hospitalizations) and
time-lost parameters.(work days and Usual Daily Activities (UDA)) related to PER and its
comorbidities were-measured in a prospective 6-month study comparing levocetirizine and
placebo in patients with moderate/severe persistent rhinitis [1115]. From a societal
perspective, the total cost of PER without long-term treatment was estimated at 355
€/patient/month. Levocetirizine reduced the total cost of PER and its co-morbidities by 153 €
/patient/month from a societal perspective and by 65 €/patient/month from an employer
perspective. Most gains resulted from a decrease in lost work days and UDA in the
levocetirizine group.
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5.7.3. Best economic strategies for the care of asthma and

rhinitis: cost-effectiveness studies

Traditionally, medical decisions were primarily based on the evidence of clinical
efficacy and safety, but resource constraints directly and indirectly affect all medical
treatment decisions. Yet, presently, there is too little information available to inform patients,
health-care providers, and health-care systems as to the relative impact of various alternative
treatments on resources and costs of care.

Sometimes decisions about which medical treatment or product to use are based on
evidence from controlled clinical trials that focus on efficacy and safety as‘their specific aim.
Efficacy is measured under tightly-controlled research conditions. These studies often
involve very select patient populations, the results of which cannot be gxtended to all patients
with rhinitis. Studies of clinical effectiveness have evolved in response to the need for more
real-world information about treatment alternatives and patient ©Qutcomes. Effectiveness
refers to the impact of the intervention or technology under routine operating conditions,
administered to a more generalized patient population [1136,1137]. Improvements to the
early studies of effectiveness have led to the “cost-effectiveness™ study design. This type of
study design provides information on the effectiveness of various interventions in relation to
the efficiency of consumption of economic resources [1138;1139].

The increasing world-wide sensitivity to costs of ‘¢are in relation to improved health
benefits has not gone unnoticed in the areas of asthma and rhinitis [1140, 1141]. To date,
there are no clear dominant cost-effective treatment: strategies for either asthma or rhinitis.
However, there are studies to suggest that the use 0f inhaled glucocorticosteroids for persons
with persistent asthma are reasonably cost-effective in comparison to using only rescue beta-
agonist therapy [1141]. In rhinitis, the > most effective drugs, e.g. intranasal
glucocorticosteroids, are cost-effective when compared to less effective treatments, e.g.
intranasal cromoglycate [1142]. Comparisons between intranasal glucocorticosteroids are
difficult because drug pricing differs between countries [1143].

The direct medical cost of rhinitis in the US in 1999 showed that sales of prescription
antihistamines and nasal steroids exceeded $3 billion and $1 billion, respectively [1128].
However, some of the most commonly prescribed drugs are now OTC and the economic
impact of payer policies after the/prescription-to-OTC switch of second-generation oral H;-
antihistamines is of importance [1.144].

The balance between safety and efficacy should be clearly assessed and it has been
found that first-generation oral\H;-antihistamines are not cost-effective because of the cost of
associated sedation [1145]:

The economic evaluation of specific immunotherapy versus symptomatic treatment of
allergic rhinitis was modelized in Germany and subcutaneous immunotherapy was found to
be cost effective [1146]:

5.7.4. Policy implications of the economic burden of asthma

and rhinitis

Health-care decision makers, such as health-care providers, and health planners are
constantly faeed with establishing priorities for the allocation of limited health-care resources-
-especially-in developing countries. This prioritization spans chronic conditions--such as
asthma and rhinitis—as well as communicable diseases, and must also consider the needs for
health promotion and disease prevention.

Therefore, in order to reduce the global burden of asthma and rhinitis it will be
necessary to first identify the degree of community-specific disease burden, and then establish
credible justification for the re-allocation of health-care resources. The costs and benefits of
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introducing new asthma and rhinitis management programs must be considered not only in
regards to cultural appropriateness but also in light of the existing resources of each
community. Finally, these decisions must be examined relative to what the existing resources
can purchase by way of other medical care and other non-medical goods [1140]. Greater
awareness of the total economic burden of allergic rhinitis should encourage appropriate
intervention and ultimately ensure clinically favorable and cost-effective outcomes [1147].

Also, while much of the focus on establishing new treatment strategies.must rest on
the community’s willingness to provide resources, in most if not all communities) some of the
burden of care for both asthma and rhinitis falls upon the individuals and their families.
Many persons, with rhinitis in particular, seek healing not from the health-care practitioner,
but from other sources ranging from non-prescription medications and_herbal remedies to
non-allopathic care providers. The individuals and their family are likelyto carry much of the
economic burden for this care. It is essential to further understand-the value of such non-
traditional approaches in comparison to allopathic care and .its/accompanying newer
pharmacotherapeutic approaches.

5.7.5. Conclusions

Millions of people suffer physical impairments reductions in quality of life and
economic consequences associated with rhinitis and /ts co-morbidities. Health-economic
studies have helped to characterize the costs of these-diseases, but are limited to studies of
industrialized nations. There are even fewer comparative studies by which one can judge the
most efficient ways to deliver health care for these conditions. With health-care costs
increasing worldwide comes an increasing need_for more advanced health economic studies if
improvements are to be made to lessen the social-and economic impact of these conditions.
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6. Diagnosis

Diagnosis of allergic rhinitis

e The diagnosis of allergic rhinitis is based upon the concordance between a typical
history of allergic symptoms and diagnostic tests

e Typical symptoms of allergic rhinitis include rhinorrhea, sneezing, nasal
obstruction and pruritus

e Ocular symptoms are commaon, in particular in patients allergic to,eutdoor
allergens

e Diagnostic tests are based on the demonstration of allergen-specific IgE in the
skin (skin tests) or the blood (specific IgE)

e The measurement of total IgE is not useful to the diagnosis,ofiallergic rhinitis

e Many asymptomatic subjects can have positive skin tests,and/or detectable
serum-specific IgE

¢ Many patients have positive tests which are clinically irtelevant

¢ In some countries, the suspicion of allergic rhinitis may be addressed in the
pharmacy

e Patients with persistent and/or moderate/severe symptoms of rhinitis should be
referred to a physician

e Most patients with rhinitis are seen in primary care and, in developed countries,
allergy tests are available to screen for allergy.

e Patients with persistent and/or moderate/severe symptoms of rhinitis need a
detailed allergy diagnosis

The diagnosis of allergic rhinitis is based upon the coordination between a typical
history of allergic symptoms and diagnostic tests. In vivo and in vitro tests used to diagnose
allergic diseases are directed towards the detection of free or cell-bound IgE (Figure 4).

Figure 4 - Diagnosis of IgE-mediated allergy
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The diagnosis of allergy has been improved by allergen standardization which
provides satisfactory diagnostic vaccines for most inhalant allergens. New techniques using
recombindntjallergens are already available and will be of great help in the future. It appears
that allergy diagnosis improves patient care [1148].

Immediate-hypersensitivity skin tests are widely used to demonstrate an IgE-mediated
allergic reaction and represent a major diagnostic tool in the field of allergy [1149, 1150].

The measurement of total-serum IgE has a poor predictive value for allergy screening
in rhinitis and should not be used as a diagnostic tool [10]. In contrast, the measurement of
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allergen-specific IgE in serum is of importance and has a value similar to that of skin tests
[1151, 1152].

Some in vitro specific IgE methods use either a mixture of several allergens in a single
assay [1153] or test several different allergens during a single assay. These tests can therefore
be used by specialized doctors and non-allergists as screening tests for the diagnosis of
allergic diseases.

Nasal and ocular challenge tests with allergens are used in research and; to a lesser
extent, in clinical practice. However, they are important in the diagnosis of occupational
rhinitis. Other tests have not yet been fully validated.

The tests and procedures listed below represent the spectrum of investigations, which
may be used in the diagnosis of allergic rhinitis. However, only a certain number of these are
routinely available or applicable to each individual patient.

6.1. History and general ENT examination

Clinical history is essential for an accurate diagnosis of rhinitis and for the assessment
of its severity as well as its response to treatment. Patients with_allergic rhinitis suffer from
sneezing, anterior rhinorrhea and very often from bilateral nasal obstruction. This is usually
the most bothersome symptom in patients with allergic fhinitis. Nasal obstruction can be
observed in many other conditions.

Many patients do not consult a physician for-nasal symptoms. However, some
symptoms require urgent investigation (Figure 5).

Figure 5 - Symptoms of allergic rhinitis

From [1154]

Symptoms suggestive Symptoms usually NOT associated

of allergic rhinitis with allergic rhinitis

2 or more or the following -unilateral symptoms ++++
sympt oms -W-obstructloq without other symptoms
. ehcopuruient rhinorrhea
for >1 hr_on most days “posterior rhinorrhea (post nasal drip)
- watery rhmorfhe_a == - with thick mucous
- sneezing, especially paroxysmal . -andlor no anterior rhinorrhea
- nasal obstruction - pain
- hasal pruritis - recurrent epistaxis
+ conjunctivitis - anosmia
Classify

and assess severity

Most patients~with pollen-induced rhinitis present eye symptoms. It is also important
to distinguish between'allergic and non-allergic symptoms (Figure 6, Table 12).
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Figure 6 - Symptoms of allergic conjunctivitis
From [1154]

Symptoms suggestive

Symptoms NOT suggestive

of allergic conjunctivitis

of allergic conjunctivitis

1 or more of the following
symptoms

for >1 hr on most days

- bilateral eye symptoms

- watery eyes

-red eyes

- NO photophobia

Any of the following symptoms

- symptoms NOT associated with
concomittant rhinitis

- unilateral eye symptoms

- NO eye itching

- eye burning

- dry eyes

- photophobia

Table 12 - Symptoms and signs of allergic eye diseases

from [1155]

Symptoms

Allergic conjunctivitis
Tearing
Burning
Itching

Vernal keratoconjunctivitis
Intense itching

Tearing
Photophobia
Sensation of foreign body

Atopic keratoconjunctivitis
Itching
Burning
Tearing

Contact-lens conjunctivitis
Itching
Pain
Sensation of-foreign body
Lens intolerance

Signs

Mild hyperaemia
Mild"'edema
Mild, papillary reaction (often absent)

Cobblestone papillae
Intense hyperaemia

Mucous discharge

Milky conjunctiva

Punctate keratopathy
Trantas dots
Togby's ulcer

Hyperaemia
Eczematous lesions of eyelids
Corneal ulcers
Cataracts
Pannus
Keratoconus
Retinal detachment

Giant papillae
Excessive mucus production
Corneal lesions

Other signs and symptoms include:
e Significant loss of smell (hyposmia or anosmia) relatively infrequent in allergic rhinitis
[1156-1159], but mild hyposmia is not rare.
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e Snoring, sleep problems [95, 102, 103, 107].
e Post-nasal drip or chronic cough [1160, 1161], in particular if CRS is present.
e Rhinitis may induce sedation by itself [1162].

In patients with mild IAR, a nasal examination is optimal. All patients with PER
should undergo nasal examination. Anterior rhinoscopy, using a speculum and mirror,
provides limited information and nasal endoscopy is more useful. Nasal endoscopy is the next
step which is useful in patients with treatment failures.

6.2. Skin tests

Immediate-hypersensitivity skin tests are widely used to demonstratevan IgE-mediated
allergic reaction of the skin. These tests represent a major diagnostie tool in the field of
allergy. If properly performed, they yield useful confirmatory evidence for a diagnosis of
specific allergy. As there are many complexities in their performance and interpretation, it is
recommended that they should be carried out by trained health professionals [1149]. Delayed
hypersensitivity tests provide little information.

6.2.1. Methods
6.2.1.1. SKkin testing methods

Several methods of skin testing are available.

Scratch tests should no longer be used because. of poor reproducibility and possible
systemic reactions.

Prick and puncture tests are recommended for the diagnosis of immediate-type
allergy since there is a high degree of correlation between symptoms and provocative
challenges. The modified skin prick test introduced by Pepys [1163] is the current reference
method. Puncture tests with various devicés were introduced to decrease the variability of
skin prick tests [1164-1173]. With a trained investigator, they are highly reproducible [1171-
1173]. Prick tests should be done according to a rigorous methodology [1174].

Intradermal skin tests may be employed for allergy diagnosis in some instances (e.g.
weak allergen solution). They are not usually required for the diagnosis of inhalant allergy
when standardized extracts are available [1149, 1175, 1176] as they correlate less well with
symptoms [1177]. They may induce some false positive reactions. They are less safe to
perform since systemic reactions can occur albeit rarely [1178, 1179].

Prick-prick tests: Prick'plus prick tests with fresh foods were introduced to reduce
the poor standardization of food extracts commercially available [1180-1183]. Although of
interest, this test is not“standardized and should be restricted to foods for which no
recombinant allergen is available.

Atopy patch tests involve epicutaneous patch tests with allergens known to elicit IgE-
mediated reactions f1184]. Commercial reagents are available for a few allergens [1185].
They have been standardized regarding the use of vehicle and dose-response relationships
[1186, 1187]. A subset of patients with atopic dermatitis show only atopy patch test positivity
while specific IgE to the same allergen remains negative. Regarding food allergy, the atopy
patch test still“requires standardization [1188-1190]. It may also be difficult to differentiate
between irritative and allergic reactions [1191].

It is.recommended by Position Papers of the European Academy of Allergology and
Clinical Immunology [1192], WHO [1193] and the US Joint Council of Allergy Asthma and
Immunology [1194, 1195] that skin prick-puncture tests are a major test for the diagnosis of
IgE-mediated allergic diseases.
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6.2.1.2. Negative and positive control solutions

Due to interpatient variability in skin reactivity, it is necessary to include negative and
positive controls in every skin test study.

The negative control solutions are the diluents used to preserve the allergen vaccines.
The rare dermographic patient will produce wheal-and-erythema reactions to the negative
control. Any reaction at the negative control test sites will hinder the interpretation of the
allergen sites [1194].

Positive control solutions are used to detect suppression by medications or disease
and determine variations in technician performance. The usual positive/control for prick-
puncture testing is histamine dihydrochloride (5.43 mmol/L or 2.7 mg/ml., equivalent to 1
mg/mL of histamine base) [1196]. However, a 10-fold greater concentration is more
appropriate [1197]. Mast cell secretagogues such as codeine phosphate 2.5% [1168] or 9%
may also be used [1198].

6.2.1.3. Skin tests with recombinant allergens

A current diagnosis of allergy relies on natural extracts~that may lack standardization
and/or be degraded rapidly in solution. Recombinant DNA technology allows the production
of pure biochemically characterized proteins. Skin tests‘“with recombinant allergens were
available in the 1990s for pollens [1199], molds such as Aspergillus [1200], mites [1201,
1202], venoms [1203, 1204] or latex [1205]. Skin tests with recombinant and natural allergens
have a similar value [1206-1210] if the recombinant-allergens have been well selected and
represent all or most epitopes of the natural allergen [1211-1214]. Panels of recombinant
allergens are available for the component-resolved-diagnosis of allergy [1215].

Food allergens are usually non-standardized and unstable in solution. Recombinant
allergens are useful for the diagnosis of food allergy such as apple [525, 1216], celery [553],
peanut [1217] or cherry [1218]. Skin tests with recombinant food allergens can be an
alternative to prick-prick tests with foods [1219].

6.2.2. Criteria of positivity

Skin tests should be read at the-peak of their reaction by measuring the wheal and the
flare approximately 15 minutes after the performance of the tests. Late-phase reactions are not
recorded because their exact significance is not known [1192, 1194, 1220].

For prick tests, when thereontrol site is completely negative, small wheals of less than
3 mm represent a positive immumnological response [1163, 1221]. However, these reactions do
not necessarily imply the presence of a clinically relevant allergy [1149].

6.2.3. Factors affecting skin testing

Skin reaction is ‘dependent on a number of variables that may alter the performance of
the skin tests.

The quality of the allergen extract (vaccine) is of importance. When possible,
allergens that,are standardized by using biological methods and labeled in biological units or
pug of major-allergen should be used [1192, 1194]. Recombinant allergens can also be used
accuratelyf 1208].

Ageis known to affect the size of skin tests [1222] but positive skin prick tests can be
found early in infancy [1223, 1224]. In the elderly patient, the size of skin tests is decreased
[1225, 1226].

Seasonal variations related to specific IgE antibody synthesis have been
demonstrated in pollen allergy [1227]. Skin sensitivity increases after the pollen season and
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then declines until the next season. This effect has some importance in patients with a low
sensitivity [1228] and/or in patients sensitized to allergens such as cypress pollen [388].

Drugs affect skin tests and it is always necessary to question patients on the drugs
they have taken. This is particularly the case for oral H;-antihistamines, but also for other
drugs which are not necessarily used for the treatment of allergic diseases (for review see
[1149, 1229, 1230] (Table 13). Montelukast does not appear to reduce skin test reactivity
[1231, 1232] and does not need to be discontinued before skin testing.

Table 13 -Drugs affecting the performance of skin tests

Suppression
Clinical

Treatment Degree Duration Significance

Anti-H1 histamines

Cetirizine ++++ 3-10-days Yes
Chlorpheniramine ++ 1-3 days Yes
Desloratadine ++++ 3-10.days Yes
Ebastine ++++ 3-10 days Yes
Hydroxyzine +++ 1710 days Yes
Levocabastine (topical) Possible Yes
Levocetirizine ++++ 3-10 days Yes
Loratadine ++++ 3-10 days Yes
Mequitazine ++++ 3-10 days Yes
Mizolastine ++++ 3-10 days Yes
Promethazine ++ 1-3 days Yes
Ketotifen +htt >5 days Yes

Cimetidine/ranitidine

Imipramines
Phenothiazines'*

Systemic, short term
Systemic, long term
Inhaled

Topical skin

Theophylline
Cromolyn

Inhaled

Oral, injection
Formoterol
Salmeterol

Dopamine
Clonidine

Montelukast

Specific immunotherapy

*Clinical significance for skin testing

Anti-H2 histamines

0to+

++++
++

>10 days
?

Glucocorticosteroids
0
Possible
0
Oto ++

Oto+
0
3,-Agonists
Oto+
0to ++
Unknown
Unknown

++

Oto ++

0 to +++: intensity of skin test suppression

Patients with skin disease may not be tested because of dermographism (urticaria) or
widespread skin lesions.

No

Yes
Yes

Yes

Yes

No

No
No

No
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6.2.4. Interpretation of skin tests

Carefully performed and correctly interpreted, skin tests with high-quality allergen
vaccines and a battery that includes all the relevant allergens of the patient's geographic area
are a simple, painless and highly efficient method. Therefore, skin testing represents one of
the primary tools for allergy diagnosis by the trained physician.

Both false-positive and false-negative skin tests may occur due to impropér technique
or material. False-positive skin tests may result from dermographism or may be caused by
"irritant" reactions or a non-specific enhancement from a nearby strong reaction:

False-negative skin tests can be caused by:
Extracts of poor initial potency or subsequent loss of potency [1177].
Drugs modulating the allergic reaction.
Diseases attenuating the skin response.
Improper technique (no or weak puncture).

Even after false-positive and false-negative tests have_been eliminated, the proper
interpretation of results requires a thorough knowledge of the history and physical findings. A
positive skin test alone does not confirm a definite clinical reactivity to an allergen.

6.3. In vitro tests

The discovery of IgE in 1967 was a major advance in the understanding and diagnosis
of allergic diseases [1233, 1234].

6.3.1. Serum-total IgE

Serum-total IgE is measured using radio- or enzyme-immuno assays. In normal
subjects, levels of IgE increase from birth (0-1 KU/1) to adolescence and then decrease slowly
and reach a plateau after the age of 20-30 years. In adults, levels of over 100-150 KU/1 are
considered to be above normal. Allergie. and parasitic diseases as well as many other
conditions increase the levels of total IgE in serum [1235]. Thus, the measurement of total-
serum IgE should no longer be used forthe screening or allergy diagnosis [1, 10].

6.3.2. Serum-specificIgE using classical methods

The measurement of allergen-specific IgE in serum is of importance.

6.3.2.1. Methods and criteria of positivity

The first technique ever used to accurately measure serum-specific IgE was the RAST
(radioallergosorbent test),[1236, 1237]. New techniques are now available using either radio-
or enzyme-labeled anti-IgE [1151, 1152, 1238-1241]. Results are expressed in terms of total
radioactive counts bound(cpm), arbitrary units (RAST class, PRU/ml) or units of IgE (IU/ml,
KU/1). However, it is advisable to use a quantitative measurement [1242, 1243].

6.3.2.2. Factors affecting the measurement of serum-specific IgE

Many factors can affect the measurement of IgE [1244]. The different reagents are
critical for an.appropriate assay (for review see [1]). In particular, the anti-IgE preparations
applied must be Fce-specific preferably containing combinations of monoclonal antibodies
with specificities against more than one epitope on the Fc fragment [1245]. Calibrators should
be traceable to the WHO International Reference Preparation for human IgE, 75/502 [1245].

As for skin tests, the quality of the allergens is of critical importance and, when
possible, only standardized extracts should be used.

Recombinant allergens have been used for the in vitro diagnosis of grass [1206, 1207,
1213, 1246, 1247], birch and Fagaleae [1248-1253], Oleaceae [1199, 1254] pollens or mites
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[1255-1257]. A single recombinant allergen or a combination of a few major recombinant
allergens can substitute the crude extract for in vitro diagnostic purposes [1258, 1259].
Another possibility is to add some relevant recombinant allergens to an allergen extract. It
also seems that the in vitro diagnosis for pollen allergy can be simplified using recombinant
allergens. The use of a complete panel of grass allergenic molecules can mimic the current
use of allergenic extracts, but new relevant information, such as an individual pattern of
reactivity, adjusted prevalence, correct specific IgE concentration, can be achieved only by
means of discrete allergenic molecules [1260]. Panels of recombinant allergens are available
for a component-resolved diagnosis of allergy [1215].

IgE cross-reactivity between pollen and food allergens represents the'molecular basis
for oral allergy syndrome. Quantitative birch-specific IgE levels proved useful in predicting
clinical allergy symptoms with birch exposure [1261, 1262].

Specific IgE measurements are not influenced by drugs or skin-diseases.

6.3.3. Significance of serum allergen-specifie IgE

Using standardized allergen vaccines, serum-specific IgE-results correlate closely to
those of skin tests and nasal challenges.

As in skin tests, the presence or absence of specific IgE in the serum does not preclude
symptoms, and many symptom-free subjects have serum-sgpecific IgE.

The cutoff IgE level above which an IgE test_is positive is usually 0.35 KU/L
However, some sensitized subjects have an IgE level below this cutoff, and the measurement
of serum-specific IgE is usually less sensitive than skin prick tests [1263].

The cutoff IgE level above which most patients present symptoms is still a matter of
debate in inhalant [1264, 1265] and food allergy [1266-1268]. Although a low specific IgE
titre may not be clinically relevant, the titre of serum-specific IgE is usually unrelated with the
severity of symptoms. However, wheeze and 'Serum-specific IgE titres have been correlated in
a group of subject