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Recommendations 

1- Allergic rhinitis is a major chronic 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 bas been proposed: 
- intermittent 
- persistent 

5- The severity of allergic rhinitis bas 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. 

8- The environmental and social factors should be optimised to allow the patient to lead a normal life. 

9- 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 bron
chodilator. 

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

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

From Allergic Rhinitis and its Impact on Asthma (ARIA) in collaborntion with the World Henlth Organization (WHO) 

Reprint request"i: Jean Bonsqllet, MD, PhD, Allergic R11inilis nnd i1s Impact on A'ithma (ARIA), Service des Maladies Respiratoires, 1-JOrital Arnaud deVil-
leneuve, 371, avem1e Doyen Gaston Ginmd, 34295 Montpellier Cedex 5, Fro nee. 
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Introduction 

Allergic rhinitis is clinically defined as a symptomatic 
disorder of the nose induced by an IgE-mcdiatcd inflam
mation after allergen exposure of the membranes lining 
the nose. Symptoms of rhinitis include rhinorrhea, nasal 
obstruction, nasal itching and sneezing which are 
reversible spontaneously or under treatment. It is subdi
vided into "intermittent" or "persistent" disease (Table 
I). The severity of allergic rhinitis can be classified as 
"mild" or "moderate-severe." 

TABLE 1: Classification of allergic rhinitis 

l- "Jnlcnmltcnl" means thal lhc symptoms arc present: 
• Less than 4 days a week, 
• Or for less than 4 weeks. 

2- "Persis lent" meum> llHIL the symptoms ore presenl: 

• More than 4 days a week. 
• And for more than 4 weeks. 

3- "Mild" means that none of the following items are present: 
• Sleep disturbance, 
• 1mpainnent of daily activities, leisure and/or sport, 
• lmpainnent of school or work, 
• Troublesome symptoms. 

4- "Moderate-severe .. means that one or more of the following 
Jtems are present: 
• Sleep disturbance, 
• Impairment of daily activities, leisure and/or sport, 
• Impairment of school or work, 
• Troublesome symptoms. 

Previously, allergic rhinitis was subdivided, based on 
the time of exposure, into seasonal, perennial and occu
pational diseases (l-3). Perennial allergic rhinitis is most 
frequently caused by indoor allergens such as dust mites, 
moulds, insects (cockroaches) and animal danders. Sea
sonal allergic rhinitis is related to a wide variety of out
door allergens such as pollens or moulds. 

llowever, this is not entirely satisfact01y as: 
• There arc some places where pollens and moulds an: 

perennial allergens (e.g. grass pollen allergy in South
ern California and Florida (4) or Parterarla pollen 
allergy in the Mediterranean area (5)). 

• Symptoms of perennial allergy may not always be 
present all year round. 
The majority of patients are sensitised to many differ
ent allergens and therefore present symptoms tlU"ough
outthc year (6). In many patients, perennial symptoms 
are often present and patients present seasonal exacer
bations when exposed to pollens or moulds. 
Many patients allergic to pollen are also allergic to 
moulds and it is difficult to define the pollen season (7). 

• Due to the priming e!Tect on the nasal mucosa induced 
by low levels of pollen allergens (8) and minimal per
sistent inflammation of the nose in patients with symp
tom free rhinitis (9), symptoms do not necessarily 
occur strictly in conjunction with the allergen season. 

5148 
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Thus, a major change in the subdivision of allergic 
rhinitis has been proposed in tllis document with the terms 
"intennittent" and "persistent". However, in the present 
document, the terms "seasonal" and "perennial" are still 
retained to enable the interpretation of published studies. 

Allergic rhinitis is characterised by nasal obstmction, 
rhinorrhea, sneezing, itching of the nose and/or post
nasal drainage. It is often associated with oct1lar symp
toms. Several other conditions can cause similar symp
toms: infections, hormonal imbalance, physical agents, 
anatomical anomalies and the use of some drugs. There
fore, a detailed and correct aetiological diagnosis forms 
the bas1s tor selectmg optimal tJ"eatment. 

Allergic rhinitis represents a global health problem Tt 
is an extremely common disease worldwide affecting 10 
to 25% of the population (I, 10-12). However, this fig
ure probably underestimates the prevalence of the dis
ease, as many patients do not recognise rhinitis as a dis
ease and therefore do not consult a physician (10). An 
increasing prevalence of allergic rhinitis over the lasl 
decades has been recognised (13, 14). Allergic rhinitis 
has been identified as one of the top ten reasons fm vis
its to primary care clinics (15). Although allergic rhini
tis is not usually a severe disease, it significantly alters 
the social life of patients (16, 17) and affects school 
learning performance (18, 19) as well as work produc
tivity (20) Moreover, the costs incuiTed by rhinitis are 
substantial (21 ). 

Other conditions associated with allergic rhinitis are 
aslhma, sinusitis, otitis media, nasal polyposis, lower res
piratory tract infection and dental occlusion. The cost of 
treating these conditions should be considered when eval
uating the socio-economic impact of allergic rhinitis (22). 

Asthma and rhinitis are common co-morbidities sug
gesting the concept of "one airway, one disease" (23). 
Rhinitis and asthma are linked by epidemiological, 
pathological and physiologic characteristics and by a 
common therapeutic approach (24-27). Although not 
universally accepted (28), the tcnn ''allergic rhinobron
chitis" has been proposed to link the association between 
allergic asthma and rhinitis (29 ). Non-allergic astluna 
and rhinitis are also associated (30) but the mechanisms 
underlying the two diseases are not fully understood 
except, possibly, for aspirin-induced astluna (31). More
over, costs for asthma are significantly increased in 
patients with allergic rhinitis (32). Patients with persis
tent allergic rhinitis should therefore be evaluated for 
asthma, and patients with asthma should be evaluated for 
rhinitis. A strategy combining the treatment of both 
upper and lower airway disease in terms of efficacy and 
safety appears to be optimal. 

Clinical guidelines are systematically developed state
ments designed to help practitioners and patients make 
decisions about appropriate and effective health care 
(33). Guidelines have existed in various coumrics for 
decades and hundreds of them have been published for 
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many diseases (34) including asthma (35, 36) and aller
gic rhinitis (1-3, 37-40). There is considerable interest in 
guidelines as a tool for implementing health care based 
on proof of effectiveness. Guidelines should be informa
tive, simple, easy to usc and in a form that can be wide
ly disseminated within the medical community in order 
to improve patient care. Unfortunately, many guidelines 
are not tested and may be difficult to use by non
specialists. Evidence-based medicine is an important 
method of preparing guidelines (41). Moreover, the 
implementation of guidelines is equally important. 

New knowledge on the pathophysiological mechanisms 
underlying allergic inflammation of the aitways has resulted 
in better therapeutic strategies. New routes of administration, 
dosages and schedules have been studied and validated. In 
addition, asthma co-morbidity should be well understood in 
order to achieve optimal treatment for patients. 

HIGHLY CONFIDENTIAL-

Bousquet and the ARIA Workshop Group 5149 

The present document is intended to be a state-of-the-
art for the specialist as well as for the general practitioner: 

to update their knowledge of allergic rhinitis, 
to highlight the impact of aUergic rhinitis on asthma, 
to provide an evidence-based documented revision on 
the diagnosis methods, 
to provide an evidence-based revision on the treat
ments available, 
to propose a stepwise approach to the management of 
the disease. 

The ARIA Paper is not intended to be a standard of 
care document for individual countries. It is provided as 
a basis for physicians and organisations involved in the 
treatment of allergic rhinitis and asthma in various coun
tries to develop relevant local standard of care documents 
for their patients. 
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1- Classification 

Rhinitis (rhinosinusitis) is classified a~ follows (Table 2). 
T11e differential diagnosis of rhinitis is presented in Table 3. 

1-1- INFECTIOUS RHINITIS 

Acute viral rhinosinusitis is one of the most common 
health complaints, affecting millions of people annually 
(42).lt has been estimated that 0.5-2% of viral upper res
piratory tract infections progress lo an acute bacterial 
infection. Chronic rhinosinusitis affects 5- 15% of the 
urban population ( 43) and thus exceeds the prevalence of 
many other chronic conditions (44). Four principal clin
ical types are recognised: 

acute, 
recunent acute, 
chronic, 
acute exacerbations of chronic disease. 

Attempts have been made to define these in te1ms of 
pathophysiology, microbiology, radiographic imaging, 
severity and duration of symptoms (45-47). This latter 
criterion has proved to be the most widely utilised, 
although, in the case of acute infectious rhinosinusitis, 
the accepted duration of symptoms may range from one 
day to less than twelve weeks (48-50) 

In acute infectious rhinitis Rhinovirus, Influenza and 
Para-influenza, viruses are the most frequent initiators, 
whilst Streptococcus pneumrmiae (20-35%) and 
Haemophilus influenza (6-26%) remain the most com
mon bacteria (51) . However, other agents including 
J..foraxella catarrha/i,\, Staph(ycoccus aureus and anaer
obic bacteria are also found. 

The same bacteria are regarded as significant in 
chronic infectious rhinosinusitis where they arc found in 
high titres from sinus aspirates. They may also cause 
acute exacerbations of the chronic disease. In conditions 
such as cystic fibrosis, Staphylococcus aureus and 
Pseudomonas aeruginosa are regarded as important 
palhogcns. In addition, many other baclcria may be 
encountered whose role is as yet undetermined (52). 
Fungi such as Aspergillus or rhe Dermataceous fungi, 
Alternaria, Bipolaris or Curvularia, appear to be assum
ing greater importance (53-57). Other organisms such as 
Mycobacterium tuberculosis, Klebsiella rhinoscleroma
lis, Mycobacterium /eprae and Treponema pal/idwn can 
also occur and both protozoan infection (leishmaniasis) 
and parasitic infection have been described. 

Ciliary abnommlities, both congenital and acquired, 
immunodeficiency and direct trauma may all predispose 
individuals to the development of both acute and cJu·on
ic infection (58-60). 

1-2- ALLERGIC RHINITIS 

Allergic rhinitis is subdivided into "intermittent", 
"persistent", "mild" and "moderate-severe" (Table J). 
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TABLE 2: Classification of rhinitis 

Infectious 
Viral 
Racterial 

Other infectious agents 
• Allergic 

Interminent 
Persistent 

Occupational (ollcrgic and non-allergic) 
intermittent 

Persislenl 
Drug-induced 

Aspirin 
Other medications 

Honnonal 
Other causes 

NARES 
Irritants 
Food 
Emotional 
Atrophic 
Gastroesophageal reflux 

Idiopathic 

TABLE 3: Differential diagnosis of rhinitis 

• Polyps 
1\.fechanical Factors 

Deviated septum 

Adenoidal hypertrophy 
Foreign bodies 
Choana! atresia 

• Tumours 

Benign 
Malignant 

• Granulomas 
Wegener's Granulomatosis 
Sarcoid 
Infectious 
Malignant- mjdJjne destructive gmnuloma 

• Ciliary defects 
• Cerebrospinal Rhinorrhea 

1-3- OCCUPATIONAL RHINITIS 

Occupational rhinitis arises in response to an airbome 
agent present in the workplace and may be due to an 
allergic reaction or non-allergic hyperresponsiveness. 
Many occupational agents are irritant. Causes of occupa
tional rhinitis include laboratory animals (rats, mice, 
guinea pigs, etc.), grains (bakers and agricultural work
ers), wood dust, partictJlarly hard woods (mahogany, 
Western Red Cedar, etc,), latex and chemicals such as 
acid anhydrides, platinum salts, glues and solvents (61). 
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1-4- DRUG-INDUCED RHINITIS 

A range of medicatior1s is known to cause nasal symp
toms, These include: 
aspirin and other non-steroidal anti-inflammatory 
agents (NSAJD). Aspirin intolerance is characterised 
by nasal secretion, eosinophilia, frequent occun·ence 
of polyps, sinusitis, non-allergic astluna and usually 
by a good response to glucocorticosteroids (see chap
ter 1-1-2), 

• reserpine ( 62), 
• guanethidine (63), 
• phentolamine, 

methyldopa, 
• angiotensin converting enzyme (ACE) inhibitors (64), 
• u-adrenoceptor antagonists, 
• intra-ocular ophthalmic preparations such as 13-block

crs (65), 
• chlorpromazine, 
• oral contraceptives_ 

The term rhinitis mcdicamentosa (66, 67) applies to 
the rebound nasal obstruction which develops in patients 
who usc intranasal vasoconstrictors chronically Rhinitis 
medicamentosa can be a contributing factor to non-aller
gic non-infectious rhinitis, which may be the reason the 
patient uses the vasoconstrictor. 

Cocaine sniffing is often associated with frequent 
snifllng, rhinouhea, diminished olfaction and septal per
foration (68, 69). 

1-5- HORMONAL RHINITIS 

Changes in the nose are known to occur during the 
menstrual cycle (70), puberty, p1egnancy (7 J, 72) and in 
specific endocrine disorders such as hypothyroidism (73) 
and acromegaly. 1-lomwnal imbalance may also be 
responsible for the atrophic nasal change in post
menopausal women. 

Persistent hormonal rhinitis or rhino-sinusitis may 
develop in the last u·imester of pregnancy in othenvise 
healthy women. Jts severity parallels the blood oestrogen 
level. Symptoms disappear at delivery. 

In women with perennial rhinitis, symptoms may 
improve or deteriorate during pregnancy (74 ). 

1-6- OTHER CAUSES 

1-6-1- Nasal symptoms related to physical 
and chemical factors 

Physical and chemical factors can induce nasal 
symptoms which may mimic rhinitis in s11bjects with 
sensitive mucous membranes, and even in normal sub
jects if the concentration of chemical triggers is high 
enough (75, 76). Skier's nose (cold, dry air) (77) and 
gustatory rhinitis (hot spicy food) (7R) have been 
described as distinct entities, However, the distinction 
between a normal physiological response and a disease 
is not clear; all rhinitis patients may exhibit an exag
gerated response to unspecific physical or chemical 
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stimuli. Little information is available on the acute or 
chronic effects of air pollutants on the nasal mucosa 
(see chapter 3-2) (79). 

1-6-2- Food-induced rhinitis 

Food allergy is a very rare cause of isolated rhinitis 
(RO). However, nasal symptoms are common among the 
many symptoms of food-induced anaphylaxis (80). 

On the other hand, foods and alcoholic bevemges in 
particular may induce symptoms by unknown non-aller
gic mechanisms. 

Some spicy food such as red pepper can induce rhin
orrhea, probably because it contains capsaicin. This is 
able to stimulate sensmy nerve fibres inducing them to 
release tachykinins and other neuropeptides (81 ). 

Dyes and preservatives as occupational allergens can 
induce rhinitis (R2), but in food they appear to play a role 
in very few cases (80). 

1-6-3- Eosinophilic rhinitis 

Persistent non-allergic rhinitis with eosinophilia is a 
heterogeneous syndmme consisting of at least two sub
groups: NARES and aspirin intolerance. 

Non-allergic rhinitis with eosinophilia syndrome 
(NARES) was defined in the early 1980s (83, 84). 
Although it probably docs not represent a disease entity 
on its own, it may be regarded as a subgroup of idiopath
ic rhinitis . It can be characterised by the presence of 
nasal eosinophilia and perennial symptoms of sneezing, 
itching, rhinonhea, nasal obstmction and occasionally a 
loss of sense of smell in the absence of demonstmble 
allergy. It occurs in children and adults. Asthma is 
uncommon but approximately 50% of patients have non
specific bronchial hypeueactivity (85)- NARES seems to 
evolve in three stages (86): 
• migration of eosinophils from vessels to secretions, 
• n:tention of cosinophils in the mucosa which might be 

linked to activation of unknown origin, 
• nasal polyposis. 

It has been suggested that some NARES represent an 
early ~tage or aspirin-sensitivity (R7). 

NARES is not responsive to DSCG (88) but responds 
usually although not always to imranasal glucoconico
steroids (89). 

1-6-4- Emotions 

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

1-6-5- Atrophic rhinitis 

Primary atrophic rhinitis is characterised by progres
sive atrophy of the nasal mucosa and underlying bone 
(90), rendering the nasal cavity widely patent but full of 
copious roul-smell ing crusts. It has been allributed to 
infection with Klebsiella ozae11ae (91) though its role as a 
primary pathogen is not fully documented. The condition 
produces nasal obstruction, hyposmia and a constant bad 
smell (ozaenae). lt must be distinguished from secondary 
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atrophic rhinitis associated with chronic granulomatosis 
conditions, excessive nasal surgery, radiation and trauma. 

1-6-6- Gastroesophageal reflux 
Gastroesophageal reflux can be associated with rhini

tis, especially in children (92, 93 ). 
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1-7- Unknown aetiology (idiopathic rhinitis) 

Otherwise sometimes termed "vasomotor rhinitis", 
these patients (usually females aged between 40-60 
years) manifest an upper respiratory hyperresponsiveness 
to non-specific environmental triggers such as changes in 
temperature and humidity, exposure to tobacco smoke 
and strong odours. 

MEDA_APTX01331438 
SUBJECT TO STIPULATED PROTECTIVE ORDER 

PTX0326-00021 
CIPLA LTD. EXHIBIT 2009 PAGE 21



2- Epidemiology and genetics 

2-1- EPIDEMIOLOGY OF ALLERGIC RHINITIS 

Despite the recognition that allergic rhinitis is a glob
al health problem and is increasing in prevalence (94-
98), there are insufficient epidemiological data with 
regards to its distribution, aetiological risk factors and 
natural history. However, new national or multinational 
studies are rapidly improving our knowledge in the 
prevalence of rhinitis and its possible risk factors. 1l1ese 
include: 
• the second National Health and Nutrition Examina

tion Survey (NHANES II) (99, 100), 
• the European Community Respiratory Health Survey 

(ECRHS) (101), 
• the International Smdy on Asthma and Allergy Asth

ma in Childhood (ISAAC) ( 12), 
• the Swiss Study on Air Pollution and Lung Diseases in 

Adults (SAPALDIA) (ll), 
• the Swiss Study on Childhood Allergy and Respirato

ry Symptoms with Respect to Air Pollution, Climate 
and Pollen (SCARPOL) ( 102) 

2-1-1- Epidemiological definitions 

Before defining rhinitis for epidemiology, several 
tenns need to be determined (3 6 ). 

2-1-1-1- General definitions 
• Prevalence is the percentage of the poplllat.ion with a 

disease or an abnormality. Cumulative prevalence is 
the total number of individuals who have had the dis
ease at any time. Point prevalence is the number of 
individuals with the disease at any given time. 

• Incidence is the number of individuals who develop an 
abnormality within a given time (usually a year). 

• Morbidity is the degree to which quality of life is 
impaired. 

• ~: The epidemiological definition of atopy is not 
based on the definition of atopy found in the glossilly. 
The epidcmiologic:al ddinition or atopy is hased on 
skin prick test positivity to allergens or allergen
specitic serum lgE. Therefore, depending on the defi
nition of skin prick test criterion used, there have been 
considerable differences in estimations of prevalence 
and incid!!m:!! of atopy in populations. 

2-1-1-2- Definition of rhinitis 
The clinical definition of rhinitis is difficult to usc in 

epidemiological settings of large populations where it is 
not possible either to visit every person or to obtain lab
oratory evidence of the immune response. 

Initial epidemiological studies have assessed allergic 
rhinitis on the basis of simple "working definitions". 
Various standardised questionnaires have been used to 
this elTect (103, 104). 
• The first questionnaires aiming at assessing scasoml 

allergic rhinitis dealt with "nasal catarrh" (British 

Medical Research Council, 1960) (105) and "runny 
nose dming spring" (British Medical Research Coun
cil, 1962) (l 06). 

• Successively, questions introducing the diagnostic 
term of "seasonal allergic rhinitis" were used: "Have 
you ever had seasonal allergic rhinitis?" or "Has a 
doctor said that you sutTer fi·om seasonal allergic 
rhinitis?" 
In the ECRHS full-length questionnaire, the question 
asked on rhinitis was: "Do you have any nasal aller
gies including "seasonal allergic rhinitis"?" (1 07). In 
order to identify the responsible allergen, the ECRHS 
study has included potential symptom triggers. 
A score considering most features (clinical symptoms, 
season of the year, triggers, parental history, individ
ual medical his tory, perceived allergy) of allergic 
rhinitis has recently been proposed (108). Taking the 
doctor's diagnosis (based on questionnaires, examina
tions and skin tests to common aeroallcrgcns) as a 
gold standard, Sllch scores had good positive and neg
ative p1·edictive values (84% and 74% respectively) 
for identifying patirmts suiTering from allergic rhinitis. 
Perennial rhinitis has been defined as having frequent 
non-seasonal nasal or ocular symptoms ("rhinocon
junctivitis"). 

• In a study, the length of the disease was also taken into 
consideration in order to differentiate perennial rhini
tis from ''the common cold" (a viral upper respirato1y 
infection) (109) 

Objective tests for the diagnosis of lgE-mediated 
allergy (skin prick test, serum specific IgE) can also be 
used (II 0-112). The diagnostic efficiency of JgE, skin 
prick tests and Phadiatop@l was estimated in 8,329 ran
domise<! adults from the SAPALDIA. For the diagnosis 
of allergic rhinitis, the skin prick test had the best posi
tive predictive value (48.7%) compared to Phadiatop® 
(43.5%) or total serum TgE (31.6%) ( 113). Future work
ing definitions are intended to encompass clinical symp
toms, immune response tests, nasal fimcrion and, eventu
ally, specific nasal challenge ( 114). 

2-1-2- Prevalence 

2-1-2-1- Monoccntric studies 
Estimates of the prevalence and incidence of allergic 

rhinitis have vari!!d with the populations studied, defini
tions of the conditions and methods of assessment 
(' 'working definitions") 
• Most data concem seasonal allergic rhinitis, but not 

exclusively (6, 99, l 00, l 09). 
The prevalence or seasonal allergic rhinitis ranges 
from I to 40% (Table 4). 

• The prevalence of perennial rhinitis varies from 1 to 
18% (Table 4 ). 

• In a survey, skin p1ick testing with 8 non-standardised 
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TABLE 4: Prevalence of rhinitis by questionnaire or examination 

Number of Nasal 
Study Year subjects Study Age group Country Seasonal Perennial symptoms 

Vmjonen (116) 1992 1712 Quesl 15-16 Finland 14% 
Harf (117) 1992 629 Que•L Adult France 5.9% 

Vervloet (Ill) 1991 2067 Exam 20-60 France 18.5% 
Pariente (109) 1997 35615 Quest >18 France 4.1% 
Dold (118) 1992 3984 Quest 9-11 Germany 9.5% 
Weiland (119) 1994 2050 Quest 13-16 Gen11any 22.7% 
Droste (112) 1996 2167 Quest 20-70 Holland 6.6% 12.7% 295% 

Astarita {120) 1998 915 Quest 9-15 Italy 13.1% 

Matricardi (121) 1997 1649 Quest Meu l!aly 13.3% 
Ogino (122) 1990 471 Exam 18-22 Japan 32.7% 
Okano (123) 1999 431 Quest school 225 
Okuma (124) 1994 1013 Q11est 6-15 Japan 12.9% 
Min (125) 1997 9069 Exam All Koren l.14% 
Bakke (126) 1990 4492 Quest 15-70 Norway 10% 
Dottemd (127) 1994 551 Quest 7-12 Norway 206% 
Breborowicz (128) 1995 6-15 Poland 16.7% 
Ng (129) 1994 2868 Quest 20-74 Singapore 4.5% 10.8% 
Goh (130) 1996 6238 Quest 6-7 Singapore 134% 
Azpiri (1 J I) 1999 2216 Que•t 10-40 Spain 10.6% 

(Basque) 
Hattewig (132) 1990 1654 Exam 7 Sweden 8% 
Aberg (JJJ) 1995 2481 Quest 7 Sweden 13% 
Norrman (134) 1994 1112 Exam 13-18 Sweden 17% 

Varonicr (I 35) 1984 47g] Exam 5-6 Switzerland 0.46% 0.56% 

Varonicr (135) 1984 2451 Exam 15 Switzerland 4.4% 1.0% 
Wuttrich (ll) 1995 8357 Exam 16-60 Switzerland 14.2% 
Kalyoucu (136) 1999 738 Quest 6-13 Turkey 18.7% 
Burr (137) 1989 965 Exam 12 UK 14.9% 
Howarth (JJR) 1989 1792 Quest 16-20 UK 18% 

Jones (257) 1998 2114 Quest >14 UK 19.8% 8.6% 

Ninan (139) 1992 1989 Quest 8-13 UK 11.9% 
Sibbald (6) 1991a 2969 Quest 16-65 UK 3% 13% 24% 
Richards (140) 1992 813 Quest 5-59 UK 29% 

Strachan (141) 1995 12355 Quest 23 UK 16.5% 
Hagy (142) 1969 1836 Exam 16-21 USA 21.1% 5.2% 

Broder (143) 1974b 9226 Exam 4-7 USA 10.2% 
Turkdtaub (144) 1988 Quest USA 204% 
Wrighr (145) 1994 747 Quest 6 USA 42% 

Modified from (I 15) 

exuacts of inhalant allergens confirmed that perennial ly 10% of the adult asthmatics (147). This percentage 
rhinitis was often associated wirh allergy as there was an may be even higher when aspirin provocation tests are 
excess of skin prick test positivity to cats or dogs among routinely carried out (148). In a recent Scandinavian 
individuals suffering from perennial rhinitis (99, 100). population-based study, aspirin intolerance was higher . Non-allergic rhinitis was reported to account for 30 to in those with allergic-like rhinitis than in those with-
70% of patients with chronic perennial rhinitis (146). out (2.6% versus 0.3%) (149). However, there may be . In the Tucson sntdy, it was found that 42% of children had differences between geographical areas in the world 
physician diagnosed rhinitis at the age of 6 years (145). concerning aspirin intolerance. More data are needed. 
The prevalence of seasonal allergic rhinitis is higher in 
children and adolescents than in adults. Perennial 2-1-2-2- ISAAC 
rhinitis is more common in adults than in children but The aetiology of asthma and allergic disease lacks 
little reliable data exist (146). understanding despite considerable research. The ISAAC 
In many pans of the world, pollen allergy is very com- was founded to maximise the value of research into asth-
mon, but in Eastern Asia, Latin America and tropical ma and allergic disease, by establishing a standardised 
areas, mite allergy is more common (see chapter 3-1). methodology and by facilitating international collabora-
In a study carried out in the US, the prevalence of lion. Its specific aims arc ( 150): 
aspirin-induced rhinitis and asthma was approximate- to desc1ibe the prevalence and severity of asthma, rhini-
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tis and eczema in children living in different centres, 
and to make comparisons within and between countries, 
to obtain baseline measures for the assessment of 
future trends in the prevalence and severity of these 
diseases, 

• to provide a framework for further aetiological 
research into genetic, lifestyle, environmental and 
medical care factors affecting these diseases. 

The TSAAC design comprises three pha~es ( 151 ): 
• Phase I uses core questionnaires designed to assess the 

prevalence and severity of asthma and allergic disease 
for two age groups. It was completed in 156 collabo
rating centres in 56 countries and a total of 721,601 
children participated. In the 13-14 year-old age group, 
155 centres fmm 56 countries participated, of which 99 
centres completed a video questionnaire (463,801 chil
drcrr). For the 6-7 year age group, there were 91 col
laborating centres in 3 8 countries (257 ,800 children). 
Rhinitis was described as "a problem with sneezing", 
or "a rurrny or blocked nose when you (your child) did 
not have a cold or the flu" . Additional questions were 
asked about rhinitis associated with itchy-watery eyes, 
interference with activities and a history of seasonal 
allergic rhinitis One of the major problems raised 
within this study was that only a questionnaire was 
applied and that responses for rhinitis may overesti
mate the real prevalence of the disease_ In the SCAR
POL (152), the validity of the ISAAC core questions 
on rhinitis was tested on a population of 2,954 Swiss 
school children by comparing them to skin prick test 
results . The specificity of the ISAAC questions was 
high, ranging from 77 .5 to 97.6%, but the sensitivity 
was low (2.6 to 42.7°;{,)_ The positive predictive value 
for atopy among children with symptoms was 63% for 
sneezing accompanied by itchy-watety eyes, 67% for 
symptoms occurring only during the pollen season and 
70% for reported seasonal allergic rhinitis. The authors 
concluded that the ISAAC core questions on rhinitis 
are highly specific and therefore useful in screening 
children without atopy In addition, they have a high 
positive predictive value in dewcting atopy among chil
dren with symptoms. However, they are not helpful for 
detecting atopy in a general population of children (low 
sensitivity). Moreover, there was a season-of-response 
e11'ect on questions concerning rhinitis symptoms sug
gesting a recall bias relating to recelll symptoms ( 153). 

• Phase 2 will investigate possible aetiological factors, 
palticularly those suggested by the findings of Phase I. 

• Phase 3 will be a r~pctition of Phase I to assess trends 
in prevalence. 
ISAAC Phase I has demonslnted a large variation in 

the prevalence of asthma and rhinitis symptoms irr chil
dren throughout the world. The prevalerrce of rhinitis 
with itchy-watery eyes ("rhinoeonjunctivitis") in the past 
year varied from 0.8% to 14.9% in the 6-7 year-old age 
group and from 1.4% to 39.7% in the 13-14 year-old 
group ( 12, 130, 154- I 74) (Figure I)_ The overall correla
tion between the prevalence of astlmm and rhinitis in 
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school children was significant (cr= 0.65, p<O.OOOI) (12, 
154). In particular, it was found that countries with a very 
low prevalence of asthma (<5%) such as Indonesia, Alba
nia, Romania, Georgia and Greece 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 preva
lence 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 centres)) had asthma preva
lences ranging from I 0 to 25%. It is likely that environ
mental factors were responsible for these major differ
ences between countries. 
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FIGURE 1: Prevalence of "hay fever" in 13·14 year-old children in 
ISAAC centres. Data from Strachan et al (12). 

The results provide a framework for studi~s betw~~n 
populations in contrasting environments. These are like
ly to yield new clues about the aetiology of asthma and 
rhinitis. 

2-1-2-3- ECRHS 
No co-operative study on allergic rhinitis has been car

ried out among adults but the ECRHS asked for compa
rable representative samples on "nasal allergy" (107). 
Th~ ECRHS was carried out in order to answer specific 
questions about the distribution ofastlm1a and health care 
given for asthma in the European Community. Specifi
cally, the survey is designed: 
• to estimate variations in the prevalence of asthma, 

asthma-like symptoms and airway responsiveness, 
to estimate variations in exposmes to known or sus
pected risk factors for astlm1a, 

• to a~sess lo what extent these variations explain the 
variations in the prevalence of disease, 

MEDA_APTX01331441 
SUBJECT TO STIPULATED PROTECTIVE ORDER 

PTX0326-00024 
CIPLA LTD. EXHIBIT 2009 PAGE 24



S156 Bousquet and the ARIA Workshop Group 

• to estimate differences in the use of medication for 
asthma. 

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

Results for the prevalence of"nasal allergy" were pub
lished in a few studies only (10, I 0 I, 112, 175-177). The 
findings of Droste el a/. (112) confirmed the close rela
tionship of skin test positivity with reported symptoms of 
nasal allergy in a general population. Specific IgE posi
tivity also shows a close relationship with nasal symp
toms in response to allergen exposure in a general popu
latwn. Skin testing and specific IgE measmement may be 
considered complementary to one another when diagnos
ing allergic rhinitis. 

2-1-2-4- SAPALDIA 
SAPA LOlA focuses on the long-term health effects of 

low to moderate levels of air pollutants as typically seen 
in different pruts of Switzerland. The aim of the SAP AL
OIA cross-sectional study carried out in 1991-1993 was: 
• to determine the prevalence of bronchial asthma, 

chronic bronchitis and allergic conditions in the adult 
population of Switzerland, 
to identify and to detemline the respective importance 
of potentially influencing factors (178). These could 
be both personal (smoking habits ( 179), allergy status, 
family histmy, occupation) and environmental (out
door and indoor pollution (J RO), aeroallergens, cli
mate). 

SAPALDlA investigated a random population sruuple 
(18-60 year-olds) in eight Swiss areas with different 
environments. In total, 9,65 I adults (60%) participated in 
the cross-sectional investigation (part I, 1991) which 
consisted of the following standardised procedures: 
questionnaires (inte1views), forced expiratory lung func
tion tests, bronchial challenge with methacholine, atopy 
assessment (Phadiatop"', total serum lgE), allergy skin 
tests (113) and end expiratory CO-measurements. Sub
jects with a histmy of respiratmy symptoms, increased 
bronchial reactivity, reduced lung function (FEY J/FVC 
< 80% predicted) and 150 healthy persons who had never 
smoked were included in the subsequent diary stlldy 
(part 2; n = 3281, 1992/93). Peak flow (morning and 
evening), symptoms, medication, personal activity and 
visits to the doctor were monitored A further aim of the 
cross-sectional study consisted in the identification of 
individuals susceptible of presenting symptoms during a 
two year obse1vation period and who could be included 
in the SAP ALOIA follow-up study (181 ). 

The prevalence of allergic rhinitis was also assessed in 
the SAPALDIA (I J). . 
• On the basis of a positive Phadiatop'"' and/or a positive 

skin prick test to common aeroallergens, 32.3% of the 
study population were eonsidcretl atopic (males 
35.7%, females 28.8%; p < 0.001 ). 
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The highest rate of positive skin prick tests was 
observed for grass pollen (12.7",-;,), followed by house 
dust mite (8.9%), silver birch (7.9%), cat (3.8%) and 
dog (2.8%). Moulds and Parielaria elicited less than 
I% of positive skin prick tests. 
The prevalence of allergic rhinitis (rhinitis symptoms 
associated with atopy) was 13.5% (males 14.3%, 
females 12.6%; p < 0.05). 
The prevalence of current seasonal allergic rhinitis 
varied he tween 9.1% (questionnaire answer and a pos
itive skin prick test to at least one pollen), 11.2% 
(questionnaire answer and presence of atopy) and 
14.2% (questionnaire answer only) with no significant 
difference whether male or female. 

• In multivariate logistic regression models, the preva
lence of positive Phadiatop"", positive skin tests and 
atopy decreased significantly with age. The odds ofhav
ing a positive Phadiatop and skin test, or being atopic, 
were found to decrease on average by 23, 21.1 and 21% 
respectively, with every I 0-year increase in age ( 182). 

Smoking was found to increase total serum IgE but 
was associated with a low~r prevalence of allergic rhini
tis (182). 

Air pollution had effects on the prevalence of dyspnea, 
on symptoms of chronic bronchitis, on FEY J, on the 
incidence of respiratmy symptoms and on the length of 
symptom free intervals, but not on the prevalence of asth
ma (183). Environmental tobacco smoke showed an 
impact on wheezing, asthma, bronchitis and chronic 
bronchitis ( 179) 

2-1-2-5- SCARPOL 
The impact oflong-term exposure to air pollution on res

piratmy and allergic symptoms and illnesses was assessed 
in a cross-sectional study of school children (aged from 6 
to 15 years, n = 4,470) living in I 0 different communities 
in Switzerland (184). Air pollution measurements (paJticu
late matter ofless than I 0 IJli1 in diruuetcr (PM I 0), nitrogen 
dioxide (N02), sulfur dioxide (S02) and ozone) and mete
orological data were collected in each community. RcpOlt
ed symptom rates of chronic coughs, noctumal dJ.y coughs 
and bronchitis, adjusted for individual risk fadors, were 
positively associated with PM! 0, N02 and S02. 

In the SCARPOL, rhinitis was stlldied in a population 
of2,954 school children (I 52). Sensitisation to any aller
gen was most strongly associated with reported seasonal 
allergic rhinitis (OR= 5.7), nose problems accompanied 
by itchy-wate1y eyes (OR = 4.4), symptoms occurring 
only during pollen season (March to September) (OR= 
4.9) and a combination of these two latter symptoms (OR 
= 5.8). Finally, the under-diagnosis of allergic rhinitis 
was found to be common. 

The prevalence of seasonal allergic rhinitis and allergic 
sensitisation in fam1ers' children and their peen; living in 
the same rural community was then studied. Children 
growing up on a farm were Jess likely to be sensitised to 
common aeroallergens and to suffer from allergic diseases 
than children living in the same villages but in nun-farming 
fanlilies (adjusted OR = 0.31) (102). 
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2-1-3- Risk factors 

Allergic rhinitis is highly related to asthma and 
eczema. However, the geographical and temporal distrib
utions as well as the associations of such diseases differ 
largely and these differences can be used to better under
stand the mechanisms of allergic diseases. Risk factors of 
rhinitis may intervene at all ages in life and epidemiolo
gy has greatly contributed in exploring them. 

2-1 -]-1- Genetics and familial hidory 
A genetic component in allergic rhinitis as well as in 

other allergic disea~e has been shown ( 185) and the best 
established risk factor for alle1·gic rhinitis is a family his
tory of allergy, especially allergic rhinitis ( 186). Further
more, seasonal allergic rhinitis increases the risk of asth
ma significantly on the basis of analyses of all individuals 
and of discordant twin pairs ( 187). For the past decade, 
various antigens of the HLA system have been identified 
as being responsible for seasonal allergic rhinitis (185). 
Some genes have also become candidates for explaining 
the genetic component of allergic rhinitis but problems 
with the definition of the studied phenotypes prevent us 
from gcneralising them (sec chapter 2-2). It is clear that 
the recent increase in prevalence of allergic rhinitis can
not be due to a change in gene pool. 

2-1-3-2- Early life risk factors 
Several studies have provided evidence that sensitisa

tion to allergens may occur in early life (188). However, 
early life risk factors have rarely been related to rhinitis 
(189). As a consequence, existing res11lts are contradicto
ry and need to he confi1med. 
• Young maternal age, multiple gestation, prematurity, low 

birth weight, growth rctardalion and perinutul asphyxia 
were all significantly related to a decreased risk of aller
gic rhjnitis among male conscripts in Sweden ( 190). 

• Prospectively, in the Tucson Children's Respiratory 
Study, early introduction of solid foods, heavy mater
nal cigarene smoking in the first year of life (at least 
20 cigarettes per day) and higher JgE were all associ
ated with the development of rhinitis in the first years 
of life ( 145). This supports the fact that allergic rhini
tis is an early mani fcstation of an atopic predisposition 
triggered by early environmental exposures. 

• Maternal age during pregnancy, binh weight, gesta
tional age and in utero smoking were not related to 
seasonal allergic rhinitis in off-springs of a British 
birth cohort (I 04 ). 

• However, in two British birth cohorts, there were sig
nificant trends in the increase of allergic rhinitis preva
lence with d~o:cn:asing birth order, increasing maternal 
age, in utero smoking and increasing duration of 
breast feeding (191). 

• The month of birth has been related to allergic rhinitis 
but findings could have been biased by the absence of 
consideration of negative studies ( 192-196) 

2-1-3-3- Ethnic groups 
Although some studies have been carried oUL in asth

ma, few studies have examined the role of ethnic origins 
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in the development of allergic rhinitis. In England, native 
persons were at lower risk than those born in Asia or the 
West Indies ( 197). Similurly, Maori people suffered more 
from allergic rhinitis than New Zealanders from English 
origin ( 198). Little evidence as to whether this is related 
to genetic, environmental, socio-economic or cultural 
factors exists up to now (99, 199). 

2-1-3-4- Sib-sl1ip size and order and infections in 
the neonatal period 

Several studies have found an inverse relationship 
between atopy, seasonal allergic rhinitis (and asthma) 
and sib-ship size and order ( 191, 200, 20 I). Seasonal 
allergic rhinitis is less frequent in large families even 
after taking the month of bitth into account (104). The 
apparent protective effect of large household size and 
asthma and/or rhinitis could not be explained by an 
increase in reported early respiratory illness. The timing 
and mechanism of the inverse association between 
increasing sibling numbers and atopic disease are not yet 
understood (202). 

A possible but unproven explanation has been demon
strated using the Thl/Th2 paradigm (203). In children of 
large families where infections arc common, the immune 
system may be Th1 cell oriented to respond to the aggres
sion of external agents such as viruses and bacteria (204, 
205). With children living in small families where infec
tions are rare, Th2 cells may develop instead ofTh I cells. 
As a consequence, JgE responsible for immediate sensi 
tivity is produced_ Moreover, there are probably as many 
pros and cons in this theory. It has been observed that var
ious confounrlers intervene in the relationship between 
infection and allergy (206), for instance the age of entry 
into nursery where infections arc also vc1y common 
(207). Some studies have proposed that early BCG expo
sure was associated with a reduction of atopy (208), but 
other studies have found no relationship (209). The 
measles infection was also associated with a reduction in 
allergic disease in some but not all studies (21 0-212), 

Another hypothesis has recently been proposed (213 ). 
Bacterial antigens may favour the development of 1111 
cells from naive CD4-positive T-cells through a CDJ4-
dependent pathway. The CD 14 gene maps to chromo
some 5q31.1, a candidate region for loci regulating total 
serum lgE. Genetic variants in the CD 14 gene could 
influence Th-eel! differentiation and thus total serum 
lgE. CDI4/-159 plays a significant role in regulating 
serum CDI4 levels and total serum IgE levels. 

2-1-3-5- Allergen exposure 
Allergens are known risk factors for the development 

ami the triggering of allergic rhinitis (214). They operate 
early in life (188, 215). Outdoor allergens appear to con
stitute a greater risk for seasonal rhinitis than indoor 
allergens (152). In NHANES II, the plcvalcncc of peren
nial rhinitis increased significantly in fom years with 
positive skin prick tests to indoor allergens such as house 
dust, cuts or dogs (I 00). Recently, new hypotheses have 
been raised on the effect of allergenic exposme (I 57, 
216, 217), as early exposures to feather bedding, pillows 
and cats or dogs might have protective effects in some 
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individuals. However, although challenging, these 
hypotheses need to be confirmed by further studies. 

2-1-3-6- Rural-urban differences and modification 
of life style 

Different studies in North America (100), Europe 
(103, 218) and South Africa (219) have shown that the 
prevalence of atopy (defined as positive skin tests to 
common aeroallergens) and allergic rhinitis is higher in 
urban areas than in n1ral areas. Besides the fact that 
selection hias acts in selecting people who live in the 
countryside ( 1 J, 100, 220-222), pollution, which is high
er in town than elsewhere, increases the allergenic poten
cy of pollens (223, 224). Furthermore, it is not exch1ded 
that observed differences could be due to confounders 
such as socio-economic factors, variations in the diagno
SIS and m the management ot the disease. Recently, it has 
been found that farmers' children have less allergic rhini
tis lharr other children, suggesting therefore that lifestyle 
in the countryside could protect children from the devel
opment of allergy (102). The putative role of endotoxins 
has been raised but not yet confirmed (212). 

Asthma and allergy in developing countries may be 
assuciatecl with the acloption of an urbanised "western" 
lifestyle (225, 226). In Africa, mbanisation leads to an 
increase in asthma and allergy. This was largely 
explained by urban-rural differences in environmental 
factors, including indoor animals, sharing a bedroom 
with a smoker, parental education, house ventilation and 
exposme to motor vehicles. 

In 1989, in East Gem1an children, there was a reduced 
prevalence of atopy and seasonal allergic rhinitis com
pared to West Ge1man children (218, 227). Similar trends 
have been obsmved in the Baltic States and in Scandinavia 
(228). Although there is some controversy (229, 230), it 
seems that the prevalence nne of atopy and seasonal aller
gic rhinitis is now similar in all parts ofGe1many (189). 

2-1-3-7- Outdoor and indoor air pollution 
Environmental studies of the health effects of air pollu

tion have contributed to the understanding of such effects. 
2-1-3-7-1- Acute eJJects of outdoor air pollution 
Acute effects on humans due to the outdoor and indoor 

cxposmc lo several gases/fumes and particulate maller 
(PM) have been demonstrated in studies (231 ). However, 
these effects have not been clearly studied on nasal 
symptoms. 

2-1-3-7-2- Chronic effects ofoutdoor air pollution 
The chronic effects of atmospheric pollutants have 

been studied but, except for the known effects of partic
ulate matter on lower airways, they have not been stud
ied conclusively (232). There arc ongoing sluclics con
ceming the chronic effects of certain pollutant classes 
such as ozone, acid rain, airbome taxies and the chemi
cal form of particulate matter (PM) (including diesel 
exhaust) (233). However, there are some swdies assess
ing Lhe e/Tecls or outdoor air pollution on rhinitis: 
• As demonstrated in Mexico City, pollution is an 

important cause of nasal symptoms in non-allergic 
subjects (79, 234, 235). 

• In Turkey, high school students living in polluted areas 
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have significantly higher prevalence rates for symp
toms of allergic rhinitis (22.8%) than those living in 
unpolluted, residential areas (6%) (236). 
In Italy, Corbo et al. (237) showed that 7-11 year-old 
childl·en living in a polluted area (n = 1477) had 1.7 
times more ENT symptoms than those not exposed 
(n=749). 

• In Thailand, policemen working in heavy traffic have 
more cough and rhinitis symptoms and lower FEY 1 
and FVC than the normal Thai populaliorr (238). 

• In Taiwan, nasal symptoms of children living in the 
petrochemical communities were more prevalent than 
in those living in the rural community (239). 

• Outdoor pollution appears to induce symptoms in 
patients with allergic rhinitis (76, 119). 

Diesel exhaust pa1ticles may induce a Th2-like inflam
mation (see chapter 3-2), bul epidcmiogical data on the 
occtmence of rhinitis and/or asthma are still lacking. 

2-1-3-7-3- Chronic effects of indoor air pollution 
Since most of the time spent by the Western popula

tion is indoors, the effect of indoor air pollution is of 
great importance (240). 
• Pre-natal (145, 191) and early post-natal exposure to 

tobacco smoke enhances alle1gic sensitisation in some 
groups of subjects such as boys (241) or chilclrcn with 
atopy in the first three years of life. 

• In the French ISAAC study which involved approxi
mately 15,000 children, dermatitis (242, 243) was 
increased in smoking households. 

• A study of 9 to II year-old children in South B:lVaria 
has found a reduced risk of seasonal allergic rhinitis in 
homes where coal and wood were used for heating 
Coal and wood, which are used in lower social class
es, increase the risk of respiratory infections for rea
sons that are uncertain (244). 

• The effect of gas cooking in the epidemiology of rhini
tis is still unclear (245). 

2-1-3-7-4- Future studies 
Key elements of further sn1dies are: 
The assessment of lola] exposure Lo tliffercnl pollu
tants (occuning from indoor and outdoor sources) and 
the interactive effects of pollutants. 
Major research areas include: (i) determination of the 
contribution of indoor sources and of vehicle emis
sions to Lola! exposure, (ii) how lo mcasun: such expo
sures and (iii) how to measure human susceptibility 
and responses (including those at the cellular and mol
ecular level). Cotinine levels should be measured if 
passive smoking is sn1died. 
Biomarkers of exposures (246, 247), doses and respons
es, includirrg irnmunochemicals, biochemicals (248) 
and deoxyribonucleic acid (DNA) addtlcts (249, 250), 
are beginning Lo promote some basic knowledge of 
exposure-response, especially conceming mechanisms. 
These will be extremely useful additions to standard 
physiological, immunological and clinical inslmmcnts, 
and to the understanding of biological plausibility. 
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2-1-3-8- Active smoking 
The effect of active smoking differs according to age. 

Cross-sectional studies showed that children or adoles
cents with allergic rhinitis smoke more than others ( 119). 
In another study, it was found that allergic patients arc 
more frequently ex-smokers than others (251) Converse
ly, smokers suffer less seasonal allergic rhinitis than non
smokers (251). However, in the absence of longitudinal 
studies, it is difficult to establish whether smoking is a 
causative factor of allergy or not (252, 253 ). 

Tobacco smoking may increase allergenic sensitisa
tion to haptens in occupational settings (254, 255). 

2-1-3-9- Social class and occupation 
These factors may also be involved in the prevalence 

of rhinitis: 
In the 1958 British birth cohort, children of fathers 
with higher social class occupations were more likely 
to have seasonal allergic rhinitis ( 145, 256). 

• Similarly, the Tucson Children's Respiratory Study 
indicated a higher prevalence of seasonal allergic 
rhinitis in children whose mothers had more than a 
high school education (145). 
ln Nottingham, in a study of 2,114 individuals, lhosc 
with perennial symptoms were no more likely to have 
been working in a dusty or smoky environment (257) 

• ln the Guinea-Bissau study, children born from more 
educated mothers had more allergies than those bom 
from poorly educated ones (212) 

2-1-4- Increase in prevalence of allergic rhini
tis and putative factors 

An increase in the prevalence of allergic rhinitis has 
been observed over the last 40 years (95, 133, 139, 145, 
191, I 99, 258) (Table 5). 

These stlidies propose different reasons for such trends 
which may be related to allergen load or co-factors : 
• Changes io lifestyle (265), 
• Increase in exposllJe to allergen (266), pollution and 

irritants (smoke, gas . .. ) (267), 
• Modification in diet responsible for the diminution of 

protective nutrient intake, 
• Decrease in in fcetions (2fiR), 
• Stress. 

Thus, interaction between the envil'onment and indi
vidual susceptibility (269) might be responsible for the 
observed increase in prevalence. One study has specifi
cally attempted to examine the reasons for the increase of 
allergic rhinitis prevalence. No factor.; were found apart 
from the increase of mould exposure. However, this 
study encountered a few methodological problems. The 
same definition of allergic rhinitis as well as objective 
assessments of exposure have to be taken into account in 
studies which attempt to explore the causes of increase in 
prevalence. 

2-1-5- Natural history 

Most longitudinal studies have explored the develop
ment of asthma in individuals suffering from allergic 

HIGHLY CONFIDENTIAL-

Bousquet and the ARIA Workshop Group S159 

rhinitis. Few have reported directly on the prognosis of 
allergic rhinitis. 

Prognosis of allergic rhinitis depends on age and sex. 
Remission may be observed after long periods of time, 
especially in seasonal allergic rhinitis. 
Rhinitis symptoms tend to become milder (99, 145, 
191) and simultaneously the allergic skin reactivity 
decreases (270). 
Some studies found an increased prevalence of aller
gic rhinitis in young adults (142, 271-27R). 
After a ten year course of the disease, 20% of patients 
with non-allergic rhinitis reported spontaneous disap
pearance and 36% reported improvement ( 146). 

2-1-6- Conclusion 

Allergic rhinitis is a very conm1on disease in westem 
lifestyle countries. lt tends to be more common in devel
oped countries. Furthermore, an increase in the preva
lence of allergic rhinitis is commonly observed. Howev
er, knowledge of allergic rhinitis is far from complete. 
More studies on the epidemiology of allergic rhinitis 
should be advocated as they may provide usefi1l clues to 
the interpretation of the immunological abnormalities 
associated with allergic diseases in general. 

2-2- THE GENETICS OF ALLERGIC RHINITIS 

The hereditmy character of allergic rhinitis and other 
atopic diseases was shown in the first studies of families 
and twins (220). Genetic studies were focalised on the 
genes of the immune response, whether specific to the 
allergen or not. The genetics of rhinitis has not been stud
ied as much as that of asthma and atopy. One of the prin
cipal reasons for lhis is the difficulty of the precise and 
discriminating "allergic rhinitis" phenotype characterisa
tion in a general population or in families and the fact 
that numerous rhinology disorders can show the same 
symptoms. However, atopy, which is a frequent cause of 
allergic rhinitis, has been the subject of many genetic 
studies and some of the susceptibility genes for atopy 
have been determined. 

2-2-1- Family segregation studies 

In 1916, Cooke and Vander Veer, whilst srudying 504 
families, concluded that the "sensitisation tendency" was 
transmitted by a dominant Mendelian autosomic mode 
(279). However, from 1950-1900, the "multifactorial the
ory" replaced the "monogenic themy". Another study 
suggested control by several genes, each one transmitted 
according to a recessive Mendelian autosomic mode 
(280). Studies using a clinical definition of allergy are 
not therefore concordant (this definition only detecting 
30% of atopic subjects). 

Whilst atopy is defined pa1tly as the aptitude of the 
immune system to secrete excessive quantities or lgE in 
response to minimal allergenic stimulation, the results of 
the studies founded on the elevation of total serum lgE 
arc not concordant. This is probably due to a non-negli
gible percentage ofatopics who have only a low level of 
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TABLE 5: Changes in the prevalence of seasonal allergic rhinitis 

Country Study 

Australia 
Australian bureau of statistics (1991) (259) 
Denmark 
Linne berg et a/. ( 1999) (258) 
LiruJeberg eta/. { 1999) (258) 
Finland 
Alanku (1970) (260} 
Rim pel a el a/. (1995) (261} 
Rimpela et al. (1995) (261} 
Haahtela et al. ( 1980) (262} 
Varjonen eta/. (1992) (116} 
Sweden 
Aberg et a/. (1989) (I 95) 
Aberg e/ aL (1 995) (133} 
Aberg el a/. ( 1989} (195) 
Aberg e/ al. (1995} (133) 
Switzerland 
Rehsreiner (1926) (263) 
Varonier (1970) (135) 
Varonier et a/ ( 1984) (1 35) 
Wiitricb eta/ (1 989) (264) 
Wiitricb el a/. (1995) (II) 
United Kingdom 
Bull and el a/. (1997} (191} 
But land el a/. (1 997) (191} 
Ninan and Russel (1992} (139) 
Ninan and Russel ( 1992) (139} 
Burr e/ a/. (I 989} (137) 
Burr e/ a/. (1989) (137} 
Richards ct al. (1992) (140) 

Modifi<d from (115) 

total IgE. A recessive autosomal monogenic transmission 
has been proposed for "high IgE responders" (281). For 
other authors, the transmission of atopy, and more partic
ularly low IgE response, occurs through monogenic auto
somic dominant inl1critancc (282). In 1988, Cookson and 
llopkin (283) showed that atopy was transmitted accord
ing to a dominant henxlit.ary maternal autosomal mode. 
In 1995, Martinez el a!. (284) and Meyers et al. (285, 
286) recognised the intluence of several genes, in panic
ular one major gene which was transmitted according to 
a respectively co-dominant autosomal and recessive 
auto~omal mode. 

Some other familial segregation srudies are ctmently 
being carried out in different countries throughout the 
world. 

2-2-2- Twin studies 

The srudy of twins confi1med the hereditary transmis
sion of atopy. The concordance of allergy in monozygot
ic, genetically identical twins is higher than in dir.ygolic 
twins (220). The role of heredity is however small in the 
clinical expression of atopy and in the sensitivity to a par
ticular allergen (here, environmental factors appear to 
dominate genetic factors). 
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Years 

1977-1990 

1989 
1997 

1970 
1977-9 
1991 
1980 
1991 

1971 
1979 
1981 
1991 

1926 
1970 
1980 
1985 
1991 

1958 
1970 
1964 
1989 
1973 
1988 
1990 

Age (yrs) 

15-41 
15-41 

10-19 
12-18 
12-18 
15-17 
15-16 

Anny recruits 
7 
Army recruits 
7 

15 
15 
15-24 
18-60 

Cohort to 16 
Cohort to 16 
8-13 
8-13 
12 
12 
15-59 

2-2-3· Molecular studies 

Prevalence t%) 

No change 

22.3% 
31 .5% 

2.7% 
5% 

14.9% 
22% 
14% 

4.4% 
5.45% 

8.4% 
s.og% 

0.28% 
4A% 
4,4% 
16% 

14.2% 

12% 
23..1% 

3.2% 
11.9"/o 

9% 
15% 
29% 

2-2-3-1- Candidate gene approach versus genome 
wide search 

Some genetic linkages have been demonstrated using 
molecular markers located in and around genes whose 
products are involved in the pathophy>iology of atopy or 
spread along the whole genome (287, 288). 

The tirst approach using "candidate genes,. has 
allowed the localisation of six chromosomal regions of 
susceptibility: 
• 5q31.1 q33.1 (containing Lhc genes of the interleukin 

cluster 4 or IL4) (289, 290), 
• 6p21.3 (containing the genes of the major histocom

patibility complex HLA D and the TNF-a gene), 
• llql3 (containing the gene of the l3 chain of the high 

affinity IgE receptor or FcER1l3) (29 J ), 
• 12ql5-q24.1 (containing the interferon gamma gene 

or IFNy) (292), 
• 14qll.l (conLaining the T-cell receptor gene alpha/della 

or TCRa/o) (293). Evidence for linkage between the 
development of asthma in childhood and the T-cell 
recepLOr 13 chain gene was found in the Japanese (294). 
Chromosome 14q may contain a locus close to TCR 
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AID at 14q I 1.2 linked to skin prick reactivity and a 
locus at 14<Jl3- 23 linked to total serum lgE (295) 

• 16p 12 (which contains the 1L4 receptor gene) (296). 

TI1c genome wide search approach has demonstrated an 
association between certain phenotypes and markers on 
chromosomes 4 (with bronchial hyperreactivity), 6 (with 
total senJin lgE and eosinophilia), 7 (with total serum IgE, 
eosinophilia and bronchial hyperreactivity), II (with total 
serum lgE, positive allergy skin test~ and asthma), I :1 (with 
atopy) and 16 (with total serum lgE, bronchial hyperreac
tivity and asthma) (297). However, in another study (298), 
no single locus generated ove1whelming evidence fm link
age in te1ms of established criteria and guidelines for a 
genome-wide screening. This suppmts previous assertions 
of a heterogeneous aetiology for Der p-speci fie lgE respon
siveness. Two novel regions, 2q21-q23 and 8p23-p21, that 
were identified in this study, merit additional studies. 

No fine mapping or pa1ticular genetic polymorphisms 
has been described so far in a11ergic rhinitis subjects. 

2-2-3-2- Candidate genes 
Some of these genes are involved in the specific 

immune response (HLA D, TCR), others arc genes of the 
(total) IgE response (IL-4, IL-4R, IFNy, FcERHI) or 
genes involved in the inflammatory process (TNF-u). 

2-2-3-2-1- Genes associated with the HLA system 
The genetic control of the specific lgE response is dif

ferent to that of the total lgE response. The presentation 
of allergens toT lymphocytes by antigen presenting cells 
involves both HLA class Il molecules and the T-cell 
receptor (TCR). These molecules are 1ogica11y gene can
didates. The genes susceptible to numerous illnesses have 
been localised in the HLA region (psoriasis, rheumatoid 
arthritis, diabetes) These illnesses are all characterised by 
an abnormal immune response. The expression of partic
ular HLA haplotypes could also favour thymic maturation 
ofT lymphocytes, reacting more with certain a11ergens. 

ln subjects monosensitised with a low level of total 
serum IgE (low responders) (282), a linkage disequilibrium 
has been observed between patticular HLA haplotypcs and 
the sensitisation to a purified allergen. For example, the lgE 
response to Amb a 5 antigen or ragweed (Ambrosia 
artemisiifolia) pollen is strongly associated with haplotype 
HLA D2/Dw2 (299), and rhat of 1ye grass (Lolium peren
nae ) pollen or Dermalophagoidespteronyssinus is strong
ly associated with haplotype HLA-DR3. Allergy to rng-
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weed a11ergen was also found in DRBI"' !SOl, J 601, J 602, 
0103, 0402, 0404, 0801, or J 101 sequences (300). 

In a group of patients allergic to ragweed pollen, a sig
nificant association was found between the presence of a 
specific haplotype and a particular clinical phenotype: the 
haplotype HLA-87, SC3J, DR2 was found almost exclu
sively in asthmatics and the haplotype HLA-BR, SCO I, 
DR3 was more frequent in rhinitis-only sufferers (301). 

2-2-3-2-2- Genes non-associated with the HLA system 
A genetic association ha~ also heen found hetween the 

TCR a-chain of the lymphocytes (localised on chromo
some 14) and the sensitisation to Der p l (major allergen of 
Dermatophagoides pteronyssinus), Amb aS (302), Fe! d I 
(major allergen of the cat) and grass pollen allergens. This 
was found in both English andAust:ralian subjects (293). 

The genes whose products regulate the synthesis oflgE 
are not linked to the l-ILA system. The genes ofJL-4 and 
IL-13, localised on the Sq chromosome, are therefore, in 
"classical" genetics, candidate genes for atopy, as is the IL-
5 gene. Marsh et a/. (289) found an association between 
ma.r·kers in 5q3l.l and the presence of a high level of total 
serum IgE. This study, confllllled in the general population 
(303), is undergoing thorough genetic exploratiutL 

Inl989, in a study of20 families, Cookson and Hopkin 
used a serological definition of atopy and localised a gene 
on the chromosome llql2-J3 (291). They then found dif
ferent polymorphisms on the beta chain of the high affini
ty lgE receptor (FcrRl-J3-Leul81 and FcrRJ-B-E237G 
variants), whose gene is localised in tltis region (304-306). 
However, some discrepant results have been found (307). 

A linkage and an association between atopic asthma 
and markers on chromosome 13 was found in the Japan
esc population (308). 

Susceptibility loci on chromosome J 2q have been 
described for both asthma and al\ergic rhinitis (309). 

2-2-4- Conclusion 

The present data are fragmented. They require repro
duction by other teams and confirmation in the general 
population. One should remain cautious (most of the data 
are to be confirmed) and patient (we are sti11 far from a 
precise physical identification or all the susceptible 
genes). The final stage will consist of model\ing the 
interaction of all these genetic and non-generic factors 
(notably those of the environment), which lead to the 
phenotype "allergic rhinitis". 
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3- Allergens and trigger factors 

3-1- ALLERGENS 

Allergens are antigens which induce and react with 
specific lgE antibodies. Since drugs or insect venoms, 
reactive haptens from occupational agents or drugs and 
the discovery by Charles Blackley in the 1860s that pol
lens can cause allergic diseases, the number of allergenic 
substances which have been identified has expanded 
enormously. Allergens originate from a wide range of 
animals, insects, plants and fungi or are small molecular 
weight chemicals. They include proteins or glycoproteins 
from inhalant allergens, foods, drugs or insect venoms, 
reactive haptens from occupational agents or drugs and, 
more rarely, glycans (as in the case of Candida cJ!bicans 
allergy (31 0)). 

3-1-1- Nomenclature of allergens 

The allergen nomenclature has been established by the 
WHO/lUIS Allergen Nomenclature Subconunittee (311). 
Allergens are designated according to the taxonomic 
name of their source as follows: the first three lellers of 
the genus, space, the first letter of the species, space and 
an Arabic number. The numbers are assigned to the aller
gens in order of their identification and the same number 
is generally used to designate homologous allergens of 
related species. For example, Der p J was the first Der
malophagoides pleronyssinus allergen identified and Der 
f I refers to the homologous allergen of Der
malophagoides farinae. If necessary, an additional letter 
is added to the genus or species abbreviation to avoid 
ambiguity. For example, a distinction is made between 
antigen 5 of Ve1pula vulgaris and Ve.1pula vidua by Yes v 
5 and Yes vi 5. 

Jn the allergen nomenclature, a definition of "major" 
and "minor" allergens has been proposed. When over 
50% of the patients tested have the corresponding aller
gen-specific JgE, allergens can be considered as "major". 

3-1-2- Molecular characteristics and function 
of allergens 

The first purified allergens were obtained in the 1960s 
by protein chemistry (3 I 2). However, major advances 
have been made on allergen characterisation and 
sequence determination using chemical, immunochemi
cal, biochemical and molecular biology techniques (313 ). 
Since 1988 when the first eDNA sequence of an allergen 
was published, tremendous progress has been made in 
identifyi11g, cloning and expressing major allergens 
(314). The cDNAs of a large m1mber of important aller
gens inclut!ing mites, insects, Hymenoptera venoms, ani
mal proteins, pollens, moulds m1d foods have now been 
isolated and sequenced (for review see 315, 316). 

These new technologies make it possible Lo characterise 
the structure of allergens and thus improve the standardisa-
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tion of allergen vaccines (317). Also, they are likely to 
improve the diagnosis and treatment of allergic patients. As 
an example, Bet v 1, the major allergen of birch pollen, is 
one of the best studied allergens and is part of of a multi
gene family. Several Bet v I isoforms and homologou~ pro
teins from closely related species (alder, hazel and hom
beam) have been isolated and their cDNAs cloned and 
characterised. Tltis considerable degree of heterogeneity 
has been attributed to glycosylation (or other post-transla
tional modifications), to isogenes coding for Bet v I iso
fmms and/or to allelic variants (318). It was shown that 
individual birch trees produce various subsets of isoaller
gens which display diiTcrences in reactivity both towards 
IgE antibodies and T-cells in humans (319). Recombinant 
isoforms of Cor a I, the major allergen of hazel pollen 
which shares a large homology with Bet vI, show differ
ent reactivities with allergen-specific T-lymphocyte clones 
(320). The dissection oflgE and T-lymphocyte reactivity of 
isofom1s of the major birch pollen allergen Bet vI suggests 
a potential use ofhypoallergenic isoforms tor immunother
apy (321 ). X-ray crystal slructurcs of Bet v J, birch pollen 
profilin and Phi p 2 have been studied (322, 323). New 
forms of specific immunotherapy may be tound since a 
detailed description of the major reactive epitopes may help 
to design tight-binding monovalent ligands which can pre
vent receptor aggregation, thereby rerlucing allergic 
response. Another promising strategy to increase the safety 
of specific immunotherapy is through the use of allergen 
derivatives, which do not cause anaphylaxis. Such hypoal
lergenic isoforms have been prodt1ced in vitro for Der p 2 
and I3et v I by site-directed mutagenesis (324, 325). 

Most allergens have associated activities with potent 
biological functions . The majority of allergens can be 
divided into several broad groups based either on their 
demonstrable biological activity or on their significant 
homology with proteins of known function (326). They 
inclutle en~ymes, enzyme inhibitors, proteins involved in 
transport and regulatory proteins. Profilin, ubiquitous 
low molecular weight (13,000-15,000 M(r)) actin bind
ing protein (327), regulates the formation ofF-actin 
structures in vivo. It is localised to specitic cellular 
regions through interaction with proline-rich sequences. 
lt was shown to be essential for cytoskeletal rearrange
ments such as those essential to the process of pollen 
Lube growth (328). The major birch pollen allergen, Bel 
v I, shows ribonuclease activity (329). It may include a 
subset of defence-related genes that are activated in the 
presence of microbial pathogens (330) and may be 
involved in anther ontogeny (331). Most mite allergens 
are associated with enzymatic activities. Many of these 
are digestive enzymes (332) whose specificities may dif
fer depending upon the substrate on which the mites are 
growing, e.g. human skin scales for Dermatophagoides 
or grain and fungi for storage mites. 
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3-1-3- Inhalant allergens 

Aemallergens are very often involved in allergic rhini 
tis (333). 

The increase in domestic allergens is pa.ttly responsible 
for the increase in the prevalence of allergic respiratory 
disease or in the severity of asthma (266). The allergens 
present in the bedmom are derived principally from mites, 
pet animals, insects or from plant origin (e.g. jiws). 

3-1-3-1- Mites 
3-1-3-1-1- House dust mites 
Mites make up a large pm1 of house dust allergens. 

Asthma and perennial allergic rhinitis therefore dominate 
the clinical picture. The majority of asthmatics and 
patients suffering from persistent allergic rhinitis are sen
sitised to mites. 

House dust mites belong to the Pyroglyphidae family; 
sulxlass Acari, class of Amchnid, phylum of Arthropods 
(334, 335). The most important are: 
• Dermatnphagoides pteronyssinus (Der p) and Der

malophagoides.farinae (Ocr f) (336-341), 
• Euroglyplws maynei (Eur m) (342-344), 
• Lepidoglvplms destructor (Lcp d) (345), 

Bl01nia tropicalis (Blo t) (343, 346-348) and Blonlia 
kulagini (349), particularly, but not only, in tropical 
and sub-lropical regions (350-352). These miles can 
induce both asthma and rhinitis (3 53). 

• Other house dust mite species present in tropical envi
ronments (354 ). 

Mires of the species of Dermatnphagoides and Eum
g(vphu.\· feed on human skin danders which are pa.t·ticu
larly abundant in mattresses, bed bases, pillows, carpets, 
upholstered furniture and fluffy toys (355-360). 

Their growth is maximal under hot (above 20°C) and 
humid conditions (80% relative humidity). When humidi
ty is lower than 50%, the nlitcs dry out and die (361 ). Tilis 
is the reason why they are practically non-existent above 
1,800 metres in European mountains as the air is too dry. 

In fact, even though mites arc present in the home all 
year round, there are usually two peak seasons (Septem
ber/October and April!May) in many but nol in all Euro
pean countries (362, 363). Patients allergic to mites 
therefore have symptoms all year round but with a 
recrudescence during these peak periods (364). More
over, the symptoms of patients allergic to mites are 
aggravated when it is humid. 

House dust mite allergen is contained in faecal pellets 
( 10-20 ~). Airborne exposure occurs with the active 
disturbance uf contaminated fabrics and sclllcs rapidly 
after disturbance. 

It has been shown that 100 mites per gram of house dust 
(or 2 j.lg of allergens per gram of dust) arc sufficient to sen
sitise an infant. With approximately 500 mites per gram of 
house dust (or 10 ).lg of allergens Der pi (major allergen of 
Derma!ophagoides pteronyssinu.~)), the sensitised patient 
shows a relative risk of around 5 of developing asthma at 
a later dale (365-367). The higher the number of mites, the 
earlier the first episode of wheezing (366). The prevalence 

HIGHLY CONFIDENTIAL-

Bousquet and the ARIA Workshop Group S163 

of sensitisation to mites in the general population is high
er in humid regions (20-35%) than in dry ones (15%). 

3-1-3-1-2- Other dust miles 
Cettain types of so-called storage mites ( G(vcyphagus 

domeslicus and destructor, T}!Vphagm putrecentiae and 
Acarus siro) are present in stocked grains and flour (J68). 
These species are not found in bedding but have a definite 
allergic importance in the house dust of very damp hous
es, in tropical environments where the growth of moulds 
increases their development, and in rural hahitats. These 
mites are particularly important in agricultural allergies 
(369-371) and can induce persistent rhinitis (372, 373). 

Other species of mites intervene in other selected envi
ronments such as spider mites (Panonychus ulmi) in 
apple growers, Panonychus citri in citrus growers and 
Tetranychus urlicae (374-377) and Ornithonyssus 
sy!viarum in poultry breeders (378). 

3-1-3-2- Pollens 
Pollens were among the frrst allergens identified. The 

pollen grain is the male gametophyte of the vegetable 
kingdom. 

According to their mode of transport, one can distin
guish anemophilous and entomophilous pollens. 
• The anemophilous pollens are vety aerodynamic and 

are can·ied by the wind. They represent a major prob
lem for scnsilised patients as they arc emitted in hu·gc 
quantities, can travel long distances (such as 200 km) 
and consequently can affect individuals who are far 
from the pollen source. It is, however, those who are 
nearest the emission of the pollen who generally show 
the most severe symptoms 

• The entomophi1ous pollens are those carried by 
insects. Attmcted by colourful and perfumed llowers 
they carry the pollens from the male flower to the 
female portion of the flower. 1l1e pollens are sticky 
and adhere to the antennae or other parts of the insects. 
Little pollen is liberated into the atmosphere and scn
sitisation thus requires direct contact between the sub
ject and the pollen source. This is the case, for exam
ple, with agriculturists (379) or florists (380) who arc 
in contact with weeds or trees. However, atopic 
patients may occasionally develop scnsitisation to 
these entomophilous pollens (381, 382). 

• Cerrain pollens such as dandelion are both ento
mophilous and anemophilous. 

The capacity of pollens to sensitise is theoretically 
universal, but the nature and number of pollens varies 
with geography, temperature and climate (383-385). The 
pollen concenlration in the atmosphere depends on the 
vegetation and climate of a given geographic zone. There 
are important regional differences. The pollens causing 
most allergies are found among: 

grasses, 
• certain weeds such as the Compositeae family (mug

wort and ragweed (Ambrosia) (386)) and the Urticaeae 
family (Parietaria (5, 387-391)), 

• trees such as the birch, other Bctulaccac (392-397), 
Oleaceae (the ash and olive tree (398-400)), the oak 
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(Fagaceae fanuly), the plane tree (401), Cupressaceae 
(the cypress tree (402-405)), junipers (406), thuyas 
(407), the Japanese cedar (408) and the mountain 
cedar (409, 410). 

Trees generally pollinate at the end of winter and at 
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, those patients allergic to tree pollen 
are often sensitised to other pollens, but the first pollen 
season "induces" inflammation of the nasal mucous 
membrane ascribed to the priming effect (8) (see chapter 
4-5-2). Grasses pollinate at the end of spring and begin
ning of summer, whilst weeds such as Ambrosia flower 
at the end of summer and beginning of autumn. Pari
elaria often pollinates over a long period of time (March
November) and is considered a perennial pollen. 

The size of the pollen varies from 10 to 100 f.IJ11 on 
average. This explains pollen deposition in the nostrils 
and more particularly in the eyes and also why most 
patients allergic w pollen have rhinitis and conjunctivitis 
However, pollen allergens can be bome on n1icronic and 
sub-micronic particies (4ll, 412) and can induce and/or 
contribute to the persistence of rhinitis and asthma. This 
is particularly the case in asthma allacks that occur dur
ing thunderstorms ( 413-417). 

Cross-reactivities between pollens are now better under
stood as they have been extensively studied and using mol
ecular biology techniques ( 418-420). However, it is not 
clear as to whether all in vitro cross-reactivities observed 
between pollens are clinically relevant ( 421 ). Major cross
reactivities include pollens of the Gramineae family, 
Oleacea family (398, 422, 423), Betuleacea family (424) 
and Ctipressaceae family (425) but 110t those of the 
Urticaceae family ( 426, 427). Moreover, there is clinically 
little cross-reactivity bctwecnAmbiVsia and other members 
of the Compositae family (428-430). For the grass pollen 
family, cross-reactivity is often extensive (431-433) except 
for Cynodon dactyl011 (434, 435) and Bahia g~ass (436). 

3-1-3-3- Animal danders 
3-1-3-3-1- Cat and dog allergens 
The modification of relationships between man and 

animals, and in particular the increase in the number 
and variety of domestic animals, means that exposure 
and therefore sensitisation to animal allergens have 
considerably increased in the last 20 years, especially in 
urban environments within industrial countries. It is 
estimated that in many European countries, cats are pre
sent in I in 4 residences. 

The dander and secretions of many animals carry or 
contain powerful allergens capable of causing severe 
hypersensitivity reactions (437). Cats and dogs arc the 
main culprits, especially since they are often in the bed
room. The major cal allergen (Fel d I) is a glycoprotein 
which is transp01ted in the air by particles smaller than 
2.5 J.lm (438). These particles can remain airbome for 
prolonged periods. They arc also adherent and can thus 
contaminate an entire environment for weeks or months 
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after the animal is removed (439). Additionally, they 
adhere to clothing and are carried to a;eas in which the 
pet has no access such as schools and public buildings. 

The principal allergen sources are the sebaceous 
glands, saliva and the peri-anal glands. The principal 
allergen reservoir is cat fur. Fel d I is also present in high 
amounts in domestic dust, in upholstered furnishings 
and, to a lesser degree, in mattresses. However, cat and 
dog allergens can be found in various environments 
where animals do not live such as schools (440-442) and 
hospitals (360, 443). The low level cat exposure that 
occurs in many homes without cats is capable of induc
ing symptoms in some patients who are vety sensitive to 
cats ( 444 ). Sensitisation to cats ranges from 2 to 30% of 
the general population and 15 to 50% of children with 
rlunitis or asthma are sensitised . 

The major dog allergen (Can f I) is principally found 
in the dog's fur and can also be found in the saliva ( 445), 
skin and urine ( 446). This allergen can be transported in 
airborne particles. 

Patients allergic to cats and dogs frequently display 
IgE reactivity against allergens from different animals 
(447, 448). Serum albun1ins have been recognised as rel
evant cross-reactive allergens (449). Moreover, there are 
common, as well as species-restricted, lgE epitopes of 
the major cat and dog allergens which can be tlemon
strated by IgE inhibition studies (450). 

3-1-3-3-2- Horse (Equus cabal/us, Equ c) 
After a decn~ase in the last 20 years, allergy to horses 

is becoming more frequent. Most patients allergic to 
horses initially develop na~al and ocular symptoms but 
life-threatening asthma exacerbations are not uncommon. 

The allergens being very volatile, sensitisation is made 
by direct or indirect contact ( 451 ). The allergens are 
found in the mane, sweat and mi11e. The major allergen 
of horse dander, Equ cl, has been identified (452. 453). 

Cross-sensitisation can sometimes be found with other 
equidae (pony, mule, donkey, zebra) and with cat, dog 
and guinea pig albumin. 

3-1-3-3-3- Cattle (Bas domesticus, Bos d) 
Cow's dander allergy still remains present in rural 

environments within calllc breeding areas (454-456). The 
allergens are found primalily in the danders and fur, but 
also in urine, saliva, tears and the meal. Cross-reactions 
with mutton, goat and even deer allergens have been 
described ( 45 7). 

3-1-3-3-4- Rabbit (01:vctolagus cuniculus, Ory c) 
5 to 7% of patients sensitised to animals are allergic to 

rabbits (breeding rabbits in rural environments, domestic 
animals in urban environments, labor&ory animals). The 
allergens are found in the fur and saliva (but are not pres
ent in the urine or serum). Cross-reactions with other 
rodents have been described. 

3-l-3-3-5- Other rode/1/s. guinea pigs, hamsrers, rats 
(Rattus norvegicus, Rain). mice (Aius musculus, Aius 
m), gerbils 

These animals can induce occupational sensitisation in 
laboratory personnel ( 10-40% of the exposed subjects) 
(458). Allergy to laboratoJy animals was also found to 
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occur in children whose parents were occupationally 
exposed to mice, rats and hamsters (459). Two distin
guishable syndromes were identified ( 460). The first is 
characterised by rhinitis with negative skin prick tests. The 
second consists of rhinitis leading progressively to astluna 
with positive skin prick tests. Atopy (461, 462) and active 
smoking ( 463) represent a risk for the development of lab
oratory animal allergy. Prick tests are diagnostically useful 
only in the latter. Allergens are contained in the fur, urine 
(404), serum (41>5) and saliva. Cleaning the cages of these 
mammals mobilises large quanti ties of allergens. 

It has been shown that children can be sensitised to 
rodents in less than one year when directly exposed to them. 

Cross-reactive allergens between different rodents and 
rabbits have been demonstrated. 

3-1-3-4- Fungal allergens 
Superior fungi, moulds and yeast, are plants which do 

nol possess chlorophyll bul which libcralc large quanti
ties of allergenic spores into the atmosphere. Widespread 
in the air and resulting from putrefying organic matter, 
fungi and moulds arc present cvetywhcrc except in areas 
oflow temperatures or snow, which hinders their growth. 
Their development is increased particularly in hot and 
humid conditions, which explains their seasonal peaks 
and abundance in certain hot and humid areas. 

The mould spores ar'c small in size (3-1 0 f!I11) ami pen
etrate deeply into the respiratory tract. They can provoke 
rhinitis as well as astluna. For unknown reasons, children 
aJ·e more often sensitised to mould than adults (466). 

Three impm1ant types of mould and yeast can be 
distinguished Hcconling to their origin ( 4o7). 

The principal atmospheric moulds me represented by 
Cladrupurium (468), A/temuria (469-471) and Stem
phvlium They peak during the summer whereas 
Aspergillus and Penicillium do not have a defined sea
son. Large regional differences me found (472-478). 

• Domestic moulds arc also ve•y important allergens 
(475, 477, 479, 480). Microscopic fungi present inside 
houses are capable of producing spores all year round 
and arc responsible for persistent symptoms, especial· 
ly in hot and humid interiors. Indoor moulds have been 
associated with dampness (4RJ -4R4). These moulds 
can also grow in aeration and climatisation ducts (cen
tral heating and air conditioning) and around water 
pipes. They me panicularly abundant in bathrooms and 
kitchens. The moulds also grow on plants which are 
watered frequently or on animal or vegetable waste, 
fumishings, wallpaper, mattress dust and fluffy toys. 

• ln food, one can observe a certain number of moulds, 
which can be responsibh: nul only for inhalant aller
gies but also food allergies. The predominant moulds 
me Penicillium, Aspergillus and Fusarium and, more 
rarely, Mucor. 

• Moulds and yeasts are present in some foods as they 
are used in the fabrication of numerous foodstuffs and 
may be allergenic. 

Candida a/bicam, Saccaromyces cerevisiae and minor 
(485) and Pityrosporum (486) are the most allergenic 
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yeasts. IgE-mediated sensitisation to yeast has been 
shown, in particular in atopic dermatitis (486-489). Most 
yeast presents cross-reactive antigens ( 490). Yeast can be 
found in the atmosphere and Spombolomyces roseum is 
responsible for asthma and rhinitis in Great Britain and 
in the Mediterranean region. 

Basidiomycetes and Ascomycetes spores are found in 
large quantities in the atmosphere and were found to be 
allergenic in patients with asthma and rhinitis (491, 492) 
hut their role as an atmospheric allergen is still difficult 
to define. Occupational allergy to superior ti.mgal spores 
has been described (493). 

3-1-3-5- Insects 
Inhalation of insect waste can induce an IgE immune 

response and respiratory allergies. In this case, IgE is 
directed against the protein fragments of insects, which 
become airbome. However, allergen concentration must 
be very high to intluc.:l! scnsilisation. Certain allergens such 
as haemoglobin ofDiptera have been identified (494, 495). 
• Allergy to insects such as the cricket can occur from 

occupational exposure (496). 
• In certain hot and humid regions of the United States 

(497, 498) or tropical areas (499-501 ), allergies to 
cochoaches are as frequent as, or even more frequent 
than, allergies to Ambrosia pollen or to house dust 
miles. However, cockroaches arc also prevalent in 
many European countries (443, 502, 503) Cockroach
es are particularly important in low income housing 
("inner city") where they cause severe asthma (504). 
Cockroach allergen is found in gastrointestinal secre
tions as well as on the chitin shell The allergen is dis
t:ributed in large pmticles that do not become airborne. 
Cockroaches lend to cluster in hiding places and for
age after dark. Seeing cockroaches dming the day sug
gests that they are present in ve1y large numbers. The 
allergen is usually distributed thJ'Oughout an infested 
home (505). 
Chironomides are particularly impmtant in some trop
ical areas like the Sudan (506, 507). 

3-1-3-6- Other inhalants 
Ficus henjamina, known as Java willow, Ceylon wil 

low 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 (508) and appears to 
be relatively common, probably because Ficus allergens 
are cross-reactive with those of latex (509). The allergens 
originally located in the sap of the plant are also present 
in dust collected from the leaf surfaces as well as in floor 
dust where the allergen may persist over months after 
removal of the plant (51 0). 

The allergic role of bacteria is controversial. 
• At the present stage of our knowledge, it can be esti

mated that asthma or rhinitis induced by a bacterial 
allerg:>' is exceplioml, even though specific TgE to bac
teria have been found. 
llowever, the enzymes originating t]·om bacteria used 
in industrial environments can cause a high prevalence 
of asthma or rhinitis (511, 512). 
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• Telluric bacteria, whose genes are used in certain 
transgenic plants, could also cause allergies but the 
demonstration is not yet conclusive (513). 

3-1-4- Food allergens 

Food allergy is a rare symptom in subjects with aller
gic rhinitis and without other symptoms. On the other 
hand, rhinitis is a common symptom of food allergy in 
patients with multiple organ involvement. Despite the 
wide variety of foods ingested, only relatively few cause 
allergic reactions. ln infants of less than 6 months, the 
majority of allergic reactions are due to milk, egg or 
soya. In adults, the most common food allergens causing 
severe reactions are peanuts (514), tree nuts, fish, Crus
tacea, egg, milk, soya beans, sesame, celery and some 
fruits like apples and peaches (for review see 5 l 5 ). 

Most food allergens are native proteins but the aller
genic activity of some food allergens may be destroyed 
by heating (516) or during storage (e.g. in apples (517)). 
Others (e.g. casein, egg and fish) are not denaturated by 
cooking and digestion. Neo-allergens can also be pro
dllced by heating and cooking (518). 

Di!Tcrenccs may occur in the protein profiles of food 
as a result of agronomic factors For example, agronom
ic conditions may atTect the allergenicity or the stmage 
proteins in peanuts and soya beans (80). 

Concem has been expressed about the introduction of 
allergenic proteins into food plants by genetic engineering. 
The US Food and Drug Administration has directed devel
opers and manufucturers of new plant varieties to consider 
the allergenic potential of donor organisms in a~sessing the 
safety of foods derived from genetically enginee1ed plants 
(519). Such a concem wasjustitied since 2S albumin from 
Brazil nuts can be transferred into another food (soya 
beans) by genetic engineering, enabling the transgenic 
soya to induce positive skin tests in Brazil nut allergic 
patients (520). Since numerous crop plants developed by 
plant technology have been introduced into the market
place, assessment of the allergenic potential of the foods 
derived from these crops has been a critical component of 
the overall food safety assessment of these products. 

3-1-5- Cross-reactive allergens between food 
and inhalant allergens 

Cross-reactive allergens between food and inhalant 
allergens are conm1on. 

Patients with allergic rhinitis/conjunctivitis due lo 
birch and, to a lesser extent, other Betulaceae (hazel, 
alder) pollen are frequently allergic to tree nuts, fruits 
and vegetables, including apples, carrots ami potatoes 
(521). Most patients develop mild symptoms but ana
phylaxis may occur from these cross-reacting foods. 
Some birch or hazel pollen allergens cross-react with 
those of apple, other fmits (522, 523) or various nuts 
(424). Most patients with food hypersensitivity are 
severely allergic to pollens (521). 
Some Compositae pollen allergens (mugwort) cross
react with foods of the Ombcllifcmc family (celery, in 
particular) (524). Although lgE antibodies to food 
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allergens are highly prevalent in patients allergic to 
Betulaceae and Compositeae pollens, only a proportion 
of patients present food allergy symptoms (525, 526). 
Ragweed (Ambrosia) (527) or grass pollen (528) sen
sitive individuals may present symptoms when eating 
banapa or melon. 

• On the other hand, clinically insignificant cross-reactiv
ity exists among cereal grains and grass pollens (529). 
Cross-reactive antigens have been identitied between 
latex and banana, che~tnut or kiwi fruit (530, 531 ). 

• Although it is common to find positive skin tests and 
JgE antibodies to a range of legumes in peanut allergic 
patients, only a small percentage of the individuals 
also have clinical responses to legumes other than 
peanut. Such reactions are often less severe than to the 
peanut itself(532). However, recent concern has been 
raised for lupine, another member of the legume fam
ily, which appears to induce systemic reactions in 
peanut allergic patients. 

Molecular biology-based approaches have also 
improved knowledge about cross-reactivity among aller
gens. The identification of allergens in fruits and vegeta
bles showed lgE cross-reactivities with the important 
birch pollen allergens, Det v 1 (533) and l3et v 2 (birch 
profilin) (534-537). Many other cross-reactive antigens 
have also been identified and characterised. Depending on 
the main cross-reactive allergen, different symptoms may 
be observed. Bet v 1 in apples, cherries, peaches and 
plums primarily causes mild symptoms such as the oral 
allergy syndrome (538). However, Bet v J associated with 
other allergens may cause generalised symptoms Sensiti
sation to Bet v 2 is more often associated with generalised 
symptoms, in particular urtica~ia and angioedema (539). 
Lipid-transfer proteins are relevant apple and peach aller
gens and, considering their ubiquitous distribution in tis
sues of many plant species, could be a novel pan-allergen 
of fruits and vegetables (540, 541). 

3-1-6- Occupational allergens 

Occupational rhinitis is far less well documented than 
occupational asthma. Symptoms of rhinoconjunctivitis 
are often associated with occupational asthma and in one 
study, it was found that 92% of the subjects with occu
pational asthma experienced associated rhinitis (542). 

Rhinitis is less common than asthma in occupational 
reactions to low molecular weight agents. Tt more often 
appears before occupational asthma (542, 543). 

In Finland, furriers, bakers and livestock breeders had 
the highest relative risk of developing occupational rhini
tis (543). The prevalence of rhinitis in allergy to labora
tory animals is high (chapter 3-1-3). 

3-1-6-1- Latex 
Latex allergy has become an increasing concern to 

patients and health professionals because of the over
whelming use of latex gloves (544) and its extensive use 
in many devices such as catheters. Health professionals 
should therefore become aware of this pJOblem ami 
develop strategies for treatment and prevention. 
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Latex is almost exclusively obtained from the tree H(!llea 

brasiliensis (Euphorbiaceae family). The ftrst clinical case 
of immediate-type allergy (urticaria and angioedema) was 
apparently reported in 1927 by Stem. In 1979, Nutter et al. 
reported a case of contact urticaria to latex gloves (545). 

Rubber is an important industrial and consumer prod
uct encountered in many household items and medical 
devices. The chemical additives used in its manufacture 
were a well recognised cause of delayed-type hypersen
sitivity (allergic contact dermatitis) (54fi). However, dur
ing the past decade, immediate-type allergy to natural 
rubber latex proteins (latex allergy) ha~ emerged as a 
serious health issue. Frequent, prolonged wearing of nat
ural rubber latex gloves (54 7), especially amongst physi
cians, nurses and health professionals (548-551), and 
workers (552) using rubber is a major risk factor for such 
sensitisation. Moreover, natural rubber latex allergy is 
common in patients who have had multiple surgical pro
cedures or in those with spina bifida (553 ). 

Immediate type hypersensitivity reactions to latex are 
caused by an IgE-mcdiatcd allergic 1·eaction and a Th2-
type response (554). Eosinophilic inflammation (555) of 
the nasal mucosa has been observed 

Symptoms of latex allergy include contact demlati
tis (type IV reaction), contact urticaria, rhinitis, asth
ma and, more occasionally, anaphylaxis (556). 

Skin tests and serum specific JgE can be used for the 
diagnosis oflatex allergy (557, 558). lfneeded, provoca
tive cllallenge can be carried out. 

3-1-6-2- Low molecular weight compounds 
Many occupational agents ind1Jcing rhinitis are low 

molecular weight compounds such as isocyanates 
(559), aldehydes (560), ninhydJ·in (561 ), phannaceuti
cal compounds (562) and others (563). More than 250 
different chemical entities have been identified. 
Although these can act as reactive haptens, non
immunological mechanisms arc common. Some com
pounds like chlorine can induce irritant rhinitis in 30 to 
50% of exposed workers (75, 76). 

Formaldehyde is a low molecular weight volatile 
chemical widely used in industry and as a sterilising 
agcnl in medicine. AL high concentrations, it is toxic and 
can induce irritant reactions, but as a reactive, hapten can 
become allergenic and can cause an lgE-mediated reac
tion or contact dermatitis. However, IgE-mediated aller
gic reactions appear to be related mainly to the pharma
ceutical usc of formaldehyde (564, 565). ln homes, 
schools or occupational settings, formaldehyde may 
become an initant (566, 567) and can cause, exception
ally, an IgE m~::diaLed reaction (568, 569). 

3-1-6-3- Other occupational allergens 
Bakers often present with rhinitis and asthma (570-

5 72). Sensitisation to bakery allergens seems to be the 
main cause of baker's asthma and rhinitis, but not in 
all cases (573 ). Swedish bakers studied in the 1970s 
and 1980s had a higher (x2) risk of developing rhini
ti s than non-bakers (574). Nasal inflammation in bak
ers exposed Lo nuur dust can be mediated by ncu 
troph.ils (575). 
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Many other high molecular weight allergens can 
induce IgE-mediated rhinitis and asthma. These include 
coffee beans (576), proteolytic enzymes (511, 577, 578), 
other enzymes (579), plants and flowers (580). 

Wood dust can induce rhinitis and asthma but the mech
anisms forthese reactions are still unclear (581 -583). 

3-2- POLlUTANTS 

Epid~miological evidence suggests interaction 
between pollutants and rhinitis (see chapter 2-1-3-7). The 
mechanisms by which pollutants cause or exacerbate 
rhinitis are now better understood (584). 

3-2-1- Characteristics of air pollution 

3-2-1-1- Evolution of outdoor air· pollution 
ln the 1960s and 1970s in Europe and the USA, 

episodes of atmospheric winter pollution were frequent
ly responsible for acute mortality epidemics of cardio
vascular and respiratory diseases. The responsibility for 
such effects was given to high concentrations of sulphur 
dioxide (S02) and particulate matter (PM) in the air of 
cities, usually due to unfavourable mctcorolugical con
ditions and air stagnation. There has been a significant 
reduction of industrial pollution in Western countries 
with the usc of efficient fillers in factOJy chimneys and 
of combustibles such as petrol and electricity, which 
pollute less than coal. Such an etTort is however not 
operative in many developing countries. Moreover, 
urban-type pollution is still of major concern in Western 
countries due to several factors: 
• improvement in the quality of life in Europe and the 

United States implicating a la1ger consumption of 
energy per capita, 

• substitution of petrol in place of coal, 
• and above all, since the 1970s, an increase in the num

ber of cars and, in Europe, diesel motors. 

3-2-1-2- Automobile pollution 
Urban-type pollution originates essentially from auto

mobiles. The principal atmospheric pollutants emitted by 
automobiles can be classified as: 
• oxidant pollutants which are likely to chemically 

evolve in the Troposphere due to sunrays. These are: 
• carbon monoxide (CO), a result of incomplete coal 

combustion, but with no apparent involvement in 
rhinitis. 

• n.itric oxides (NOx) and especially NO and N02, a 
result of nitrogen oxidation in the air at high tem
peratures. 

• volatile organic compounds (VOC) including hydJ·o
carbons and some oxygen composites. 

• The fmmed secondary pollutants are mainly ozone but 
there are also other species of oxidants (peroxyacetyl
nitrales, aldehydes, nitric acid, oxygen peroxide ... ). 
sulphur pollutants such as S02 formed from diesel 
sulphur. lligh levels of S02 sign acid-paniculate pol
lution or industrial origin in relation tu the combustion 
of coal and fuels, rich in sulphur. 
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• organic chemical agents including polyaromatic ones 
such as benzo(a)pyTene, benzo(k)fluoranthene, benzo
(b)fluoranthene, benzo(g,h,i)pirylene and benzo(a)
anthracene. The heavy composites, which are quantita
tively the most important, arc adsorbed on the surface of 
the microparticles, whereas the volatile composites 
remain in the gaseous phase. 
carbon dioxide (C02), produced by the oxidation of 
the carbon ofti.1els. 

• ~(notably lead), present initially in oils and fuels. 
particles (particulate matter, PM), produced mainly by 
the incomplete combustion of fuels and lubricants. 

3-2-1-3- Characteristics of diesel emission 
These emissions are made up of a complex mixture of 

relatively light gases and of particles with a carbon core 
on which are adsorbed organic composites of high mole
cular weight. 

The gaseous phase of diesel exhaust contains toxic 
or initant substances: 
• gases which are typically produced during the com

bustion of fuels (carbon monoxide, sulphur dioxide 
and nitric oxides, precursors to lhe formation of 
ozone). The emissions of CO are comparable or slight
ly inferior to those of a petrol engine. 

• the low molecular weib(ht hydrocarbons and their 
derivatives. 

The particulate phase of diesel emission is com
posed of aggregates of spherical micro-particles with a 
carbon core (approximately 0.2 pm of aerodynamic 
median diameter), on which are adsmbed organic 
composites of high molecular weight. These nano
particles represent a unique model in pulmonary toxi
cology, as they possess a very large specific smface, 
which is available for the adsorption of toxic organic 
composites such as polyaromatic bydrocarbo11S. Typi
cally, 10-40% of the mass of diesel particles is made 
up of these organic chemical molecules, of which 
some are known carcinogens. Nevertheless, recent 
progress in the preparation of diesel fuels has reduced 
the particle content by approximately 95% compared 
to older diesel engines. 

3-2-1-4- Indoor air pollution 
Indoor air pollution is of great importance since sub

jects in industrialised countries spend over 80% of their 
time indoors. Indoor pollution includes domestic aller
gens and indoor gas pollutants (156, 585), among which 
tobacco smoke is the major source. However, other pol
lutants may have a role, especially when a fuel or wood
burning stove is present in the house (586, 587) with the 
emission of carbon oxides, nitric oxides, PM, VOC and 
S02. Gas cooking may also be involved in respiratory 
symptoms (245), especially in women and atopies (588). 
Certain furniture may also liberate compounds utilised 
during the manufactming process (plywood, glue, fab
ric, giving off formaldehydes and isocyanates) (567). 
However, in these studies, nasal symptoms were nol 
usually examined. 
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3-2-2- Pollutants of possible relevance in 
allergic rhinitis 

3-2-2-1- Ozone 
Ozone (03) is a sceonda1y pollutant formed from NOx 

and VOC, through a chain of sunlight dependent chemi
cal reactions. This transformation can take several hours 
or days, in such a way that ozone is only usually fanned 
at a distance fi·om the source of primary gases (NOx and 
VOC) on the outskirts of large urhan centres (5R9), The 
prodt1ction of ozone is maximal in steep-sided or very 
sunny geographical sites such as Southern California 
(590), Switzerland, Austria, Germany, the south of 
France and around large cities. The ozone peaks occur 
from April to September in the Northern Hemisphere. 
During recent years, the situation seems to ha.ve wors
ened because of a deterioration in the quality of the air or 
lhc climatic conditions. 

Nearly 40% of the inJmled ozone is absorbed by the 
nasal mucosa. In vitro, 07A>ne can induce inflammation 
(591 ). Ozone challenge results in nasal congestion, 
increased levels of histamine, neutrophils, eosinophils 
and mononuclear cells in nasal lavage fluid (592-595). 
Ozone increases the late-phase response to nasal allergen 
challenge (596) btlt has no etiect on the early-phase reac
tion (597). In a longitudinal study (598), in order lo 
investigate nasal inflan1mation after ambient ozone expo
sure, nasal lavage fluid was collected from 170 school 
children on II occasions between March and October. 
The results showed acute inflammation of the nasal 
mucosa after the first increa~e in ambient ozone levels. 
There was a significant dose-dependent increase in 
leukocyte and ECP levels, and a possible adaptation of 
the nasal mucosa in spite of constant high levels of ozone 
exposure in the children during the sunm1er season. After 
one month of exposure to air pollution (Mexico City) and 
high levels of ozone, most subjects developed nasal 
symptoms with significant nasal epithelial lesions (79) . 

Zwick eta/. (599) have compared one group of218 
chilcb·en exposed to high levels of ozone (more than 
120~tg/m3 during 45% of the period with a maximum 
of 376~tg/m3 ) to another group of 2R I children exposed 
to low doses of ozone (less than 1% of the period to a 
concentTation of more than 120~tg/m3 with a maximum 
of 190~tg/m3 ). The concentrations of N02 and S02 
were identical in both groups. No significant difference 
between the two groups was found in the frequency of 
allergic rhinitis, total IgE levels and positive skin tests 
to common aeroallergens. Bronchial hyperreactivity 
was however higher in the group exposed to high lev
els of ozone. However, no correlation between the 
symptoms of rhinitis and high ozone peaks was 
observed and there was no difference between atopic 
and non-atopic children. 

3-2-2-2- Sulphur dioxide (S02) 
In Eastem European countries, S02 pollution was still 

common in 1989. However, in Western Europe and Nonh 
America where, althc present Lime, most measuring ncl
woJ!cs indicate an annual average so2 below 30~g/m3 , or 
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TABLE 6: List ofthe NSAIDs that cross-react with 

aspirin in respiratory reactions 

Generic names 

lmlomerhocin 
Piroxicam 

1/mprofen 
Napmren 

Fenopnifen 

Kt~luJinifvn 

Diclofenuc 
Diflunisul 
To/mel in 
Mefenamic acid 
Fhwhipm}im 
Sulindac 
Ketoralac 
Etodolac 
Nobumetrme 

Oxaprozin 
JHCfamizo/ 

Noramidopyt int!, 
Aminophenazone 

PmJJy/phenaznn•~ 

OxyphenhutliZnne 
Klo{ezon 

Brand names 

Jmlocid, Melinda/ 

Fe/elene 
Motrin, Ruje11, Advil 

Naprosyn, Anaprox, A/eve 

Nalfon 
Orwlis, Oruvul 

Vo/tare11, Catajlam 

Do/bid 
Tolecrin 

Pon.vtel. Mefacil 
An.wid 

Cilnorl/ 
Torudol 
Lodine 

Relafen 

Day pro 
Ami/gin, 
lrlovafgin 
/sa/gin 
Pahialgin, Saridon 

Tmule>'i/ 
Perclu.mne 

"' Parncetamo/ is well tolerated by the majority of patient~. especinlly 
i11 dose!\ nol exceeding 1000 mg/day. l\'imesrr/ide and me/oxicam in 
hiW1er dos~ might precipitate nasal and bronchial symptoms. Tile tol
er..mce ufthe selective inhibitors ofCOX-2 (crdm:flxih = Celehrex aud 

rnfec():rib = Vio:cx) remains lo be tested, 

even lc~~ than I 01-1g/m3 (EU 24 hour limit : 2501-ig/m3, 
WHO 24 hour limit : 1 251lg/m3), the prevalence of sea
sonal allergic rhinitis and skin test reactivity to aeroaller
gcns is more frequent (218). llms, so2 docs not greatly 
influence clinical sens itisation to aeroallergens. In con
trast, high automobile pollution appears to be involved. 

It has been shown that exposure to S02 decreases the 
secretion of nasal mucous and increases lhe resistance of 
the nasal airways (600, 60 I). Ten teenagers suffering 
from allergic asthma were exposed to 14001-iglm3 ofS02 
dming 5 consecutive days and during physical effon. 
There was a significant increase in the upper airwny 
resistance. 

3-2-2-3- Nitric dioxide (N02) 
In Europe, NOx are emitted in approximately equal 

quantities from energy sources and road traffic. N02 lev
els do nut generally exceed the EU limit value 
(200ftglm3 per hour). Moreover, for a complete evalua
tion of I he effect ofNOx on respiratmy health, one must 
also take into account the production of these gases 
inside homes, in particular the domestic use of natural 
gas ~hould be considered. 

The effect of exposure to N02 was studied in 625 0-5 
yenr-old Swiss children living in three different areas: 
cities (31 ami 22~tg/m3 of N02), sub-m ban areas 
(19.4~tglm3 ofN02) and rural zones (I J .l~Lg/m3 ofN02) 
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( 602). Symptoms of irritation of I he upper respiratory tract 
were higher in the zones w·ith high concentrations ofN02. 

3-2-2-4- Particulate matter (PM) 
They can be classified according to their diameter: 

PM JO (less than JOj.IITL), PM 2.5 (less than 2.5J.Jm) and 
nanoparticles (less than I j.IITL). The finer the particles, 
the deeper they penetrate into the respiratory tract. 
They are nlso capable of passing through the air-blood 
barrier ( 603 ). 

Pope et a/ (o04) studied the relationship between 
upper respiratory tract symptoms and exposure to PM1 0 
in two groups of subjects: one group consisted of 591 9-
JO year-old children and the other comprised 66 asth
matics. They found a J .5 increased risk of ENT symp
toms with regard to the rise of PM1 0 concentrations in 
the group of 591 children only. In another study (605), 
the same authors studied oO asthmatic children and 60 
nun-asthmatic children. In the group of asthmatics, the 
ENT symptoms increased with the concentrations of 
PMIO, fi·om 21 to 33%. No difference was found in the 
non-asthmatics. 

3-2-2-5- Volatile organic compounds (VOC) and 
formaldehyde 

Even though formaldehyde and VOC are mainly 
indoor pollutants, they :ue detectable in some cities such 
as Los Angeles (6- l00f!g/m3), at concenlralions able to 
induce initating symptoms of the upper respiratory tract 
(606): from 0 1-20 ppm (1201-lg to 20,0001-1glm3) (see 
chnpter 3-1-6). 

3-2-2-6- Automobile pollution 
1l1ere is growing evidence that fossil fuel combJJst.ion 

products net as ndjuvants in the immune system and may 
lead to the enhancement of allergic intlammation (607, 
608). Through this mechanism, particulate air pollutants 
may be an important contributor to the increased preva
lence and morbidity of asthma and allergic rhinitis. 
Diesel exhaust particles were shown to skew the 
immune response towards IgE production (609) and 
induce allergic inflammation (61 0-612). Experimental 
studies in animals (613-617) and humans (618) have 
shown that diesel exhaust particulates enhance lgE pro
duction by a variety or mechanisms. These include 
effects on cytokine and chemokine production (619), as 
well as activation of macrophages and other mucosal 
cell types including epithelial cells (620-623). Diesel 
exhatlst particulates may also act as an adjuvant of 
pollen allergens (624). Metabolic and cellular activation 
pathways were linked to chemicals such as polycyclic 
aromatic hydrocarbons contained in diesel exhaust par
ticulates (625). Cross-sectional studies have demonstrat
ed that allergic rhinitis in general and pollinosis to 
Japanese cedar pollen in particular (626, 627) is more 
prevalent in subjects living in areas of henvy automobile 
traffic (627). However, these epidemiological studies 
need confirmation. 

3-2-2-7- Tobacco smoke 
In smokers, eye irritation and odour perception are 

more common than in non-smokers (628). Moreover, 
there are smokers with reported sensitivity to tobacco 
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smoking, some of the symptoms being headaches and 
nose irritation (rhinorrhea, nasal congestion, postnasal 
drip and sneezing) (629). The mme the subjects smoke, 
the more they report chronic rhinitis (25 J ). Objective 
assessments have confirmed that smoke-sensitive 
patients present with rhinorrhea and/or nasal obstruc
tion when challenged with tobacco smoke (630). 
Tobacco smoke does not appear to be allergenic in con
tradistinction to tobacco leaves in exposed workers 
(fi31, fi32). Tobacco smoke can alter mucociliary clear
ance (633) and can cause an eosinophilic and "allergic" 
like inflammation in the nasal mucosa of non-atopic 
children (634 ). 

3-3- DRUGS 

3-3-1- Aspirin intolerance 

Aspirin and other non-steroidal anti-inflammatory 
drugs (NSAJD) commonly induce rhinitis and asthma 
(Table 6). In a population-based random sample, aspirin
intolerance was more frequent among subjects with aller
gic rhinitis than among lhose without (2.6% vs. 0.3%, 
p.<O.Ol) (149). In about 10% of adult patients with asth-
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rna, aspirin and other NSAID that inhibit cyclooxygenase 
(COX) enzymes (COX-l and -2) precipitate asthmatic 
attacks and nasa-ocular reactions ( J 48, 635). Tltis dis
tinct clinical syndrome, called aspirin-induced asthma, is 
characterised by a typical sequence of symptoms, intense 
eosinophilic inflammation of nasal and bronchial tissues, 
combined with an overproduction of cysteinyl-leuko
trienes (CysLT). After ingestion of aspirin or othe1· 
NSAID, an acute asthma attack occurs within 3 hours, 
usually accompanied hy profuse rhinorrhea, conjunctival 
injection, periorbital edema and sometimes a scarlet 
flushing of the head and neck. Aggressive na~al polypo
sis and asthma lUll a protracted course, despite the avoid
ance of aspirin and cross-reacting dmgs. Blood 
eosinophil counts are raised and eosinophils are present 
in nasal mucosa and broncltial ai1ways. Although at one 
time aspirin-induced asthma was thought not to occur in 
atopic patients, positive skin test responses lo common 
aeroallergens can be present in patients with aspirin
induced asthma. 

3-3-2- Other drugs 

See chapter 1-4. 
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4- Mechanisms 

Allergy is classically considered to result from an IgE
mediated allergy associated with nasal inf1ammation of 
variable intensity. 

However, it is now also appreciated that allergens, on 
accmmt of their enzymatic proteolytic activity, may 
directly activate cells (o3o). House dust mite allergens 
have been shown to activate epithelial cells in vitro 
(637). They induce cytokine and chemokine release 
(638) and thus have the potential to induce airway 
inf1ammation independent of IgE. Moreover, Der pl is 
able to alter the epithelial tight junctions (639) thereby 
increasing epithelial permeability (640). The relative 
importance of non-JgE to JgE-mediated mechanisms is 
undetennined. 

Pollen-induced rhinitis is the most characteristic lgE
mediated allergic disea~e and is triggered by the interac
tion of mediators released by cells which are implicated 
in both allergic inflammation and non-specific hyperre
activity (641). This disease Clm be mimicked by nasal 
challenge with pollen allergens (642) but such a chal
lenge differs from the natural course of the disease in 
that it is a single provocation and docs not reflect the 
multiple u-iggers which occur during the pollen season. 
In persistent allergic rhinitis, allergic triggers interact 
with an on-going intlammatmy situation. Symptoms are 
caused by this complex interaction. 

Histamine was discovered just after the tum of the 
centu1y and rapidly became known as the mediator of 
allergic and anaphylacLic reactions. Jn the late 1930s, it 
appeared that other chemical mediators such as the slow 
reacting substances of anaphylaxis (SRS-A) were 
involved in allergic reaction. The mechanisms of allergic 
reaction arc now better understood and although hista
mine (released by mast cells and basophils) is still one of 
the major effectors of the allergic reaction, many other 
mcdiatotll produced by different cell types arc involved. 
Thus, mediators, cytokines, chemokines, neuropeptides, 
adhl:sion molecules and cl:lls co-opcrat'! in a compl~::x 
network provoking the specific symptoms and the non
specific hypeneacrivity of allergic rhinitis. 

Allergic rhinitis is characterised by an inflammatory 
infiltrate made up of different cells. This cellt1lar 
response includes: 
• chemotaxis, selective recruitment and transendothelial 

migration of cells, 
• localisation of cells within the di11crcnt compartments 

of the nasal mucosa, 
• activation and differentiation of various cell types 

as well as a prolongation of their sruvival, 
release of mediators by these activated cells, 

• regulation of the local and systemic lgE-symhesis, 
communication with the immune system and the bone 
marrow. 
These evl:nts Lake place only in subjects who have 

already been sensitised to allergens, e.g. allergen-specif-
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ic IgE-antibodies have been f01med and bound to the 
membrane of mast cells and other cells. They do not take 
place in healthy individuals, who do not show a measur
able reaction of the nasal mucosa to the same allergens. 

Understanding the mechanisms of disease generation 
provides a framework for rational therapy in this disor
der, based on the complex inflammatory reaction rather 
than on the symptoms alone. 

4-1- THE NORMAL NASAL MUCOSA 

4-1-1- Anatomy and physiology of the nose 

Whereas the form of the extemal nose is shaped by the 
upper and lower cartilages wrapped by skin and facial 
muscles in prolongation of the nasal bony pyramid, the 
internal nose mainly consists of a bony framework, cov
ered with respiratory mucosa. The nasal sepn1m divides 
the nasal cavity into two sides and is composed of carti
lage and bone, again covered by mucosa. Only the first 
few millimetres are covered by skin. The continuous 
slow growth of the septum up to the age of 30 might 
explain freqt1ently observed septal deviations in adu Its, 
leading to some degree of nasal obstn1ction. 

From an aerodynamic point of view, the nose may be 
divided into: 
• the vestibule, lined with stratified squamous epitheli

um, 
• the isthmus regiou, accounting for appwximately 50% 

of the total resistance to respiratory airflow, 
• the nasal cavity, where the inferior, middle and supe

rior rurbinates are located, lined with pseudostratified 
columnar ciliated epithelium. The turbinates increase 
the mucosal surface of the nasal cavity to about !50 to 
200 cm2 and facilitate humidification, temperature 
regulation and filtration of inspired air. 
Nasal air flow changes from laminar to turbulent 

depending on Lhc speed of inspiration and the anatomical 
situation. Together with the differential pressure between 
the nostril and the nasopha1ynx, it can be measured by 
active rhinomanomelly (643). 

The olfactory mucosa is located above the middle 
turbinate, inferior Lo the cribriform plate. lL contains 
odour-receptor cells and also receives taste signals. 
Severe nasal obstruction, caused by nasal deformities, 
congestion or nasal polyps impairs olfactmy sensations. 
Another chemosensmy structure, the vomeronasal organ, 
which detects chemical signals that mediate sexual and 
tenitorial behaviours, has been described in vertebrates 
and may also be ti.mctional in the human nose. 

The lateral nasal wall receives the openings of the 
maxillary, anterior ethmoidal and frontal sinuses as well 
as drainage from the naso-lachrymal duct, whereas the 
sphenoid drains into the posterior wall. In the middle 
mean1s, lateral and below the middle turbinate, the 
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ostiomeatal complex is located where the anterior eth
moidal cells, the maxillary sinus and the frontal sinus are 
drained into the nasal cavity. Any obstiUction, caused by 
anatomical deviations or mucosal swelling and scar for
mation, may heavily impair the drainage and ventilation 
of these sinuses with a consecutive sinus disease. 

The nasal mucosa consists of three layers (Figure 2): 
the ciliated epithelium, 
the basement membrane 

• the lamina propria or submucosa. 

FIGURE 2: The nasa l mucosa. 

Three types of cells are identified within the epithelium: 
basal cells, 
goblet cells, 
ciliated or non-ciliated columnar cells, which are all 
attached al the basement membrane. They also adhere 
to neighbouring cells, forming the epithelilll bllnier. 

The submucosa contains cellular components, serous 
and seromucotls nasal glllnds, nerves lind a complex VllS
culaturc. 

I\ thin layer of mucus, consisting of ll low viscosity sol 
phase lind ll viscous gel phase, covers the nasal epithelium 
and is constantly transpotted Lo Lhe nasopharynx by ciliary 
movements. Nasal secretions have multiple sources such 
as the submucosal glands, goblet cells, tears and exudation 
from blood vessels. Secretions coL1sist of albumin, 
inmltmoglobulins, proteolytic and bacteriolytic enzymes, 
mediators and cells, forming an unspecilic protection 
against infection. Mucociliary transport is dependent on 
the tight consistence of the mucus and on the etfective 
movement of the cilia, which bcal about I ,000 Limes per 
minute, moving the superficial gel layer and the debris 
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trapped therein at a speed of abm1t 3 to 25 mm/minute. 
\'iral or bacterial infections as \Vell as al1ergic inflarruua
tion have been shown to heavily decrease or abrogate 
mucociliary clearance (644) When airborne allergen par
ticles aJe inhaled through the nose, the majority of pa.~ti
cles larger than 5 mm in size are deposited on the surtace 
of the nasal mucosa and then transported from the nose to 
the pharynx within 15 to 30 minutes. During this process, 
particles do not appear to penetrate directly into the nasal 
mucosa due to their large size. However, water-soluble 
antigenic substances are eluted from the particles and may 
be absorbed quickly by the nasal mucosa. 

4-1-2- Nasal microvasculature 

The microvasculature of the nose consists of (645) 
(Figme 3): 

FIGURE 3: Nasal vasculature , 

a dense subepithelial network of capillaries, with fen
estrations between the endothelial cells. This network 
provides mmients ro the epithelium and glands and 
allows passage of water into the lumen for evaporation 
and air-conditioning. 
ancriovcnm1s anastomoses which allow rapid passage 
of blood through the mucosa. They are probably 
important in air-conditioning and in the counter cur
Jcnl mechanisms thaL Lend to keep the brain cool in a 
hot dty climate. The anatomical interrelationships 
between these different systems are not well under
stood, nor is their differential control in terms ofmedi
amr and nerve actions . 
a system or capacitance vessels or sinuses which, 
when Lhey distend, block the naslll lumen, and when 
they empty, open the nasal passages. Changes in their 
volume will affect the filtcriLlg and air-conditioning 
flmctions of the nose. The a.~·teties are stmounded by a 
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smooth muscle layer that controls blood supply into 
the venous sinusoids, also referred to as capacitance 
vessels. With these elements, the nasal mucosa can 
shrink or expand rapidly by changing the blood vol
ume in response to neural, mechanical, thermal or 
chemical stimuli. The high degree ofvascularisation is 
one of the key features of the nasal mucosa and 
cllanges in vasculature may lead to severe nasal 
obstn1ction (646). Changes in the blood content of 
these strucrures also regulate the !Tee lumen of the two 

nasal cavities. In most individuals under normal con
ditions, this results in a rhythmic alternating conges
tion and decongestion of the mucosa, referred to as the 
nasal cycle (647, 648). 

4-1-3- Mucous glands 

"Nasal fluid is a heterogeneous substance. Fluid accu
mulated in the nasal cavity can be produced by the nasal 
mucous membrane, derived from the eyes or from the 
paranasal sinuses In normal subjects, it consists largely 
of a sccrctmy product derived from the small seromu
cous glands (649). Secretory products from glands and 
goblet cells arc of importance for the composition of 
fluid on the mucosal surface. Furthermore, water and 
electrolyte transport over the surface epithelium and 
glanduhu ducts arc also significant. 

4-1-3-1- Goblet cells and mucous glands 
The density of goblet cells in the nose and in the large 

ai.J.ways is approximately I O,OOO/mm2 (650). The number 
of goblet cells and mucous glands does not appear to 
increase in chronic rhinitis (65 I -653). 

Anterior serous glands consist of 200 purely serous 
glands located to the entrance of the nose, the internal 
ostium. Their contribution to the total amount of rhinor
rhea is unknown. 

Small seromucous glands are present in the submu
cosa of the nasal mucosa (650). Aftc1 birth, the density of 
nasal glands decreases constantly. At birth, the number of 
glands in the nose reaches a maximum of 34 
glands/mm2, while there are 8.3 glands!mm2 in the adult 
nose. These di!Terences may explain why rhinorrhea is 
common in infants and children. There arc only ~light 
differences in gland density within different parts of the 
nose. The total number of glands in the nose is approxi
mately 100,000. 

Normal paranasal sinuses have very few glands (50-
I 00 gl~nds in each sinus), while pathologically 
inflanuned sinus mucosa contains newly developed and 
pathological glands which are purely mucous (650). 
Therefore, sinus secretions, derived from mucous cle
ments in glands and surface epithelium, consist of high
ly viscoelastic mucus. This does not contribute to watery 
rhinoJThea but to post-nasal drip. 

4-1-3-2- Sources of nasal tluill in rhinorrhea 
In rhinitis, hypersecretion from nasal glands is of para

mount importance. However, an active secretory process 
in the nose appears to be the main cause of watery rhi
norrhea (654 ). Moreover, there is an enham:ement in 
mucus discharge from the inferior 111rbinate goblet cells 
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of patients with perennial allergic rhinitis, attributed to a 
non-hyperplastic increase of nasal goblet cell functional 
activity ( 655 ). 

Plasma exudation is a sign of inflammation and it has 
been proposed that plasma exudation contributes signifi
cantly to the volume of nasal surface fluid (656). 

A normal production of nasal secretions can be asso
ciated with nose blowing when the mucociliary transport 
system does not work at all. This is the case in primary 
ciliary dyskinesia (1>57) and when its function is reduced. 

4-1-3-3- Conti'OI of the secretory process 
The airway glands are controlled by the para~ympathet

ic nervous system. Stimulation of sensory ne1ves, e.g. by 
cold air or by histamine, initiates a reflex arc, which results 
in the stimulation of glandular cholinoceptors. Conse
quently, the effect of anticholinergics can be used as a 
measure of the contribution of parasympathetically stimu
lated glandular secretion to the volume of nasal fluid. 

4-1-4- Cells of the nose 

The structure of the nasal mucosa of normal subjects 
has been widely studied. It has been found that there are 
many different t:cll types present including CD I+ 
Langerhans-like cells, mast cells, CD4+ T-cells, B-cells, 
macrophages and some eosinophils (658-662) 

Secretory immunity is central in primary defence of lhc 
nasal mucosa. B-cells involved in this local inm1llne sys
tem are initially stimulated in mucosa-associated lym
phoid tissue, including tonsils and adenoids. They then 
migrate to secretory effector sites where they become 
immunoglobulin (lg)-producing plasma cells (66:\). Local
ly produced secretory JgA (a d.imeric immunoglobulin 
with an incorporated secretory component and J chain to 
facilitate external transport), as well as IgG and to a lesser 
extent pentameric IgM and IgD form the humoral defence 
of the nasal mucosa. Plasma cells can be seen in the nasal 
mucosa of patients with allergic rltinitis (664). 

4-1-5- Nerves of the nose 

The nerves present in nasal mucosa have been charac
terised and include cholinergic nerves and nerves of the 
non-adrenergic, non-cholincrgit: ~ystem (NANC). Senso
ry C fibres from the trigeminal ganglion contain sub
stance P (SP), neurokinin A and K (NK) and calcitonin 
gene-related peptide (CGRP). These are contained with
in nerve endings around the sphenopalatine ganglion 
cells and around blood vessels as well as beneath or with
in the epithelium. Pre-ganglionic cholinergic fibres 
synapse in the sphenopalatine ganglion, and activated 
nicotinic receptors in post-ganglionic chulin~rgic neu
rons also contain vasoactive intestinal peptide (VIP). 
Some post-ganglionic sympathetic adrenergic neurons 
innervating arteries also contain neuropeptide Y (NPY). 
The neurons arO\md sinusoid contain an adrenergic 
innervating peptide (NPY) (665-674). 

Neuropeptides have various bioactivities: 
• Neurotransntitters and neuropeptides released within 

the autonomic nervous system exert. homeostatic con
trol of nasal secretion. 
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Parasympathetic nerve stimulation induces glandular 
secretion, which is blocked by atropine and causes 
vasodilatation. These effects are used for testing nasal 
reactivity with methacholine, a cholinomimetic agent. 
Sympathetic nc:rve stimulation causes vasoconstric
tion and thus decreases nasal airway resistance. 

Peptides fi-om sensory nerves, such as calcitonin gene 
related peptide (CGRP), substance P and neurokinin A, 
are suspected to play a role, both in normal subjects and 
allergic patients, in vasodilatation, plasma extravasation, 
neurogenic inflammation and in mast-cell nerve interac
tions (675, 676) . However, the nasal reaction to neu
ropeptides is still controversial (677). 
• Substance P and gastrin releasing peptide (CGRP) 

may induce glandular secretion (672, 67g-682), but 
intranasal provocation need~ high dosages of exoge
nous peptidcs to provoke positive responses. 

• lntranasal Substance P did not induce hypersecretion 
(683) or any other symptom (684). 

• lntranasal Substance P and Neurokinin A increased 
nasal aiJWay resistance without a clear dose-response
relationship (685). 

• Eosinophil recruitment also requires a very high dose of 
Substance P compared to the amount released locally 
(686). 
lntranasal CGRP did not induce hypersecretion (683). 

• On the other hand, intranasal application of NPY 
evoked a dose-dependent reduction of nasal mucosal 
blood tlow (687) and probably functions as a long-act
ing vasoconstrictor (688). 

• Bombesin was found to stimulate human nasal 
mucous and serous cell secretion in vivo (689). 

• Cholinergic effects are primarily responsible for medi
ating parasympathetic reflexes, but vasoactive intesti
nal peptide may regulate acetylcholine release, aug
ment glandular secretory responses and have a 
vasodilatmy effect (690). 

4-2- CELLS, MEDIATORS, CYTOKINES, 
CHEMOKINES AND ADHESION MOLECULES 
OF NASAL INFLAMMATION 

4-2-1- Cells 
Using immunohistochemist1y, it was shown in the late 

1980s that not only eosinophlls and metachromatic cells but 
also JgE-posiLive cells migrale into the nasal epithelium. 
Compared to the status outside season, they are then 
redistributed towards the epithelial surface due to seasonal 
allergen exposw-c. Later, iL was also found that mac.;rophages 
and monocyte-like cells invade the mucosa after artificial, 
seasonal and perennial allergen exposure The same phe
nomenon is observed for Langerhans cells representing 
strong antigen presenters to the local immune system. Fur
thermore, a subset ofT-cells, aclivated T helper cells, were 
shown to increase in number or at least increase in activity 
within the mucosa under natural allergen exposure. 

4-2-1-1- Mast cells 
Since the discovery of the granule laden mast cell 
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(Mastzellen) in 1879 by Paul Ehrlich and the description 
by Riley el a!. (691) about the presence of the preformed 
mediators, histamine, in the mast cell, much has been 
learnt about its biochemical characteristics and function
al properties. In 1966, Enerback first classified mast cells 
(in rats) based on the morphology, size and density of 
granules as well a~ on their staining properties (692). 
Subsequently, Irani eta/. classified human mast cells into 
two phenotypically distinct subpopulations. These were 
based on the type of neutral proteases they express, 
namely MC(T) that contain only tryptase and MC(TC) 
that contain chyma~e, cathepsin G and carboxypeptidase 
in addition to ttyptase (693). 

Mast cells are derived from CD34+ hematopoietic 
progenitor cells (694, 695), which migrate to and mature 
in the peripheral tissues (696). Interactions between the 
tyrosine kinase receptor c-kit expressed on the surface of 
mast cells and their precursors and the c-kit ligand, stem 
cell factor (SCF), are essential for normal mast cell 
development and survival (697). Stem cell factor is 
expressed on the plasma membrane of a variety of struc
hrral cells like fibroblasts and vascular endothelial cells. 
The extracellular domain of SCF can be released from 
these cells by proteolytic cleavage (698). In fact, CD34+ 
c-kit-tlyptase-lgE-cells (presumably progenitor cells) 
were detected in the surface compartment of allergic 
nasal mucosa (699, 700). 

When activated by an lgE-dependent or independent 
mechanism, mast cells release: 
• histamine and granule proteins such as tryptase, by 

degranulation, 
• arachidonic acid metabolites including CysLT by acti

vation of membrane phospholipids 
• cytokines. These are present in mast cells as pre

formed mediators. When mast cells are activated via 
the high affinity lgE receptor (FcERI), a release ofsev
cml cytokines has been observed. This release is faster 
than that ofT-cells in which cytokines are not pre
formed. These include Th2 cytokines such as IL-4, IL-
5 and IL-13 (701-703) and pro-inflammatory 
cytokines such as lL-6, IL-8, IL-10 and TNF-a (704, 
705). Masl cells were also shown to release cylokincs 
and chemokines such as GM-CSF, MCP-l, lC-8 
RANTES, MIP-Ia and CC-chemokines. Mast cells 
also possess CCR-3 receptors and are responsive to 
MCP-3, MCP-4, RANTES and eotaxins. There is 
some heterogeneity in the cytokine expression 
between subsets of mast cells: MC(T) mast cells pref
erentially express IL-5, 6 and 7, whereas MC(TC) 
mast cells preferentially express lL-4 (706, 707). The 
release ofTh2 cytokines by mast cells may be of great 
importance in the regulation of the lgE immune 
response. It has been shown that nasal mast cells can 
induce the synthesis of lgE (707) (Figure 4 ). 
Masl cells were recently shown as being senlinels of 

itmate in11mmity (708). 
In the nasal mucosa of patients with allergic rhinitis, 

there is a significant increase in the numbers of intracp
ithelial MC (T) mast cells (700). Morphologically, mast 
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FIGURE 4: The role of mast cells in rhinitis. EOS, Eosinophils; 
MP, macrophages; Ly, lymphocytes, 

cells in the nasal epithelium and superficial lamina pro
pria resemble MC(T) ami those in the deep lamina pro
pria resemble MC(TC) (709). Several studies have 
shown that na~al ma~t cells are activated in rhinitis (641, 
710). Several mast cell derived mediators like histamine 
(642), PGD2 (642, 711), CysLT (712) and tryptase (713) 
can be detected in nasal secretions afier allergen chal
lenge and during the season in pollen-induced rhinitis . 
Nasal mast cells recovered from patients with allergic 
rhinitis can release IL-4, IL-6 and IL-13 when stimulat
ed by nlite allergen (707, 7J 4 ). 

Recently, it has been shown that mast cells in the aller
gic nasal mucosa exhibit increased expression ofVLA-4 
and VLA-5 (7 1 5) Mast cell extra cellular matrix interac
tions increase cytokine secretion from these cells (7lti) , 
Such a mechanism may corJU'ibute to the enhancement of 
mast cell activation, especially when the levels ofatlligell 
in the microenvironment are rather low. 

Thus, mast cells are not only effector cells of the 
immediate-phase response. They also act as immunoreg
ulatoJy cells of the late-phase allergic reaction as well as 
of the on-going allergic inflammation via the mast cell 
cytokine cascade (71 i, 718 ). 

4-2-1-2- Basopb its 
Like other granulocytes, basophils are derived ti·om 

pluripotent CD34+ hematopoietic progenitor cells. They 
ordinarily differentiate and mantre in the bone mmTow 
and then circulate in the blood (694, 71 9). lnterleukin 3 
(IL-3) appears to be an important developmental factor 
for basophils, although other growth factors may also 
influence basophil development (720). The basophil is 
the least common blood gramtloeyte in humans, with a 
prevalence of approximately 0.5% of total leukocytes 
and 0.3% of nucleated marrow ~dis. While human 
basophils appear to exhibit kinetics of production and 
peripheral circu I at ion similar to those of eosinophils, the 
basophil, unlike the eosinophil, does not nonnally occur 
in peripheral tissues in significant numbers (717). 
Basophils can infiltrate sites of many immunological or 
inflammatory processes, often in association with 
eosi nophils (72 1 ). 

Basophils arc not normally detected in the nasal 
nmcosa or surface lining fluid. Basophilic granulocytes 
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have been demonstrated in the lung and sputum of aller
gic asthmatics, in the nasal mucosa and secretion of aller
gic rhinitis patients and in skin lesions of atopic dermati
tis patients. The number of basophils conelates with the 
severity of the disease (722). Analyses of mediator pro
files and cellular contents oflavages of the nose, skin and 
lung during allergic late-phase reactions (LPR) have 
demonstrated histamine, but not tryptase or PGD2. The 
histamine-containing cells have been characterised as 
basophilic granulocytes (723). This indicates that infil
trating basophils are activated and release their intlam
matory content~ in the LPR. 

Although the ability ofb~sophils to pwduce cytokines 
has been less extensively studied than m~st cell cytokine 
production, several reports have demonstrated that 
manu·e human basopl1ils isolated from peripheral blood 
can release IL-4 and IL-13 in response to FcERI-depen
dcnt activation (724, 725). This release can be enhanced 
in basophils exposed to IL-3 but not to certain other 
cytokines (726). Basophils may also participate in the 
Th2-type immune response. As they can be activated 
rapidly after allergen challenge, it has been postulated 
that they may have a pronlincnt c!Tccl in the early regu
lation of the IgE immune response (727)_ 

4-2-1-3- Eosinophils 
Eosinophils were described by Paul Ehrlich in 1879 

based on their specific staining behaviour Over the fol
lowing decades, they rapidly became associated with 
asthma, cutaneous and pm·asitic diseases as bystander 
cells. However, today, their pro-int1amrnatmy functions 
and their important role in chronic allergic diseases are 
clearly recognised (728), turning them into major targets 
for basic and therapeutic resear~h . They may howeve1 
possess some anti-fibrosis effects (Figure 5). 
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FIGURE 6: The role of eosinophils in rhinitis. ECP, Eosinophil 
cationic protein; MBP. major basic protein . 

Eosinophils derive from the bone marrow from a pro
genitor cell (CD34+) that may develop into either 
eosinophils or basophils (729) Eosinophil progenitors can 
be found in the nasal mucosa in seasonal allergic rhinitis 
(730) and in nasal polyps (731). Eotaxin appears to be crit
ical for the maturation and release of eosinophils from the 
bone mauow. In the peripheral blood, where they repre
sent only a small li-action (about I 'Yo) compared to tissttes, 
cosinophils have a short half-life of about 8 to 18 hours. 
They migrate into tissue upon an appropriate signal by a 
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cells in the nasal epithelium and superficial {minim pm-
prt'n resemble MCt‘l'] and lilttttu in the deep (mama pro-
prirt resemble ML't'l‘C} (WU). Several studies have
shown that nasal mast cells are. activntcd in rhinitis (644,
7th). Several mast cell derived mediators likc histamine
(Still, not); (541. T] It. CysL'I‘ m 2) and tryptnse (7 I3)
can in; detected in nasal secretions after allergen chal—
lenge and during the season in pollen—induced rhinitis.
Nasal must calls reenveretl from patients with allergic
rhinitis can tclottse lL—4, lL—t‘i and iL—I3 when stimulat-
ed by mite allergen (Till, ‘I I 4).

Recently. it has been shown that mast cells in the alter—
gic nasal mucosa cxliihit incrcauied expression nl‘VIJt—tt
and VIAS t? l ‘3). Most call extra cellular matrix i uterine,
lions increase cytolrine secretion from these (malls lilo),
Such a n'tcclntnittnt may contribute to the enhancement ol‘
units! will tttilivtilititt. rtspttttittlly Will!” the involn ot'utttigctt
in the mierocnvironinent are rather low.

Thus, mast cells are not only effector cells ol‘ the
immediate-phase response. They also act as itntnitnorcg—
itltttoty cells of the lure-phase allergic reaction as well at;
ol" the on going allergic inllnrimtation via the mast cell
itytokitte caneadc (il‘r. 't'litl.

4-2-1-2- Itasnpltils
Like. other granulocytes, hasupltils are derived horn

plut‘ipttlont F0344 hemtittipoiotic progenitor cells. ThenI
ordinarily diffisreutiate and mature in the hone tttanow
:1an then circulate in the lilood [Mr-t, 't'l9). Interleukin 3
[IL-3) appottrs to he an important developtnta‘ltai factor
I‘or basophiis. although other growth factors may also
tnlluettec trustiplttl development (no). The hattnpltil t5
tlte lc‘dh‘l initiation blood granuloeyte in humans, with a
prevalence ofrtpproximtitely {15% of total leukocytes
ttntl 0.3% ol‘ nucleated marrow cells. While human

hasopltils appear to exhibit kinetics of production anti
peripheral circulation Ftll'l‘ililll' to those of cusinophilst? the
basaphiL unlike the cosinophil, does not normally occur
in peripheral tissues in significant numbers (TIT).
Bosophila can infiltrate silctt of many immunological or
inflammatory processes. ol'tett in association with
cosinophils (Till).

Battophilt; are not normally detected in the nasal
tttucosa or surface lining litiid. Bosophilie granulocytes
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have been dctt'tonstratcd in the lung and sputum of aller-
gic asthmatics, in the nasal mucosa and secretion ofaller-
gic rhinitis patients and in skin lesions ui‘atopic dermati-
tis patients. The number of basophils correlates with the
severity of the dismal: I722). Analyses of mediator pro-
tiles and cellular contenltt oilavages ol' the nose. skin and
lung during allergic late-phat: reactions {LPR} have
demonstrated histamine. but not tryptose or P602. The
histaminecontnining cells have been characterised as
hamphilic granulncytes (i231). This indicates: that infil—
trating basophila are activated and roloastc their inl'larn-
matory contents in the LPR.

Although the alriliry ol’hasnphils to produce cytokines
has been less extensively studied than mast cell cytoio'nc
production. several reports have demonstrated that
mttlun: human basopltils isolated from peripheral blood
can releate liar and I[.—l.l in response to Feeliitlepen-
dcnl activation 0'24. T25). This release can be enhanced
in basophils exposed to it. 3 but not to certain other
cytnkines (725i. Basophils may also particrpato in the
TILE type- immune response. As they can be activated
rapidly after allergen challenge, it has been postulated
that they may have a prominent clTect in the earlyr regu—
lation ol’ the [QE immune response (72'!)

4-2-1-3- Eosinophils
Eoztinophils were doacribod by Paul Ehrlich to ”<79

based on their specific strutting behaviour Over the Fol--
lowing decades‘ they rapidly became associated with
asthma, cutaneous and parasitic diseases as bystander
cells. However, today. their pro inflammatory fimc'o'ons
and their important role in chronic allergic dimming an:
clearly rocogniaetl (2’23), turning them into major target}:
tor Intuit: and therapeutic research. They may Itowovel
possess some antivfiht‘osts effects {Figure 5}.
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FIGURE— 5: The roll.- of oonlnophiis In rhlnitls. EEP. Eosinophil
cationic protein: MB}? malor basic Drolein.

Eoctltophjla derive from the bone marrow from a pro-
genitor cell l.t.‘D3*l| t that mayI dcvelop into either
eosittopltils or hasopltils {729} Eosihuphil progenitors can
ht: found in the nasal mucosa in seasonal allergic rhinitis
(73th and in nasal polyps (73 l) Eotaxin appears to be crit-
ical For the maturation ant! release of ctisinttphihr from the
bone manow. In the peripheral blood, where they repre-
sent only a small fraction [about I‘Vn] compared to tissues.
coainopltila have a short IInIF-lil'e. of ultont 8 to IR hours.
They migrate into titmte upon an appropriate signal by a
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mechanism involving cytokines, chemokines and adhesion 
molecules. IL-5 (732, 733) and GM-CSF act to enhance 
eosinophil recllJitment, terminal maturation and the 
expression of their adhesion molecules (734-736). 
Chcmokincs such as RANTES (737, 738) and eotaxin 
(739) also act OQ eosinophil recmitment to enhance their 
recruitment and possibly their activation. Within the tissue, 
eosinophils mature and stay alive for several days or even 
weeks. They are dependent on survival signals from the 
environment which overcome programmed cell death 
(apoptosis) (740, 741). The regulation of apoptosis by 
cytokines, surface receptors and intracellular signal path
ways is now better understood, opening new perspectives 
for the treatment of eosino-philic diseases (742). 

Mature eosinophils are easily recognisable by their hi
lobed nucleus and specific granules consisting of an elec
tron dense core and an electron lucent matrix (crystal
loid) conlaining: 
• major basic protein (MBP) (743), 
• eosinophil cationic protein (ECP) (744), 
• eosinophil-derived neurotoxin (EDN) (745), 
• eosinophil peroxidase 
• B-glucuronidusc. 

Furthermore, small granules contain enzymes includ
ing acid phosphatase ami arylsulfatasc B (746) which is 
able to inhibit CysLT. 

Jn ~ddition, eosinophils synthesise and release: 
• cytokines such as IL-3, IL-5, GM-CSF (747) and pro

intlammatory cytokines, 
• chemokines (R.ANTES, lL-8, MIP- I a) (748) and 

TGF-131 (involved in fibrosis), 
• lipid mediators (CysLT (749), PGEJ, TXB2 and 

PAF) (728), 
reactive oxygen intem1ediates, 

• and different enzymes, including Charcot-Leyden 
c1ystal proteins (750) and histaminase (751). 

Eosinophils express various membrane receptors for 
lgG, lgA and IgE (752-754), adhesion ligands (755) and 
soluble mediators such as cytokines and lipid mediators. 

During the Jaw-phase reaction following allergen chal
lenge, eosinophils increase in number (756, 757) and 
release mediators such as ECP or MBP (723). Eosinophils 
also increase in the nasal epithelium and submucosa of 
patients with seasonal (758) or peremual allergic rhinitis 
(661 ). In house dust miLe allergic paticnL~, cosinophils and 
their mediators are also found in nasal secretions, even 
when patients are symptom-free (9, 759). Eosinophils also 
increase in the nasal secretions of patienls with NARES 
(83). Intranasal glucocorticosteroids profoundly reduce 
nasal eosinophilic inflammation (760). 

Once activated, products from eosinophils increase 
vascular pem1eability and mucus secretion. Eosinophils 
may also be deleterious in rhinitis by the release of high
ly toxic products (MBP, ECP, EDN and oxygen free radi
cals) which induce an alteration of the surface epithelitlm. 

4-2-1-4- T-lymphocytes 
T-lymphocytes are among the principal factors that 
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regulate and co-ordinate immune responses in allergic 
diseases. Al though a strict dichotomy is not as clear as in 
the murine system (761-764), two helper T-cell subsets 
have been identified in humans (203, 765): 
• Thl T-cells which mainly release IFN-y and IL-2 and 

are involved in the delayed hypersensitivity immune 
reactions, 

• 1lt2 T -{;ells, which mainly release JL-4 and IL-5 and are 
involved in lgE-med.iated allergic inflammation (Figure 6). 

FIGURE 6: The role of Th2 lymphocytes in rh initis. 

An imbalance ofThl and Th2 cells has been proposed 
in various diseases. In atopy, Th2 cells are thought to pre
dominate regulating lgE synlhesis and cell recruilmcnt at 
the sites of inflanm1ation. T-ee!! differentiation, activation 
and cytokine production is determined by several factors 
(766) including cytokines (767), growth factors (768), 
inflanm1atory mediators (769) and hormones (770). 

TI1ere is growing evidence that Th J and Th2 subsets 
can be differentially recmited into tissues to pmmote dif
ferent types of inflammatory reaction (771 ). Thl but not 
Th2 cells are recmited through P and E seleetin into 
inflamed tissues, where they induce delayed-type hyper
sensitivity reactions. The human eotaxin-receptor CCR3, 
originally described on eosinophils and basophils, was 
also found on Th2 cells. The attraction of Th2 cells by 
eo tax in could represent a key mechanism in allergic reac
tions because it promotes the allergen-driven production 
of IL-4 and IL-5 necessary to activate basophils and 
cosinophils (772). Other chcmokines arc importanL in the 
recruitment ofThl and Th2 cells (773). 

Mucosal inflammation in allergic rhinitis is charac
terised by the tissue infiltration ofT-lymphocytes (CD4+ 
T-cells and CD25+ (activated) T-cells) both in the strb
mucosa and the epithelium (756, 774). There is a signif
icant correlation between the increase in CD4+ T-cells 
during the late-phase allergic reaction following an aller
gen challenge and the number of infiltrating cosinophils 
in the mucosa (756). This is associated with an increased 
expression ofiL-3, IL-4, IL-5, GM-CSF at mRNA levels 
in the nasal mucosa (757). In perennial rhinitis, there is 
an increase in CD4+ T memoty cells, CD4+ T cells and 
B-cells in the nasal mucosa (774). This is associated with 
an increase in the number ofiL-4, IL-5 and IL-13 posi
tive cells suggesting a Th2 pattern (775-777). Moreover, 
then: is an increase in intra-cpilhclial y/oT-cells in peren
nial allergic patients (774, 778). -y/oT-cells are of impor-
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lance as they are able to regulate allergic immune 
responses through their capacity to induce lgE synthesis 
by 8-cells (779-782). 

4-2-1-5- B-lymphoeytcs 
ln the bone marrow, 8-cells mature in close associa

tion with stromal cells (783) which interact by direct con
tact or via cytokines to induce differentiation (784). Most 
of the progenitors, precursors and immature cells will die 
within the bone mruTow. However, after screening for 
auto reactivity, some B-cells will complete their matura
tion and express not only IgM but also lgD (mature vir
gin 8-cells) (785). These mature cells will then migrate 
to seconda1y lymphoid tissues (spleen, tonsils and lymph 
nodes) and form part of a re-circulating lymphocyte pool. 
There, in the T-cell zones, they are activated by T-cells 
after contact with antigen-presenting cells (APC). They 
enter the lymphoid follicle to prol iferate and establish a 
germinal centre. Within the light zone of the gcmlinal 
centre, 8 -cells undergo a selection process based on the 
aftlnity of the antibodies synthesised and controlled by 
follicular dendritic cells. These cells arc capable of 
retaining antigen-antibody complexes for prolonged 
periods of Lime. This allinity maturation process results 
in isotype switching, the production of highly efficient 
antibody-secreting plasma cells and the development of 
memory 8-ccll~. 

8 -cells can be found in the epithelium and the lamina 
propria of the nasal mucosa (786). In the nasal mucosa of 
patients with perennial allergic rhinitis, 8-cells comprise 
about 20% of the total lymphocyte population (774) 
Recent sn1dies have shown that in seasonal allergic 
rhinitics, 8-cells can undergo class switch to JgE locally 
in the nasal mucosa (787). Nasal CD23+ B-cells decrease 
in allergic patients during provocation, indicating that 
mature virgin CD23+ 8-cells switch into a memmy 8 -cell 
phenotype with loss of CD23 expression (788). 

4-2-1-6- Macrophages and dendritic cells 
Allergic reactions occur in a mucosal environment that 

is rich in both dendritic cells and macrophages. Howev
er, there arc significant di fferenccs between the lower 
and upper airways: alveolar macrophages form more 
than 90 % of the cell population in bronchial alveolar 
lavage (789), but airway macrophages on the nasal 
epithelial surface account tor just I to 2 % of the cells 
(790). The number of nasal macro phages increases after 
non-specific stimulation of the mucosa such as lavage or 
brushing (790, 791 ). However, in seasonal and pcn:nnial 
allergic rhinitis, a significant increase in macrophages 
has also been found in the nose (790). 

Langerhans cells represent an important group of den
dritic cells in the nose, characterised by the expression of 
CD I and Birbeck granules (792). These cells increase 
after allergen challenge (791) or in patients with allergic 
rhinitis (658, 793 ). 

Antigen presentation is a critical first step in the T-cell 
activation process. In the primary immune respo11se, den
dritic cells in the respiratory tract form a tightly meshed 
network at the epithelial surface and arc the principal 
antigen presenting cells (APC). In the secondary 
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response, any cell expressing surface Major Histocom
patibility Complex (MIIC) class II may serve in this 
function. 

4-2-1-6-1- Macrophages 
The mononuclear phagocyte system consists of a 

migratory, specialised family of cells derived from 
haemotopoietic precursors that circulate in blood as 
monocytes and are widely distributed as macrophages in 
tissues and body lluids. Mononuclear phagocytes have 
always been the ~cavenger cells of the hody (794). 
Althot1gh this traditional role remains critical, these cells 
have a much wider func tion in biology and pathology. By 
virtue of their specialised plasma membrane receptors 
and versatile biosynthetic and secretory responses, 
macrophages play a major role in inflammation (795, 
796) and repair (797). Macrophages are capable of 
secreting growth factors and cytokines such as ll- 1, 
TNF-u, TGF-13, PDGF and interferons, depending on 
their state of manuation and elicit immune modulatory 
functions. lt has long been known that macroplwge func
tion 1s controlled by activated T-cclls (798). 
Macrophages also have a role in specific immunity by 
their accessory cell function. However, compared to den
dritic cells, macrophages do not function efficiently as 
APC forT-cells (799) 

4-2-1-6-2- Dendritic cells 
Dendritic cells are a highly potent 1\PC-population. 

They specialise in the presentation of antigen to naive T
cells and deliver antigen specific activating signals to T
memory cells (800-802). For the interaction between 
dendritic cells and T-cells, with the T-cell receptor recog
nising an antigen associated with an MHC-molecule, co
stimulatory signals such as CD28 and 137 or CD40 ligand 
and CD40 are necessa1-y (801 ). Resting Langerhans cells 
are well equipped for antigen binding and processing, but 
require maturation in order to efficiently stimulate rest
ing T-cclls. There is recent evidence that antigen presen
tation by airway dendritic cells leads to the preferential 
development of a Th2 response, possibly by the selective 
production of cytokincs (803 ). 

Dendritic cells form a network of APC in the human 
respiralory mucosa. The density or dendritic cells is al its 
highest in the epithelial surface of the upper airways and 
decreases in the peripheral bronchi (799, 804). 

The airways are continuously bombarded by 
pathogens, allergen.s and other irritants. Aitway mucosal 
dendritic cells play an important role in the primary sen
sitisation or tolerance to antigens (805). 

AiLWay dendritic cells are also essential for presenting 
inhaled allergen to previously primed Th2-cclls (805, 
806). Further sn1dies have to clarify, however, whether the 
maturation of Langerhans cells takes place within the 
nasal mucosa or is dependent on the migration of these 
cells to mucosa associated lymphoid tissue. The depletion 
of dendritic cells in animals leads to an almost complete 
suppression of eosinophilic airway inflammation (807). 

Glucoconicosteroicts are the most efTective treatment 
[or reducing dendritic cell numbers and funclions (808). 
Such an effect has been found in the nasal mucosa (760, 
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809) whereas these drugs are ineffective on the number 
of macrophages. 

4-2-1-7- Epithelial cells 
The nasal epithelium forms an interface between inter

nal and external environments acting as the first line of 
defence against invading organisms or inhalant allergens. 
For many years, epithelial cells were considered as barri
ers while being involved in the secretion of mucus or 
removal of foreign agents by their cilia. However, recent 
studies have shown that epithelial cells have a much 
wider range of activities including the release of 
eicosanoids, endopeptidases, cytokines and chemokines 
(810-812). They are also involved in the degradation of 
neuropeptides and fibronectin release (812, 813 ). Epithe
lial cells in allergic individuals (asthmatics and rhinitics) 
are in an activated state, as shown by: 
• the increased expression of adhesion molecules like 

lCAM-1 andVCAM-1 (814-819), 
• the increased expression and production of inflamma

tory mediators like lL-6, lL-8, GM-CSF and TNF-a 
thus contributing to the enhancement of allergic 
inflammation (820-824 ). 

• Furthe1morc, epithelial cells in atopic asthmatics and 
allergic rhinitics release significantly greater levels of 
eosinophil chemoattractants like RANTES (825) and 
cotaxin (826, 827), as well as growth factors (828, 
829) and metalloproteases (830)_ 

• Epithelial cells aTe also an important source of growth 
and of sw-vival factors like SCF for mast cells (831) 
and GM-CSF for eosinophils 
Tt. has also been shown that. epithelial cells in allergic 

individuals are more sensitive to air pollutants like diesel 
exhaust particles. This has been attribt1ted to the greater 
constitutive and pollutant induced release of pro-inflam
matory cytokines (622). 

Again, under normal conditions, it is difficult for aller
gens to penetrate the epithelial layer and come into con
tact with the effector cells (lymphocytes, macrophages 
and mast cells). However, in allergic individuals, there is 
an increased permeability of the epithelial layer. 

It has been shown that epithelial cells from asthmatics 
express FcERI and FcERII. Th~ activation of these recep
tors in asthmatic patients leads to the release of 
eicosanoids or pro-intlamrnatory mediators (832, 833). 
More recently, it has been shown that epithelial cells can 
directly interact with allergens resulting in the increased 
production of lL-6, lL-8, MCP-1 and GM-CSF (834). 
This interaction was considered to be protease dependent 
as well as protease independent. Moreover, epithelial cells 
can be activated by inllammalory mediators released from 
mast cell/ basophils like histamine (835-837), lL-4 (838) 
and lL-13, which can induce an increased production of 
cytokines and chemokincs in epithelial cells. Mucous 
secretion is regt1lated by cytokines such as lL-4 and IL-13 
(839, 840). Finally, a proportion of epithelial cells from 
allergic rhinitics express HLA-DR and CD86 and may 
also play a role in antigen presentation (824). Thus, the 
epithelial cell can participate in the genesis and develop
ment of allergic inflammation. 
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The infiltration of effector cells is crucial to the devel
opment of allergic diseases like asthma and allergic rhini
tis. Structural cells like endothelial cells appear to play a 
dual role in the pathogenesis of bronchial asthma and 
allergic rhinitis (816, 841). These cells pruticipate in the 
recruitment of leukocytes to the site of the allergic 
response by releasing neutrophil chemotactic fuctors and 
modulating leukocyte-adhesion molecules (842). An 
increased expression of TCA M-1 and VCA M-1 was 
reported 011nasal endothelial cells obtained in the nasal 
biopsies of patients with perennial allergic rhinitis as 
compared to non-atopic healthy volunteers (843). 
Endothelial cell VCAM-1 is over-expressed during the 
pollen season (844). Moreover, the expression ofVCAM-
1 in nasal tissues was related to the number of infiltrating 
eosinophils (845, 846) and T-cells (844). There is also 
increasing evidence that cytukincs like IL-l (84 7), lL-4 
(755, 848), IL-13 (849), TNF-a, IFN-y and chemokines 
such as eotaxin (850) and RANTES play a key role in 
enhancing the expression of these adhesion molecules. 

Cells from allergic patients increase endothelial cell 
aclivation lhmugh the release of cytukines and chemo
kines (85 I). Endothelial cells in a11ergic rhinitics and 
asthmatics are also an important source of several 
cytokincs and chemokines like RANTES and eotaxin 
(852). Moreover, like epithelial cells, endothelial cells 
also express the HI receptor, and stimulation with hista
mine induces the activation of these cells (853, 854 ). 

4-2-1-9- Fibroblasts 
Stmctural cells like fibroblasts play an important role 

in allergic inflammation through the production of an 
array of cytokines and chemokines such as GM-CSF 
(855), IL-8, RANTES (855-858) or eotaxin (859). They 
appear therefore to be essential for the recruitment of 
effector cells and for the growth and survival of mast 
cells and eosinophils (860, 861). Interaction with fibro
blasts results in the modulation of the proteoglycan con
tent in mast cells and in the preferential development of 
MCTC type mast cells. However, in rhinitis, the role of 
fibro-blasts is much less studied than in asthma where it 
seems to be a critical cell in airway inOammation (862). 

4-2-2- Pro-inflammatory mediators 

4-2-2-1- Histamine 
Histamine, a ubiquitous cell-to-cell messenger, was 

identified in 1910 by Dale and Laidlaw (863) and was 
recognised in the 1920s as a major mediator of allergic 
disorders such as rhinitis, asthma, urtica.tia and anaphylax
is. Histamine consists of a single heterocyclic ring (imida
zole) connected directly to the ethylamine group, the 
unsubstituted amino-terminal. The real mechanism of the 
action of histamine remained unknown until 1966 when 
the HI-histamine receptor was identified (864). Knowl
edge of the histaminergic system evolved with the later 
discovery of the H2-receptor (865), responsible for gasu·ic 
acid secretion, and the I-13 -receptor (866), apparently rep
resented mostly in the centml nervous system of humans. 

In the 1950s, Riley eta/. described the presence of his-
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tamine as a preformed mediator in the mast cell (691). 
Histamine is released upon activation by allergen after 
the IgE mediated activation of mast cells and basophils 
through FcERJ. However, histamine can also be released 
by non-specific triggers such as codeine. Histamine is 
quantitatively the major mediator released after immuno
logical challenge by mast cells and basophils. 

Histamine can mimic many symptoms of the nasal 
allergic reaction (rhinonhea, sneezing, pruritus and nasal 
obstruction (Rfi7-Rfi9)). However, the effects of hista
mine on nasal obstruction are not marked and require rel
atively high concentrations. The response is of short 
duration (870). Action on sensory nerves induces itching 
and sneezing (871 ), whereas the action of histamine on 
blood vessels, possibly by direct action on endothelial 
cells (872-874), causes vasodilatation, plasma exudation 
and edema fmmation. Histamine stimulates secretion by 
a direct action that increases plasma protein extravasa
tion and by an indirect reflex mechanism that stimulates 
glandular secretion (875-R77). Histamine increases glan
dular secretion in the ipsilatcml side by direct effect on 
mucous cells and vessels and in the ipsilateral and contra 
lateral sides through neural reflexes. (878). 

Histamine is probably the major mediator of the early
phase reaction following an allergen nasal challenge 
(642) but it is also important in the !ale-phase response 
(723). Basophils and mast cells release histamine dming 
the early-phase reaction (642) whereas basophils are 
considered to be the main source of histamine in the late
phase reaction (723). Increments of histamine have also 
been observed in seasonal and perennial allergic rhinitis 
in some (879) but not all studies (759, 880), possibly 
because of its 1apid metabolism Ul70, 881, 882) More
over, a few molecules of a given mediator released i11 situ 
may cause allergic symptoms without any release in the 
nasal secretions (883 ). 

Histamine also possesses pro-inflammatory and 
immunomodulatory properties (884, 885). It has been 
shown to cause a profound increase in the numbers of 
rolling leukocytes within minutes of cxposW"c to allergen 
(886, 887). The duration of adhesion of these cells to the 
endothelium was im:rcascd with histamine and was medi
ated by P-selectin. Histamine also increases the TNF-cx
induced expression of E-selectin, !CAM-I and LFA-1 on 
vascular endothelial cells (888). Moreover, histamine can 
increase the production of cytokines like IL-6 and IL-8 in 
endothelial cells (853 ). In fact, HI antihistamines can 
inhibit histamine-induced cytokine production or adhe
sion molecule expression in endothelial cells. Recent 
stutlit:s have shown that hisUJmine induces increased 
!CAM-I expression in nasal epithelial cells and this is 
inhibited by Ill antihistamines (817). Histamine directly 
uprcgulates ICAM-1 expression on bronchial and nasal 
epithelial cells and the production of key cytokines and 
chemokines from bronchial epithelial cells (835-837). 

In conclusion, histamine plays a key role in allergic 
reactions of the nose, not only through its etiects on sen
sory nerves, glands or vessels, but also through its pro
inflammatory effects. 
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FIGURE 7: Production of leukotrienes. PLA2, Phospholipase A2; 
5-LO, 5 lipoxygenase; FLAP, 5LO activating protein. 
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FIGURE 8: Cell origin of leukotrienes. RBC, Erythrocytes. 

4-2-2-2- Arachidonic acid metabolites 
Written in collahoralirm with C Chavis 
The arachidonic acid metabolic pathway leads to the 

forma Lion of compounds 11amed eicusanuids and includes 
prostanoids, hydroxyeicosatetraenoic acids (HETEs), 
leukotJienes (LTs) and lipoxins (LXs) (889). These pro
inflammatory mediators have potent e!Tects in rhinitis 
(890-892). 

Upon physiological stimulation, arachidonic acid is 
released from cell membrane phospholipids and submit
ted to oxidation (893) by: 
• enzymatic lipid peroxidation which leads to eicosanoids, 
• free radicals catalyscd by lipid pcroxidation which 

lead to iso-eicosanoids (894) (Figures 7 and 8). 

Eicosanoids are exttemely potent. They are able to 
cause profmmd physiological eJTects at very dilute con
centrations and act locally at the site of synthesis through 
receptor mediated G-protein (by paracrine (or even 
autocrine) effects). Two major and one minor pathways 
arc involvt:d in the enzymatic synth~;;sis of eicosanoids: 
• prostaglandins (PGs) and thromboxanes (TXs) occur

ring from the cyclic pathway by cyclooxygenases 
(COX), 

• HETEs, LTs and LXs from the linear pathway by 
lipoxygenases (LO). 

• Other epoxygenases belonging to the cytochrome 
P450 family. These lead to some I!ETEs and epoxy
eicosalelracnoic acids, the exact function of which 
remains to be demonstrated in airway diseases (895). 
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4-2-2-2- I- Cyclooxygenase pathways: Biosynthesis 
and biological properties of prostanoids 

Prostanoids belong to the family of eicosanoids gener
ated by the COX pathways. COXs are ubiquitous, hemi
nic proteins of the cytochrome b family, localised in 
reticulum endoplasmic and nucleus membranes (896). 
They cyclise arachidonic acid into the hydroendoperox
ide PGGz which is reduced into PGHz, the common pre
cursor ofprostanoids. PGHz metabolism leads to PGE2, 
PGD2, PGF2, PGTz and TXA2. There are two COX iso
torms (897, 898): 
• the constitutive COX I which regulates physiological 

activities and is inhibited by aspirin but not by dexa
methasone (899), 

• the inducible COX2 which is probably more related to 
inflammat01y states (900-902). However, in the nasal 
mucosa of normal subjects, there exists a small COX2 
expression (903). COX2 is rapidly induced by LPS, 
cytokines or growth factors and is inhibitable by dex
amethasone (904). 

Prostaglandins are divided into several groups PGD2 
is the predominant prostanuid released following mast 
cell degranulation. Nasal challenge with PGD2 induces a 
sustained nasal obstmction (905, 906) It appears that 
PGD2 is len times more potent than histamine (870). 
PGE2 and PGI2 induce vasodilatation and increased 
mucosal oedema (907). However, it has been suggested 
that PGE2 may have different effects in the bronchi and 
.in the nasal cavities. Whilst there is little dotlbt that 
PGE2 generally acts as a vasodilator, there have been 
reports that this mediator has vaso-constrictor effects in 
the nasal mucosa and for this reason it has been tested as 
a nasal decongestant (908). 

Prostaglandins (PGDz, PGE2, PGFza and 6-keto
PGF 1 0:) have been measured in the nasal secretions of 
normal subjects and patients with seasonal allergic rhini
tis (909-911). Concentrations of PGD2 were found to 
increase after allergen challenge (early but not late-phase 
reaction) and during seasonal allergic rhinitis (912). On 
the other hand, no significant differences were observed 
in concentrations of either PGFza or 6-ketu-PGF1a 
between control and allergic subjects (911 ). The blockage 
of prostaglandin release by NSAlD does not improve ocu
lar symptoms of allergic patients, suggesting that in these 
patients, prostaglandins alone may not play a major role 
in the mediation of symptoms (913). ln a nasal challenge 
study, Flurbiprofen was nearly as effective as chlorpheni
ramine in reducing the severity of induced rhinitis sug
gesting the role of prostaglandins (914). The combined 
blockage of histamine and COX products appears to 
improve symptom control in ragweed hay fever (915). 

In aspirin-intolerant patients with rhinitis, studies of 
eicosanoid biosynthesis in the nose have stirred consid
erable imeresL (31). Recent data indicate that COX-2 
mRNA expression is down regulated in the nasal polyps 
of patients with aspirin-intolerant rhinitis/asthma (916). 
ln keeping with these findings, it has been reported that 
cultured epithelial cells obtained from patients with 
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aspirin-intolerant asthma produce less PGE2 than those 
cultured from rhinitis patients who tolerate aspirin (917). 
Whether these abnormalities are linked to distinct 
changes in bronchial COX function in aspirin-induced 
asthma (918) or to enhanced LTC4 synthase over-expres
sion (9 I 9, 920) deserves further investigation. 

4-2-2-2-2- Lipoxygenase pathways: Biosynthesis and 
biological properties of leukotrienes 

LeukotJ.ienes belong to the tinnily of eicosanoids gener
ated hy the LO pathways. lipoxygenases are dioxygena~e<>, 
which incorporate one molecule of oxygen at a certain posi
tion of unsaturated fatty acids such as arachidonic. Arachi
donate 5-LO is responsible for leukotriene synthesis (921 ). 
This mechanism differs from radical lipid peroxidation in 
that singlet oxygen attacks both sides of the molecular plan 
and leads to a racemic mixture (922). Among essential 
polyunsaturated fatty acids (PUFA), eicosatetraenoic acid or 
amchidonic acid presents three activated methylene groups 
(on the carbons in positions 7, 10 and 13). It is thus a privi
leged target for LO after it is released from membrane phos
pholipids by phospholipase A2 (PLA2). Three mammalian 
lipoxygenases have been purified, cloned and expressed. 
They are diJTerentiated by a number which corresponds to 
that of the carbon atom where oxygen attacks preferential
ly: 5, 12 and 15. Lipoxygenases are cytosolic, calcium
dependent and tmnslocablc to nuclear membrdl1es afrcr acti
vation. Four types of M metabolites are biosynthesised. 
The steps of the LO pathways are: 
• Mono hydroxye.icosatetraenoic acids (HETEs): the ini

tial oxygenation of arachidonic acid, catalysed by the 
action of one LO, leads to the formation ofhydroperoxy
eicosatetraenoic acids (HPETEs). These highly reactive 
and short-lived intermediates are converted to HETEs 
by cellular peroxidases, such as glutathione peroxides. 
The tlu·ee most important HETEs are 5,12 and 15-
HETE generated by 5, 12 and 15-LO respectively. 

• Di-hydroxyeicosatetracnoic acids (di-HETEs): two 
successive oxygenation steps by 2 different LO lead to 
the generation of di-HETEs. The most common deriv
atives arc S(S), 15(S)-diHETE (unknown physiological 
role) and 14(R),l5(S)-diHETE reported to show the 
same activity a~ PGE2 on natural cell killer toxicity. 
Leukotrienes (LTs): LTB4 and LTC4 are generated 
following 2 successive steps from the same bi-func
tional LO (923). LTD4 and LTE4 are the metabo
lites generated by g-glutamyl transpeptidase and 
dipeptidase actions on LTC4. 
Lipoxins (LXs): LXA4 and LXB4 are generated by 
the interaction of 2 different LO. At least one of 
these is bi-functional. 

In the eiwsanoid nomenclature, number 4 indicates 
that the eicosanoids come from AA metabolism and have 
kept the 4 double bonds of their precursor. 

LO enzymes are involved in inflammatory process blll 
the most important in allergic rhinitis and asthma are 5-
LO and 15-LO. 5-LO has been cloned (924). In many 
cells, particularly macrophagcs, bluou monocytes and 
granulocytes, 5-LO translocation is dependent on an 18 
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kDa membrane protein named "five lipoxygenase acti
vating protein" (FLAP) (925). In activated leukocytes, 5-
LO and FLAP have been localised in nuclear envelop and 
endoplasmic reticulum, but neither in other cell compart
ments nor in plasma membrane. 

The LT and LX biosyntheses are described in Figure 7. 
Firstly, 5-LO catalyses arachidonic acid oxidation on the 
carbon atom in position 5 and leads to 5-HPETE. Second
ly, 5-LO transforms 5-HPETE into the intermediate epox
ide lTA4. F.nrymatic opening hy LTA4 hydrola~e lead~ to 
LTB4 whereas glutathione conjugation leads to LTC4 
(926). LTC4 may be metabolised by the elimination of glu
tamic residue to LTD4 and then to LTE4 by the elimination 
of glycine. The LTs from the glutathione conjugation, also 
named sulfido-peptide or cysteinyl leukotrienes (CysLT), 
are the constituents of the unknown lipid material charac
terised in early investigations of mechanisms of asthma as 
"slow n:a~.:Ling substance of anaphylaxis" (SRS-A) They 
play an essential role in asthma and rhinitis. Generally, LTs 
are synthesised inside a determined cell type and relea~ed 
in the extracellular medium. However, in the pc1iphcral cir
culation, LTC4 may be synthesised by cellular cooperation 
between neulrophils and platelets: LTA4 released by ncu
trophils from the 5-LO pathway is taken by platelets which 
lack 5-LO but have LTC4 synthase enzymes. 

Several physiological properties of the eicosanoids 
from the 5-LO pathway have been observed: 

CysLTs induce vascular penneability and oedema in 
the nose and bronchi and bronchial obstruction by 
contraction of the airway smooth muscle, vasodilata
tion and mucous production (927, 928). 

• CysLTs are involved in eosinophil recruitment in the 
airways (929). 

• CysLTs are probably important mediators i11 allergic 
rhinitis (930). 

• LTB4 induces the recmitment of neutrophils. 
• ln contrast, anti-inflammatory properties are conceded 

to LXA4, and LX presence in asthma has suggested 
their impact in cell regulation (931 ). 

CysLTs are released in nasal lavage fluid obtained during 
the early and late-phase reactions aflcr allergen challenge 
(712, 932, 933) and in seasonal (934) and perenni<~l rhinitis 
(759). LTB4 was found to be released in nasal secretions 
<~fter allergen challenge but little is known about this medi
ator in se<~sonal or perennial allergic rhinitis (932, 934). 

4-2-2-2-3- Leukotriene receptors 
The <~ctions ofLTB4, LTC4, LTD4 and LTE4 on target 

cells are mediated through specific receptors. The eDNA 
for LTB4 receptor was cloned from a guinea-pig leuco
cyte eDNA library (935). Phaml<lcologic<~l studies have 
determined that cysteinyl leukotrienes activate at least 
two receptors, designated CysLT(I) and CysLT(2). The 
CysLT receptor was recently cloned (936, 937). Both 
zafirlukast and montelukasl have affinities that are 
approximately two times greater than that of the natural 
ligand LTD4. The CysLT(l) receptor has been found in 
human <~i!Ways . The CysLT(2) receptor, however, has not 
yet been found in human ailway smooth muscle. 
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4-2-2-2-4- Aspirin-induced asthma and rhinitis 
Attacks of sneezing, rhinorrhea and nasal blockage 

that appear within 20-120 minutes after aspirin ingestion, 
and are often followed by bronchoconstriction, are relat
ed to the inhibition of COX in the airways (938). Origi
nal observations (635, 939) that drug intolerance can be 
predicted on the basis of its in vitro inhibition COX have 
since been consistently reaffirmed (940, 941 ). After 
aspirin desensitisation, cross-desensitisation to other 
NSAIDs which inhibit COX also occurs. 

At the baseline, CysLT minary excretion is augment
ed and aspirin administration leads to its further tempo
rary increase. After aspirin challenge, CysLTs are 
released into nasal and bronchial secretions and can be 
collected in the urine (918). LTC4 synthase, the te1minal 
enzyme for CysLT production, is markedly over 
expressed in eosinophils and mast cells from bronchial 
biopsy specimens of most patients with aspirin-induced 
asthma (919). An allelic variant of LTC4 synthase that 
enhances enzyme transcription is associated with aspirin
induced asthma (920). 

Aspirin-induced asthma should be clearly differen
tiated from other forms of aspirin-assm:ialcd reac
tions. Up to 10% of patients with chronic urticaria 
develop an obvious increase in wheals and swelling 
after Laking aspirin or NSAID. Usually, urticaria is not 
associated with rhinitis <1nd asthma. These reactions, 
often accompanied by nasal blockage, usually occur 
when urticaria is active. Although the reason for these 
reactions is not known, it appears that different mech
anisms may be responsible in different patients. 
Another distinct clinical entity which needs to be dif
ferentiated from aspirin-induced astlm1a is allergy to 
pyrazolone drugs (942) 

4-2-2-3- Kin ins 
lt has been proposed that kinins are involved in the 

mechanism ofvi.Jl.JS induced (943) allergic and perennial 
rhinitis (944). The effects of kinins in the human nasal 
mucosa (sneezing, pain and discomfort, as well as 
reduced patency, protein secretion and nasal discharge) 
are characteristic of rhinitis due to different causes. 
lm:reascd concentrations or kin ins have been reported in 
nasal secretions after allergen challenge (945, 946). 
Some studies with bradykinin antagonist 82 have also 
been performed on patients with allergic rhinitis. 

The application of tachykinins to the nasal mucosa 
results in: 
• an increase in plasm<~ exudation, 
• nasal discharge, 
• blockage in a manner independent from histamine 

(947, 948). 

Substance P is generated in l'ivo following nasal chal
lenge of allergic individuals with bradykinin (949). 

Application of capsaicin to the nasal mucosa causes 
painful sneezing and nasal secretion (950-953). However, 
a repeated application of capsaicin to the nasal mucosa 
ameliorates the symptoms of perennial rhini tis (954). 

Therefore, kinins are considered to play a role in rhinitis. 
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4-2-3- Cytokines 

"Cytokine is one term for a group of protein cell reg
ulators, variously called lymphokines, monokines, inter
lcukins and interferons, which are pmduced by a wide 
variety of cells in the body, play an important role in 
many physiological responses, are involved in the patho
physiology of a range of diseases and have therapeutic 
potential" (955). 

Most cytokines usually have a short action radius and 
act through an autocrine or paracrine mode of action. 
However, some cytokines also display a hormone type 
effect acting at a distant site (e.g. TNF, IL-l and IL-6 in 
septic shock). 

Cytokines control growth, differentiation, death and 
function of cells in lymphocytic, hemopoietic systems. 
Together with nerve cells, they provide a pertinent model 
for studying intercellular communications and intercellu
lar signal networks (9 56). 

The action or production of cytokines is mediated 
through a number of signal transduction pathways, which 
have recently been elucidated. These include (i) path
ways integrating the activation of extracellular receptors 
and subsequent intracellular events leading to alterations 
of gene expression, (ii) cytoskeletal organisation, (iii) 
DNA synthesis and cell survival and (iv) the direct acti
vation of intracellular transcription factors via cell per
meable hom10nes (957, 958). 

Cytokine functions are (959, 960): 
• pleiotropic (a cytokine has more than one function), 
• redundant (stnJcturally dissimilar cytokines have an 

overlapping spectrum of actions), 
• synergistic (the effect of two cytokines on a target cell 

is not just additive) or 
antagonistic. 

Furthermore, a cytokinc may start the synthesis of a 
cascade of other cytokines It may also induce the synthe
sis and release of its own antagonists and, in addition, 
downrcgulatc its biological activity at the level of 
cytokine receptor expression. As a consequence, a very 
complex network of ciTccts and relations can be observed. 

For didactic reasons, cytokines are divided into pro
inflammatory and Th2-related factors in this document_ 

4-2-3-1- Pro-inflammatory cytokincs 
Pro-inflammatory cytokines such as interleukin (IL)-

1, TNF (tumor necrosis factor), IL-6 and IL-18 are mul
tifunctional unspecific enhancers of inflammation. They 
host defence and display multiple biological effects. 
Among them, they are involved in: 

endothelial cell adherence and the accumulation of 
innammatory cells. Pro-inflammatory cytokines have 
been shown to induce the expression of E-sclcctin 

• the activation ofT- and B-lymphocytes in the enhance
ment of basophil histamine release, 

• the induction of arachidonic acid metabolism, 
• the release of antagonists to pro-inflammatory 

cytokines (for review, sec 96 J ). 
• Recently, a new pro-inflammatory cytokine, IL-18, has 
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been identified. It is related to the IL-l family in terms of 
structure, synthesis, receptor family and signal transduc
tion pathways (962, 963 ). Similar to IL- J, IL-18 activates 
T- and B-cells, induces the expression of adhesion mole
cules and stimulates the release of pro-inflammatory 
cytokines and chemokines. Interestingly, IL-18 might 
preferably be involved in chronic inflammatory processes. 

The release of pro-inflammatory cytokines into the 
tissue lead~ to regulatoty processes involving the synthe
sis of IL-l ra. and siL-l RJI, both being antagonists to IL
l, as well as the down regulation of the expression of the 
active IL-l receptor on the cell membrane (964). These 
processes m·e naturally limiting the effects ofiL-1 in situ 
and prevent the spreading of inflammation. Their failure 
may be connected to disease persistence (961 ). 

These cytokines are involved in the early and late
phase allergic response (for review, sec 965, 966). After 
allergen challenge of the nasal mucosa, increased con
centrations of JL-IB, TNF-a and IL-6 are measured in 
nasal secretions during the early-phase reaction and arc 
further increased in the LPR (967-969) They may there
fore be involved in the early initiation of the l!dhcsion 
cascade by the induction of adhesion molecule expres
sion on endothelial cells. Histamine increases the adhe
sion of leukocytes to the endothelium (970) lind may thus 
potentiate the effect of cytokines (868). 

Furthermore, under natural exposure conditions such 
as seasonal and perennial allergic rhinitis, increased con
centrations of IL- l were found in nasal secretions of 
allergic subjects compared to controls (971-973 ). Inter
estingly, this release persists for several weeks after the 
pollen season (973) suggesting that a persislent intlam
matory process continues after all erg en exposure, and 
suppOJts the recently proposed concept of"minimal per
sistent inflammation" (9, 817). 

In nasal secretions of normal subjects, a strong molar· 
excess of IL-l antagonists has been measured (973). In 
normal subjects, there is approximately a 3,000-fold 
excess ofJL-Ira and a 17-fold excess of the soluble IL
l Rll over IL-IB in nasal secretions. In sen1m, siL-IRll 
excess is approximately 14,000-fold and IL-l ra excess 
about I ,500-fold higher. This points to the importance of 
the receptor antagonist to limit int1ammation in tissue by 
binding to the receptor without biological activity, 
whereas in serum, siL-IRII seems to be of greater impor
tance. However, !L-Ira requires a 100-fold excess to pre
vent binding of IL-lfi to the receptor. As slL-1 RJI binds 
to IL-l B at a ratio of I: I, this molecule may also have 
strong antagonistic properties in vivo. 

During the pollen season, IL-J/3 and also IL-lra and 
siL-l RII are upregulated during pollen exposure and 
there was a significant correlation between these factors 
(BacheJt, unpublished data). This again indicates that 
pro-int1ammatory e!Tects of IL-l 1.1 are a tightly regulated 
event protecting the host from harmful effects. However, 
the ratio of the agonist to its antagonists showed a rela
tive deficit of the antagonistic systems under natural 
allergen exposure. This indicates that the balance 
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between agonist and antagonists may play a crucial role 
for the net biological effect of this cytokine. Soluble 
receptors with antagonistic properties (TNF-a binding 
proteins) also exist for TNF-a. Their upregulation has 
recently been demonstrated in nasal secretions during the 
pollen season (974 ). 

A significant increa~e ofiL-18 concentration in nasal 
secretions occurred later in the season compared to IL-113 
(Bachert, unpublished data). This suggests that IL-18 
might he involved in sustaining a persistent inflammato
ry process. As discussed for IL-l, possible antagonists 
have been suggested for IL-l 8, but nothing is known so 
far about the occurrence and activity of these factors in 
allergic rhinitis. 

Little is known about the cell source of pro-inflamma
tmy cytokines in allergic rhinitis. It is likely that these 
cytokines are initially released by JgE-dependent mecha
nisms but that they arc rc-released by inflammatory cells 
through the cytokine cascade. TNF-a has been co
localised to mast cells in the nasal mucosa of perennial 
allergic rhinitis patients (705, 714). However, mast cells 
do not produce sufficient amounts ofiL-113 to explain the 
levels of this cytokine in nasal secretions. A possible 
source for tllis cytokine, however, could be the macro
phage, able to release !L-IB (975), and its naturally occur
ring receptor antagonist JL-lra (976). Eosinophils can 
also release pro-inflammatmy cytokines. 

4-2-3-2- Th2-related cytokines 
Other cytokines are classified as Th2-cytokines since, 

in initial studies, they were mainly released by Th2-type 
lymphocytes (201, 7o3, 977, 978). These include IL-3, 
IL-4 and IL-5. GM-CSF is released by Thl and Th2 
cells. IL-13 has an effect close to IL-4 but docs not act on 
T-cells . On the other hand, IFN-y and IL-12 are Th !
related cytokines. Although the dichotomy between Thl 
and Th2 cells is less evident in humans (764) than in 
mice (761), this concept is important in the understand
ing of allergic diseases. 

lL-4 and IL-13 are important in the regulation of lgE 
(chapter 4-3-1). On the other hand, IL-3, GM-CSF and 
IL-5 play a significant role in increasing the production 
or eosinophilic progenitors, in activating (!Osinophils 
and in supporting the recruitment, maturation and sur
vival of these granulocytes. However, these cytokines 
have many other properties. lL-13 and IL-4 may be 
mucotts secretagogltes. 

In allergic rhinitis, mRNA for Th2-type cytokines has 
been shown to be upregulated after allergen challenge 
(757). The release of IL-5 into nasal secretions could be 
tlemonstrat~d hours after all~rgcn challenge (968, 979). 

During the pollen season, patients allergic to pollens 
show an increased number of cells expressing Th2 
cytokines (968, 972, 980-982). Allergen-induced synthe
sis of interleukin-5, but not of IgE, appears to be linked 
to symptomatic episodes of seasonal allergic rhinitis in 
sensitised individuals (983 ). Topical glucocmticosteroid 
treatment results in the inhibition ofiL-5 mRNA expres
sion and eosinophil infiltration (981, 9!\4). Tn patients 
with perennial allergic rhitlitis, there is also an increase 
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in some Th2 cytokines (776, 985). In contrast, there was 
no difference in the number of subjects expressing IFN
y mRNA (986). 

Apart from IL-4 and IL-5, the JL-4 and IL-5 receptors 
have been shown to be upregulated due to allergen chal
lenge in allergic rhinitis subjects, whereas the receptor for 
IFN-y was down regulated. Receptor expression correlat
ed with eosinophil infiltration in the tissues. Pre-treatment 
with intranasal glucocorticosteroids befme nasal allergen 
challenge resulted in a decreased expression of TL-4 and 
IL-5 receptors and an increased expression of IFN-y 
receptors. Thus, cytokine receptor expression follows a 
similar pattern to the corresponding cytokines (987). 

However, the source ofTh2 cytokines within the nasal 
mucosa is not clear, as in situ hybridisation and immuno
histochemistJy show that they can be released by T-cells, 
mast cells, basophils, eosinophils and epithelial cells 
(707, 775, 988, 989). 

IL-12 is a stmctmally distinct Till-associated cytokine 
produced by 13-cells and macrophages, which may play a 
suppressive role in the development of allergic sino-nasal 
mucosal responses (990). 

4-2-3-3- Other cytokines and growth factors 
Aprnt from pro-inflammatory and Th2-related cyto

kines, a variety of other cytokines and related factors 
may well be involved in the regulation of allergic inflam
mation. In cultme, nasal epithelial cells produce stem 
cell factors (SCF), a cytokine supporting mast cell 
growth and differentiation SCF was present in nasal 
lavage fluids in seasonal allergic rhinitis patients and cor
related to the mast cell chemotactic act.ivity, which was 
not suppressed by intranasal glucocorticosteroid or H !
antihistamine treatment (991 ). Also, in a second study, 
SCF production was correlated to the number of mast 
cells and the histamine content within allergic nasal 
mucosa. Therefore, SCF may be important for the attrac
tion and activation of mast cells in allergic inflammation 
in the nose (831 ). 

Recently, increased levels of NGF (nerve grov.'lh fac
tors) have been shown in allergic subjects compared to 
controls. This correlates to an increased sensitivity of the 
sneezing reflex , increased secretion and pla~ma extrava
sation due to sensory nerve stimulation (992). NGF lev
els are increased in the serum of allergic patients (993 ). 
Thus, this neurotrophin may be implicated in neural 
hypetTesponsiveness and in rhinitis. 

4-2-4- Chemokines 

Over the past ten years, more than 30 chemokines 
haw b~.:en id~.:nLillcd as allractants of di!Terenl types of 
blood leukocytes to sites of infection and inflammation 
(994 ). They are produced locally in the tissues and act on 
leukocytes through selective receptors (995-997). Che
mokines are now known to function also as regulatory 
molecules in leukocyte matura1ion, in traffic and homing 
of lymphocytes and in the development of lymphoid tis
sues. Not only a specific expression of adhesion mole
cules, but also the presence of chemokines may be 
responsible for preferential migration processes of sub-

MEDA_APTX01331469 
SUBJECT TO STIPULATED PROTECTIVE ORDER 

PTX0326-00052 
CIPLA LTD. EXHIBIT 2009 PAGE 52



S184 Bousquet and the ARIA Workshop Group 

sets of cells. Chemokines form several families, which 
can be differentiated according to their structure and to 
their target cells. Whereas CXC chemokines such as IL-
8 act especially on neutrophils (998, 999), CC 
chemokincs such as RANTES or eotaxin mediate 
eosinophilic migration ( 1000). 

Nasal epithelial cells from atopic individuals release 
significantly greater amounts of RANTES and other fac
tors than those from non-atopic individuals. In the atopic 
individuals, those exposed to pollen again relea~ed greater 
ammmts than those not exposed to allergen (1001). When 
allergic patients are challenged with allergen, there is an 
increased release of RANTES (748). Challenge with 
RANTES induces the influx of eosinophils, basophils and 
lymphocytes (1002). 

Eotaxin mRNA was found upregulated in nasal tissues 
from patients with allergic rhinitis (1003, I 004). Jt is 
mainly released by epithelial cells. Eotaxin is probably a 
key eosinophilic chemokine (I 005 ). However, it also rep
resents a major regulator of allergic reactions acting on 
Th2 cell chemotaxis, migration and differentiation of 
mast cells and on bone marrow progenitors ( 1006). 
Although cotaxin is not the only chemokine acling on 
eosinophil progenitors, it is central to the release of 
eosinophils from bone marrow to peripheral blood 
(1007). Glucucorticostcroids inhibit eotaxin expression 
in nasal tissues (1008). 

IL-8 is released after allergen challenge in sensitised 
patients during early and late-phase •·eaction. This release 
is accompanied by an increased number of neutrophils in 
nasal lavages. However, the effect of neutralising IL-8 
antibodies in vitro to the chemotactic activity of lavage 
fluid was only marginal, suggesting that lL-8 acts in con
nection with other chemotactic factors (I 009). IL-8 can 
regularly be found in the nasal secretion of controls and 
is stmnglyupregulated during viral infections (1010), but 
seems to be unchangeD or even decreased during the 
pollen season in allergic rhinitics (973, 10 II). 

In contrast, MCP-1, a monocyte and basophil activating 
factor, increases dming the pollen season. MCP-1 is con
stantly produced by macrophages (999) and can be detect
ed in the nasal mucosaofpatients with seasonal and peren
nial a1lergic rhinitis (1011-101 2). MCP-3 and MCP-4, 
belonging to the sub-family of CC chemokines (1013), 
have been shown to upregulate in biopsy specimens during 
allergen challenge, this response being abrogated when 
pre-treated with intranasal glucocmtieosteroids. MCP-s 
induce chemotactic activity, particularly in eosinophils, T
cells and monocytes. They may be closely related to the 
influx of these inflammatory cells and thus contribute lo 
the pathogenesis of allergic rhinitis (1014). 

Furthermore, chemokines may elicit histamine-releas
ing activities, which might be of interest in the allergic 
late-phase reaction. The histamine releasing activity of 
chemokines for basophils is significantly incn:ased by 
pre-incubation or co-stimulation with cytokines such as 
IL-3 and GM-CSF (1015, 1016). Fmther smdies will be 
needed to completely understand the function of chcmo
kines in rhinitis. 
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4-2-5-1- Endothelial adhesion molecules 
Cellular adhesion molecules (CAMs) play an essential 

role in tethering circulating leukocytes to the vascular 
endothelium at sites of inflammation. There is accumulat
ing evidence for their involvement in the pathophysiology 
of airway mucosal allergic inflammation, such as that 
found in rhinitis (10 17). The best characterised adhesion 
molecule families are the integrins, the immunoglobulin 
supergene family and the selectins (1018, 1019). Neu
trophils or eosinophils have 1 ittle ability to adhere to resting 
endothelium in vitro. Endothelial cells can be activated by 
cytokines such as IL-l, IL-4, IFN-y, TNF-a, IL-5 and IL-
13 (842, 849). Chemokines such as RANTES and eotaxin 
activate eosinophils (737); IL-8 activates neutroph.ils (738). 
Pro-inflammatory mediators such as PAF or histamine also 
activate neutrophils. Following activation, these cells 
adhere to eosinophils, basophils or neut:rophils. E-selectin 
(1020), !CAM-I and CDI8 integrins pa1ticipate in the 
adherence of these three types of blood cells. However, 
only eosinophils and basophils express VLA-4 and can 
bind to VCAM-1 which appears lD be a major ligand for 
eosinophil adl1esion to activated endothelium. 

In the resting nasal mucosa, selectins are not 
expressed until their induction is caused by pro-inflam
matory cytokines and other mediators such as histamine. 
Using an ex vivo model of the nasal mucosa, E-selectin 
expression is inducible as early as 1 hom ofter exposure 
to allergen in sensitised individuals. This expression is 
pnrtly inhibited by TNF-hinding proteins (TNF-BP) and 
by the IL- l receptor antagonist (1021). Selectins are 
found to be preferentially expressed in the sub-epithelial 
vasculature and have been shown to increase in seasonal 
allergic rhinitis specimens compared to controls (1021). 
E-selectin expression and VCAM-1 expression were also 
enhanced 24 hours after local allergen challenge (I 022). 
An increase in VCi\M-1 expression is found on nasal 
endothelial cells in perennial rhinitis patients, probably 
due to a persistent activation of the mucosa (843). The 
expression ofVCAM -1 on endothelial cells is likely to be 
related to a selective recruitment of eosinophils. 

4-2-5-2- ICAM-1 
Immunoglobulin supergene family members are mem

brane-bound protein molecules that are characterised by the 
presence of one or more immunoglobulin domains. They 
can be found on mast cells, lymphocytes, eosinophils, 
epithelial and endothelial cells. ICAM-I, the major rhi
novirus receptor ( 1 023), is constitutively expressed, but may 
also be induced 1 to 24 hours after stimulation (I 024, I 025). 

ICAM-1 and its counter molecule LFA-1 are increased 
in nasal epithelial cells of patients with seasonal (817, 
1026) and perennial rhinitis (9). ICAM-1 and LFA-1 
expression is increased in nasal endothelial cells in 
perennial rhinitis (R43). 

Topical glucocorticosteroids and most HI-antihista
mines (835, I 027-1 029) inhibit the upregulation of 
ICAM-1 on epithelial cells during early and late-phase 
reactions following allergen challenge. 
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4-2-5-3- Soluble adhesion molecules 
Most of these adhesion molecules might also be 

shed from the cell surface and be present in nasal 
secretions and serum as markers of inflammation. Sol
uble lCAM-1 was found to increase in the serum of 
alle1gic rhinitis patients compared to non-atopic con
trols in perennial allergic rhinitis (1030). Tt also 
increased systematically and locally in patients with 
seasonal allergic rhinitis under natural conditions (819, 
1031). Moreover, nasal TCAM-1 levels remained 
increased afier the pollen season (819). However, the 
concentrations of soluble adhesion molecules such as 
soluble VCAM-1, E-selectin and ICAM-1 were not dif
ferent in another study comparing perennial allergic 
rhinitis subjects to controls (1032). 

4-2-6- Survival of inflammatory cells 

The survival of inflammatory cells at the site of the 
allergic reaction depends on several factors. 1l1ey may 
undergo cell death during the evolution of airway 
inflammation (1033) depending on their adhesion to 
extracellular matrix (1034) or other cells like epithelial 
cells (I 03 5). 

Programmed cell death or "apoptosis" is involved in 
the removal of superfluous and damaged cells in most 
organ systems . In contrast to necrosis, which may also be 
seen at inflamed sites, apoptosis represents granulocyte 
fate whereby a m1mber of mechanisms would tend to 
limit inflammatory tissue injury and pmmote the resolu
tion rather than the progression of inflammation. Prelim
inary characterisation of the recognition mechanism 
implicates the integrin av-133 (vitronectin receptor) and 
CD36 (thrombospondin receptor) . Eosinophil survival 
was shown to be increased in asthma due to decreased 
apoptosis which was f1uther linked to GM-CSF (1036). 
!11 vilro eosinophils were shown to release increased 
amounts of various cytokines incltlding GM-CSF ( 103 7) 
and others. Supematants from nasal epithelial cells were 
found to increase the survival of inflammatory cells 
(I 038). However, direct apoptosis has never been studied 
in the nasal mucosa even though the survival of 
eosinophils in nasal polyps was shown to be associated 
with reduced apoptosis (740). Moreover, set11m-soluble 
Fas levels were used as a marker to distinguish allergic 
and non-allergic rhinitis (I 039). 

The expression of adhesion molecules on epithelial 
~ells rapidly increases after exposure to cytokines 
(IFN-y or TNF-a) or to eosinophil -derived proteins 
(MBP and ECP) ( 1 035). The enhanced expression of 
adhesion molecules on epithelial cells was found to 
increase the persistence of inflammatory cells ill vitro 
(1035). 

4-2-7- Conclusions 

The inflammatory reaction in the nose results from an 
increased recruitment of inflammatory cells and a pro
longed Sllrvival of these cells in the nasal mucosa. This is 
due to interactions with adhesion molecules and proba
bly altered apoptosis (Figures 9 and 10). 
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FIGURE 9: The nasal inflammatory response. 
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FIGURE 10: Recruitment of cells in the nasal mucosa. 

4-3- NEUROTRANSMITTERS 

4-3-1- Non-adrenergic, non-cholinergic 
system 

In addition to classical neurotransmitters like acetyl
choline and noradrenaline, NANC peptide neurotransmit 
ters (neuropeptide) are identified in central and peripher
al neurons and arc presumed to be involved in the events 
related to allergic reaction (neurogenic inflammation) 
(676) (sec chapter 4-1-5). However, the amount of these 
ncuropeptides released in nasal fluid present in biopsies 
and the threshold concenu·ations for the positive manifes
Lation of symptoms in na~al provocation arc controversial 
and are sti II being discussed. Thus, neuropeptides may be 
of less importance than the classical neurotransminers in 
nasal allergic reaction. Further investigations are neces
sary to conl1rm their specitic involvement in the mecha
nisms of <tll~rgic rhinitis a~ has been discussed for medi
ators in allergic rhinitis. 

4-3-2- Nitric oxide 

Niuic oxide (NO) is an endogenous soluble gas acting as 
an inrercellular transmitter, both in the central and periph
eral nervous system. It is synthesised from arginine by an 
enzyme nitric oxide synthase C~OS) of which there are 
lhree isofom1s. In addition to nerve cells, NO is also pro
duced by epithelial cells and by the endothelium. NO plays 
a key role as a vasodilator, neurotransmitter and inflamma
tory mediator (I 040-1 042). A significant increase of NO in 
the nose is detected in patients with allergic rhinitis (1043, 
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I 044) and sinusitis ( 1045 ). However, in other studies, nasal 
NO was not significantly different from controls outside 
the pollen season and did not increase significantly in the 
pollen season (I 046). The production of NO is increased in 
patients witl1 perennial nasal allergy ( 104 7, 1048), but the 
blood flow in the nasal mucosa of patients is reduced 
(I 049). In the same study, nitrotyrosine fonnation suggests 
that there is a process ofONOO(-)-induced damage in the 
mucosa of patients with perennial nasal allergy. This dam
age may limit the dilatation ofhlood vessels, despite the 
presence of excessive NO. Nasal nitric oxide does not 
appear to control basal nasal patency or acute congestion 
following allergen challenge in allergic rhinitis (I 050). 
Nitric oxide may be an important mediator of the effector 
mm of the nasa-nasal reflex that increases vascular perme
ability but it is not involved in the sensory nerve afferent 
pathway (I 051 ). Further studies on the role of NO in aller
gic rhinitis arc necessary for a final conclusion. 

4-4- THE lgE IMMUNE RESPONSE 

Allergy is generally caused by a sustained overproduc
tion of Immunoglobulin E (IgE) in response to common 
environmental aJitigens such as pollen, foods, house dust 
mite, animal danders, fimgal spores and insect venoms. 
Elevated levels of serum IgE are thus a hallmark of atopic 
diseases like allergic 1·hinitis. IgE itself constitutes a very 
minute fraction of the total aJitibody in the humaJI semm 
(50-300 ng/ml of IgE versus I 0 mg/ml of IgG). However, 
the biological activities oflgE are powerfully enhanced by 
the activities of specific cell surface receptors to which it 
binds and which may be of high or low affinity phenotype. 

4-4-1- Regulation of the lgE immune 
response 

Wrilfen in collaboration with H. Yssel (F) 
One of the typical aspects of airway inflammation in 

allergic rhinitis is the infiltration of the nasal mucosa by 
T helper type 2 (Th2) cells (203, 763, 764), basophils, 
Langerhans cells, cosinophils and mast cells. Each of 
these cells contributes to the physiological changes that 
characterise rhinitis. It is believed that this inflammatory 
process is initially triggered by the presentation of aller
gens in the micro-environment of the nose, in the pres-

FIGURE 11: The lgE immune response_ TCR, T-cell receptor; 

MHC, major histocompatibility complex, 
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ence of an appropriate cytokine milieu. This results in the 
induction of IgE via the isotype switching of B-cells 
(Figure 11 ). 

4-4-1-1- Antigen presenting cells 
The role of antigen presenting cells in the airways 

appears to be of importance for the development of 
immune response. In particular, in animal experiments, the 
balance between dendritic APC and macrophages and/or 
the reaction of the T-eell system to the stimuli given hy 
these cells plays an important role in the occurrence ofThl 
tolerance or Th2 hypersensitivity (I 052). Antigen presen
tation by ai1way Langerhans cells leads to the preferential 
development of a Th2 response which can be short lived (a 
short boost oflgE production, followed by active suppres
sion) or persist to develop a polarised, long lived Th2 
response (806). Moreover, monocyte-derived dendritic 
cells from allergic asthmatic patients, when compared to 
healthy controls, already showed phenotypic differences in 
the expression of I·ILA-DR, CD Jib and the high-affinity 
receptor for IgE (1053). 

4-4-1-2- Th2 cytokincs 
Differentiation of 8-cells into lgE-secrcting plasma 

cells is a complex cascade of events in which cytokines 
play a cmcial role (for review see I 054 ). Cytokines do 
not only induce Ig synthesis, but also regulate isotype 
switching. Human IL-4, and more recently IL-13, have 
been shown to induce lgE synthesis in vitro in cultures of 
mononuclear cells derived from peripheral blood, tonsils 
and spleen ( 1055, 1056) In addition, IL-4 induces IgE 
synthesis in B-cells obtained from cord blood, foetal 
spleen and liver, whereas even foetal bone marrow
derived 8-cells, characterised by the absence of surface 
IgM expression, can be induced to produce IgE in vitm. 
This indicates that these cells are mature in their capaci
ty to produce IgE li 057). 

Both IL-4 and JL-13 induce the transcription of 
germline £ mR.J'IJ\ in purified B-cells (I 058). With 
appropriate co-stimulatory signals (see chapter 4-4-l-3), 
this results in the switching and production of IgG4 and 
lgE of B, as well as pre-B cells (1059, I 060). However, 
IL- 13 induces the synthesis ullgG4 and JgE, indepen
dently of IL-4 (1057). Funhennore, IL-4 and IL-13 do 
not have synergistic effects or additional effects on lgG4 
and lgE synthesis. Although both cytokines m·e human 
B-cell growth factors of equal potency, lL-4-induced 
JgG4 and TgE synthesis is about three folds higher, at sat
urating concentrations, compared to that induced by IL-
13 (1057). Consistent with this motion, it has been found 
that IL-13 is most eiTectivc in inducing IgE synthesis in 
situations where little or no IL-4 is present (1061). 

In addition to their indllcting effect on IgE synthesis, 
IL-4 and IL-13 share many other biological functions 
(reviewed in I 062): 

Both cyLOkines promote the growth and differentiation 
of pre-activated 8-cells, 

• they induce the expression of several surface antigens 
on 8-cells, including CD23, CD71, CD72, MHC class 
II and slgM, 
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they inhibit the production of pro-inflammatory 
cytokines by monocytes. Ilowever, in allergic inflam
mation, the anti-inflammatory properties of lL-4 may 
be less effective (I 063 ). 

Despite these functional similarities and the utilisation 
of shared signal transduction components of their respec
tive receptors, there are some major differences in the 
biological activities of lL-4 and lL-13, which may partly 
reflect their different roles in the immune response to 
allergens. 

Unlike IL-4, lL-13 is not preferentially produced by 
human Th2 cells, but is produced by both Thl and Th2 
cells (1064). 

• flllthennore, IL-13 is produced earlier following the 
activation ofT-cell clones and peripheral blood T-cells, 

• its production is sustained for much longer periods as 
compared to thal ofiL-4 (1064, 1065). 

• JL-13 fails to activate T-cells because of the absence of 
a binding component of the lL-13 receptor on T-cells 
(1064). 
These findings suggest that IL-13 may not only be 
involvcu in early immune responses. It may have a 
unique function in inducing and sustaining B-cell 
growth and ditrerentiation, including the induction of 
lgE synthesis in Lhe absence ofT-cell expansion. 

• JL-4, unlike IL-13, is not only a potent growth factor 
for T-cells It is required for the ditierentiation of 
immunologically naive T-cells into IL-4- and IL-5-
producing Th2 cells 

• lL-J 3, in contrast. ro ll.-4, is nor able to directly induce 
its own production. The enhancement oflL-13 produc
tion by Th2 cells is dependent on the presence of IL-4 
lL-13, but not JL-4, is produced by immunologically 
naive CD45RJ\ + T-cel\s isolated from cord blood, as 
well as peripheral blood, following activation (1065). 
Tltis may induce lgE synthesis in situations whc1c no 
JL-4 is present, underscoring the observation that acti
vated CD45RA + T-cells efficiently modulate IgE syn
thesis in l'itro (1066). 

4-4-1-3- Co-stimulatory signals 
lgE plOduction by 8 -cells not only requires the pres

ence of lL-4 or lL-13, but also a physical imeraction 
between T- and B-cells, involving a number of surface 
and adhesion molecules This T-B cell-mediated signal 
can be replaced by an antibody directed against CD40 
(1060), as well as transfectants expressing CD40 ligand 
(CD40L) ( 1 067). This indicates that the CD40/CD40L 
interaction is pivotal in the induction of 8 -cell switching 
leading to lgE synthesis. The process during which T
cells help B-cells for the production oflg, including IgE, 
is thought to be the result of a reciprocal dialogue 
berween these populations which starts if either the T-cell 
or the B-cell is iictivated (revieweu in I OliR). Upon acti
vation, T-cel Is transiently express CD40L and induce rest
ing B-cells to express CD80, whereas subsequent interac
tion between CD80 anu its ligand CD2R enhances 
cytokine production and CD40L expression by T-cells. 
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This se1ies of mutual T- and B-cell activation, via interac
tions betvv·een CD28/CD80 and CD40/CD40L respective
ly, is thought to be short-lived, as a consequence of the 
transient expression of CD40L on activated T-cells. This 
results in the Joss of signal transduction through CD40 
and in the abrogation of induction of IgE synthesis. 

4-4-1-4- Cells involved in Th2-cytokine synthesis 
The production of IL-4 and lL-13 is not resu·icted to T

cells. Preformed IL-4 is expressed in human mast cells and 
relea~ed upon cell activation (70 I, 702, 9RR). lt is found in 
the cytoplasm of in-vih-o activated h\Jman peripheral blood 
ba~ophils (724). After IgE-dependent activation, lL-4 and 
IL-13 mRNA are t:mnscribed in basophils which produce 
IL-4 and IL- l 3 in addition to various mediators ( 1069-
1071). Although basophil numbers are low in peripheral 
blood, these cells are stronger producers of IL-4 than T
cells (727). Moreover, human recombinant histamine
releasing factor direclly stimulates lL-4 and JL-13 secretion 
from basophils of selected atopic donors in a reaction 
requiring the expression of a particular type oflgE, referred 
to as IgP (1072-1074). This broadens the possible role, in 
chronic allergic inflammation, of this cell type. Basophil 
pnxluction oriL-4 and lL-13 early in the course of allergen 
stimulation may therefore shape subsequentT-cell respons
es both in vivo and in vitro. Moreover, it has been shown 
that freshly isolalcu masl cells and basophils can be 
induced to express CD40L and that lgE synthesis can be 
induced by the interaction of B-cells with mast cells in t11e 
presence of exogenous lL-4. Basophil-mediated IgE syn
thesis can even take place in the absence of exogenous lL-
4 or JL-1 3 ( 107S) These results suggest that ma~t cells and 
basophils cru1 induce the production oflgE, independently 
ofT-cells. 1\'asal mast cells in perenrtial allergic rhinitics 
exhibit increased expression of FcERl, CD40L, JL-4 and 
JL-13, and can induce lgE synthesis in B-cells (707, 714). 

Conclusions 

In conclusion, IgE production results from complex 
interactions between B-cells, T-cells, mast cells and 
basophil s. It involves a series of surface molecules, as 
well as the presence of JL-4 and 1L-13cytokines. In view 
of the location of Lhe tissue distribution of these various 
types of cells, it is likely that lgE synthesis takes place 
not only in the gemlinal centres of the lymph node, but 
also in the nasal mucosa. 

4-4-2- LocallgE immune response 

Local production of specific IgE in the nasal mucosa 
has been proposed in the past ( 1076). During the pollen 
season, there is an increase in the level of allergen
specific semm IgE (I 077). i\fter nasal allergen chal
lenge, a rise in antigen-specific serum lgE levels was 
observed, but not all individuals showed this response 
(1078). The magni tude of the allergen-specific lgE 
response to lliisal challenge appeareu Lo be greater Lhan 
the response ro seasonal exposure. Moreover, the appli
cation of a diesel exhaust particulate into the nose 
induces a ]()(;a] pmuucLion of JgE me<tsured in nasal 
secretions (609). These data suggest that IgE can be pro-
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duced locally into the nasal mucosa. Nasal allergen 
provocation has demonstrated that allergen-induced 
rhinitis is associated with an increase in local IL-4 
mRNA, lgE heavy chain (C!:) and IgE heavy chain pro
moter (!£) RNA and that pre-treatment with intranasal 
glucocorticosteroids inhibits the increase in these tran
scripts (1079). IgE class switching occurs locally within 
the nasal mucosa of subjects with seasonal allergic rhini
tis but not in patients receiving intranasal glucocortico
steroid treatment (I ORO). In patients with perennial 
allergic rhinitis, IgE heavy chain (CE) expression was 
detected and its levels were upregulated under natural 
allergen exposure (1081). Nasal epithelial B-cells are 
able to produce IgE and mRNA for IgE (609, 1082). 
Plasma cells in the nasal mucosa have been shown to 
produce allergen-specific lgE (1083, 1084). The matura
tion oflgE-expressing 13-cells (activated or memory) to 
lgE producing plasma cells takes place in the nose 
(1084). Many of the cytokines produced by T-cells and 
mast cells after allergen provocation such as IL-4, IL-6 
and IL-13 are B-cell proliferating factors (707, 748,757, 
1058, 1075). The mast cell/basophilic induction and 
stimulation on B-cell IgE production indicate that 
immunoglobulin switching, previously thought to take 
place only in lymph node germinal centres, may also 
occur in peripheral organs such as the nose. However, it 
is not clear which impact this mast celi/B-cell interac
tion has on the amount of IgE production. Local IgE 
synthesis may explain why some "atopic" patients 
develop rhinitis whereas others have either no clinical 
manifestations or develop atopic disease elsewhere 
(787). 

4-4-3- Systemic lgE immune response 

Allergic diseases can affect the nose, lung, eye, skin and 
gastrointestinal tract, concurrently or subsequently, during 
the course of a patient's life span. Atopic dermatitis and 
food allergy often precede ocular and respiratory mani fes
tations induced by inhalant allergens. Moreover, allergen 
challenge of a sensitised target organ is associated with 
allergic changes at the level of other target organs. It has 
been observed that patients with asthma also present 
symptom-free inflammation of the salivary glands and 
bowel (1085, 1086). Patients with allergic rhinitis present 
minimal inflammation of the bronchi without clinical 
manifestations (1087). After allergen challenge, GM-CSF 
may play a role in vivo to increase the production of 
eosinophilic progenitors in allergic ainvay disease (730). 

I3one marrow actively participates in the production of 
lgE-receptor positive inflammatory cells such as 
eosinophils, basophils and mast cells, which are actively 
recruited to tissues in atopic individuals. Increases in 
bone mauow inflammatory cell progenitors are associat
ed with allergen-induced airway hyperresponsiveness 
and innammation in asthmatics (729) and animals 
(1088). There appears to be a critical involvement of 
bone marrow in the development of eosinophilic airway 
innammation ( 1089, I 090) suggesting that asthma and 
rhinitis represent a systemic disease (729). 
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Inhaled glucoc01ticosteroids were shown to reduce the 
baseline but not the allergen-induced increase in bone 
marrow inflammatory cell progenitors of asthmatic sub
jects (109 J ). 

4-4-4- lgE receptors 

Ishizaka and Tomioka (I 092) were the first to desc1ibe 
the high affinity IgE receptor on mast cells (FcrRJ). They 
found that these cells were able to degranulate after aller
gen stimulation. Degranulation induces the relea~e of his
tamine whereas activation of the cells causes leukotriene 
and cytokine relea~e. 

4-4-4-1- The high affiuity receptor for IgE (Fc£RI) 
The structure of FceRI has been extensively studied 

(1093-1095). IgE binds to mast cells and basophils by its 
Fe tingment to FcERI, which is a tetrameric receptor. The 
ligand-binding and signal transduction functions of this 
receptor are carried out by distinct sub-units. The extracel
lular portion of FceRJ contains the entire IgE-binding site. 
The distribution of FcERI was initially restricted to mast 
cells and basophils, but it has been shown to be present on: 
• Langerhans cells (1096, 1097), 

platelets (1098, 1099), 
activated eosinophils (752), 

• monocytes from asthmatics (I JOO), 
• bronchial epithelial cells from asthmatics (832). 

However, the expression is about 10 to 100 folds lower 
on these cells than in mast cells . Moreover, these cells 
usually express a trimer and not the tetramer as seen in 
mast cells. His believed that this stmcture serves the anti
gen presenting cell function by specifically targeting the 
antigen-lgE-Fc£RJ complexes to the intracellular antigen 
presenting compartment. This APC function is even more 
effective in dendritic cells. The APC function has also 
been described in mast cells (1101). 

Interestingly, in atopic patients, there is an increased 
expression ofFcERI on basophils, eosinoph.ils monocytes 
and dendritic cells compared to non-atopic subjects 
( 1100, I J 02, 1103 ). T!Jis may be due to elevated IgE lev
els (1104, 1105) which were recently shown to upregu
lale FcERI (l J 06- J l 08). Th2-type cytokines such as IL-4 
can also upregulate Fc£RJ on mast cells (1109). 

In patients with allergic rhinitis, enhanced expression 
of FcERl has been observed on: 
• mast cells, 
• eosinophils, 
• macrophages and dendritic cells (707, 1110). 

The increased expression ufFc£Rl on the mast cells of 
patients with allergic rhinitis has been associated with a 
greater binding to IgE molecules and an increased release 
of histamine and cytokincs (714). Only few nasal 
eosinophils were shown to bear FcERJ in allergic rhinitis 
patients (II J J). The activation of mast cells and ba~ophils 
occurs witlJin seconds after allergen challenge and results 
from the binding of JgE molecules bound on FcERI with 
allergen. Histamine is released immediately whereas 
arachidonic acid metabolites are released within minutes 
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and cytokines later (2-4 hr) (II J 2). Mast cells isolated 
from nasal tissues of patients with allergic rhinitis release 
histamine, cytokines and Cys-LT. The activation of other 
cell types through the FcERI is able to induce the release 
of cicosanoids (832) and cytokines (1099). 

4-4-4-2- The low aftinity receptor fo•· lgE (FcERII, 
CD23) 

The low affinity lgE receptor FcERJI was charac
terised as a 8 -cell receptor for IgE. It is known to play an 
important role in the humoral responses acting in anti
gen-presentation toT-cells and in the adhesion of 8-cells 
to each other. It is found on various cells such as: 

B-cells, 
• macrophages ( 1113 ), 
• eosinophils (753, 1114), 
• natural killer cells, 
• T-cells, 

Langcrhans cells (1115 ), 
epithelial cells of bone manow aud thymus (1116), 

• bronchial epithelial cells fi·om asthmatics (833). 

There are two fonns of FcERII, differing ouly by their 
N terminal amino acids. FcER!Ja. is a developmentally reg
ulated gene expressed only in antigen-activated 8-cells 
before their difierentiation into immunoglobulin-secreting 
plasma cells. It is present as an antigen JgE-Fc£RIIa. com
plex and presents antigen very effectively to T-cells. 
Fc£Rll~ is inducible on all cell types, in particular by IL-4. 

Fc£RII is strongly expressed in tonsils and lymph 
nodes and it appears to play an important role in the mat
uration of B-cells. 

4-5- FROM NASAL CHALLENGE TO CHRONIC 
RHINITIS 

The mechanisms of allergic rhinitis have been clarified 
by using nasal challenge with allergen or pro-inflamma
tory mediators and by measuring cells and mediators 
released during the early and late-phase allergic reaction. 
However, the priming effect of the nasal mucosa is of 
importance as a single challenge does not perfectly mimic 
Lhe ongoing alli!rgic n:aclions induced by repealed aller
gen exposure. In intemlinent and persistent allergic rhini
tis, the same cells and mediators are imponam but non
specific nasal hyperreactivity develops (Figure 12). 

4-5-1- Nasal challenge: early and late-phase 
reactions 

Nasal challenge studies have improved our knowledge 
of Lhr.: mechanisms of allergic rhinitis over Lhc: pasl Len 
years. The elegant studies by Naclerio e/ al. (642) using 
nasal allergen challenge followed by the measurement of 
cells and mediators in the nasal fluid have made it easier 
to analyse the events occmTing during allergic reaction. 

4-5-1-1- The early-phase reaction 
Patients present symptoms within minutes of a nasal 

challenge with pollen grains. These are characterised 
mainly by rhinorrhea, obstruction, sneezing and occa
sionally pruritus (711 ). 
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4-5-1-1-1- Refease a_( vaso-active mediators 
Pathological studies have shown that mast cells are acti

vated after allergen challenge (660) and the measmement 
of mediators in nasal secretions has shown that several 
mast cell derived mediators arc released. These include: 
• histamine ( 642, 7 J J, 934 ), 
• PGD2 (l'i42, 7 J 1, 905), 
• CysLT, (712, 932,934, J J 17-1119) 
• tryptase (713, 1120). 

When individual patients are challenged, there is a great 
heterogeneity in the release of mediators and/or in the symp
toms induced. Tius suggests that the mediators liberated (or 
the levels released) vary fi·om subject to subject. Moreover, 
histamine release is not always correlated with the occur
rence of symptoms (642, 71 I, 1118, J 121) except possibly 
snee7.ing ( J 122). A better conelation is often found between 
the release of lipid mediators and symptoms (642, 711, 
J I 18). CysLTs may be of interest as their release appears to 
be prolonged and they induce sustained na~al obstmction. 

4-5-1-1-2- Plasma exudation 
During the early-phase reaction, nasal mucosal blood 

flow decreases (646) and plasma exudation is a major 
feature observed and related to both nasal hypersecretion 
and congestion The exudation process is a non-injurious, 
fully reversible prm:css of an almost unfiltered bulk 
blood flow of diffe1·ent sized proteins ( J 123 ). The plasma 
exudate provides a wide range of inflammatory enzymes 
including ki runs (945, 946, J 124-1 J 26), vnscular-derived 
mediators, albumin ( 1 J 23), immunoglobulins, plasma
derivecl histamine, pro-inflammatory mediators ;md acti
vated complement fractions ( 1 J 27) which can all be 
found in nasal fluids . Kinins and related compounds may 
play a role (947, 952, I J 28, J J 29). 

4-5-1-1-3- Acrimtion qf epithelial cef/s 
Epithelial cells are activated rapidly after allergen chal

lenge as shown by an increased expression of adhesion 
molecules (1024). However, it is not clear whether this 
activation is direct or whether it is induced by mast cell
derived mcdiato1s such as histamine (833, 836). The acti
vation of epithelial cells may be of importance in rhinitis 
bul further elucidation is required (I 035) (Figure 14). 

4-5-1-1-4- Neuropeprides 
P1uritus and sneezing are major symptoms caused by 

the histamine-induced activation of ne1ve endings locat
ed in epithelial tight junctions. Glandular secretion is 
directly stimulated by a-adrenergic and cholint::rgic ago
nists (682, 877). Although the release of substance P by 
an axon reflex has yet to be demonstrated in humans, it 
is likely thal a cholim;rgic reflex occurs and that Lhis may 
lead to hypersecretion (1130). 

4-5-1-1-5- Refease oj"chemoracticjac/ors 
During the immediate-phase reaction, a range of 

chemotactic factors (cytokines and mediators such as 
LTB4 (932, 1131 )) and PAF ( 1132, I J 33) are released hy 
mast cells and epithelial cells. This can lead to a more 
complex ongoing intlammatory response. A mixed 
intlammalory in filtrate is observed shortly afler the onset 
of the reaction ( 1134). 
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FIGURE 12: Symptoms induced by allergen challenge \early and late-phase reaction) and of intermittent and 
persistent rhinitis. 
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Nasal Challenge 

late Pha~e Re(!Ctlpn 

FIGURE 13: Mechanisms of allergic rh initis. 

4-5-1-2- Late-phase reaction 
4-5-1-2-1- Cell activation and re/ea~e of pro-inflam

matory mediators 
After a single allergen challenge, approximately 30 to 

40% of patients develop a late- phase reaction (LPR) (start
ing 4 to 5 hours and peaking 6 to 12 hours after the chal
lenge) which is manifested in the form of nasal obstruction 
and, to a lesser extent, rhinorrhea and sneezing (723). The 
LPR is characterised by the appearance of inflammatory 
celts at the site of the allergic reaction (1117): 
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Early Phase Reaction 

AUer:g!C Rhinitis 

·~ .--\ • ·W\J ,.., '-1\ ~ 
1, • • , 

~~~. 
~ ... _... .......... .. ! 

dlomolaclle 
I~ ore 

cytolllne:s 
I 

lnlc.pl>aso~llon 
+' 

chronlt·!1111amm:t1on 

• Neutrophils. The role of neutrophils in the late-phase 
reaction remains to be clarified. These cells are usual
ly found in increased numbers when lavages are car
ried out 3 to 8 hours after challenge but they are pres
ent in patients with and without a late-phase reaction. FIGURE 14: Activation of epithelial cells. 
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FlGURE II: Mechanisms of allergic rhlnltls.

4-5-1-2- Law-phase reaction
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A113: 3 single allergen challenge, appmximately 30 to w. ' ... _ 140%01‘ patients developalntm phase regactinn (LPR) {stan— I _' g '_ T f _;' l 1 l .
ing 4 m S hnum and peaking 6 Lu l2 hours. after the chal- EL". '. L!" S.JL1!:_:~L!_-' ' '3‘!‘.“‘!“!'
lengc} which is manifested in the farm ofnasal obstruction
and, to a lesser extent, minon-hca and sneezing (723). The _ mm. “min Wk:

LPR is characterised by the nppwrmue uf‘inflnnmmnry “Mum m m

calls at the site nfthc allergic reaction (1 1 l 1): l |_l_.|‘ Neuunphils. The role of neuterhils in the Iain-phase

reaction remains to be clarified. These cells are usual- w “Wm"
13! found in increased numbers when lavages are car— mm fluent-1mm
ried out 3 lo 8 hours after challenge bui they an: pres-
ent in patients with and without a lam-phase reaction. FIGURE I4: Acllvall’on of fiphhalial calls.
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The presence of neutrophils is not discriminative (641, 
1135, 1136). 
Eosinophils which release proteins (ECP, MBP) ( 641, 
1135, J 137-1139). There is a time relationship 
between the increase in eosinophils and levels of ECP 
or MBP and the development of symptoms of a LPR 
after allergen challenge ( 1140). The magnitude of the 
nasal blockage is related to the number of cells, par
ticulacly eosinophils, during the late-phase reaction 
( 1141 ). 
Basophils (but apparently not mast cells) (1142, 
J 143), 
CD4+ T-cells and CD25+ (interleukin 2 receptor bear
ing) cells (7 56). 
In some but not all studies, macrophages have been 
found in increased numbeis (790). 

Among lhc medialois recovered in nasal lluid, we find: 
histamine, 
CysLT, 
eosinophil-derived mediators (ECP, MBP) 
and kinins (723 ). 
It was thought that PGD2 was not released during the 
\ate-phase reaction but recent studies have shown that, 
in at least some patients, there is a significant relense 
of this mclliator. 

4-5-1-2-2- Cytokines, chemokines and the late-phase 
reaction 

The regulation of the late-phase reaction is becoming 
better understood. Tt is now clear that cytokines and 
chemokines, more than any pro-inflammatory mediators, 
are involved in the recmitment, activation and perpetua
tion of cells in the inflammatmy infiltrate. 

Eosinophil (IL-5, GM-CSF, eotaxin, RANTES (757, 
968, 979, 1003, J 144)) and neutrophil chemoattractants 
(IL-8) (748) are released during the LPR. There was a 
close correlation between "Th2-type" cytokine mRNJ\ 
expression, particularly IL-5, and the number of activat
ed (EGZ+) eosinophils. This suggests that CD4+ T-cell 
recn1itment and activation and the release of Th2-type 
cylukines in vivo contribute to Lhe development of lale 
nasal responses and are associated with tissue 
eosinophilia. GM-CSF appears to be of importance in the 
recmitment (and possibly suivival) ofeosinophils during 
the LPR (1145). However, the picture of cytokine and 
chemokine release is more complex Lhan previously 
thought. The increase in IL-4, IL-10 and IL-13 mRNJ\ 
levels (981) in the nasal mucosa after nasal allergen 
provocation was also upregulatcd . IL-16 is a polenl 
chemoatu'actant for co4+ cells ill vitro and may play a 
significant role in recmiting CD4+ cells in lhe LPR 
( 1146). Moreover, the nasal administration of r!L-5 into 
the nasal mucosa of patients allergic to Oyptomeria 
japonica pollen induced an accumulation and degranula
tion of eosinophils together with the development of 
nasal hypeJTeactivity to histamine (1147). 

The precise cell origin or lhcse cytokines and 
chemokines is yet to be dete1mined, although initial data 
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suggested the principal cellular provenance (at least at 
mP,_:"~A level) to be T-lymphocytes (1148), the contribu
tion fi·01n mast cells appearing to be important (702, 985, 
1148). RANTES may be mainly released by macrophages 
in the nasal mucosa (I 149). 

4-5-1-2-3- Recruitment of inflammatory cells and 
adhesion molecule~ 

The accumulation of inflammatmy cells in the nasal 
mucosa is characteristic of the LPR. The tissue 
eosinophilia may involve both the recruitment of mature 
eosinophils and the proliferation of their progenitors. A 
key factor for the influx of cells into the inflamed nasal 
tissues is the passage of blood cells tlu·ough the endothe
lium to the submucosa (Figure 10). Nasal challenge with 
allergen upregulates the expression of vascular endothe
lial adhesion molecules in mucosal biopsies (1022) on 
epithelial cells (1026). Jt also induces the release of 
siCAM -I inlu nasal secretions (I 031 ). 

4-5-1-2-4- Survival of inflammatory cells 
The survival of inflammatory cells at the site of the 

allergic reaction depends on the fate they undergo in cell 
death dming the evolution of airway inflammation. 
Allhough several stullies have been carried out in asthma, 
less is know11 in rhinitis . 

4-5-2- The priming effect 

Nasal challenge with pollen grains differs from the 
natural course of the disease during the pollen season as, 
in the latter case, patients are exposed for days or weeks 
to allergens leading to signitlcant inflammation of the 
n~sal mucosa and non-specific nasal hyperreactivity. 
Moreover, during a single nasal challenge with pollen, 
the number of grains required to induce symptoms is far 
greater than that inhaled during the pollen season (642, 
711 ). Jn 1968, Connell (8, 1150) suggested that nasal 
challenge with allergen was able to prime the mucosa. 
When he performed serial nasal provocations, he 
observed that the number of pollen grains required to 
elicit a positive nasal challenge was reduced by 10- to 
100-fold when a second challenge was repeated the fol
lowing day. He called this etTect "priming". Conversely, 
lhis pi iming crrect disappeared when patients were chal
lenged at weekly intervals. 

The mechanism behind this important finding was 
poorly understood at the time but is now thought to be 
due to the influx of eosinophils and metachromatic cells 
attracted to the mucosa by the first challenge (1151), this 
inflammation subsiding after a week or so. It is also pos
sible that inflammatory cells are primed by cytokines or 
mct!iato1s as has been shown in vilro for basophils (1152) 
and eosinophils ( 1153 ). The priming effect can be mim
icked using challenge with very low repeated doses of 
allergen. In such a challenge, changes in eosinophil 
mediator release in nasal lavage can be seen despite no, 
01 minimal, clinical symptoms (1154). Histamine releas
ing factors (HRFs) are released into nasal secretions but 
they are present both in normal subjects and in patients 
with chronic rhinitis. However, these HRFs have been 
shown to be more potent on autologous basophils of 
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rhinitic patients than on those of control subjects ( 1155) 
and glucocorticosteroids reduce such IIRF activity 
(I I 56). Other mechanisms may also explain the priming 
effect. The effects on nasal microvascular blood flow can 
be detected by means of laser Doppler flowmclly. ln a 
study, patients reacted to the birch pollen provocation 
with an increase in blood flow. This increase wa~ greater 
after the pollen season than before when the same pollen 
doses were used, indicating a priming phenomenon of 
the resistance vessels ( 1157). 

The prinung eth:ct on the nasal mucosa explains the 
importance of the tree pollen season in patients allergic 
to tree and grass pollens ( 1158). The tree pollen season 
shortly precedes the grass pollen season. When tree 
pollen counts are high, the nasal mucosa is primed and 
patients develop symptoms, not only during the tree 
pollen sea~on but also with very small amounts of grass 
pollens, e.g. very soon aflcr the tree pollen season has 
ended. On the other hand, when tree pollen counts are 
low, patients sensitised to grass pollens only or polysen
sitiscd patients start to present symptoms only several 
days following the onset of the grass pollen season as 
there is no priming of Lhc nasal mucosa. 

4-5-3- Minimal persistent inflammation 

The concept of "minimal persistent inflammation" is a 
new but important hypothesis that was recently proposed 
by Ciprandi e/ a/ (9) and confirmed in perennial (9, 759) 
and seasonal allergy (1 159). In patients with perennial 
allergic rhinitis, the allergen exposure varies within the 
year ancl there are periods in which there is little exposure. 
This is the case in the Mediterranean area for house dust 
miles during the summer, or when allergen avoidance is 
effective. However, these patients, even though they are 
symptom free, still present inflammation of the nose. 

4-5-4- Persistent inflammation 

4-5-4-1- Seasonal allergic rhinitis 
4-5-4-1-1- lnjlammalo!J' cells 
Studies of cells infiltrating the nasal mucosa during 
the pollen season show that there is an increase in the 
number of various innammalory cells and thatlhis is 
correlated with both the severity of symptoms (641, 
I 160- 1162) and nasal non-specific hyperreacrivi ty 
(869, 87 1). 

• Eosinophils are almost always found in the mucosa 
between non-desquamated epithelial cells a~ well as in 
the submucosa (661, 1160-1 162). This tissue eosino
philia may result from increased eosinophil chemo
taxis, vascular adhesion, increased bone marrow pro
duction of eosinophils or prolonged survival of 
eosinophils in tissues in relation to the release of 
cytokines and growth factors (973, 980, 984). 

• Mast cells are present in increased numbers in the 
t:pilhelium and the submucosa but they are orten 
degranulated (660, 661,699, 1163-1 165). 

• Neutrophils are also often observed in seasonal aller
gic rhinitis ( 1166), but the significance of the presence 
of these cells is still under scrutiny. 
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• CD4+ T-cells increase in number during the pollen season. 
• Moreover, in allergic patients, there is an increase in 

Langerhans-like cells (COl+) during the season (793). 

4-5-4-1-2- Epithelial cells 
The importance of epithelial cells in allergic rhinitis 

has often been discussed. 
• By contradistinction to asthma, the epithelial layer is 

not shed even though numerous activated eosinophils 
are found among epithelial cells (I I 117) 

• ln seasonal allergic rhinitis, epithelial cells bear 
ICAM-1 molecules (817). 

• Moreover, although hyper-permeability of the mucosa 
is thought to be a characteristic of rhinitis, an inverse 
finding was observed using the mucosal absorption of 
chromium-51 labelled EDTA suggesting that the air
way epithelial barrier, which is subject to prolonged 
eosinophilic inflammation, may rather increase its 
functional tightness (I 168). 

• However, it is likely that epithelial cells are activated 
in seasonal allergic rhinitis. 

4-5-4-1-3- Pro-il!flammalory mediators 
A range of mediators are released in nasal secretions 

during the pollen season ( 1169). These include: 
• Cys-LT(lll7, 1 170), 
• ECP (I 1 71 ), 
• histamine, whose levels are inconstantly increased 

when compaJ·ed with pre-season levels (880, ll 72). 
However, it has been shown that tissue histamine lev
els are correlated with symptoms during the pollen 
season (1173). 

• Tryptase, whose levels were found not to increase 
(1172). 

4-5-4-1-4- Cvtokines and chemokines 
• During the pollen season, lL- lll, IL- 18, but also IL

lra and siL-l RII, are upregulated during pollen expo
sure, and there was a significant correlation between 
these factors (Bachert, unpublished data). 

• ln patients allergic to pollens, there is an increased 
number of cells expressing Tb2 cylolcines during the 
pollen season (968, 972, 980-982). 

• Eotaxin mRt"\IA was found upregulared in nasal tissues 
from patients with allergic rhinitis (1003, 1004). 

• IL-8 levels seem to be unchanged or even decreased 
during the season in allergic rhinitics (973, 1 011). 

• MCP-1 levels increase during the pollen season. 

4-5-4-1-5- Edema 
The airway mucosa responds to inflammatory provo

cations with bulk exudation of plasma into the airway tis
sue (vascular exudation) and lumen (mucosal exudation). 
The process of mucosal exudation of plasma is a promi
nem feature of airway inllammation and has been demon
strated in rhinitis ( 1123 ). The plasma exudation response 
also represents a first-line defence, allowing potent plas
ma proteins Lo appear on the airway mucosa and act as a 
barrier towards undue luminal material (656). 
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4-5-4-1-6- Neuropeptides 
The role of neuropeptides is unclear: 
Substance P and vasoactive intestinal peptide have 
been shown to be released into nasal secretions during 
the pollen season ( 1174). 
Moreover, alterations of adrenoceptors and muscarinic 
acetylcholine receptors ( 1175, 1176) have been 
observed in patients with allergic rhinitis. 
Atopic subjects present an increased cholinergic 
hyperresponsiveness during the pollen season (I 177) 
suggesting that inflammatory changes occurring in the 
mucosa increase its sensitivity to neuropeptides. 

4-5-4-2- Perennial allergic rhinitis 
4-5-4-2-1-lnjlammatory cells 
Nasal eosinophilia is not a permanent feature of tllis 
disease (83, 759, 1178-1180) even in patients with 
allergic rhinitis. In a study examining the importance 
of eosi nophils in perennia 1 rhinitis, it was observed 
that eosinophils were often present in the nasal secre
tions of allergic, symptomatic patients (759). 
Neutrophils are present in non-infectious perennial 
rhinitis and a study performed by Knani eta!. showed 
that neutrophil levels were increased in the non-aller
gic grotlp (759). 
Epithelial mast cells arc increased in numbers in the 
nasal mucosa of patients with allergic ( 1181) and non
allergic perennial rhinitis (1182). However, other stlid
ies did not show the increase in mast cells in non-aller
gic patients ( 1183 ). 
Perennial allergic rhinitis is characteriserl by a selec
tive increase in CD4+ memoq T-cells (774, 777), as 
well as in CD3+4-g- dotible-negative T-cells, B-cells 
andy/liT-cells in the nasal mucosa (774). The irrcrease 
in CD4+ memory T-cells in the allergic nasal epitheli
um may have critical implicatiorrs in the pathogenesis 
of perennial allergic rhinitis. 

4-5-4-2-2- Epithelial cells 
• The imp01tance of epithelial cells in allergic rhinitis 

has often been discussed but studies orr the integricy of 
the nasal epithelium and the thickness of the basemunt 
membrane in patients with perennial rhinitis have not 
demonstrated any changes which are signiticantly dif
ferent from control subjects (1184). 

• Goblet cell numbers do not appear to be significantly 
diiTcrcnt in perennial rhinitis subjects when compared 
to control subjects (653). 

4-5-4-2-3- Pro-inflammatory mediators 
• No increase in histamine release was demonstrated 

(1185). 
Eosinophil-derived mediators were recovered from 
nasal lavages of patients with perennial rhinitis (759). 
CysLTs are also released (759). 
Myeloperoxidase is released by activated neutrophils 
and irrcreased levels of this mediator have been found 
in the nasal secretions of many patients suJTcring from 
allergic and non-allergic rhinitis (759). 
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• An imbalance in local T-cell cytokine production in 
favour of enhanced IL-5 and reduced IL-2 expression 
is observed in the nasal mucosa of patients with peren
nial allergic rhinitis (777). 

• IL-5 is increased in nasal lavages carried 011t in 
patients with house dust mite-induced rhinitis, and the 
levels of this cytokine are decreased by intranasal glu
cocorticosteroids ( 1186 ). 

• An increase in expression of TL-4 and lL-5 mRNA in 
the nasal mucosa of patients with perennial allergic 
rhinitis is observed during natural allergen exposure 
(986). 

• Il-13 gene expression was detected in the epithelial 
compartment of the nasal mucosa of most patierrts 
with allergic perennial rhinitis but was undetected in 
normal volunteers and non-allergic patients with 
perennial rhinitis (776). ICAM-1 expression is signif
icantly increased in the epithelium of patients with 
perennial rhinitis (I 187). 

• The immunolocalisation of cytokines in the nasal 
mucosa of patients with peremlial rhinitis showed that 
both mast cells (988) and T-t:ells (775) were able to 
release IL-5. However, the precise importance of these 
two cell populatiorrs is still unclear. 

4-5-4-2-5- Adhesion molecules 
A few st11dies have been performed to investigate the 

origin of cells present in the inflammatoq infiltrate, It 
has been observed that the expression of adhesion mol
ecules is increased on the vascular endothelium of 
biopsies from patierrts with clu·onic rhinitis (843, 
1188). ln the study of Saito eta!., the increased expres
sion of JCAM-1 in the mucosa was associated with an 
infiltration of activated lymphocytes. Other pro
inflammatory mediators may be involved but further 
experiments at c 1 cquired for their characterisation 
(1189). 

4-6- ASPIRIN INDUCED RHINITIS 

Jnnammatory cell populations and cytokine mRNA 
expression were studied in the nasal mucosa of 
aspirin-sensitive rhinitis subjects (1190). In compari
son to normal subjects, there was an increase in 
eosinophils, mast cells and activated T-cells. Marked 
increases were observed in the numbers of IL-5 
mRNA+ cells in aspirin-sensitive patients, whereas 
lower numbers of lL-4 mRNA + cells were observed. 
No diJTcrcnccs were observed for eitht:r IL-2 ur IFN-y. 
The predominance of macrophages and the dispropor
tionate increase in IL-5 compared to IL-4 mRNA 
expression suggests that factors other than "allergic" 
mechanisms may be important in this disease. A simi
lar increase in JL-5 and over expression of LTC4 syn
thase was reported in the bronchi of patients with 
aspirin-irrduced asthma (919, 920). 

Activated cosinophils can be detected in nasal polyps 
of aspirin-induced asthmatics ( 1191-1193 ). 
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4-7- NASAL HYPERREACTIVITY 

Non-specific nasal hyperreactivity is an important fea
ture of allergic and non-allergic rhinitis (1194). It can be 
defined as an increased nasal response to a normal stimu
lus resulting in sneezing, nasal congestion and secretion, 
either as a single symptom or in various combinations. 

TI1is phenomenon can be observed after nasal stimula
tion ( 1195) such as: 
• heating of the nasal mucosa (I 19o), 
• challenge of the nose with histamine ( 1197-120 I) or 

methacholine (1202). Although histamine and metha
choline ore the most widely used non-specific provoca
tion tests (871, 1194, 1198, 1199), they are not validat
ed in patients with non-allergic, non-infectious rhinitis. 

• cold air. In patients with non-allergic, non-infectious 
rhinitis, intranasal cold dry air results in an increased 
mucus production and nasal blockage in a dose-depen
dent manner. It has proved to be a relioble method for 
the measurement of non-specific nasal hyperreactivity 
in these patients (! 203 ). 
acrolein (1204), 

• capsaicin (950), 
• strong odours (1205), 
• distilled water ( 1206 ). 

Nasol hyperreoctivity can also occur after non-nasal 
stimulation like for example: 
• change of posture ( 1207), 
• change in body temperature (1195), 
• exercise ( 1208), 
• consumption of hot dJ·inks (soup) (1209). 

Several hypotheses have been proposed to explain the 
mechanisms of nasal hyperreactivity in allergic and non
allergic rhinitis (675). They include: 
• damage to the epithelial batTier, 

increased sensitivity of initant receptors in the mucosa 
(1210, 1211), 

• change in nerve transmission in periphery or in CNS 
(1212), 
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• release of pro-inflammatmy mediators (1213 ), 
• changes in receptor sensitivity of target cells or metab

olism 
• and/or influx of inflammatory cells (1214). The late

phase reaction following allergen challenge may be 
involved in the development or aggravation of nasal 
non-specific hyperreactivity (871, 1213, 1215, 1216). 

4-8- NON-SPECIFICTRIGGERS 

Patients sutl"ering trom allergic rhinitis are variably 
exposed to diverse inciters, which modulate inflamma
tion (Figure 15). 

allergy non-specific irritants 

symptoms non-specific 
llyperreactlvtty 

FIGURE 15: lnflarnrnaliun in allergic rtrinilis. 

short and 
long term 

complications 

ln normal subjects and patients with allergic rhinitis, 
indoor and outdoor pollutants induce symptoms of rhini
tis (see chapters 2-1-3-7 and 3-2). 

Tobacco smoking or passive smoking can, in some 
patients, induce n nasal renction interfering with aller
gens and thereby participating in the symptomatology of 
rhinitis (1217) (see chapter 3-2). 

Viral infections are known to i11duce the activation of 
various cell types including nasal epithelial cells (1218) 
and the release of various cytokines (972, 1219, 1220). 

Cold air can induce an inflammatory response with the 
activation of mast cells ( 1221, 1222) and the occunence 
of a late-phase reaction (1223 ). 
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4-7- NASAL HYPEFIREACTIVITV

Non-specific nasal ilypel‘l‘ctlcllvily is an important ten-
turc of allergic and non—allergic rhinitis (I I94}. It can be
defined as an increased nasal insponsc to a normal stimu-
lus rBSllllil'lg m sneezing, nasal congestion and secretiun.
either as a xinglc symptom or in various combinuliuns.

This phenomenon can be observed after nasal stimula-
tion (I I95) such as:
- llL‘inil'lg nfthe nannl murmur i I I96),
' challenge nfthe nnse with histamine (l [97 IZDIj or

mclhnchnline “202i. {\llhnugh histamine and metha-
choline are the most widely used nun-specific provoca-
tiun tests (87L HEM. 1193. | [99), they are not validat-
ed in patients with tum-allergic. non-infectious rhinitis.

- cold air. in patients: with nun—allergic. nun—infectious
rhinitis, intramural C(‘rltl dry air tin-tilts in an increased
mucus production and nasal blinking: in u dose—dcpcn.
dent manner. it has proved to be I! reliable method for
the measurement of non—specific nasal hwerreaetiviry
in these. patients (1203).

' acrulctn “204},
- cripsnicin (95m.
- strung admits ( I 205}.
- distilled water{ l2tl6)

Nasal hypnrt'eacliuity can also occur after nun-nasal
stimulalinn like for example:
' change of pasture (I 20?},
4 change in body rcmpenmlre (I I95},
I exu'tzise {1208}.
- consumption ofhnt drinks (soup) (1209).

Several hypotheses have been prop-tuned to explain the
mechanitrmit of nasal hypenmclivity in allergic and non-
allergic rhinitis [675). They include:
- dumagu to the epithelial barrier,
- increased sensitivity of irritant receptors in the mucosa

(12H), llll).
- change in ncrvr: transmission in periphery or in ("NS

{1212).
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- release nl'pro inlltamrnatm‘y medintun: ( ll“).
' changes in rcceplor sensitivity of target cells or metab-

nlimu

- amIJnr influx of inflammatory cells {IZId}. The late—
pltuse [caution following allergen challenge may be
involved in the development or aggravaticn of nasal
rim-specific hyperreaetivity (Bil. I2I3: IBIS, l2ltil,

4-8- NON-SPECIFIC TRIGGEHS

Patients sull’ering from allergic rhinitis are variably
exposed Io diverse inciters. which mndttlnle inflammav
linntFigun: IS).

allergy non-specific irritants

I_‘—l 

_lrII_Iam TatiDl'I]

sy mptoms nun-specific short and
try perraaeuvlnr long term

compilations

FIGURE15;|nil.rmnlatluniIIalleruiurllmlIrs

In normal subjnets :inrl pmiantx with sillergir: rhinitis,
inrlam marl nulduur pollutants induce symptoms: tif'rliini—
tis [see- chapters 2- l—3—T and 3-2).

Tribaucn amnkrng or pnssive sntnlcing can, in Some
patients. induce a nasal I'uactinil interfering with itliet-
gcns and thereby participating tn the symptnmntnlngy of
rhinitis (IE I 3’} (get: chapter 3-2}.

Viral infections are known to induce the nL'Livaliott of

various cell types including nasal epithelial cells (121%:
and the release ufvarirms cylokincs (972, [219, 0.20).

Cnld nircan induce an inflamrnulnry mapunsc with 1hr.
activation of mast cells [[22 ll I222} :trltl the occurrence
of a IntcAphaSt: reaction ( |223i.
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5- Non-infectious, non-allergic rhinitis 

Stricto sensu "rhinitis" means inflammation of the 
nasal mucous membrane. However, markers of inflam
mation are not examined in daily clinical work. There
fore, the term rhinitis is used for a disease of the nasal 
mucosa, which results in nasal itching, sneezing, rhinor
rhea and na~al blockage. 

The disease is "non-allergic" when allergy has not been 
proven by proper allergy examination (history, skin prick 
testing, measurement of serum specific IgE antibodies). 

Rhinitis is called "non-infectious" when the nasal dis
charge is clear and watery, and not purulent. The detec
tion of micro organisms (viruses, bacteria, fungi) is not 
used in clinical work and therefore it can not form a 
basis for the diagnosis. 

"Non-allergic, non-infectious rhinitis" does not tlsually 
have a well-defined season and the disease is often called 
"perennial non-allergic rhinitis", although symptoms tend 
to be worst in the cold winter months. Formerly, the te1m 
"vasomotor rhinitis" was often used, but this implies that 
the underlying cause is a vascular and/or neurological dys
fimction of the mucosa, and there are no sound data to 
support th.is notion. Therefore, the term "idiopathic rh.ini
tis" is more conect for the disease of unknown aetiology. 

5-1- PREVALENCE AND NATURAL HISTORY 

Jt is estimated that 2-4% of the general population suf
fers from a chronic nasal disease with daily symptoms 
and a need for medication. The figures are uncertain 
because of the vague definition of the disease and the 
lack of studies. 

Surprisingly, the U.S. National Health Interview Survey 
data of 1983-1985 placed "clu·onic sinusitis" (a term often 
used for nasal symptoms) first in rank among the most 
common chronic conditions, with a prevalence of 13.5%. 

In contrast to allergic rhinitis, which usually makes its 
first appearance in children and youngsters, non-allergic, 
non-infectious rhinitis usually develops in middle-aged 
persons. Perhaps ageing-related changes of the nasal 
mucosa predispose for the development ofthis condition, 
isolated rhinorrhea in particular. 

The course of the disease is capricious, but severe, 
persistent symptoms usually predict a long course. Thus, 
perennial non-allergic rhinitis does not have the same 
favourable natural course as seasonal allergic rhinitis. 

5-2- PATHOPHYSIOLOGY 

Non-allergic, non-infectious rhinitis is highly hetero
geneous and mechanisms are often unclear. 

5-2-1- Drug response and mediators 

Our knowledge in this area is poor. The response to 
HI-antihistamines in patients who have sneezing as a 
predominant symptom points at histamine as an impor-
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tant mediator, but Hl -antih.istamincs arc generally inef
fective in most patients. Some effects of leukotriene 
receptor antagonists in aspirin-sensitive patients indicate 
that leukotrienes are of some significance in this sub
group. A response to glucocorticosteroids can be taken 
as proof of an inflammatory pathogenesis, hut a sub
group of patients have neither signs of inflammation nor 
response to glucocorticosteroids. In patients with a non
eosinophilic disease, studies on nasal secretions and 
mucosal biopsies have failed to identity any differences 
between these patients and healthy controls, with respect 
to cellular or biochemical markers of inflammation. It 
appears therefore that in these individuals, the disorder is 
not of an in11ammatory nature. If so, nasal hyperrespon
siveness may have a totally different pathophysiological 
basis from that seen in chronic inflammatory disorders. 

5-2-2- Nasal hyperreactivity 

Nasal hyperreactivity is common in non-allergic, non
infectious rhinitis , 

5-3- SYMPTOMS 

A specific precipitating factor cannot be identified, 
but symptoms are often precipitated by non-specific 
stimuli such as smoke, strong odours, perfumes, alco
holic beverages, cold air and hot spicy food. 

The symptoms are usually the same as in allergic 
rhinitis, but eye symptoms are less frequent and nasal 
blockage more prominent. From a clinical point of view, 
it can be practical to make a distinction between diseases 
based on the prominent nasal symptom, because this 
relates to response to pharmacotherapy. 

5-3-1- Sneezers 

The patient has the same symptoms as a patient with 
perennial allergic rhinitis and the symptoms usually 
respond to treatment with antihistamines and glucocorti
costeroids. 

5-3-2- Runners 

Some patients, especially elderly gentlemen, st1ffer 
exclusively from watery rhinorrhea They do not respond 
to treatment with antihistamines and glucocortico
steroids but they can be helped by an intranasal 
cholinoccptor antagonist (ipratropium bromide). 

5-3-3- Blockers 

These patients are made to feel uncomfortable by nasal 
stu ffmess or congestion with reduced or abolished nasal 
breathing. The nasal mucosa is swollen due to vasodilata
tion, edema formation and/or hyperplasia. Anatomic 
abnmmalities can contribute to the symptoms. These 
patients do not respond to H !-antihistamines but may or 
may not respond to glL1cocorticosteroids or to vasocon-
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strictors, which initially may be most effective when given 
systemically for some days before intranasal treatment. 

5-4- CAUSES AND CLASSIFICATION 

The aetiology is unknown in most cases and the disease 
is therefore idiopathic. However, it is useful to analyse 
whether there Cllil be causal or contributing factors. 

5-4-1- Physiological symptoms 

The nose serves as an eflicient humidifier, heater and 
filter for inhaled air thereby protecting the lower aiJWays. 
The nasal mucosa is constantly exposed to unconditioned 
and occasionally polluted irlhaled air causing iiTitation, 
sneezing, reflex-mediated hypersecretion and nasal 
blockage. When the nasal mucosa is exposed to environ
mental challenges (cold air, polluted air), symptoms are 
a natural response. All subjects contract rhinorrhea from 
exposure to cold air and from eating hot spicy soup. 

5-4-2- Aetiology of non-allergic, non
infectious rhinitis 

There arc a number of causes of non-allergic, non
infectious rhinitis (see chapter 1-6). 

5-4-3- Inappropriate awareness of normal 
nasal symptoms 

OccHsional sneezing and rhinon·hea in the morning 
and upon exposure to cold llild polluted air is considered 
to be a normal nasal response. Some persons consider 
even slight nasal symptoms to be abnormal and seek 
medical advice for that reason. Inquiry about the number 
of daily sneezes ami nose blowings and about the hoLUs 
with daily symptoms may help in making a distinction 
between a nonnal physiological response and a disease. 

5-4-4- Anatomical abnormalities 

Mild anatomical abnormalities are frequent. When 
nasal symptoms occur without a recent nasal trauma, an 
anatomical abnormality is usually not the actiological fac
tor, but it may contribute to the symptoms of a disease of 
the mucou~ mcmbmne. Septal deviation is a well-known 
cause of nasal obstruction; it is often bilateral ( S-shaped 
deviation). A septal deviation with a spur, resulting in con
tact between septal and lateral mucous membranes ('kiss
ing mucous membranes'), causes initation and induces 
rencxes and rhinitis symptoms. Other anatomical abnor-
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mali ties, such as an air-filled middle turbinate, concha bul
losa, can also cause nasal symptoms, especially blockage. 

5-5- DIAGNOSIS 

Although a diagnosis is based on the patient's symp-
-toms, a diagnostic work up is required to differentiate 
this syndrome from perennial allergic rhinitis and to 
exclude differential diagnoses. Testing involves allergy 
te~ting, na~al endo~copy, preferahly a nasal ~mear for 
eosinophils and, in selected cases, a Cf-scan of nose and 
paranasal sinuses. 

In the NARES syndrome, eosinophils can be found in 
the nasal mucosa and secretions (1224, 1225). I t appears 
that nasal biopsy is superior to nasal smear for finding 
eosinophils (1226). 

5-6- DIFFERENTIAL DIAGNOSIS 

Other conditions may mimic some of the symptoms of 
non-allergic, non-infectious rhinitis. 

Careful examination of a patient with non-allergic, 
non-infectious rhinitis is indicated in order to make the 
conect diagnosis and to exclude differential diagnoses 
and concunent stmctural abnormalities. 

Congenital choana! atresia can be a cause of unilater
al obstmction, with discharge in an infant, but a foreign 
body is much more common at that age. Enlarged ade
noids are a frequent cause of mouth breathing. 

Unilateral symptoms, bleeding and pain are important 
warning signals of malignancy. Malignant UJmoms in the 
nose, paranasal sinuses or nasophru-ynx and Wegener's 
grauulomatosis usually start with unch:ul!cleristic symp
toms. A first diagnosis of perennial rhinitis is not uncom
mon in these cases. 

5-7- CONCLUSIONS 

When allergy and infections have been excluded as the 
cause of rhinitis, a number of poorly defined nasal con
ditions of unknown aetiology and pathophysiology must 
be included in the diffcrcnlial diagnosis. These condi
tions are generally difficult to treat with the exception of 
aspi1in-induced rhinitis, nasal polyposis and other rhini
tis forms, which may respond to glucocmticosteroids. A 
diagnostic work up is required to differentiate this condi
tion from perennial allergic rhinitis. 
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6- Co-morbidity and complications 

Allergic intlammation does not necessarily limit itself 
to the na~al airway. Multiple co-morbidities have been 
associated with rhinitis. These include asthma, sinusitis 
and conjunctivitis. 

6-1-ASTHMA 

6-1-1- Introduction 
The nasal and bronchial mucosa present similarities 

and most patients with asthma also have rhinitis (25, 28). 
Dysfunction of the upper and lower ai1ways frequently 
coexists. Epidemiological, pathophysiological and clinical 
studies have strongly suggested a relationship between 
rhinitis and asthma. These data have lead to the concept 
that upper and lower airways may be considered as a 
unique entity influenced by a common, evolving inflam
matory process, which may be sustained and amplified by 
interconneded mechanisms. Allergic rhinitis is con-elated 
to, and constitutes a risk factor for, the occurrence of asth
ma (l45). lt has been proposed that the prevention or early 
treatment of allergic rhinitis may help La prevent Lhe 
occurrence of asthma or the severity of bronchial symp
toms. Therefore, when considering a diagnosis of rhinitis 
or asthma, an evaluation of both the lower and upper air
ways should be made. However, although the nasal and 
bronchial mucosa present similarities, there are also dif
ferences between rhinitis and asthma 

6-1-2- Epidemiology 

6-1-2-1- Association between asthma and rhinitis 
Epidemiological studies have consistently shown that 

asthma and rhin.itis often co-exist in the same patients ( 6, 
32, 145, 175, 187, 1227). In a study in which a poll base 
of 20,000 households were screened for symptoms of 
rhinitis, 16,786 responded (I 09). The point prevalence of 
perenn.ial rhinitis (patients with at least 6 months of con
tinuous symptoms) was 4.1% and the association of 
perennial rhinitis with a history of asthma was highly 
significant (13.4% in those with perennial rhinitis vs. 
3.8% in those without; odds ratio 3.26). Asthma appears 
to be more olten associated with perennial rhinitis than 
with seasonal rhinitis (30). 

The majority of patients with asthma present seasonal 
or perennial allergic rhinitis symptoms (175). Rhin.itis 
usually occurs in over 75% of palicnls with allergic asth
ma and in over 80% of patients with non-allergic asthma 
(6, 30). However, in many instances, symptoms predom
inate in one of the organs and may be hidden in the other. 
Data from Northem Sweden also demonstrate the asso
ciation between asthma and allergic rhinitis. Results 
show that an adult with a family history of asthma or 
rhinitis has a risk of three to four-fold for developing 
asthma and of two Lo six-fold for developing rhinitis over 
an adult without a family history (95). 
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The age of onset of atopy may be an important con
founding factor for the development of a~thma and rhini
tis or rhinitis alone. In an Australian study, it was found 
that atopy acquired before the age of 6 years is an impor
tant predictive factor for asthma continuing into late 
childhood whereas atopy acquired later was only strong
ly associated with seasonal allergic rhinitis ( 1228). Sev
eral smveys in children and adults have shown signifi
cantly lower prevalences of asthma and allergic diseases 
in Eastem Europe than in westem countries. In former 
East Germany, tremendous changes towards western 
lifestyle have occurred since unification (189). In 1995-
1996, 2,334 school children in Leipzig participated in a 
cross-sectional st1.1dy that used the same methods as a pre
vious survey done sh01tly after the fall of communism in 
1991-1992 (218, 227). The prevalence of seasonal aller
gic rhinitis and atopic sensitisation increased significant
ly between 1991-1992 and 1995-1996. However, there 
was no significant change in the prevalence of asthma or 
bronchial hyperresponsiveness (189). These tindings sug
gest imporlanl dilTerenccs in lhe development of atopic 
disorders. Factors operating ve1y early in life may be par
ticularly important for the acquisition of childhood asth
ma and rh.in.itis, whereas tl1e development of atopic sensi
tisation and seasonal allergic rhinitis may also be affect
ed by environmental factors occmTing beyond infancy. 

6-1-2-2- Association b~twccn rhinitis and nou
specilic bronchial hyperreactivity 

Many patients with allergic rhinitis have increased 
bronchial sensitivity to methacholine or histamine (1229, 
1230). 

Patients with seasonal allergic rhinitis develop season
al bronchoconstriction unassociated with clinical bron
chospasm (1231 ). Moreover, seasonal increases of carba
chol, histamine or methacholine broncltial responsiveness 
and exercise-induced bronchoconstriction were common
ly observed in patients allergic lo grass or birch pollen 
( 1232-1234). The reversal of bronchial hypen-eactivity by 
intra nasal sodium cromoglycate (1235), nedocromil 
sodium ( 1236) or glucocorticostemids (123 7, 1238) sug
gests that bronchial inflammation is associated with nasal 
inflammation (1239). 

In subjects with perennial allergic rhinitis, bronchial 
hypeneactivity appears to be more common and more 
severe than in patients with seasonal allergi\: rhinitis 
(1240, 1241). In an epidemiological study of the general 
population, it was confirmed that bronchial hypeneactiv
ity was increased mainly in patients with perennial and 
seasonal rhin.itis in comparison to those with seasonal 
rhinitis alone or healthy subjects ( 176). 

In the NARES syndrome, 46% of patients with 
NARES but without histories of respiratory symptoms 
had a measurable bronchial hypcrresponsivcness (85). In 
the same study, the presence of bronchial hyperrespon-
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siveness was associated with an increased number of 
eosinophils in induced sputum but not with the inflam
matory process in the nose. 

Responsiveness of the bronchial mucosa in asthma 
patients is approximately 50 times that of normal (non
allergic or non-asthmatic) subjects, whereas that of the 
nasal mucosa in allergic rhinitis is only 2-S times that of 
control subjects (1242, 1243). TI1e infhmmatoty process 
involved in hyperresponsiveness is similar in both condi
tions, involving an increased infiltration of eosinophils 
and subsequent increased mediator release. The greater 
degree of bronchial hyperresponsiveness seen in asthma 
may be a consequence of the anatomical differences 
between the upper versus the lower airways. 

6-1-3- The same triggers can cause rhinitis 
and asthma 

Among the causative agents imlucing asthma and 
rhinitis, some (e.g. allergens (6) and aspirin (1244, 
1245)) are well known to affect both the nose and the 
bronchi (1246, 1247). 

In the general population, allergy to house dust mite or 
animal dander is a risk factor for asthma and rhinitis 
whereas pollen allergy is a risk factor for rhinitis ( 1248-
1251). 

In aspirin sensitivity, after aspirin challenge, CysLTs 
are released into both nasal and bronchial secretions 
(148). 

An interesting model for studying the relationship 
between rhinitis and asthma has been offered by occupa
tional sensitisation Subjects with occupational asthma 
may also report symptoms of rhinoconjunctivitis. In the 
case of low molecular weight agents, rhinitis is less plo
nounced. Rhinitis more often appears before asthma in 
the case of high molecular weight agents (561 -563 ). In 
allergy to small mammals, rhinitis may be very severe 
but usually appears before asthma (1252). This high
lights the importance of the cessation of allergen expo
sure in occupational allergic rhinitis in order to prevent 
asthma. 

Thus, there is su·ong epidemiological evidence show
ing a close 1 ink b~lwcen rhinitis and asthma, and sug
gesting a common genetic background for both these dis
eases. Some genes may be restricted to nasal symptoms. 
Some HLA-DR haplotypes distinguish subjects with 
asthma from those with rhinitis only in ragweed pollen 
allergy (30 I). 

6-1-4- Natural history of the diseases 

Studies have also identi(icd a temporal relationship 
between the onset of rhinitis and asthma, with rhinitis 
frequently preceding the development of asthma. Aller
gic rhinitis developing in the first years oflife is an early 
manifestation of an atopic predisposition, which may be 
triggered by early environmental exposures ( 145). Aller
gic rhinitis and positive allergy skin tests are significant 
risk facrors for developing new asthma (2 7 5 ). A I 0-year 
prognosis study for childhood allergic rhinitis was car
ried out and it was found that asthma or wheezing had 
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developed in 19% of cases and was more common 
among those with perennial allergic rhinitis than among 
those with seasonal allergic rhinitis (276). Individuals 
with either of these diagnoses are about three times more 
likely to develop asthma than negative controls (275). 
However, upper and lower airway symptoms can also 
develop simultaneously in about 25 % of patients. 

ln aspirin-induced asthma, the clinical syndrome 
develops according to a pattern, characterised by a defi
nite ~equence of ~ymptom~ (31 ). Rhinitis is the first 
symptom of the disease and is usually related to a tlu-like 
infection in the majority of patients. It appears on aver
age at the age of 30, is characterised by discharge from 
the nose, often watery, nasal blockage, oral sneezing and 
less frequently by pain in paranasal sinuses. Rhinitis is 
perennial, difficult to treat and leads to a loss of smell in 
around 50% of the patients. In an average patient, the 
first symptoms of asthma appear two years aficr the onset 
of rhinitis. Intolerance to aspirin and other NSAJD as 
well a~ na~al polyps become evident years later. In the 
majority of patients, aspi1·in intolerance, once developed, 
remains for the rest of their lives. Repeated aspirin chal
lenges arc, therefore, positive though some variability in 
intensity and specuum of symptoms occurs. However, in 
an occasional patient, a positive aspirin challenge may 
became ncg<ttive after a period of scveml years. 

6-1-5- The mucosa of the aiiWays 
ln normal subjects, the structure of the airway mucosa 

presents similarities between the nose and the bronchi. 
Both nasal and bronchial mucosa are characterised by a 
pseuclosu·<tlilied epithelium with columnar, ciliated cells 
resting on a basement membrane. Undemeath the epithe
lium, in the submucosa, vessels and mucous glands are 
present with structural cells (fibroblasts), some inflam
matmy cells (essentially monocytic cells, lymphocytes 
and mast cells) (1253) and netves. 

There are also differences between the nose and the 
bJOnchi. In the nose, there is a large supply of subepithe
lial capillmy, arterial system and venous cavernous sinu
soids. The high degree ofvascularisation is a key feature 
of the nasal mucosa and changes in the vasculature may 
lead to severe nasal obstruction (646). On the other hand, 
smooth muscle is present from the trachea to the bron
chioles explaining bronchoconstriction in asthma. 

The nerves present in nasal mucosa include adrenergic 
and cholinergic nerves and ne1ves of the NANC (non
adrenergic non-cholinergic system) (675, 690, 966). 
Neurotransmitters and neuropeptidcs released within Lhe 
autonomic nervous system exert homeostatic control of 
nasal secretion (by plasma extravasation) as well as of 
mucous and serous cell secretion. Sensmy neuropeptides 
are present in human bronchial netves beneath and with
in the epithelium, around blood vessels and submucosal 
glands and within the bronchial smooth muscle layer 
(1254, 1255). Cholinergic nerves are the predominant 
bronchoconstrictor pathway. On the other hand, there is 
no direct functional adrenergic supply to human ai1ways. 
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The role of the NANC system is still poorly understood 
in asthma (1256) although it has been proposed that an 
imbalance between senso1y neuropeptides ri-tay play <1 

role in the mechanisms of asthma (676, 1257). Moreover, 
adrenergic control of the nose and bronchi differ since a
adrenergic agonists <~re effec.tive nasal vasoconstrictors in 
rhinitis whereas 132-adrenergic agonists are effective 
bronchodilators in asthm<:~. 

Nitric oxide (NO) is an intercellular transmitter, both 
in the central and peripheral nervous system. In addition 
to ne1ve cells, NO is also produced in the epithelial cells 
of various tissues and in the endothelium. NO is pro
duced in l<~rge amounts in the noses of normal individu
als. NO is an important mediator of the effector arm of 
the naso-nasal reflex that increases vascular permeability 
but is not involved in the sens01y ne1ve afferent p<~thway 
( 1258). NO appears to play a key role as a vasodilator, 
neurotransmitter and inflammatory mediator in the 
bronchi and is produced in increased amounts in asthma 
( 1259). In healthy subjects, exhaled NO originates main
ly from the upper aitways with only a minor contribution 
from the lower airways (l260). 

6-1-6- Relationships and differences between 
rhinitis and asthma 

Recent progress achieved in the cellul<~r and molecular 
biology of airway diseases has clearly shown that inflam
mation plays a critical role in the pathogenesis of asthma 
and rhinitis. A growing number of studies show th<:~t the 
intlanunation of nasal and bronchial mucosa is sustained 
by a similar inflammatmy infiltrate, which is represented 
by eosinophils, mast cells, T-lymphocytes and cells of the 
monocytic lineage (661, 1261 -1263). The same pro
intlammatory mediators (histamine, CysLT), Th2 
cytokines (IL-4, IL-5, IL-13 and GM-CSF) (661, 703, 
965, 988, 1264), chemokines (RANTES and eotaxin 
(1003, 1265, 1266)) and adhesion molecules (814, 8!6, 
818) appear to be involved in the nasal and bronchial 
inflammation of patients with rhinitis and asthma. How
ever, differences may exist in the extent of the inflamma
tory indices, eosinophilic inflammation and epithelial 
shedding being more pronounced in Lhe bronchi than in 
the nose of the same patients suffering from asthma and 
rhinitis (1184). Inflammatory cells assessed by sputum 
induction are present not only in the ai1ways of patients 
with astlmta btlt also in the ai1ways of patients with sea
sonal allergic rhinitis, outside of season ( 1267). 

Atopic patients without astlm1a present some degree 
of bronchial inflammation, in particular a few activated 
eosinophils (1087). An irregularly disLribuled subepilhe
lial fibrosis of the bronchi is obseJVed in subjects with 
allergic rhinitis (1268). It results from the deposition of 
type I ond III collogens <:~nd fibronectin and suggests the 
presence of an active sU1tCUJTal remodelling in the lower 
airways of allergic rhinitic subjects, similar in nature to 
that seen in asthma, although less marked. After 
bronchial segmental allergen challenge in non-asthmatic 
rhinitics, an early and late-phase reaclion can be 
obsetved (1269) st1ggesting that the bronchial mucosa of 
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rhinitics is capable of being triggered by allergens. An 
increase in airways inflammation was found after seg
mental challenge in the same patients ( 1269). 

It is well established that bronchial mucosal inflamma
tion causes epithelium shedding, increased thickness of 
the reticular layer of the basement membrane and hyper
trophy of smooth muscle cells ( 1270). On the other hand, 
in perennial rhinitis, epithelium is not usually shed (1 167, 
1226). Jn a biopsy study carried out in the nose and 
bronchi of the same a~thmatic patient~ with rhinitis, it was 
shown that epithelium was not generally shed in the nose 
whereas shedding was observed in the bronchi (1184). 

Ai.tway remodelling exists microscopically in most if 
not all asthmatics (862) including bronchial wall thick
ening, deposition of collagen and proteins on the base
ment membrane, increase in smooth muscle mass and the 
release of fibrogenic growth factors. Jn allergic rhinitis, 
such a remodelling process is still under discussion and 
requires further studies. In a biopsy study carried out in 
the nose and bronchi of the same asthmatic patients with 
rhinitis, it was obsetved that the size of the reticular base
ment membrane was close to that in the nasal biopsies of 
normal subjects. (1184). 

The early ood late bronchi<:~! responses were compared 
in I 23 patients with allergic rhinitis and mild asthma. In 
this study, the presence or Lhe absence of asthma symp
toms in allergic subjects was related to a quantitatively 
ditierent airway responsiveness to allergen ( 1271) 

Nas<:~l ood bronchial abnormalities observed in asth
matics therefore appear to present distinct entities, but 
inter-related conditions are not yet excluded. Compara
tive studies showing whethe1· the release of inflammato
ry cytokines, chemokines and inflammatory mediators in 
the nose and the bronchi causes similar or different stmc
tural alterations of the mucosa remain to be fully evalu
ated (Figure 16). 

6-1-7- Physiological relationships between 
rhinitis and asthma 

The intl<:~mmatory reaction of the nose can cause a 
worsening of asthma by several different mechanisms 
(26). Although a nasal challenge wilh allergen docs nol 
induce airflow limitation of the lower airways, it may 
cause non-specific bronchial responsiveness (1272, 
1273). 

Several mechanisms have been proposed to link 
uncontrolled allergic rhinitis and the occurrence or wors
ening of asthma (1274): 
• Nasal challenge induces the release of mediators, 

which can in turn cause a bronchoconslriclion. 
• The post-nasal mucous drip may induce contraction of 

the bronchial smooth muscle or inflammation of the 
lower ai.tways. However, this mechanism may not be 
relevant in consciOllS human beings. 
Mouth breathing secondary to nasal obstruction is a 
common feature in asthmatics and may play a role in 
the severity of asthma. 

• A putative rcJlcx between the nose and the lungs has 
been proposed (1275) but has to be confimted. 
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Asthma 

FIGURE 16: Similarities and differences between asthma and rhinitis. In rhinitis, there are numerous blood 
vessels explaining nasal obstruction _ In asthma, there is smooth muscle expla:ning bronchial obstruction 
Eos, Eosinophils; Neur, neutrophils; MC, mast cells; Lv. lymphocytes; MP, macrophages. 

There are also close links belween nasal infection by 
vimses and asthma exacerbations ( 1276) RJ1inovimses 
have been widely identified in nasal secretions during 
asthma exacerbations in both children and adults (1277, 
1278). :Nasal virus infections increase bronchial hypen·e
activity in asthmatics (1279, 1280) and bronchial inflam
mation including ~osinophilia (1281 -1283). 

6-1-8- Clinical relationships between rhinitis 
and asthma 

Few studies have examined the chronology of symp
toms during the pollen ~easun. Usually, nasal symptoms 
occur early in the pollen season and reach a maximum 
with peak pollination or just after it On the other hand, 
bronchial symptoms usually begin after the onset of the 
season, peak later than the peak pollen counts and persist 
for some time afler (1284). In some patients, non-specif
ic bronchial hyperreactivity may be pwlonged for weeks 
(see chapter 6-1 -2). 

6-1-9- Costs 

Asthma is a common ami coslly condition. Concomi
tatlt asthma and allergic rhinitis have been shown to 
increase the medication costs for people with asthma. A 
study has compared medical care costs of those wi1h and 
without cot1comitant allergic rhinitis. Yearly medical care 
charges were on average 46% higher for those with asth
ma and concomitant allergic rhinitis than for persons 
with asthma alone, allowing for age and gender (32). 

6-1-10- Conclusion 

Upper and lower air\\oays m<.~y be considered as a unique 
entity supporting the concept of a '\mited airways", but 
there are also differences which should be highlighted. 
Allergic rhinitis is con·elated to, and constitutes a risk fac
tor for, the occuncncc or severity of asthma. The treatment 
of astluna and rhinitis presents similarities since the same 
chugs are effective in rhinitis and asthma (e.g. glucocorti
costcroids) and diff'c!cnccs since different d.Jugs arc effec
tive in upper and lower airways (e.g. (~- and 1.1-adrenergic 
agonists respectively). Moreover, some drugs arc more 
effective in rhinitis than in astlm1a (e.g. I-ll -antihista
mines). Finally, an optimal management of rhinitis may 
pal1ly improve coexisting asthma. 

6-2- CONJUNCTIVITIS 

6-2-1- Prevalence of the association 

Symptoms of "red eye" occur in a large proportion of 
patients with rhinitis. However, the prevalence of the asso
ciation between rhinitis and coqiunctivitis cannot easily be 
defined. Conjunctival symptoms are often considered to be 
of minor importance ( 12R5) and possibly not spontaneous
ly reponed by patients with rhinitis andior astluna in med
ical interviews or in questiotmaire-based studies such as the 
ISAAC and the ECRHS ( 107, 150) . Moreover, sewral 
signs of involvement of the extemal eye (Table 7) can be 
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TABLE 7: Symptoms and signs of allergic eye diseases 

Symptoms 

Setl.mnal and perennial allergic conjtmclivitis 
Tearing 

Burning 
Mild itching 
Vernal keratoconjunctivitis 
Intense itching 

Tearing 
Photophobia 
Sensation of foreign body 

Atopic keratoconjunctivitis 
llching 
Burning 
Tearing 

Cnnlucl lent cnnjunctiviti.\' 
Itching 
Pain 
Sensation of foreign body 
Lens intolerance 

documented only with an accurate eye examination, which 
was not part of the protocol in most studies of rhinitis 
patients. Accordingly, the association between rhinitis and 
conjunctivitis is underestimated in epidemiological studies. 

A second even more relevant reason which makes sev
eral clinical studies on the prevalence of conjunctivitis in 
rhinitis patients of limited value is represented by the het
erogeneity of the red eye syndrome, usually refened to as 
"conjunctivitis". In fact, a red eye can be caused by aller
gic and non-allergic agents. Moreover, allergic eye dis
eases represent a heterogeneous emity including different 
forms of conjunctivitis with different signs, symptoms, 
pathophysiology, degree of severity and response to treat
ment (1286-1288). 

Allergic conjunctivitis is usually classified as acute, 
seasonal, perennial, vernal or aropic conjunctivitis. An 
immunological mechanism has also been postulated for 
conjunctival symptoms in contact lens wearers (Table 7). 
• AcULe aller!lic conjuncLivitis (AAC) is an acute hyper

sensitivity reaction with hyperaemia and chemosis 
accompanied by intense teruing, itching and burning 
of Lhe eye. This is caused by an acciuental exposure to 
several substruJces such as gas and liquid "initants" or 
animal danders. 
Seasonal allergic conjunctivitis (SAC) is the typical 
conjunctival reaction in seasonal allergic rhinitis 
rhinoconjunctivitis or following exposure to st:asonal 
pollen allergens in sensitised subjects. 
Perennial allergic conjunctivitis (PAC) is a less intense 
but cominuous conjunctival reaction rclatcu to expo
sure to peretmial allergens such as house dust mites. 
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Signs 

Mii<l hyperaemia 
Mild edema 
Mild papillary reaction (often absent) 

Cobblestone papillae 
Intense hyperaemja 

Mucus discharge 
Milky conjunctiva 
Punctuate keratopathy 

Trantas dots 
Togby's ulcer 

Hyperaemia 
Eczcmawus lesions of cyclitis 
Corneal ulcers 

CuU1mcls 

Pannus 

Keratoconus 
Retinal detachment 

Giant papillae 
Excessive mucus production 

Corneal lesions 
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Vernal conjunctivitis NKC) is a severe bilateral eye 
condition in children, with frequent involvement of the 
cornea (vema! keratoconjunctivitis). Jt is characterised 
by conjunctival hypertrophy and mucus excess. 

• Atopic conjunctivitis (AKC) is a keratoconjunctivitis 
associated with eczematous lesions of the lids and 
skin. 
Contact lens conjunctivitis (CLC) is a giant-papillary 
conjunctivitis obsctvcd in hard and soft contact lens 
wearers. 

From surveys on a large number of patients with "aller
gic conjunctivitis" (1285), the prevalence of the associa
tion between rhinitis and "conjunctivitis" appears to he 
different depending on the type of allergic conjunctivitis. 
ln 239 pollinosis patients studied in ltaly, eye symptoms 
were almost always (95.2% of cases) associated with 
rhinitis or with asthma (28.7% of cases). Only 1.2% of 
patients had conjunctivitis and asthma but not rhinitis. 
The allergen responsible for sensitisation and symptoms 
was in these cases a perennial pollen (Parietaria). 

The prevalence of rhinitis in patients with atopic and 
contact lens conjunctivitis is similar in allergic and non
allergic patients (1285). 

It seems therefore that the association between rhinitis 
and conjunctivitis is a typical feature of patients with sea
sonal pollen allergy. More interestingly, il can also be 
speculated that the pathophysiology of the allergic patient 
is heterogeneous and that the type of disease association 
in a paliem with rhinitis might help in better dd"ining 
his/her clinical and pathophysiological phenotype. 
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6-2-2- Mechanisms 

Two major mechanisms can be invoked for explaining 
the association between rhinitis and conjunctivitis: 

Nasa-conjunctival reflexes, certainly possible from an 
anatomical point of view, seem to influence conjuncti
val symptoms in patients with rhinitis (and vice-versa). 
In fact, it is well appreciated that specific and non
specific challenge to the nose or to the eye is followed, 
respectively, hy eye and nose symptoms a.~sociated with 
those at the level of the challenged organ. It is also well 
appreciated that in ma.ny forms of rhinoconjunctivitis, 
treatment of the nose also impmves eye symptoms. 
A common pathophysiological background with con
temporruy involvement of the nose and the eye was 
suggested after the first description of hay fever. It was 
clearly documented for sea~onal allergic rhinoconjunc
tivitis wi th the description of Type I hypersensitivity 
reactions. In IgE-mediated seasonal and perennial aller
gic conjunctivitis, mechanisms similar to those involved 
in seasonal and perennial allergic rhinitis do explain the 
pathophysiology of the disease and symptoms (1289-
1291). Late-phase inflammatory events also occur in 
the eye after allergen challenge (1292). However, in 
n01mal conditions, they seem to play an important role 
only in subjects with a high degree of sensilisation 
and/or in those exposed to high allergen loads. 

]n vernal keratoconjunctivitis and allergic keratocon
junctivitis, there arc elevated lcvds of lola\ IgE in serum 
and a massive mast cell ( 1293) and eosinophil infiltration 
(1294-1296) of the conjunctiva. This is not necessarily 
associated with the detection of specific lgE antibodies. 
Accordingly, it has been suggested that a Th2-type aller
gic inflammation may be the major pathophysiological 
abnormality underlying symptoms and poor response to 

conventional anti -allergic treatments (1297). Comeal 
lesions and proliferative phenomena-never observed in 
seasonal and perennial allergic conjunctivitis- are pres
ent in vernal keratoconjunctivitis and allergic keratocon
junctivitis. Non-allergic rhinitis with eosinophilia is cer
tainly more similar to vernal keratoconjunctivitis and 
allergic keratoconjunctivitis than to rhinoconjunctivitis. 

Non-specific conjunctival hyperreactivity has been 
described in the eye after histamine (I 298) and hyper
osmolar challenge ( 1299). It is conceivable that, in 
analogy with vasomotor rhinitis, non-specific hyperre
activity represents a distinct pathophysiological abnor
mality, dependent on undefined tissue and neural mech
anisms. This COllld possibly explain conjunctival symp
toms in the absence of TgE antibodies and allergic 
inflammation, as in the case of some forms of acute and 
contact lens conjunctivitis. 

6-2-3- Clinical aspects 

• Eye exami11ation should be part of the clinical assess
ment of allergic rhinitis. 
Conjunctival allergen provocation does not add rclcv<~n t 

infommtion to detect sensitisation or eye involvement in 
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rhinitis patients ( 1300). However, it may be interesting to 
monitor interventions during clinical trials (1300-1308). 
Measwement oflgE and mediators in tears is mainly 
confined to research purposes. 

• Cor~iunctival cytology may be important in categoris
ing eye diseases. 

• On the other hand, in vivo and in vitro tests for allergy 
diagnosis overlap between rhinitis and conjunctivitis. 
Interestingly enough, markers of eosinophilic inflam
mation-such a.~ ECP or peripheral eosinophil cyto
tluorimetric protlle---can be even more abnormal in 
some cases of allergic conjunctivitis than in cases of 
allergic rhinitis, in spite of the more limited extension 
of the involved mucosa (1309). Therefore, they should 
be considered as a marker of atopic status rather than 
as an index of the localisation and severity of target 
tissue involvement. 

• Although some indirect benefits may result from topi
cal treatment of rhinitis and conjunctivitis on the asso
ciated symptoms of the eye and nose respectively, the 
association between rhinitis and conjunctivitis should 
suggest the advantage of oral treatment which can 
benefit both diseases. Jn view of the severity of inilam
mation and corneal involvement, vernal keratocon
junctivitis or atopic conjunctivitis associated with 
rhinitis should be treated specifically. 

6-3- SINUSITIS AND NASAL POlYPOSIS 

6-3-1- Sinusitis 

6-3-1-1- Relationship between allergy and sinusitis 
The maxillruy, anterior ethmoidal and frontal sinuses 

drain via the ostium of the maxillruy sinuses and middle 
meatus, collectively known as the ostiomeatal complex. 
The posterior ethmoid drains in the upper meatus and the 
sphenoid in the sphcno-ethmoida\ recess. Swelling of the 
mucous membranes, whether due to allergy, infection or 
other causes, may obstruct the drainage and aeration of 
the sinuses and one might therefore expect allergy to 
increase the risk of developing acute and chronic sinusi
tis ( 131 0, 13 I I). 

Some studies suggested that rhinosinusitis is a conmwn 
complication of allergic rhinitis ( 1312-1314). ln one study, 
43% of the cases of acute rhinosinusitis were seasonal, of 
which 25% were allergic ( 131 5). Allergy was considered to 
be the cause of acute maxillary rhinosinusitis in 25% of 
young adults compared with 16.5% of healthy controls 
(1316). However, there is no evidence of change in ostial 
patency or of increase in the incidence of purulent rhinosi
nusitis during the pollen season ( 1317). This is present in 
similar proportions in patients with or without allergic 
rhinitis (1318). 

Forty per cent of patients with chronic rhinosinusitis 
suffer from allergy, whereas in patients wilh bilateral 
maxillary rhinosinusitis, this increases to 80% ( 1317). 
Two studies (1319, I 320) however could find no signiti
canl uiffcrl!nce on CT scans bctwc:en allergic and non
allergic adults with chronic rhinosinusitis. 
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lt has been suggested that allergens may enter the 
sinuses resulting in a similar allergic inflammation as in 
the nasal mucosa (1317). Experimentally, nasal instilla
tion of allergens can produce mucosal oedema and sinus 
opacification (1321). However, using radio-labelled pol
lens, there is no evidence that allergens deposited in the 
nose can reach the sinus cavities ( l 322). A ltematively, it 
was proposed that allergens could reach the sinus mucosa 
through circulation after absorption through the skin, in 
the ca.~e of fungal allergens, or after ahsot})tion from food. 

The pathology of sinusitis has been studied in recent 
years. Activated eosinophils are commonly found in 
biopsies taken from the sinuses of allergic and non-aller
gic patients (1323-1326). Other cells including mast 
cells, lymphocytes, macrophages and, to a lesser extent, 
neutrophils are increased, releasing pro-mtlammatory 
mediators as well a.~ cytokines and growth factors ( 1325, 
1327). On the other hand, surprisingly, it was found that 
in patients suffering from perennial allergic rhinitis, 
JCAM-1 expression was low in the sinus mucosa when 
compared to the nasal mucosa (1187). 

The analysis of the lavage fluid from patients with 
chronic rhinosinusilis reveals high concentrations of hista
mine, CysLT and PGD2 in concentrations similar to those 
obtained after challenge with antigen in allergic rhinitis 
patients (1328). These high concentrations may indicate 
mast cell!basophil stimulation and contribute to the persis
tence of intlammation in chronic rhinosinusitis ( 118 7) 

]n conclusion, although allergy may be expected to 
result in inflammation and swelling of the nasal mucosa, 
!earling to obst11Jct.ion of the sinuses and acting a~ a pre
cursor for both acute and clu·onic rhinosinusitis, evidence 
is at present still inconclusive. 

6-3-1-2- Relationship between asthma and sinusitis 
For more than 70 years, the coexistence of asthma and 

paranasal rhinosinusitis has been noted irr medical litera
ture (1329-1331). In patients with chronic asthma, the 
associations of chronic rhinosinusitis with asthma and 
allergy appear to be restricted to the group with extensive 
disease (1332). Mucosal thickening in the nasal passages, 
sphenoidal, ethmoidal and frontal sinuses, but not the 
maxillary sinuses, is more common in patients with acute 
asthma than iLl control subjects (1333). Sinusitis may con
tribute to the severity of the bronchial sympwms ( 1334 ). 

6-3-2- Nasal polyps 

Polyps are smooth, grape-like structures, which arise 
from the inflamed mucosa lining the paranasal sinuses. 
These prolapse down into and may obstruct the nasal 
cavity. There are apparently two types of nasal polyps 
depending on the cells infiltrating the tissues. Nasal 
polyps occuning in association with cystic fibrosis may 
be neutrophilic in nature. However, in many other 
instances, such as polyps associated with astluna and par
ticularly aspirin sensitive asthma ( 1335), infiltrating cells 
are eosinophils (1336-1338). Whilst the degree of cellll
lar infiltration may vary, some patients with cystic fibro
sis may also have allergic rhinitis and the distinction 
between neutrophilia and eosinophilia may not be so 
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clear-cut ( 1339, J 340). Differences in cell infiltration are 
related to the expression of adhesion molecules (845, 
1341-l 343) and reduced apoptosis (740). 

6-3-2-1- Relationship between allergy and polyposis 
For many years, an allergic aetiology has been pre

sumed ( 1344) but never firmly demonstrated in nasal 
polyposis. The prevalence of nasal polyposis in allergic 
patients is rathet·low and usually under 5% (1345-1347). 
Wong and Dolovich (1348), in a series of 249 patients 
undergoing nasal polypectomy, found that llll% had at 
least one positive allergy skin prick test when tested with 
14 inhalants and 5 food allergens. However, 74% had a 
positive skin test in a control group of patients undergo
ing non-polyp nasal surgety. It may be argued that: 
• Skin tests may not identifY all the allergens that could 

possibly play a role in nasal polyposis ( 1349). 
• There may be a local production of lgE ( 1350, 1351 ). 

Perkins e/ a/. however found no positive allergen-spe
cific JgE by RAST in polyp fluid to any allergen not 
detected in serum, though in a smaller study with only 
12 polyp patients, six had negative skin tests (J 352). 

Drake-Lee ( 1353) found no correlation between posi
tive skin prick tests and the number of repeat polypec
tomies. Wong and Dolovich (I 348), in a prospective 
study of 249 patients undergoing polypectomy, found no 
association between the number of polypectomies in 
patients with at least one positive allergy skin test There 
was however an increased number of polypectomies in 
those with asthma and there was a positive association 
between the blood eosinophil count and the number of 
previous polypectomies. 

6-3-2-2- Relationship between aspirin intolerance 
and polyposis 

Aspirin intolerance is often observed in nasal polypo
sis (J 354). Out of 500 patients registered at I he European 
Network on Aspirin-Induced Asthma (AlANE), almost 
80% suffered from the symptoms of rhinosinusitis and 
complained of nasal blockage accompanied by rhinor
rhea (148). Loss of smell was present in 69% of these 
patients. Significant abnonnalities in almost all paranasal 
sinuses were detected in 75% of the patients. Any com
bination of air-tluid levels, mucosal thickening or opaci
fication were characteristic findings in one or more 
paranasal sinuses. Nasal polyps were diagnosed in 62% 
ofAIANE patients, on average at the age of33 years. The 
polyps had a tendency to recur and multiple polypec
tomies were conm1on among AlANE patients ( 148). 

6-3-2-3- Relationship between asthma and polyposis 
Nasal polyposis is commonly found in association 

with lower tract respiratory disorders, Sllch as asthma and 
non-specific bronchial hyperreactivity (1355). Patients 
with nasal polyps have a high irrcidencc of bronchial 
hyperreactivity (1356, 1357) 

Patients with nasal polyposis and asymptomatic 
bronchial hyperreactivity have an eosinophilic bronchial 
inflammation similar to that observed in asthmatic patients 
with nasal polyposis. On the other hand, patients with 
nasal polyposis without bronchial hyperreactivity do not 
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show eosinophilic lower airways inflammation (1358). 
The significance of asymptomatic bronchial hyperreactiv
ity associated with nasal polyposis is tmknown but it may 
therefore represent an indication of potential asthma. The 
clinical J"clevance of these results requires caTeful follow
up to determine whether eosinophilic inflammation in 
these patients precedes and is responsible for the develop
ment of obvious asthma. 

The treatment of nasal polyposis and sinusitis may be 
involved in the control of asthma. Tt consist~ of medical 
and/or surgical management ( 1359-1361 ). Topical steroid 
therapy ha~ a well established role in the management of 
nasal polyps, since it has proven efficacy on the symp
toms and size of polyps and may help prevent the recur
rence of nasal polyposis afteJ" surgery ( J 362-1367). 

A study of205 patients attempted to deteJmine whether 
or not nasal and sinus surgery had a beneficial or deleteri
ous effect upon the asthma of patients with nasal polyps 
and aspirin intolerance ( 1368). A classification system was 
devised to provide a means of determining the severity of 
astluna before and after surgery. These data indicate that 
surge1y does improve the patient's asthma for relatively 
long periods of Lime. However, conflicting opinions exist 
concerning the evolution of asthma and asymptomatic 
bronchial hyperreactivity in patients with nasal polyposis 
(1368-1380). Some studies have even indicated that 
polypectomy and sinus smgeq may i 11duce a worsening of 
astluna severity ( 1381 ). In fact, few authors have evaluat
ed the consequences of sinus surgery in nasal polyposis, 
relying on objective criteria such as lung volume measure
ments and the evahration of non-specific bronchial hyper
reactivity. There are no prospective studies published. 

The initial response of nasal polyposis to glucocorti 
costeroids may be of importance in the relationships 
between asthma and nasal polyposis. In 23 intranasal glu
cocorticosteroid non-responders who underwent intra
nasal ethmoidectomy, Lamb lin el a!. ( 1358) reported an 
enhancement of non-specific bronchial hypen·eactivity 
and a significant, but modest, decrease of FEV1 over 12 
months. No change was obsc1vcd in 21 intranasal gluco
corticosteroid responders. However, no change in pul
monary symptoms and asthma severity Wlll> observed In 
a fuJther study, the same group examined, over a 4-year 
period, the long-term changes of pulmonal'Y function and 
bronchial hyperreactivity in 46 patients with nasal poly
posis (I 382). All patients were first of all treated with 
intranasal glucocorticostcroids ror 6 weeks (beclomctha
sone 600 )lg/day). Eighteen patients were successfully 
treated with intranasal glucocorticosteroids (inn·anasal 
glucocorticusteroid responders). Intranasal cthmoidcclo
my was performed in 28 patients who did not improve 
with intranasal glucocorticosteroids alone (intranasal glu
cocorticosteroid non-responders). Bronchial hypeneac
tivity did nor significantly change over the 4-year follow
up period in the two groups. No change in pulmonary 
symptoms and/or asthma severity occurred, but non
reversible airflow obstruction appeared over a 4-year tot
low-up period in intranasal glucocorticostcroid non
responder patients requiring nasal stugeJy. 
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6-4- OTITIS MEDIA 

6-4-1- Introduction 

Otitis media is an inflammatory disease of the middle 
ear mucosa. The aetiology and pathogenesis of this dis
ease are multifactorial and the exact mechanism is not 
fully understood. It is actually a spectrum of related dis
orders, such as Eustachian tube dysfunction, infection 
and mucosal inflammation induced hy antigen-specific 
immune reactions. 

Over the last decades, the aetiological relationship 
between rhinitis and otitis media, especially the role of 
allergy in otitis media with effusion (OME), has been the 
subject of much controversy. Uncontrolled studies 
reported the incidence of respiratory allergy in children 
with OME to range from 4% to over 90% (1383)_ This 
has resulted in t:onfusion and misunderstanding of the 
relationship between these two diseases. 

The nose and middle ears are situated in a system of 
contiguous nrgans_ Roth cavities are covered by respira
tmy mucosa and there is an anatomic continuation 
between these two cavities through the Eustachian tube. 
It is, however, not fully understood whether inflamma
tion, infection or obsl11.1ction in the nose influence or pro
mole otitis media, Many important questions still need to 
be finnly answered: 
• whether the presence of allergic rhinitis predisposes an 

individual to the development of otitis, 
whether nasal dysfunction causes otitis to worsen, 

• whether OME can be cured by treating the underlying 
nasal or sinus infection, 
whether the middle ear mucosa can be targeted direct
ly by allergens. 

To understand these entities better, it is important to 
know the pathophysiological mechanism by which 
allergy or other nasal pathologies influence middle ear 
disease. On the other hand, there is a need to perform 
longitudinal studies on these diseases with a compara
ble or standardised methodology. ln this way, a more 
accurate assessment or the aetiological and pathophysi
ological relationship can be achieved between these two 
common diseases. 

6-4-2- Definition and classification of otitis 
media 

Otitis media is an inflammation of the middle ear 
without reference to aetiology or pathogenesis (1384). 
The various types of otitis media have been classified as: 
• otitis media without effi.Jsion, e.g. present in the early 

stages of acute otitis media but may also be found in 
the stage or resolution of acute otitis media or may 
even be chronic, 

• acute otitis media (AOM), e.g. acute suppurative or 
purulent otitis media, 

• otitis media with efTusion (OME), which can be 
serous, mucoid or purulent, 

• atelectasis of the tympanic membrane. 
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6-4-3- Epidemiological relation between 
rhinitis and otitis media 

Na~al and middle ear diseases are both common health 
problems and they may often occur at the same time. 
Allergic and non-allergic rhinitis is the most common 
chronic illness affecting children but peak prevalence is 
observed in adolescents and young adults. Infectious 
rhinitis, when compared to allergic rhinitis, is more com
mon in infants and pre-school children and less common 
in school children and pre-adolescence (40). 

Otitis media is the most common illness diagnosed 
during early childhood and accounts for 20-35% of pae
diatric office visits in the first 2 years of life ( 1385). This 
disease is uncommon but not rare in adults. In North 
America and Emope, patients over the age of 15 years 
constitute I 0 to J 5% of the AOM patients seen by pri
mary care practitioners. 

6-4-3-1 Infectious rhinitis and otitis media 
Complications of infectious rhinitis are more com

monly seen in children. Acute otitis media (AOM) is the 
most common complication. Most of the cases in chil
dren under 3 years are preceded or accompanied by viral 
rhinitis. Jn older children, viral infections are also com
mon (1386, 1387). Respiratory syncytial vims is the prin
cipal virus which invades the middle car during AOM 
(l388).ln adults, acute sinusitis is a more frequent com
plication of the common cold than ADM. 

l11e common cold is also a frequent cause of DME in 
children (1389, 1390) The highest prevalence ofDI'v1E is 
seen 5 to 8 weeks after the last episode of a common 
cold. After this period, there is a progressive improve
ment of the middle ear status. The conelation between 
tympanometric findings and the atmual fi·equency of a 
common cold is not as strong as that between the annual 
episodes of ADM and a common cold. This indicates that 
DME probably involves more factors in its pathophysiol
ogy than AOM and that the influence of a common cold 
on DME is indirect. 

6-4-3-2- Allergy and otitis media with effusion 
The role of allergy as an aetiological factor in the 

pathophysiology of DME is still controversial. In 1973, 
Miglets, reviewing 19 published papers, suggested that 
allergy was strongly associated with DME (1391). On 
the other hand, not eve1ybody supported this concept 
(1392). The reasons for this controversy are probably the 
bias in the study design, especially in the selection ofthe 
study population. Up until 1975, there were no clinical 
studies available in which an unselected group of chil
dren was screened for both allergy am! DME. 

In 1975, Reisman and Bemstein (1393) published the 
first report on the relationship between allergy and OME 
using an unsclcctcd group of children from an otology 
practice. 23% of the children who were tested for OME 
had an atopic disease. This figure was only sligl1Liy high
er than could be expected from a random examination of 
unselected children. These findings were confirmed by 
Ruokonen eta/. (1394), while Kjcllman era/, (1395) 
found that the incidence of atopic disease in OME was 
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significantly higher than in an unselected control group. 
It is obvious that the incidence of allergy in children with 
DME is, at most, slightly greater than might be expected 
in the general population (1396). It is possible that chil
dren with atopic dermatitis present a higher prevalence of 
OME than non-atopic children (1397). In this large study, 
asthma and rhinitis were not predisposing factors for the 
development of OME. However, the number of DME 
episodes may be greater in atopic children than in non
atopic children (139R). 

6-4-4- Potential interactions between rhinitis 
and otitis media 

6-4-4-1- Eustachian tube dysfunction 
The middle ear is naturally protected by the Eusta

chian tube from exogenous antigenic stimulation. A 
properly functioning Eustachian tube (ventilation, pro
tection, drainage and clearance) is important in maintain
ing a normal middle ear. On the other hand, abnonnal 
functioning of the Eustachian tube appears to be the most 
important aetiological factor in the pathogenesis of mid
dle ear disease (1384). ln addition to congenital or 
anatomical abnormalities of the Eustachian Lube, muco
sal inflammation caused by infection or by antigen
specific 1·eaction is believed to be a common contributing 
faclor to Eustachian tube dysfunction. Nasal obstruction 
may result in an initial positive nasopharyngeal air pres
sure followed by a negative phase of middle ear cavity. 
Under these conditions, viral and bacterial pathogens m 
possibly allergens may enter the middle ear via the 
Eustachian tube by a~piration, reflex or inslJffiation. 

6-4-4-2- Infection 
Pathogenic bacteria (Streptococcus pneumoniae. 

Haemophilus inf/uenzae, 1'vforaxelfa calarrhalis) is found 
in the nasopharynx iLl 97% of patients with ADM, with 
organisms corresponding to those isolated from middle 
car effusion in 69% (1399). The nasophruyngcal micro
organisms may enter the middle ear through the Eustachi
an tube. This may be facilitated by nose-blowing, closed
nose swallowing (Toynbee manoeuvre) or by aspiration 
into the middle ear as a result of negative middle ear pres
sure. Anaerobic organisms may be present in otitis media. 

It is still a controversial issue as to whether the indis
criminate use of antibiotics contributes to the problem by 
weakening children's immune systems or whether a 
more extensive use of antibiotics could help children 
avoid unnecessary surgery. 

In many cases, especially in older children, chronic effu
sion may appear without any evidence of preceding AOM. 
lL has been shown, however, that middle ear effusions ;uc 
not sterile and that they contain the same spectrum of 
micro-organisms as found in acute effusions (1400). In 
these cases, the fluid is produced by the middle ear mucosa 
in response to sub-clinical antigenic stimulation rather than 
by an overl acute infectious process ( J 400). 

6-4-4-3- Allergy and allergic inflammation 
The relationship between allergy and otitis media, if 

any, is not fully understood. A question that has been 
under discussion for several decades is whether the mid-
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die ear can be considered as an allergic "shock organ". In 
mice, the middle ear is an immunologically potential 
orgatl, since it contains cells which can react to nn 
immune stimulus (1401). Histologically, the nasal and 
middle car cavities arc covered by a similar respiratmy 
mucosa, but there are fewer inmmnocompetent cells in 
the normal ear mucosa. Several cytokines, chemokines 
and growth factors are released in the exudate of otitis 
media in animals and in man (1402, 1403). 

ln some studies, it wa~ Found that many lymphocytes, 
plasma cells, macrophages, leukocytes and other inflam
matory cells accumulated in inflamed middle ear 
mucosa, but that only a few mast cells are found in the 
nmmal middle ear mucosa (1404). In guinea pigs, in the 
tubotympanum, mast cells are mainly located in areas 
covered by ciliated and secretory epithelium. Small num
bers of mast cells were found in foetal tubotympani that 
had received no antigenic stimuli (1405). 

Mast cells and tryptase are present in a majority of 
chronic ear effusions (I 406). This study suggests that mid
dle ear mucosa may be able to mount an allergic response. 
However, the mechanism by which this allergen-specific 
immune reaction lakes place remains to be clarified. 

Intranasal allergen challer1ge in animals resulted in 
equivocal results . Miglets induced an acellular middle 
car effusion by inoculating ragweed pollen into the 
Eustachian tube of sensitised monkeys whereas Doyle et 
a!. failed to contitm this tinding (1391, 1407). Nasal anti
gen challenge in guinea pigs induced an important infil
tration of eosinophils, mast cells and edema in the 
mucous membrane lining the nose, nasopharynx and 
Eustachian tube near the phruyngeal orifice, but not in 
the rest of the Eustachian tube ( 1405) 

In humans, tl1e concept that the middle ear mucosa can 
act as an allergic "shock organ" is not generally accepted 
because in natural circumstances, the middle ear mucosa is 
not directly exposed to aeroallergens. However, some stud
ies found that tubal dysft.mction occured after inlranasal 
challenge with allergen (1408-1410) and histamine (1411). 
During the ragweed pollen season, it was found that 60% of 
the 15 children followed developed Eustachian tube 
obstJUction (1412). This was found to correlate with daily 
patient symptom-medication scores during pollen exposure. 

A localised inflammamry process within the middle 
ear itself has been suggested to occur in man ( 1413, 
1414). Hurst and Venge (1414) found abnormally elevat
ed levels of ECI' in the middle ear fluid in 87% of 
patients with OME. 
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In addition to lgE mediated mechanism, IgG was found 
to dominate acute otitis media with effusion, whereas IgA 
tends to be present in clu·onic but not in acute OME 
(1406). Bikhazi and Ryan (1415) have demonstrated, in 
both patients and experimental animals, that in chronic 
OME, IL-2+ and IL-4+ cells were less prevalent, but that 
IL-5+ cells were numerous. These findings support a 
model by which locally produced IL-2 and IL-4 augment 
lgG production in acute OME, whereas IL-5 contributes 
to increased lgA production in chronic OME. 

6-4-4-4- The relationship between food allergy and 
OME 

The relationship between food allergy and OME is not 
yet fiJlly understood. It has been suggested that the food 
immune complexes, particularly with dairy products, 
may be an important factor, especially in the otitis-prone 
child less than 2 years of age ( 1396). Nsouli el aT. ( 1416) 
suggested that food allergy should be considered in all 
paediatric patients with recurrent serous otitis media. 
However, it appears that food allergy is rarely associated 
withOME. 

6-4-5- Conclusion 

Rhinitis and otitis media are both common health 
problems and iliey may appear togeilier in a patient. The 
pathogenic mechanisms of these diseases involve a spec
trum of multifactorial elements such as bacteria, viruses 
and allergens. Acute bacterial or viral rhinitis is often 
associated with middle ear disease, particularly in young 
children Eustachian tube dysfunction, however, is the 
most common aetiology of otitis media 

lgE-mediated allergic reactions are a very common 
cause of rhinitis, but represent only one aetiological fac
tor for otitis media. Although there is a relationship 
between nasal allergic inflammation and otitis media 
caused by a dysfunction of the Eustachian tube, we 
sl10uld take into considctation the fact that there exists a 
difference in peak prevalence between these two diseases 
with respect to age distribution. 

The middle car mucosa itself is rarely a target tissue 
lor allergic processes, although the biochemical media
tors released during nasal allergic reactions most I ikcly 
produce Eustachian tube edema and inflammation . Over 
a long period, this chronic inllammatory response, along 
with viral or bacterial infection, may produce middle ear 
effusion. On the other hand, in some patients with OME, 
atopy may be responsible for the recurrence and mainte
nance of middle ear disease. 
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7- Diagnosis and assessment of severity 

The tests and procedures listed below represent the 
spectrum of investigations, which may be used in the 
diagnosis of allergic rhinitis. However, only a number of 
these are routinely available or applicable to each indi
vidual patient (Table 8). 

7-1- HISTORY 

Interviewing the patient with rhinitis is of importance 
in the diagnosis of rhinitis, co-morbidities and allergy. 
The interview begins with a thorough general medical 
history and should be followed by questions more specit~ 
ic to allergy including environmental and occupational 
information. It is also common to gather information on 
personal and familial history of patients with allergic dis
ease. Nasal and pharyngeal pruritus, sneezing and associ
ated conjunctivitis arc more common in patients with 
allergic rhinitis than in those with non-allergic rhinitis. 

7-1-1- Symptoms of rhinitis and 
complications 

Clinical history is essential for an accurate diagnosis of 
rhinitis, assessment of severity and response to treatment. 
The patient should be allowed to give his/her account of 
the symptoms, followed by stmctured prompts/questions. 

Although this sub-division may be too simple, patients 
with rhinitis are usually divided into "sneezers and nm
ners" and "blockers" (Table 9). Those with allergic rhini
tis are more conmronly found in the "sneezer and mnner" 
group (I). Rhinorrhea appears to be more common in sea
sonal allergic rhinitis whereas nasal obstruction is more 
common in perennial rhinitis (1417). Always ask the 
patient: "what is your main symptom?" TlJ..is will often 
highlight the key problem and necessary treatment. 

Sneezing and a blocked or mnny nose, secondary to 
allergic rhinitis, are more intense during the morning in 
approximately 70% of sufferers (1418, 1419). 

History should Lake into account some associated 
symptoms common in patients with rhinitis. They include: 

loss of smell (hyposmia or anosmia) (1420-1422), 
snoring, sleep problems (1423-1426), 
post nasal drip or chronic cough (1427, 1428), in par
ticular if sinusitis is present, 

• sedation, which may be caused by rhinitis (1429), 
• questions on asthma and conjunctivitis (see chapter 7-3). 

7-1-2- Other historical background 

The history includes a full-length questionnaire: 
• The frequency, severity, duration, persistence or inter

mittence and seasonality of symptoms should be 
determined. 
It is important to assess their impact on the patients' 
quality of life in terms of impairment of school/work 
performance, interference with leisure activities and 
any sleep disturbances. 

5208 
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TABLE B: Diagnostic tests for allergic rhinitis 

Routine tests 
History 
General ENT examination 
Allergy tests 

- skin tests 

-serum specific IgE 
Endoscopy 

-rigid 
-flexible 

Nasal secretions 
-cytology 

Nasal challenge 
-allergen 
- lysine aspirin 

Radiology 
- CT-scan 

Optional tests 
Nosol biopsy 
Ni.Jsal swab 

- bocteriology 
Radiology, CT scans 

-MRI 
Mucociliary function 

-nasal mucociliary clearance (NMCC) 
- ciliary beat frequency (CBf) 
- electron microscopy 

Nasal airway assessment 
- nasal inspiratory peak flow (NIPF) 
- rhinomanomet:ry (anterior and posterior) 

- acoustic rhinometry 
Olfaction 
N ilric oxide measurcmcn t 

Testing for co-morbidities 
- asLhrna 
- eonjunclivili'i 

-otitis media 
-pharyngitis 

Potential allergic triggers should be documented 
including exposure in the home, workplace and 
school. Any hobbies which may provoke symptoms 
should also be noted. Patients with inhalant allergies 
may exhibit cross-reactivity with certain foods (see 
chapter 3-1-S). 
Patients with rhinitis, whatever the cause, may devel
op "nasal hyperreactivity" with symptoms following 
exposure to irritants (strong odours, cold air, poilu
tams, tobacco smoke, perfumes, deodorants, etc.) (see 
chapters 3-2 and 4-7). The typical features of allergic 
versus non-allergic (irritant) induced triggers may dif
fer. However, these are frequently not clear-cut since 
in persistent rhinitis, chronic symptoms may be pres
ent without a clear relation to allergen exposure being 
apparent. 
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TABLE 9: Clinical diffarences batween rhinitis patients 

··sneezers and muners" 
-sneezing 
- watery mucus (numing nose) 
-anterior(+ posterior) rhinorrhea 
-itchy nose 
-nasal blockage variable 
-diu mal rhythm (worse during day and improving during night) 
- often associated conjunctivitis 

An occupational history should be obtained (see chap
ter 3-1-6). Symptoms may occur at work or in the 
evening following work, with improvement during the 
weekends and holidays. 

• The effects of previous allergen avoidance measures 
should be noted, bearing in mind that up to 3-6 months 
of vigorous cleaning may be needed to eradicate 
mites, cat dander and other relevant allergens from the 
home (sec chapter 8-!)_ 
Similarly, the response to pharmacological treatment 
and previous immunotherapy should be recorded in 
tem1s of improvement and side effects_ 
Compliance with treatment and patients' fears about 
lrcalmcnl should be explored, particularly if lhe 
response to treatment has been below that expected. 

A diagnostic approach is summarised as follows. In 
the majority of patients, a careful study of history, an 
examination and a limited number of skin tests is all that 
is required to confirm/exclude an allergic aetiology and 
the relevant allergen exposure_ When there is discordance 
between histmy and skin prick tests, further tests includ
ing provocation tests or a therapeutic trial of allergen 
avoidance may be indicated. 

7-2- EXAMINATION OF THE NOSE 

7-2-1- Methods 

In patient~ with mild intennittent allergic rhinitis, a 
nasal examination is optimal. All patients with persistent 
allergic rhinitis need to undergo a nasal examination_ 

Nasal examination should describe: 
• the anatomical situation in the nose (e.g. the septllm, 

the size of the inferior turbinate and if possible the 
structures in the middle meatus), 

• the colom of the mucosa, 
• the amount and aspect of the mucus. 

Anterior rhinoscopy, using a speculum and minor, 
gives information which is sometimes limited, but it 
remains an appropriate method for studying the major 
moditlcations observed in most cases of allergic rhinitis. 

Nasal endoscopy can find nasal and sinus pathology 
that might easily be missed with routine speculum and 
nasopharyngeal examination (1430). ENT examination in 
the clinic is now considerably facilitated by the usc of rigid 
Hopkins rods or flexible fibre-optic endoscopes (1431). 
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"blockers" 
- liHle or no sneezing 
- thick nasal mucus (catarrh) 
-more often posterior rhinorrhea 
-no itch 
-nasal blockage often severe 
-constant day and night but may be worse at night 

The administration of intranasal anaesthesia is recom
mended at initial assessment. Specific attention is paid to 
abnormality within the middle meatus and nasopharynx. 

7-2-2- Findings 

In allergic rhinitis, there docs nol appear to be an 
increase in the number or severity of anatomic abnor
malities in comparison to nmmal subjects_ 

In allergic rhinitis, during allergen exposure: 
Bilateral but not always symmetrical swelling can be 
observed This is usually localised lo lhc inferior 
nubinate which appears oedematous, swollen and cov
ered with watery secretions. 
Eventually, lhc mucosa o[ the middle mealllS may be 
seen and, more rarely, micropolyps or edema may be 
observed in this area 

• Sometimes, these abnormalities are only localised in 
the posterior part of the inferior nubinate and require 
exarninat.ion with an endoscope ( 1432). 

• On the other hand, a major edema of the nasal mucosa 
(inferior mrbinate) may make it impossible to study 
the nose_ 
With regard to colour, changes are frequently reported 
from the purplish mucosa to a more common pale 
mucosa. 
An increase in vascularity is commonly seen_ 

If there is no allergen exposure, the nasal mucosa may 
be totally normal. However, ctuonic edema and/or vis
cous secretions may occur in patients who have suffered 
several years of rhinitis. 

7-3- ALLERGY DIAGNOSIS 

7-3-1- Methods 

The diagnosis of allergic rhinitis is based on the coor
dination bel ween a Lypical history o[ allergic symptoms 
and diagnostic tests . JgE is the major isotype of anaphy
lactic antibodies, and although theoretically IgG4 can 
also be a reagin, its clinical importance is not sign_ificant. 
Thus in viFO and in vitro tests used in the diagnosis of 
allergic diseases are directed towards Lhe detection of 
free or cell-bound lgE (figure 17). The diagnosis of aller
gy has been improved by allergen standardisation pro
viding satisfaclmy extracts for both in vivo and in vitro 
rests for most inhalant allergens. 

MEDA_APTX01331495 
SUBJECT TO STIPULATED PROTECTIVE ORDER 

PTX0326-00078 
CIPLA LTD. EXHIBIT 2009 PAGE 78



S210 Bousquet and the ARIA Workshop Group 

.. ~ffil 

serum-epeclnc l!lE 

hlatamina re;ease 

basophil 
actiVation 

,.. . -, 
· ~> ' -!' --+ nasalchallenge 

f~~~t.:~·~~·r~~f,;~~~;·:t~l;~J~i;J~:;~ 
nasal rnueo!i.a 

FIGURE 17: Diagnosis of lgE-madiatad allergy. 

7-3-1-2- Skin tests 
Immediate hypersensitivity skin tests arc widely used 

to demonstrate an IgE-mediated allergic reaction of the 
skin and represent a major diagnostic tool in the field of 
allergy. If properly performed, they yield useful confir
matory evidence for a diagnosis of specific allergy. As 
there are many complexities for their performance and 
interpretation, it is recommended that they should be car
ried out by trained health professionals ( 1433 ). Delayed 
hypersensitivity tests provide little information. 

7-3-1-2-1-1Vfethod~ 

- Skin testing methods 

Several methods of skin testing are available. 
Scratch tests should not be used any longer because of 

poor reproducibility and possible systemic reactions. 
Prick and puncture tests (SPT) 

• are llSUally recommended for the diagnosis of imme
diate type allergy. 
There is a high degree of conelation between symp
toms and provocative challenges. 

• The modified skin prick test introduced by Pcpys 
(1434) is the cmrent reference method although the 
variability of this test has been shown to be greater 
than that of the intradermal test. 

• Puncnn·e tests with various devices (1435 -1444) were 
introduced to decrease the variability of skin prick 
tests. Opinions concerning these so-called standard
ised methods vaty according to the skill, experience 
and preference of the investigator as well as the aims 
ofusing skin tests. With a trained investigator, they are 
highly reproducible (1442, 1445). 
Skin prick tests should be 2 em apart. 

• ln some instances (e.g. weak allergen solution), intra
dermal skin tests may be empluyw for allergy diagno
sts. 
Although they are more sensitive than piick tests, 

• they may induce some false positive reactions, 
• they correlate less well with symptoms (1446) 

and they are somewhat less safe lD perform since sys
temic reactions can rarely occur (144 7). Particular 
care should be taken in patients treated with 13-block
ing agents which may increase the risk of systemic 
reactions. 
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• As a general rule, the starting dose of intracutaneous 
extract solutions in patients with a preceding negative 
prick test should range between I 00 and I ,000 fold 
dilutions of the concentrated extract used for prick
puncture tests ( 1449). 

• lt does not seem that intradermal skin tests are 
required for the diagnosis of inhalant allergy when 
standardised extracts are available (1433, 1450, 1451) . 

The European Academy of Allergology and Clinical 
Immunology (1452) and the US Joint Council of Allergy 
Asthma and Immunology (1449, 1453) therefore recom
mend skin prick-puncture tests as a major test for the 
diagnosis of IgE-mediated allergic diseases and for 
research purposes. 
-Negative and positive control solutions 

13ecause of inte1patient variability in cutaneous reactiv
ity, it is necessary to include negative and positive controls 
in every skin test sn1dy. The negative control solutions are 
the diluents used to preserve the allergen vaccines. The 
rare dermographic patient will give whcal-and-e1ythema 
reactions to the negative controL The negative control will 
also detect traumatic reactivity induced by the skin test 
device (with a wheal which may approach a diameter of3 
mm with some devices) and/or the techniqtle of the tester 
(1449). Any reaction at the negative conlrol test sites will 
hinder interpretation of the allergen sites (1449). 

Positive control solutions are used to: 
• detect suppression by medications or disease, 
• detect the exceptional patients who are poorly reactive 

to histamine, 
• determine variations in technician performance. 

The usu::~l positive control fm prick-puncture testing is 
histamine dihydrochloride, used at a concentration of 
5.43 mmol/L (or 2.7 mglmL, equivalent to I mg/mL of 
histamine bas()) (1454). Wheal diameters with this prepa
ration range from 2 to 7 nun. However, a 10-fold greater 
concentration is more appropriate ( 1455), with a mean 
wheal size ranging belwccn 5 and 8 mm. For the intra
dermal test, the concentration routinely used is 0.0543 
mmol/L. The mean wheal size clicilcd ranges from 10 to 
12 mm. Mast cell secretagogues such as codeine phos
phate 2.5% (1439) or 9% may also be used (1456). 
- Grading of skin tests and crlte1·ia of positivity 

Skin tests should be read at the peak of their reaction 
by measuring (in mm) the wheal and the 11are approxi
mately 15 minutes after the performance of the tests. 
Late-phase reactions are not recorded because their exact 
significance is not known (1449, 1452). Some scoring 
systems have been proposed and may be used in daily 
practice. 

In the US, for example, for skin prick tests: neg=O 
reaction, I+= I mm wheal above saline control; 2+=1-3 
mm wheal above saline control; 3+ (the first point we 
consider a positive reaction) = 3-5 mm wheal above 
saline control plus an accompanying flare; 4+>5 mm 
wheal above saline conLrol, plus an accompanying 11arc. 

For prick tests, when the control site is completely 

MEDA_APTX01331496 
SUBJECT TO STIPULATED PROTECTIVE ORDER 

PTX0326-00079 
CIPLA LTD. EXHIBIT 2009 PAGE 79

5210 Bousqom and the ARIA Workshop Group

“In

summepacttlc us
l'lla‘lamlne totem

manor“!
some: 

 -—---—~ nasalcmlhnga 

 Mid M85.

FIGURE I}: Diagnosi: oflgE—msdlalad allergy.

1-3-1-1- skin tents

Immediate hypomcnsillvlty slot: tests arc wldcly used
to demonstrate an IgE-medialrd ullnrglc reaction of thr‘:
skin and ropmccnl a major diagnostic tool in the. field of
allergy, lf properly porl‘ol'n'lcd= they yield useful confir-
matory evidence for a diagnosis of specific allergy. As
them um tnuny complexities for their pcrl‘onnunco and
interpretation, it is recommended that they should be car—
r1r-.cl out by trained health professionals U433}. Dclnycrl
hypersensitivity lusts provide little information

7—3-1-3-l- Method:
Mhmmcthnds

Several methods of skin lusting are available.
mung; should not be user] any longer because of

poor reproducibility and possible systemic. rcnclionr.
Brick and gggctug: tostg (SPT)

- are usually recommended for the diagnosis or immc-
dlatc typo allergy.

' There: is a high degree of concluliou thchu symp-
toms and provocative challenges.

. The modified skin prick test inlroduccd by Pepys
( I434} is the cun'cnt reference method although the
variability of this test has been shown to lac greater
than that of llsc inlrudcrmal last.

' Puncture tests with various devices (MES—1444} were
Introduced to decrease the variability of 9km prick
tests. Opinions concerning these so-cnllcrt standard
tsed methods vary according to the skill. experience
and preference ofthc luvosligamr us well Its the aims
ofusing skin lusts. With a trained investigator. they are
highly rcprodociblc (14-12, I445}.

- Skin prick tests should be 2 cm apart.
- In some instances {c.g. weak allergen solution}, intru—
Wmay be employed for allergy diagmv
Sis.

' Although they are more. sensitive than puck tests.
' the).Ir may induce some this: posithrc reactions.
. they correlate less well with symptoms (1446:)
. :1an they are somewhat Ion-5 sale to pcthrm sincesysi

[cntic rcnctions can rarely occur {[447}. Particular
care should be taker: m paticuls treated with [1—11 lock-
lng agents which may incrcuxc the risk of syslumrc
functions.
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0 As a general rule, the starting dose of lnuncolancnus
extract solutions in patients with a. preceding negative
prick test should mugs bemoan 100 and ”100 fold
dilutions of the concentrated extract used for prick—
punchu'c tcsls ( I449}.

. ll docs not seem Lhal intradcrmal skin tests are

Icquircd for the diagnosis of inhalant allergy when
stundmdisecl extracts are available {1433. l45ll, l45l ).

The European Academy of Allagnlngy and Clinical
Immunology (1452) and the US Joint Council ol‘AlIorgy
Asthma and Immunology (I449, I453) therefore recom—
mend skin prick-puncture tests as a major test for the
diagnosis of lgE-medéated allergic diseases and for
research purposes.

Ilccausr: ot‘lntarmtienl vunahflil‘y m cutaneous wov-
lty, u is necessary to include negative and rustlivc controls
in every skin lest study. The negative control solutions on:
the djluents uscd to preserve the allergen vaccines. The
rare demographic patient will give thal-ond-clylltcrrm
motions to the ncgnllve control. The negative control Wlll
also detect Lnlumulic mucLEvity induced by the skin test
dcvicc (with a when] which may approach a diameter of}
mm wnh some devices) anchor the techniquc. of tho tester
(I449). Any rC-ucLiort at tho ncgalivc conll'ol test sites will
hi ndcr intcrprolatlon ol' the allct'gcn sites (1449).

Posnrivr: conLroi columns are used to:

* detect suppression by medications or disease.
' datecr the exceptional patients who are poorly rcrlclivn

lohiulnmlnc.

- determine variations in technician pullhrrnnncc.

The usual positive control for prick-puncture lusting is
histamine dihyrlrochloridc. used at a concentration of
5.43 mnlol/L tor 2.7 mgImL, equivalent to I mglmL ol’
histamine bascl {I454}. thal diameters will: this propa—
ratinu range from 2 to 7 mm. However. a Ill-fold grcator
concentration is more appmprialc [1455). with at moan
whcal slzu ranging between 5 and 8 mm. For the inun—
dcnnul lest. the concentration routinely used is 0.0543
mmolr‘L. The moan when] sizc elicited ranges l’rmu It} to
12 mm. Must ccll secrelugogucs such as cocleinc phos-
phatc 2.5% ([439) or 9% may also he used {1456).
- GradlnLDf skill tests and cl'ltcfln ofpnsldgm

Skin tests should be read at. the peak ofthcir reaction
by mousunng [in mm) the wheat and the flare approxi-
mately 15 minutes after the performance ol' the lusts.
Late-phase. reactions. are not recorded became thclrcract
Significance is not known “449. :452}. Somc scoring
systems have been proposed and may IJc uscd in daily
practice.

In lhc US, for example, {or skin prick tests: “cg-=0
rcncllon. Hal nun whcal ahovc salinc control; 2441—3
mm when! above saline control; 3+ [the first point we
consular a positive reunion] = 3—5 mm whenl above
saline control plus an accompanying llnrc: 4 >5 mm
whcnl ahovc saline control, plus an ucuolnpunying flare.

For prick tests, when tho control site is completely
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TABLE 10: Inhibitory effects of treatments on lgE-

mediated allergic reactions 

Suppression 

Clinical 
Drugs Degree Duration significance 

HI -antihistomi:Jes 
astemizole* ++++ 30-60 days yes 
azelastine oral ++++ 3-10 doys yes 
cetirizine ++++ 3-10 doys yes 
chlorphen.iramine ++ 1-3 doys yes 
clemastine +++ 1-10 days yes 
ebastine +++~ 3-10 days yes 
fexofenodine ++++ 3-10 days yes 
hydroxyzine ++++ 1-IOtlays yes 
ketotifen ++++ 3-IOdoys yes 
loratndine ++++ 3-10 days yes 
mequitazme ++++ 3-10 uoys yes 
mizolnstine ++++ 3-10 uays yes 
oxatomide ++++ 3- J 0 days yes 
terfenad.ine• ++++ 3-10 days yes 

H2-antihistamincs 0 to+ 110 

imipramines ++++ >10 cloys yes 
phenothiazines ++ yes 
corticosteroids 

oral/1M short term 0 unlikely 
lM long term possible unlikely 
intranasal 0 no 
intra-bronchial 0 no 
topical skin 0 to++ yes 

theophylline 0 to+ no 
chromoncs 0 
132-ngonists 

inhaled 0 to+ no 
syslt!tmc 0 [0 +-r nu 

dopamine + no 
clonidine ++ 
specific 0 to++ 110 

immunotherapy 

negative, small wheals of a mean diameter greater than or 
equal to 3 mm of I he negative control represent a positive 
immunological response ( 1434, 1457), but these reac
tions do nul imply the presence of a clinically relevant 
allergy (1433). 

7-3-1-2-2- Factors a§ecti11g skin testing 
Skin reaction is dependent on a number of variables 

that may alter the perf01mance of skin tests (Table 10). 
• The quality of the al\cr~en cxtracl (vaccine) is of 

importance. When possible, allergens that are stan
dardised by using biological methods and that are 
labelled in biological units shuuld be used (1449, 
1452) (see chapter 8-3-3). Recombinant allergens can 
also be used accurately ( 1458). 
Ags; is known to affect the size of skin tests ( 1459) but 
positive skin prick tests can be found early in infancy 
(1460, 1461). In old age, Lhe size of skin tests is 
decreased (1462 ). 

• Seasonal variations related to specific IgE anti body 
synthesis have been demonstrated in pollen allergy 
(1463). The skin sensitivity increases after the pollen 
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season and then declines until the next season. This 
effect has some importance in patients with a low sen
sitivity ( 1464) ancVor in patients sensitised to allergens 
such as cypress pollen ( 403 ). 
Drugs affect skin tests and it is always neccssaty to ask 
patients about lhe drugs they have laken. Some drugs such 
as astemizole (no longer available in many countries) can 
depress or abolish responses to skin tests for a period of 
up lo 6 weeks (Table 1 0) (for review see 1433, 1465). 
Patient~ with skin disea~e may not he tested hecause of 
detmographism (mticaria) or widespread skin lesions_ 

7-3-1-2-3- lnterprelation ofskin tests 
Carefully performed and correctly interpreted, skin 

Jests with high quality allergen vaccines and a battery 
that incl11des all relevant allergens of the patient's geo
graphic area are a simple, painless and highly efficient 
method. Therefore, skin tcsling represenls one of the pri
mary tools for allergy diagnosis by the trained physician. 

Both false-positive and false-negative skin tests may 
occur because of improper technique or material. False
positive skin tests may result from dermographism or 
may be caused by "irril.ant" reactions or a non-specific 
enhancement from a nearby strong reaction (1466). 

Fnlse-negative skin tests can be caused by: 
extracts of poor initial potency or subsequent luss of 
potency ( 1446), 

• dmgs modulating the allergic reaction, 
• diseases attenuating the skin response, 

a decreased reactivity of the skin in infants and elder
ly patients, 

• improper technique (no or weak puncture). 

The use of positive control solutions may overcome 
some of the false-negative results because reactions will 
be either decreased or abolished in patienls with slightly 
reactive skin. 

The occurrence of positive responses to skin tests does 
not necessarily imply that the patient's symptoms are due 
to an IgE mediated allergy, since skin prick tests arc pos
itive in 15-35'Yo of symptom free individuals depending 
on the allergen and the area (for review sec 1433 ). The 
presence of positive skin tests in asymptomatic subjects 
may predict the onset of allergic symptoms (273, 1467), 
especially if the allergen load is high. The optimal cut-off 
values for clinically relevant skin prick test results have 
been reported for Dermatophagoides pteronyssinus 
(1468, 1469) but more data are needed. 

7-3-1-2-4- Clinical value ofskintests 
Even allcr false-positive and false-negative tests have 

been eliminated, the proper interpretation of results 
requires a thorough knowledge of the history and physi
cal findings. A positive skin test alone docs not confirm 
a definite clinical reactivity to an allergen. 
• With inhalant alleri:ens, skin test responses represent 

one of the first-line diagnostic methods and when they 
correlate with the clinical hlstory, in vitro tests may 
not be required (1449, 1452). lL has recently been 
shown that, in general practice, common nasal aller-

MEDA_APTX01331497 
SUBJECT TO STIPULATED PROTECTIVE ORDER 

PTX0326-00080 
CIPLA LTD. EXHIBIT 2009 PAGE 80



S212 Bousquet and the ARIA Workshop Group 

gies can be diagnosed efficiently with the aid of sim
ple diagnostic criteria using either skin prick tests or 
serum specific IgE (RAST) (1470). 
For foods, particular caution should be taken since 
vc1y few extracts arc standardised and results of skin 
tests may be negative in tTl)ly allergic patients. 
Extracts made from fruits and vegetables are usually 
of poor quality since the allergens are rapidly 
destroyed. Skin tests with fresh foods are more accu
rate (RO, 1471 ). 

• For occupational rhinitis, skin tests are often unreli
able in detection except in the case of high molecular 
weight compounds such as latex or grain dust. 

7-3-1-3- lgE 
The discove1y oflgE in 1967 was a major advance in 

the understanding and diagnosis of allergic diseases 
(1472, 1473). 

7-3-1-3-1- Serum Iota/ IgE 
Serum total JgE is measured using radio- or enzyme

immune assays (1474-1478). 
Jn n01mal subjects, levels of IgE increase from birth 

(0-1 KU/L) to adolescence ami then decrease slowly and 
reach a plateau after the age of 20-30 years. In adults, 
levels of over 100-150 KU/l are considered to be above 
nomml. Allergic and parasitic diseases as well as many 
other conditions (including racial factors) increase the 
levels of total IgE in semm. Thus, the measurement of 
total serum IgE is barely predictive for allergy screening 
in rhinitis and should no longer be used as a diagnostic 
tool (2). 

7-3-1-3-2- Serum specific IgE 
]n contrast to the low predictive value of total semm 

IgE measurements in the diagnosis of immediate type 
allergy, the measurement of allergen-specific IgE in 
serum is of importance. 
-Methods 

The first technique used to accurately measure semm 
specific lgE was the RAST (radioallergosorbent test) 
(1479-1481). New techniques are now available using 
either radio- or enzyme-labelled anti-IgE (1482-1493). 
The different reagents arc critical for an appropriate 
assay (1494). Another technology is based upon sticks 
used as a matrix (1495) Results are expressed in terms of 
total radioactive counts bound ( cpm), arbitra1y units 
(RAST class, PRU/ml) or units of IgE (IU!ml, KU/1). 
-Factors affecting the measurement of serum soecilic JgE 

Many factors can affect the measurement of IgE. The 
quality of reagents used (allergens, anti-IgE antibodies) 
is of imparlance. 

JgE antibody assays need to be sensitive and specific 
to make quantitative measurements over as wide a 
range as possible ( 1496). 

• A high capacity solid phase provides a large excess of 
allergen thaJ. maximises the binding of lgE antibody 
(1494). 

• The anti-lgE preparations applied must be Fcc-specif
ic and arc preferably combinations of monoclonal 
antibodie-s with specificities against more than one 

HIGHLY CONFIDENTIAL-

J ALLERGY CLIN IMMUNOL 

NOVEMBER 2001 

epitope on the Fe fragment and with complementary 
dose-response characteristics (1494 ). 

• Calibrators should be traceable to the WHO Intema
tional Reference Preparation for human IgE, 75/502 
(1494). 

• As for skin tests, the quality of allergens is of critical 
importance and, when possible, only standardised 
extracts should be used. Standardisation of the aller
gen source material in combination with adequate 
reagent de~ign provides precise and reproducible data 
increasing the accuracy and efficiency of allergy diag
nostic testing {1485). However, using molecular biol
ogy, it is possible to obtain large quantities of major 
allergens for many species. Recombinant Bet v I pro
duced in bacterial expression systems allows accurate 
in vitro diagnosis of birch pollen allergy in over 95% 
of birch pollen allergic patients (534). Other studies 
have found similar values for recombinant allergens 
( 1497). Thus, single recombinant allergen or a combi
nation of a few major recombinant allergens can sub
stitute the ClUde extract for in vitro diagnostic purpos
es (1498). Another possibility is to add some relevant 
recombinant allergens to an allergen extract. 

• It also seems that in vitro diagnostics for pollen aller
gy can be simplitied using cross-reactivities. Current 
diagnostic extracts for grass pollen allergy arc usually 
composed of mixtures of pollen from different grass 
species. Their complex composition hampers accmate 
standardisation It was recently shown that the use of 
one grass species is sufficient for the in vitro diagnosis 
of grass pollen allergy. Purified nah1ral Lol p J and Lol 
p 5 detect over 90% of grass-positive patients Around 
80% of the lgE response to grass pollen is directed to 
these major allergens (1499). Reliable in vitro diagno
sis is possible with a single Betulaceae tree pollen 
extract (birch or alder). The same is true for purified 
natural Bet v I, Bet v 2 ( 1500) and profilin. 
Specific IgE measurements are not influenced by 
drugs or skin diseases. 

'U!'[UIIl u ii\;'CI;JL'I'/11~ 

• Sevcml studies have shown that with the usc of standard
ised allergen vaccines, serum specific lgE results corre
Late closely to those of skin tests and nasal challenges. 

• As in skin tests, the presence or absence of specific 
lgE in the serum does not preclude symptoms, and 
some symptom-free subjects have serum specific lgE. 

• Although a low specific IgE titre may not be clinically 
relevant, the titre of semm specific IgE is usually ume
lateu with symptoms. This is because the severity of 
symptoms depends not only on IgE antibodies but also 
on the releasability of mediators, the response of the tar
get mgan to mediators and non-specific hypersensitivity. 

• When using single allergen tests, the cost of serum 
specific JgE measurement is high and only a selected 
list of allergens can usually be tested. 
7-3-1-3-3- Screening tests using serum specific lgE 
Some methods use dther a mixture of several aller-

gens in a single assay (1501-1504) or test several differ-
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gins can be diagnosed ctlictcntly with the aid of sim-
ple diagnostic criteria using either skin prick tests or
serum specific lgE (RAST) {1470).

- For Fonda particular caution should be taken since
very I'ctv extracts are slutldm‘disod and results ol‘skin
tests may be negative in truly allergic patients.
Extracts made From Fruits and vegetables are usually
of poor quality since Ihc allergens arc rapidlyr
destroyed. Skin tests with fresh Foods are more accu-
ratetRfi, Mill).

0 For occupflnalfilinjlis, skin tests are oliert uni-cli—
able in demotion except in the case ofhigh molecular
weight compounds such as latex or grain dust.

7-3-1-3— lgE
The discovery of Ig'E in I967 was a major advance in

tllL'. understanding and diagnosis of allergic diseases
{14?2, l4'l'3).

P—J-l-i—i- Scrum roful' lg]?
Scrum lolnl lgli ls measured Iismg nidto— or enzyme—

tmmutto assays (Milli-I478).
In normal subjects, levels of lg]: increase from birth

lll~l KU.Ir ll lo adolescence and thou Llocrettso slowly and
teach a plateau after the age of Ell—fill yoatc. In adults,
levels ol‘ over 100450 KUll are. considered to be above

normal. Allergic and parasitic disc-uses as well as many
other conditions (including racial factors) increase the
levels of total [315 in serum Thus, the. measurement of
total serum lgF is barely predictive liar allergy screening
in rhinitis and should no longer be used as a diagnostic
tool [2]

3—34 ‘34- Serum specific lg}?
to connect to the low nonnative value or total serum

lgF. measurements in the diagnosis of immediate type
allergy. the measurement of allergen-specific IgE ll‘l
serum is of importance.
mail:

The first technique used to accurately measure tic-mm
specific lgli was the RAST (rallioallergosorbent test.)
(I47‘J—l481). New techniques are now available using
either mdio— or enzyme-labelled anti-lgl‘i (NEE-1493).
The different reagents are critical For an appropriate
assay {1494). Another technology is based upon sticks
used as a matrix (I493). Results are exptessctl in Ionmt of
total radioactive counts hound {cprnl, arbitrary units
lRAST class, PRUl'ml) or units of IgE [lLllmL KUfl].
- I'm01's.}!flfli3flblEmElSJ-K9lumtstléi‘tl-thl somtliJgE'r -

Many factors can affect llll: measurement of lgE. The
quality of reagents used (allergens. anti—IgE antibodies]
is of importance.
' lgF. antibody assays need to be sensitive and specific

to make quantitative measttrcmunls over as wide a
range as possible (14%}.

' A high capacity solid phase prov tries a large excess of
allergen that maximises the binding of lgl’. antibody
(I494).

' The antl—lgF. prepamtions applied must he FOE specif—
ic and are preferably combinations ul' monoclonal
antibodies with specificitlcs against more than one
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cpitopc on the Fc fragment and with complementary
dose—response characteristics [HQ-'1},

- Calibrators should be traceable to the WHO Interna—

tional Reference Preparation For human lgE, 75502
{1494).

- As for skin tests, the quality of allergens is of critical
importance and, when possible, only standardised
extracts should be used. Standardisation of the aller—

gen source material in combination with adequate
reagent design provides precise and reproducible data
met-casing the accuracy and efficiency ofallergy diag—
nostic testing (I435). However, using molecular hiol-
ogy, it is possible to obtain large quantities of major
allergens For many species. Recombinant Bet v I pro-
duced in bacterial expression systems :11le necurate
in vim: diagnosis ol‘ birch pollen allergy in over 95%
of birch pollen allergic patients [534). Other studles‘
have found similar values for recombinant allergens
( 149?). Thus, single recombinant allergen or a combi
nation of ti few major recombinant allergens can sub-
stitute the crude extract for in urn-u diagnostic purpos-
es {I498}. Another possibility is to add some relevant
recombinant allergens to an allergen Lutlraet.

- It also scents that in vim; diagnostics l'or pollen aller-
gy can ht: simplified usmg cross—reactivities Current
diagnostic extracts for gran-i pollen allergy are usually
composed of mixtures of pollen from difi‘erent grass
species. Their complex composition hampers accurate
Stttl'idtmlisntioo. It was recently shown llll'tl. the use or
one. gratis species is sufficient for the in vim; diagnosis
nigh-ass pollen allergy. Purified natural Lol [1 | and [in]
p S detect over 90% of grass-positive patients. Around
80% of the I814. response to grass pollen is directed ro
these major allergens {1499}. Reliable in mm diagno'
sis is possible with a single Betulacettc tree pollen
extract (birch or alder]. The same is true for purified
natural Bet v I, Bet v 2 ( [50m and pt‘olilin.

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

Wmubuumfllmwmmw
- Several studies have shown that with the use olslamltmt-

iscd allergen vaccines, serum specific lgE results cotte-
late closely to [hose or skin tests and nasal challenges.

- As in skin tests, tltc ptcsencc or absence of specific
lgli in the serum does not preclude symptoms, and
some. symptom-Fret: subjects have scrum spcci fie lgF.

- Although a low Specific lgE tine may not be clinically
fBltMlI'll, the titre ol‘scmm specific lgE is usually unre-
latctl will: syniploms. This is because the severity of
symptoms depends not only on lgE antibodies but also
on the releasttbililylI of mediators. the response ofllte tar—
get otgan to mediators and nonspecific hypersensitivity.

- When using single allergen tests. the cost of serum
specific lgF. measurcrnunt is high null only t: selected
list of allergens can usually be tested.
il—j-i-J-J- .Si‘mcumg mm raring rcrtmt specific lgE
Sumo methods use either :1 mixture or several aller-

gens in a single assay {ISO l 4504} or test several differ—

HIGHLY CONFIDENTIAL-

SUBJECT TO STIPULATED PROTECTIVE ORDER

MEDA_APTX01 331498

PTX032B—00081

CIPLA LTD. EXHIBIT 2009 PAGE 81



J ALLERGY CLIN IMMUNOL 

VOLUME 108, NUMBER 5 

ent allergens during a single assay. These tests can there
fore be used by specialised doctors and non-allergists as 
screening tests for the diagnosis of allergic diseases. 

The clinical relevance of these tests has been extensive
ly studied and it has been shown that their efficiency 
(specificity and sensitivity) in allergy diagnosis is often 
over 85% (ISO I). However, using these tests, the patient is 
defined only as allergic or non-allergic and more extensive 
investigations for rhinitis are needed if the test is positive. 

7-3-1-4- Other tests 
7-3-1-4-1- lgG and IgG4 
The measurement of allergen-specific TgG or lgG4 

antibodies in serum has no value in the diagnosis of aller
gic rhinitis. 

7-3-1-4-2- Peripheral blood activation markers 
Blood basophils of allergic patients can degranulate 

and release mediators (histamine and CysLT) when stim
ulated by specific allergen. The assay of mediators (e.g. 
histamine release or CysLT release) or the microscopic 
examination of cells (e.g. basophil degranulation test) can 
be perfmmcd. In the early 1980s, the basoph.il degranula
tion test was proposed but never fully validated (1505, 
1506). New basophil activation tests are based upon the 
expression ofCD63 (gp53) (1507, 1508) or CD45 (1509) 
in the presence of allergens or non-specitic stimuli. In this 
Lest, CD63 or CD45 arc measured using cytofluorimetry. 
These tests may be of interest in some difficult cases such 
as cypress pollen allergy (1510) but they require sophisti
cated equipment (cytofluorimetry) and fmther evaluation. 

New tests based on CysLT release after allergen chal
lenge may be interesting if they correlate closely with the 
clinical sensitivity of the patients, but further studies ilfe 
required (1511·1513). 

7-3-1-4-3- Nasal specific IgE 
It has been proposed that some patients may have a 

local IgE immune response without any system.ic release 
of lgE (1514 ), e.g. negative skin tests and semm specific 
lgE. Based on current data, the concept of local allergic 
reaction in the nose without systemic lgE release is not 
supp01ted ( l 5 I 5) and the measurement of IgE in nasal 
secretions cannot be routinely proposed (1516, 1517). 

7-3-/-4-4- Mediators released duril1g allergic 
reactions 

The measuremenc of mediators released in peripheral 
blood, nasal secretions or urine during allergic reaction 
was made possible by the development of highly specif
ic and sensitive immunoassays for the titration of hista
mine, PGD2, CysLTs, kinins and ECP. Mediators can be 
measured at baseline or after allergen challenge and pro
vide important research tools, but do not apply to the rou
tine diagnosis of allergy. Nasal microsuction has been 
used by several investigators (1172, 1518, 1519). The 
major advantage of this technique is that it permits a 
quantitative measurement of the mediators in nasal secre
tions. It is possible to obtain nasal secretions with a pre
cise and minimally diluted yolume. 

7-3-1-4-5- C)~to/ogy and histology 
Techniques for obtaining specimens im:lude blown 

secretions, scraping, lavage and biopsy. Proper assess-
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ment of these specimens by trained personnel is required. 
The use of nasal cytology to evaluate the cell pattem may 
be attempted but clinical interest is usually weak ( 1520). 
However, nasal cytology to evaluate mucosal cellular 
patterns can be valuable in (1521): 

distinguishing inflammatory from non-inflammatory 
rhinopathies, 

• distinguishing between allergic, non-allergic and 
infectious rhinitis, 

• distinguishing between viral and bacterial infections, 
• following the comse ofrhinitis and 
• following the response to treatment. 
• Morphological changes in the nasal mucosa may 

reflect reactions that are also occurring in other areas 
of the aitway. 

7-3-1-4-6- J'vfeasurement a_( nitric oxide in exhaled air 
Measures oft he concentration ofNO in nasal air usual

ly reveal h.igher mean levels in patients with allergic rh.ini 
tis as compared to those without rhinitis and also possibly 
to those with non-allergic rhinitis. However, substantial 
overlap exists between groups (1522) and the measure
ment of NO callllol be used as a d.iagnoslic measure for 
allergic rhinitis (see chapter 4-3-2). Nitric oxide levels are 
low where there is severe nasal obstruction such as polyps. 

In primary ciliary dyskinesia, very low levels of NO 
are seen ·· tltis may prove to be of diagnostic help. 

7-3-1-5- Nasal challenge 
Nasal challenge tests are used in research and to a less

er extent in clinical practice They are however important 
in the diagnosis of occup~tional rhinitis. 

Recommendation on and critical analysis of nasal 
provocations and methods to measure the effects of such 
lesls have already been published ( 1523, 1524) (Table 
II). Recently, a subcommittee of the "International 
Committee on Objective Assessment of the Nasal Air
ways" has put fmward guidelines for nasal provocation 
tests concerning indications, techniques and evaluation 
of the tests (1525). 

7-3-1-5-1- Nasal challenge with allergen 
Different methods for the provocation and measme

mcnt of nasal responses have been used in recent years. 
Each techttique has its own advantages and restrictions. 
for clinical purposes, techn.iques for qualitative measure
ments may be appropriate, but for experimental research, 
quantitative measurements with high reproducibility ilfe 
essential (1526) (Table 12). 
7-3-1-5-1-1- Provo!Ung ogcnt 

Allergens are usually given as an aqueous solution, 
but allhough the solution is easy to administer into nos
trils, this form of challenge has many defects: 
• Allergen extracts (vaccines) are not always standard

ised. Only slandanlised allergen vaccines should be 
used when available. 

• Allergen vaccines may not represent the native aller
gen and the amount of allergen insufnuled is far 
greater than that entering the nose during natural aller
gen ex posme. 
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TABLE 11: Indications for nasal challenge tests 

1- Allergen provocations: 
• When discrepancies between history of allergic rhinitis 

and tests or between tests are present (e.g. in cases of 
diagnostic doubt). 

• For uiognosis of occupational allergic rhinitis. 

• Before immunotherapy for allergic rhinitis . Although it 
is still nor very common to use nasal provocation before 
starting immunothempy, it ht.:~s been considered Lhnt a 

lnborious l one-l~!':ting therapy is justified by a proper 
diagnosis. This holds true particularly in the case of 

perennial allergic rhinitis. 

For research. 

2- Lysine-aspirin: Nasal provocation is recommended as a 
substjtute for oral provocation in aspirin intolerance. 
Whenever such a nasal provocation is negative, an oral 

test is still required. 
3- To test non-specific hypeiTcactivity: 

Nasal provocation with non-3pecific stimuli (his to mine, 
methacholine, cold dry air, etc) is not relevant for daily 
clinical proctice anti Jbgnosis but can be used in research. 

[)ntn from (I 525) 

The potency of an aqueous extract often decreases 
rapidly and it is advised, at least for research projects, 
to use sta11dardised and lyophilised extracts of the 
same batch freshly reconstituted on the day of the test 
Preservatives such as glycerol, benzalkonium chloride 
or phenol can induce non-specific nasal reactions. 
TemperahJre, pH and osmolarity of the solut.ion should 
be checked carefully. 

Allergens can also be administered in the fmm of a 
powder (1527), as a solution adsorbed on a paper disk or 
in the form of pollen grains mixed with lactose in cap
sules (642, 711). 
7-3-1-5-1-2- D<position in the nose 

Aqueous allergen vaccines can be delivered from 
atomisct·s and an exact dose can be applied. Other inves
tigators use a pipette and allergens are deposited under 
rhinoscopy. When using any of these methods, care 
should be taken to avoid non-specific responses, and for 
all experimems, the diluent of the allergen extract must 
be administered before the allergen, to test for the non
specific response. Small paper disks can be directly 
applied to lhe nostrils and allergen powders or pollen 
grains can be insufflated easily with Spinhalers or 
derived devices. 

Other methods are of interest. In the Vienna Challenge 
Chamber (1528, 1529) or the envirotm1ental exposure unit 
( 1530-1533 ), patients are challenged under controlled con
ditions with plllified airborne grass pollen. However, these 
conditions are only used for large clinical trials and have 
no value in Lhe diagnosis of allergic rhinitis. 
7-3-1-5-1-3- Assessment or the response 

Different methods have been used to assess the 
response Lo allergen. None of these arc fully accepted 
by all investigators. 
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TABLE 12: Recommendations for the performance of 

nasal challenge tests 

1- Provoking agent 

• use solutions at room temperahlre 
• standardised extracts 
• isotonic solutions buffered to a pH of about 7 

• use control solutions 
2- Deposjtion into tbe nose 

• meter-dose pump spmy 
• paper disks 

3- Assessment of the nasal response: symptom scores are 

combined with objective measures 
• counting sneezes or nttacks of sneezes 
• measuring volume or weight of nasal secretjon 
• changes of nas:JI patency, airflow or airflow resistance 

4- Methods to evaluate nasal patency, airflow and airflow 
resistance. 
The most important techniques are: 

• rhinomanometry 

• acoustic rhinometry 
• rhinostereometry 

• nasal inspiratory or expiratory peak flow 
Less common methods are: 

• head-out body plethysmography 
• oscillometry 

Dnta from (1525) 

• Symptoms produced after a challenge can be recorded. 
Sneezing, rhinorrhea and nasal blockage are easy to 
assess and yield valuahle information. However, 
patients can react with different symptoms on different 
test days and it is preferable to use a combination of 
symptoms (711). 

• The importance of nasal obstruction is one of the car
dinal symptoms in allergic rhinitis and the major 
symptom of the late-phase reaction following allergen 
challenge. The objective measurement of this symp
tom is therefore of the greatest importance ( 1534 ). 
However, physiological fluctuations in nasal resis
tance may interfere with nasal monitoring in the nasal 
provocalion test ( 1535). 

Several committees were formed for the objective 
assessment of the nasal aitway and of advocated rhino
manometry as a reliable method for measuring nasal 
obstruction (1523, 1524, 1534, 1536, 1537). The follow
ing techniques may be used: 
• Until now, rhinomanometzy is the best evaluated and 

standardised Lt:chnique. Active anterior rhino manome
try was reconm1ended by an international committee 
in 1984 (1523). With active anterior rhinomanometry, 
unilateral measurements can be done, this in contrast 
to active posterior rhlnomanometry. Passive anterior 
rhinomanometry was introduced by Clement et al. in 
1981 ( 153 8) as a sui table technique for measuring 
nasal resistance after nasal challenge, but it is more 
difficult to usc than anterior rhinomanomclry. 

• Acoustic rhinometzy (1539-1541), characterised by a 
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low coefficient of variation, has been used in nasal 
challenge tests with bradykinin, histamine and aller
gen. However, acoustic rhinometry does have limita
tions and pitfalls. The value of acoustic rhinometry to 
evaluate nasal responses after provocation in routine 
clinical work is not yet established. 

• Rhinostereometry ( 1542) can be used to record 
changes in the thickness of the nasal mucosa. With a 
microscope, 0.2 mm changes in the thickness of the 
na~al mucosa can he recorded in test subjects fixed to 
the apparatus using an individually made plastic splint 
adapted to the teeth. Rhinostereometry is however a 
time-consuming method. It seems useful for compar
isons between well-defined groups of subjects and 
patients and between the same subjects or patients at 
different occasions. It may be combined with laser 
Doppler flowmetry ( 1543 ). 

• Nasal peak Dow appears to correlate very well with 
rhinomanometry (1544-1548). Peak inspiratory nasal 
flow (NPlF) and peak expiratory flow (NPEF) (rate), 
especially the former, may be recommended for the 
long-tem1 control of phammcological or immunologi
cal Lreatmenl of different types of rhinitis. 

• Other methods such as rhinostereometry and whole 
boc!y plethysmography have been proposed ( 1549) but 
they arc not yet fully assessed. 

Comparisons between methods are also available. In 
order to find ~1e most sensitive method, assessments were 
made by means of symptom score, acoustic rhinometry, 
nasal peak expiratory and inspiratory flow (NPEF and 
NPIF) and rhinomanometry during histamine challenge 
( J 550). There was no difference in the mucosal reactivity 
between patients and controls regardless of the method 
used, but NPJF and NPEF were more sensitive to mucos
al changes than the other methods studied (1551). Com
pared to rhinomanomctry by body plethysmography 
( 1552), acoustic rhino me try is less complicated, more 
quickly performed and more comfortable for subjects. 
7-3-1-5-1-4- Measurement ol mediators and cells during 

challenge 
Allergcn-spccilic nasal challenge is a valid and reli

able tool for studying the pathophysiological mecha
nisms involved in allergic intlan1mation. Nasal challenge 
induces an immediate and late clinical response in aller
gic subjects with the release of pro-inflammatory media
tors which may be studied (see chapters 4-5-1 and 4-5-2). 

Nasal biopsies may also be obtained (see chapters 4-5-1 
and 4-5-2). They have been used in many drug n·ials ( 1553 ). 
7-3-1-5-1-5- Factors affecting nasal challen~e 

As in other in vivo tests, the major factors affecting 
nasal challenges are the quality of the allergens used as 
well as the drugs taken by the patient. Moreover, other 
factors are more specitic to nasal challenge, including 
technical problems already discussed and innammation 
of the nasal mucosa. 

Sodium cromoglycate and usual ami-l-ll -h.istamines 
should be withdrawn 48 hours before the Lest, nasal 
beclomethasone 3 to 6 days before, ketotifen and 
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imipramines 2 weeks before and asternizole at least I 
month before. Nasal vasoconstrictors may not modifY 
nasal challenges. Specific immunotherapy decreases the 
sensitivity of the nose to allergens. 

The nasal mucosa may be altered by several factors 
and the response to allergen may be largely affected. 
• lt has been shown that an allergic reaction significant

ly increases the reactivity of the nose because of the 
priming efl"ect initially described by Connell ( 1150). 

• Viral infections induce the release of histamine, pro
inflammatOly mediators and cytokines in nasal secre
tions ( 1220). Nasal challenges should thu~ be performed 
at least 2 to 4 weeks after any allergic or infectious 
episode. 

• Finally, the nasal cycle (647) should be taken into con
sideration when rhinomanomelly is used. 

7-3-1-5-2- Nasal challenge with non-specific agent.1· 
Non-specific nasal hypeneactivity is commonly 

observed in patients with allergic rhinitis (R69, 1198) 
(sec chapter 4-7). Challenges with methacholine or hist
amine have been widely canied out. Methacholine and 
histamine both induce a dose-dependent increase in 
secretion weights on the challenge site, whereas hista
mine alone induced a contra lateral retlex Repeated 
stimulation with histamine, but not methacholine, result
ed in tachyphylaxis (1554). 

7-3-1-5-3- Challenge with occupational agents 
1l1e diagnosis of occupational rhinitis is often com

plex and requires nasal provocation tests with the rele
vant occupational agent (1555-1557). The challenge can 
be carried out in the fOJm of natural exposure, especially 
if the relevant allergen is unavailable. As an example, this 
has been done for laboratory animal allergy in a vivarium 
during cage cleaning (high-allergen challenge), quiet sit
ting (low-allergen challenge) or in a remote location 
(sham challenge)( 1558). 

7-3-1-5-4- Aspirin-induced rhinitis and asrhma 
While a patient's clinical histmy might raise suspicion 

of aspirin-induced rhinitis and asthma, the diagnosis can 
be established with cenainty only by aspirin challenge. 
There arc three types of provocation tests, depending on 
the route of administration: 
• Oral challenge (1247, 1559). Oral challenge tests are 

most commonly performed. They consist of the 
administration of increasing doses of aspirin (the start
ing dose is 1-20 mg) and placebo, according to a sin
gle-blind procedure. Careful monitoring of clinical 
symptoms, pulmonary function tests and parameters 
reflecting nasal patency for 6 how·s after administra
tion of the drug. The reaction is considered positive if 
a decrease in FEV 1 > 15-20% of baseline occurs 
(PD15FEV1 , PDzoFEVI), accompanied by symp
toms of asthma, rhinitis and/or conjunctivitis. In most 
patients, the threshold dose evoking positive reactions 
varies between 40 and I 00 rug of aspirin. Adverse 
symptoms are relieved by inhalation of a !12-agonist. If 
necessary, a glucocorticosleroid can be administered. 
Since severe reactions may occur, oral aspirin elm!-
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lenge should be performed in a setting where emer
gency medical treatment is readily accessible. 
Inhaled challenge ( 1560). In inhalation challenge 
tests, nebulised aspirin (1561) or L-lysine aspirin 
(1560, 1562) have been used. The increase in L-lysine 
aspirin dosage is achieved every 30-45 mim1tes and 
the test can be completed in one moming. It is there
fore faster than oral challenge which often takes 2-3 
days, but the symptoms provoked are usually restrict
ed to the bronchopulmonary tract, and not all patients 
with aspirin-induced asthma react to L-lysine aspirin. 

• Nasal challenge ( 1563). Na~al provocation testing is an 
attractive research model and may also be used as a diag
nostic procedure on an out-patient basis in patients with 
unstable asthma. A simple, safe and quick test for the 
diagnosis of aspirin-induced asthma has been described 
( J 563)- It may be a method of choice to confirm intoler
ance to aspirin manifested only by symptoms from the 
upper respiratory tract. Negative results do not exclude 
possible intolerance to aspirin. Patients suspected of the 
intolerance, with negative nasal tests, should undergo 
bronchial or oral challenge tests with aspirin. 

Aspirin intolerance is ustmlly long-lasting and 
althm1gh the threshold dose inducing a positive challenge 
may vary with time in individual patients, there is usual
ly no need to perfom1 serial aspirin challenges when the 
diagnosis is made. 

7-3-2- Interpretation of tests and 
recommendations 

7-3-2-1- Correlation between tests 
Skin tests represent the primary diagnostic tools used for 

immediate-type hypersensitivity. Comparisons between the 
meastu·ement of specific lgE and skin tests depend on the 
quality and standardisation of the allergens used in both 
types of tests and, to a lesser extent, on the method of skin 
testing used. The worst conelations have been obtained 
with house dust, mould, food extracts and unstandardised 
dander extracts. There aJ'c good correlations between a 
strongly positive response to a skin test and the detection of 
serum specific JgE and bl!twecn a negative response Lo a 
prick test and the lack of detection of semm specific IgE, 
whereas small wheals induced by prick tests and positive 
results of intrade1mal tests with concentrated extracts are 
less frequently associated with the detection of semm spe
cific IgE ( 113). Positiw responses to skin tests and scr1Jm
specific IgE can be found in totally symptom-free subjects 
with a similar prevalence. 

Correlations between responses to skin tests and 
serum specific IgE with nasal challenges are Jess consis
tent because of the non-specific hyperreactivity. Poor 
conelations are observed with unstandardised extracts, 
weak positive responses to skin tests and semm specitic 
IgE results or when there is a discrepam;y between the 
clinical history and skin tests. 

There is usually a lack of conelarion between titres of 
serum allergen-specific IgE am1 symptoms in untreated 
patients with seasonal allergic rhinitis (1564). 
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7-3-2-2- Diagnosis of inhalant allergy 
The diagnosis of allergy is based on the correlation 

between the clinical histmy and diagnostic tests for allergy. 
It is not possible to diagnose allergy based solely on 
responses to skin tests, in vilm tests or even challenges. For 
these reasons, patients may benefit more from skin testing 
by specially trained health professionals. In some countries, 
general practitioners perform skin prick tests. Studies in 
Holland and the UK found that common nasal allergies can 
he diagnosed with a very high certainty using simple diag
nostic c1iteria (1470, 1565). Factors afiecting tests should 
always be checked before investigations since drug therapy 
may modifY results of in vivo tests for days or even weeks. 

7-3-2-3- Diagnosis of food allergy 
Food allergy is rarely the cause of isolated rhinitis 

symptoms. While allergic reactions to foods are usually 
due to IgE-mediated hypersensitivity reactions, a number 
of immune mechanisms may contribute to adverse reac
tions to foods that have an immunological basis. Tests for 
IgE antibodies include hoth skin prick tests and the mea
surement of serum allergen-specific IgE antibodies. The 
diagnosis of food allergy is compounded, however, 
because allergen vaccines and test reagents cuuently avail
able are not standardised and their stability is poorly deter
mined ( 1566). The presence of food-specific IgE in serum 
or a positive skin tcsl to a foodstulT does not always t:orre
late with a food allergy since many patients outgrow their 
allergy with age (1567, 1568) and not all patients with 
food-specific IgE have a clinical sensitivity. In many 
instances, the diagnosis has to be confi1med by a double
blind food challenge that should be carried out. under pre
cisely specified conditions (1569, 1570) and by trained 
staff who have the competence to manage anaphylactic 
reactions. As for other fmms of allergy, unproven and con
troversial techniques such as cytotoxic tests, VEGJ\ testing 
or sublingual provocation tests have no proven value. 

7-3-2-4- Diagnosis of occupational allergy 
Occupational rhinitis must be more precisely con

firmed than allergic rhinitis of other aetiology. In practice 
(1571 ), interviews concerning the causal relation, fre
quency, latent period and atopic disposition often provide 
suggestions but sometimes give unreliable evidence for 
the basis by which to diagnose occupational nasal aller
gy. Therefore, examinations such as skin tests, nasal 
provocation tests ( 1555-1557) and determination of the 
lgE antibody level are necessruy to confirm the causality 
between the disease and the work exposure ( 1572). 

7-4- OTHER ENT DIAGNOSIS 

7-4-1- Bacteriology 
Routine swabs taken blindly from the nose and nostril 

are not diagnostically helpful. This may not be the case if 
the swabs are taken endoscopically 

7-4-2- Imaging 

7-4-2-1- Plain sinus radiographs 
Plain sinus radiographs arc not indicated in the diag

nosis of allergic rhinitis or sinusitis. 
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7-4-2-2- Computerised tomography (CT) 
CT has become the principal radiological investigation 

for major sino-nasal disorder but is of limited use in the 
diagnosis of allergic rhinitis (1320, 1573). CT scans can 
be carried out after receiving specialist advice: 

to eliminate other conditions ( J 574, J 575), 
• to exclude chronic sinusitis, 
• to eliminate complications from rhinitis, 
• in patients who do not respond to treatment, 
• in patients with unilateral rhinitis. 

7-4-2-3- Magnetic resonance imaging (MRI) 
Magnetic resonance imaging (1576) is rarely indicat

ed as a diagnostic tool. However, there are circumstances 
where MRI is useful, in particular in fungal sinusitis. 

7-4-3- Mucociliary function 
Tests for mucociliary clearance (1577) or ciliary beat 

frequency (1578) have little relevance in the diagnosis of 
allergic rhinitis, but are relevant in the differential diag
nosis of chronic rhinoJThca in children. 

7-4-4- Nasal airway assessment 
Nasal inspiratory or expiratory peak flow, rhino

manometry or acoustic rhinometry may be used (see 
chapter 7-l- J -5-1-3 ). 

7-4-5- Olfaction 
Although olfactiorr is often impaired in allergic rhini

tis arrd methods for assessing olfaction are available 
(1579), these arc not generally used for the diagnosis of 
allergic rhinitis. 

7-5- DIAGNOSIS OF ASTHMA 
The diagnosis of asthma may be difficult due to the lmn

sient nature of the disease and the reversibility of the airllow 
obstLUction spontaneously or after u·eatment. Key indicators 
for diagnosing asthma are presented in Tab it: 13 (36). 

7-5-1- History and measurement of 
symptoms 

The diagnosis of asthma is largely made on the basis of 
a history of paroxysmal attacks of breathlessness com
monly ossociuted with o tightness of the chest and wheez
ing. These are worse particularly at night ami in the early 
hours of the morning. However, in themselves, these com
mon symptoms are not diagnostic. Table 14 highlights 
questions for considering a diagnosis of asthma. 

What is important is a history of recutTent exacerba
tions (or attacks) often provoked by factors such as aller
gens, irritants, exercise and vims infections. Under some 
circumstances, especially in patients with very respon
sive airways, asthma triggers may produce profound 
bronchoconstriction that rapidly gives rise to a life
threatening exacerbation. 

Other useful clinical markers of astluna are the relief of 
symptoms either spontaneously or more specitically by 
means of a bronchodilator and anti-innammalory treatment. 

The seasonal variability of symptoms and a positive 
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TABLE 13: Key Indicators for Diagnosing Asthma* 

Consider aslhma if any of the imlicalurs are present: 
WIJcczing- high-pitched whistung sounds when breaU1ing 

out- especially in children (A nonnal chest examination 

does not exclude asthma.) 
History or any of the following: 

- Cough, worse particularly at night 

- Recurrent wheezing 
- Recurrent difficult breathing 

- Recurrent chest tightness. 
Note: 
Eczema, hay fever or a family history of asthma or atopic 
diseases are often associated wilh aslhma, bul they me nul 
key indicators. 

Symptoms occur or worsen at night, nwakcning the 
patient. 

Symptoms occur or worsen in the presence of: 
-Exercise 
-Viral infection (common cold) 

-Animals with fur 

-Domestic dusl mites (in mattresses, pillmvs, upholstered 
flli11iture, carpets) 

- Smoke (tobacco, wood) 
-Pollen 
-Changes in temperature 

- Strong emotional expression (laughing or crying hard) 

-Aerosol chemicals 
-Drugs (aspi1in, beta blockers) 

Reversible am] vnriublc airflow limitation us measured by 

using u peak expiratory flow (l'EF) meter or FEVt in 
any of tbe folto"·ing ways: 
- PEF or FEV1 increases more than 12% 15 to 20 mi..nutc3 

after inhnlation of n short-acting 132-agonist, or 
- PEF or FEV 1 varies more than 20% from moming mea

surement upon ans1ng lO measurement 12 hours Jatc1 ill 

patients taking a bronchodilator (more than I 0% in patients 
who are not taking a bronchodilator), or 

- PEl' or I'EV I decreases more than J 5 'Yo alter 6 minutes ol 

rumung or cxercJse. 

~ Pocket ~uide for astluna mi\nngement and prevention, ba:-;ed on doto 
from (36) 

TABLE 14: Questions to Consider in the Diagnosis of 
Asthma 

Has the patient had an attack or recurrent attacks of wheez-

ing? 
Does the patient have a troublesollle cough at night? 

Does the patient cough or wheeze after exercise? 

Does the patient coug,h, wheeze or experience chest tighmess 
atier exposure to airborne allergens or pollutants? 

from (36) 

family history of asthma and atopic disease are also help
ful diagnostic guides. 

Symptom measures have been used for epidemiologi
cal studies or dinical trials and are reviewed by O'Con
nor and Weiss (1580). 
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TABLE 15: Advantages, disadvantages and applicable setting for pulmonary function tests to measure asthma out

comes 

Table available in print only 

7-5-2- Physical examination 

Because asthma symptoms a1·e variable throughout the 
day, the physical examination of the respiratory system 
may appear normal. 

Clinical signs of dyspnea, airflow limitation (wheezing 
which is an important symptom but is not pathognomon
ic of asthma) and hyperinflation are likely to be present 
when patients are examined during symptomatic periods . 

Some patients may have a n01mal chest auscultation 
but a significant airflow obstruction when measured 
objectively. Conversely, wheezing may be absent in very 
severe asthma exacerbations. 

7-5-3- Measurement of lung function 

Patients with asthma frequently have difficulty in 
recognising their symptoms and a poor perception of the 
severity (1581 ), especially if their condition is severe and 
long-standing (1582). Assessment by physicians of symp
toms such as dyspnea and wheezing may also be inaccu
rate. The reversibility of airflow obstruction after inhala
tion of bronchodilators should therefore be measured 
using lung function tests (36 ). 

7-5-3-1- Recording airflow obstruction 
A wide range of different methods to assess the 

level of airflow limitation exists, but two methods 
have found widespread acceptance for patients over 5 
years of age (36): 

forced expiratory volume in l second (FEY1) (and its 
accompanying forced vital capacity- FVC) (1583, J 584), 

• peak expiratory tlow (PEF) ( 15 85) which can be mea
sured serially (at home) over a period of several days 
(1586). 

Table 15 gives the advantages and drawbacks of these 
two methods. 

These two melhods (FEY 1 and PEF) involve a forced 
expiration from total lung capacity but they are not strictly 
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equivalent when expressed as a percentage of predicted val
ues (1587 -1590). Moreover, FEY 1 is more reproducible and 
is a more accurate estimate of airflow limitation. However, 
PEF is the only method which can be used tor hi-daily mea
surements of lung function. Because diseases other than 
those causing airflow limitation may result in a reduced 
FEY1, a usefi1l assessment of airflow limitation can be 
obtained as the ratio of FEY 1 to FYC. In healthy adults, this 
ratio is usually over 75% and in healthy children over 85%. 

7-5-3-2- Assessing the reversibility of airflow 
obstruction 

The reversible airflow obstruction of asthma needs 
to be distinguished fi·om the irreversible obstruction of 
chronic bronchitis and emphysema (1591). It is usually 
carried out using inhaled 132-agonists, and responses to 
bronchodilators are easy to assess (1592). An improve
mentofthe FEY1 of over 12% from baseline and 200 ml 
of absolute value after inhalation of a short acting bron
chodilator is considered to be significant ( 1593). How
ever, in some astl:unatics, vigorous treatment (including 
a trial of oral glucocorticosteroids) may be needed to 
appreciate the reversibility of airflow obstruction 
(1594). It should be remembered that some patients with 
COPD may have reversible aililow obstJuction dming 
glucocorticosteroid treatment ( 1595). 

7-5-3-3- Assessing the diurnal variation of airflow 
obstruction 

A characteristic feature of asthma is a cyclical variation 
in the degree of airflow obstruction throughout the day. The 
lowest PEF occurs in the morning. Many asthmatics usual
ly show a difference of at least 15% between morning and 
evening PEF (diurnal variability). Current asthma guide
lines recommend that diurnal variability of the PEFR 
(1596) should be calculated when diagnosing asthma and 
assessing its severity (36, 1597). A diumal variability in 
PEF of more than 20% is diagnoslic of asthma (36, 1597). 
Diurnal Vaiiability ofPEF has been used as a marker of air-
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way responsiveness, particularly in studies (1598-1 600), 
and as an outcome measure in clinical asthma trials ( 1601 ). 
However, there are problems associated with its use ( 1602). 

7-5-3-4- Non-specific challenge testing 
Aitway responsiveness to methacholine, other non

sensitising stimuli or exercise may be used clinically to 
aid in the initial diagnosis of asthma, especially if base
line spirometry is normal and no reversibility can be 
demonstrated (1584). The methods for performing these 
test~ are standardised hut differences exist between coun
tries (1603). However, asthma is not the only disease 
with non-specific bronchial hyperreactivity, and patients 
with allergic rhinitis and without clinical asthma mny 
have an increased non-specific bronchial hyperreactivity 
(see chapter 6-1-2). Asthma severity categories partly 
based on PD20FEV1 histamine or methacholine have 
been suggested ( 1604 ). 

7-5-4- Special considerations in difficult 
groups 
• Young children whose primaty symptom is a cough or 

who wheeze with respiratory infections are often mis
diagnosed as having bronchitis or pneumonia (includ
ing acute respiratory infection) and thllS ineffectively 
treated with antibiotics or cough suppressants. Treat
ment with asthma medication can be beneficial and 
diagnostic. 

• Many infants nnd young children who wheeze with 
viral respiratoty infections may not develop asthmn 
that persists through childhood (1605). However, they 
may benefit fi-om asthma medication for their wheez
ing episodes, There is no certain way to predict which 
children will have persistent asthma, but allergy, a 
family history of allergy or asthma nnd perinatal expo
sure to passive smoke and allergens are more strongly 
associated with continuing asthma. 

• Asthma should be considered if the patient's colds 
repeatedly "go to the chest" or take more than I 0 days 
to clear up, or if the patient improves when asthma 
medication is given. 

• Tobacco smokers and elderly patients who suffer from 
COPD frequently have symptoms similar to asthma. 
Yet they may also have concurrent asthma and thus 
benetir from treatment. Improvement in PEF after 
asthma treatment is of importance for the diagnosis of 
asthma. 

• Subjects who arc exposed to inhalant chemicals or 
allergens in the workplace can develop asthma and 
may be misdiagnosed as having chronic bronchitis or 
chronic obstructive pulmonary disease. Early recogni
tion (PEF measurements at work and home), strict 
avoidance of further exposure and early treatment are 
essentiaL 
Asthma attacks may be ditlicult ro diagnose. For exam-
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pie, acute shortness of breath, chest tightness and 
wheezing can also be caused by croup, bronchitis, heart 
failure nnd vocal chord dysfunction. Using spirometry, 
establishing the reversibility of symptoms with a bron
chodilator and assessing the history of the attack (e.g. 
whether it was related to exposures thnt commonly 
make asthma worse) aid the diagnosis. A chest x-ray 
can help rule out infection, large airway lesions, con
gestive heart failure or aspiration of a foreign object 

7-6- ASSESSMENT OF SEVERITY OF 
RHINITIS 

For asthma, there are objective measures of severity 
such as pulmonaty function tests and well-defined crite
ria for symptom severity (36). For atopic dermatitis, 
there are clinicnl scores of severity such as SCORAD 
(1606). However, for rhinitis, there is no accepted mea
sure of nasal obstruction The nasal inspiratory peak flow 
(NTPF) has been extensively studied but results are not 
consistent among the different studies (1544-1548). 
Moreover, the correlation between the objective mea
surement of nasal resistance and subjective reports of 
nasal airflow sensation is usunlly poor. 

Visual analogue scales are often used to assess the 
severity of diseases with a subjective involvement such as 
pain (1607, 1608). They have been used to establish an 
effective treatment in patients with rhinitis (1609-1611). 
Over the past few decades, there has been some contro
versy over the relationship between subjective assessment 
and objective measurement of na~al airway obsrmction. 
VAS measurements generally followed trends in nasal air
way resistance either after challenge with histamine 
(1612) or capasaicin (1613) or during treatment with a 
nasal vasoconstrictor (1610, 1611). However, the studies 
differ in some respect. VAS results and rhinomanometry 
conelated better when unilateral nasal obstruction was 
evaluated compared to total nasal evaluation. When rhino
mnnometric data were divided into four clinically relevant 
grades of obstruction (very patent, normal, obstmctcd and 
very obstructed) and the quattiles of the VAS results were 
compared lo these, the agreement was good or fairly good 
in 75-85% of the cases (1614). In another study (161 5), the 
patient's own overall rating registered on a visual analogue 
scale was compared with a summed symptom score calcu
lated from ratings of sneezing, rhinorrhea and congestion. 
A significant correlation, but nul complete correspon
dence, was found in patients with untreated rhinitis during 
the birch pollen season and after challenges with birch 
pollen or histamine. Comparisons between lhe overall rat
ing and scores for individual symptoms gave lower 
degrees of correlation or non-significant conelations. In 
children, VAS correlated with patients' nasal stuffiness 
scores but not with anterior nasal airtlow (161 6). 
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8- Management 

The management of allergic rhinitis includes allergen 
avoidance, medication (pharmacological treatment), 
immunotherapy and education. Surgery may be used as 
an adjunctive intervention. 

It is recommended to propose a strategy combining 
the treatment ofhoth the upper and lower airway di~ease 
in te1ms of eflicacy and safety. 

8-1- ALLERGEN AVOIDANCE 

A wide range of allergens have been associated with 
allergic rhinitis, of which house dust mite is clearly the 
most impmtant and most investigated (1617, 1618). Most 
studies have however dcall with asthma symptoms and 
ve•y few have studied rhinitis symptoms. The effectiveness 
of allergen avoidance in the treatment of asthma was first 
suggested by studies in which patients were I'Cmovcd fmm 
their homes into the low house dust mite level of high d.Jy 
altitude ( 16 I 9, 1620). However, thc real challenge is to cre
ate a low allergen e1wiro1m1ent in patients' homes and, 
unfortuna.te ly, the majority of single interventions have 
failed to achieve a sufficient reduction in allergen load to 
lead to a clinical improvement. Indeed, a meta-analysis of 
appropriately controlled house mite avoidance trials 
suggested that this appmach was doomed to failure in the 
treatment of asthma (1621), suggesting that a single inter
vention may be ins1Jfficient. However, this attempt at meta
analysis raised several problems (1622, 1623) and grouped 
any attempts at house dust mite avoidance together as if 
they were one treatment. As it is clear that some approach
es are far more efficacious than others, this was probably 
an inappropriate methodology If assessment was made 
only on trials which demonsUntcd a decrease in allergen 
load, then a different outcome may have become apparent. 
Certainly, virtually all asthma and rhinitis guidelines (I, 
36) now suggest that allergen avoidance, including house 
mites, should be an integral part of a management strategy. 

8-1-1- House dust mites 

There have been several reviews on the effects of 
house mite avoidance in asthma (335, 1617). 

The single most effective strategy for mite reduction 
and control of the disease ha~ involved bed-covering 
systems, which separate the mite and its allergen from 
the allergic individual. Provided the mattress, pillow 
and duvct are seah:d in a mile allergen impermeable 
encasing, a reduction in allergen exposure can be 
achieved (1624) and this can be associated with an 
improvement in the condition (1625). However, these 
measures achieve only modest improvements com
pared with those achieved by transpol'ling sensitive 
subjects to high altitudes where allergen exposure is 
virmally non-existent (1619, 1620). Mite allergen can 
accumulate on blankets, and bed linen and blankets 
should be washed regularly (once a week) in hot water 
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(over 55°C) to ensure the destruction of the mites 
(1626). The same effect may be obtained by d.Jying 
laundJy in the sun, but no data are available to support 
this assumption. Washing laund.Jy in cold water 
reduces allergen levels, but most mites survive ( 1627). 

• Carpetq are an important microhahitat for mite coloni
sation and a possible source of allergen from which 
the bed can be re-infested ( 1628). Ideally, the carpet 
should be removed and replaced by vinyl or polished 
wooden floor boards. lf it is impossible to remove the 
carpet, it can be completely covered by polyethylene 
sheeting, taped to the skirting board or replaced regu
larly, since mites grow better on old carpets ( 1629). 
Steam cleaning ( 1630), liquid nitrogen or acaricides 
( 1631) may help to reduce mite m1mbers in carpets. 

• Curtains should be washable at 55°C. Children's soft 
toys can be a potent source of domestic mite allergen 
and should either be removed, washed in hot water or 
frozen once a week. 

• Attempts to develop acaricide sprays which will both 
kill and denatme allergens have demonstrated some 
effect in reducing mile numbers and allergen levels 
(1632). The clinical efficacy has been equivocal in 
asthma and many studies showed no effect (1625). 
High efficiency particulate air (HEPA) vacuum clean
ers can reduce allergen load but again no trials have 
demonstrated that this will improve symptoms ( 1633, 
1634). However, vacuum cleaners with inadequate 
exhaust filtration may increase airborne allergen lev
els during use (1635). 

• High levels of humidity in the home are essential for 
mite population growth, and reducing humidity may be 
an effective control method. However, effective venti
lation systems have achieved clinical efficacy in coun
tries where the number of mites is usually low (1636), 
while no benefits were demonstrated in places with an 
elevated mite infestation (1637, 1638). Moreover, it 
ha~ been shown that ventilation systems can apprecia
bly reduce the allergen load but not sufficiently to 
reduce the symptoms of asthmatic children (1639). 

On the other hand, very few studies have been report
ed on allergen avoidance in rhinitis. Three studies have 
evaltlated the effect of acaricidal treatment with benzyl 
benzoate in perennial allergic rhinitis (1640-1642). All 
reported symptomatic improvement. Two were uncon
trolled open studies while one was a double-blind, place
bo-controlled parallel design involving 20 patients and 
lasting 12 months. Treatment was applied for six months 
to mattresses, upholstery, soft toys and carpeting in all 
rooms and accompanied by a programme of intensive 
vacuuming. Rhinitis symptom scores were significantly 
reduced in the active group compared to the control. 
However, when considering the physicians' evaluation of 
treatment efficacy and the changes in medication, there 
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was no significant difference between the two groups 
over the study period (1641, 1643). There is one report of 
benefit in hotJse dllsl mite sensitive pe1ennial rhinitis 
patients with the introdllction of house dust mite imper
meable, water-vapom permeable bedding covers for mat
tresses, duvets and pillows. Tlus was assessed in a dou
ble-blind, placebo-controlled, parallel group trial design, 
but is only available as an abstract. 

Avoidance measures ideally include (Table 16): 

TABLE 16: Measures tor reducing house dust mite 
allergen exposure 

Essential 
Encase mattress, pillow and quill in impermeable covers 
Wash all bedding weekly in a hot cycle (55-oO'C) 

Optimal 
Replace carpets with linoleum or wooden flooring 
If carpets canuot be removed, treal with acaricides and/or 

tannic acid * 
Minimise upholstered ftm1itllrc/rcplacc with leather fuminuc 
Keep dust accumulating obj ccts in closed cupboards 
Usc a vacuum cleaner with integral HEPA liltcr and double 

thickness bags 
Replace curtains with bliucJs oo easily washable (hut cycle) 

curtains 
Hot wash/freeze soft roys 

• Acaricides may imlnce mlverse re>~clions in walunali~s 

lt is likely that no single intetvention will achieve suf
ficient benefits to be cost-effective. However, combined 
strategies in large groups of patients aJ'C urgently 
required (1644). 

8-1-2- Cats and dogs 

Cat and dog allergy is also of major importance in 
many countries. The allergens are not the dander itself 
but are contained in the saliva and in sebaceous secre
tions, which can flake off in small particles and remain 
airborne for considerable periods of time. This results in 
an ubiquitous alkrgcn that can be found in many envi
ronments outside the home (443), even in cat-free build
ings (1645) and schools (441, 442). It makes avoidance 
much more difficult, though there is little doubt in most 
people's minds that avoidance in the home can achieve 
improvement. The difficulty is that then: arc lillie pub
lished contmlled sn1dy data to substantiate this assertion 
in the management of asthma. The only effective mea
sure fur avoiding animal dander allergens in the home is 
to remove the pet (cat, dog) and to carefully vacuum 
clean all carpets, mattresses and upholstered furniture. 
Although frequent washing of cats reduces allergen 
(1646), clinical studies have not shown clear benefit from 
I hi~ procedure when carried oul once a week ( 11\47). 
There is only one u·ial of domestic pet removal/allergen 
avoidance in rhinitis. A placebo-controlled trial of a 
HEPA air cleaner in the treatment of cat allergy did nol 
find a significant effect on rhinitis ( 1648). 
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Clearly there are a number of other domestic pets that 
have the potential to produce allergic reactions. However, 
probably because of their relatively restricted location 
within homes, the effect of avoidance measures has not 
been tested. 

8-1-3- Cockroaches 

Cockroach infestation is an important catJse of allergic 
sensitisation, partict1larly in inner city Sllb-standard apart
ment complexes (504). Approaches to the elimination of 
cockroaches are based on (i) eliminating suitable environ
ment~ (by restricting havens through caulking and sealing 
cracks in the plaster work and flooring, controlling damp 
and availability of food), (ii) restricting access (by sealing 
ent1y sources such as around paperwork and doors) and 
(iii) using chemical control (abamectin) and traps. Two 
studies Jasti ng between 8 and 12 months have shown that 
cockroach extermination by professionals is feasible in 
inner-city homes but that standard house-clemung proce
dures are only partially effective in removing residual 
allergen (1649, 1650). In apartment blocks, however, it 
may be difficult to prevent re-infestation from neighbour
ing apartments. 

Moreover, there have been no studies to evaluate the 
etTect of cockroach eradication on rhinitis. 

8-1-4- Outdoor allergens 

Outdoor allergens, such as pollens and fimgal spores, 
rn·e difficult to avoid. Sometimes they will accumulate 
inside homes and it would seem prudent for sufferers 
with pollen allergy to seal their houses by day and to 
open windows only at night when the pollen count is low. 
The avoidance of pollen is often impossible due to their 
ubiquitous nature. Ventilation systems can be equipped 
with appropriate fil ters to avoid drawing pollen allergens 
into the house and the car. Protective face masks and eye 
glasses may be helpful. 

8-1-5- Indoor moulds 

Indoor moulds are frequently involved in inducing 
nasal and bronchial symptoms, and reducing these aller
gens appears lo be prudent. The fight against moulds 
inside the home calls for hygiene measures and those 
subjects allergic to these spores must regularly inspect 
the humid areas of their house, as well as the aeration and 
heating ducts. However, although anecdotal reports have 
bl:!t:n presented, there are no controlled studies showing 
that these measures are effective in benefiting allergic 
patients. 

8-1-6- Occupational agents 

A large number of substances have bel:!n identified as 
occupational allergens and as risk factors that can cause 
rhinitis and asthma. Levels above which the sensitisation 
occurs frequently have been proposed for many chemi
cals (for review see 1252). However, once a patient has 
been sensitised, the level of sensitivity necessary to 
induce symptoms may be extremely low and the symp
toms may become increasingly severe. Attempts to 
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reduce occupational exposure have been successful, 
especially in industrial settings. Some potent sensitisers, 
such as soya castor beans or some proteolytic enzymes 
used for detergents (511), have been replaced by less 
allergenic or sensitising substances. Moreover, the levels 
of sensitivity have been reduced in the workplace to 
avoid sensitisation (577). Jt is also important to considere 
co-morbidities since rhinitis often appears before occu
pational asthma. The early identification of occupational 
sensitisers and the removal of sensitised patients from 
any further exposure are impmtant aspects of the man
agement of occupational rhinitis. 

Prevention of latex allergy is essential. Symptoms and 
presence of latex-specific lgE antibodies in subjects are 
significantly associated with measurable levels of latex 
aeroallergens. A latex ·aeroallergen level of 0.6 ng!m3 is a 
critical threshold for workers who are sensitised to natur
al rubber latex (1651). A reduction in latex allergen con
tent can be achieved using powder-free gloves and sever
al methods can also reduce the allergenicity oflatex itself 
(1652-1654). When ai1·borne latex allergen is unde
tectable, asthma symptoms improve and asthma medica
Lions are reduced (549, 1655), bul the impact on nasal 
symptoms still has to be demonstrated. The use of powder
free gloves may enable sensitised patients to continue 
working in their trained profession and may prevent mea
surable airbome latex exposure, but affected patients still 
need to avoid direct latex contact (1656). A glove selec
tion programme utilising only powder-free and hypoal
lergenic gloves should be attempted in hospitals (1657, 
lli58) and dental schools ( 1659). 

8-1-7- Food allergens 

There is some dispute about the relative impmtance of 
food allergy in relation to allergic rhinitis. However, it cer
tainly can occur (1660). Milk allergy is the most common
ly described association with allergic rhinitis. Nevertheless, 
many other foods are likely to be involved. To what extent 
dietary avoidance achieves improvement has, again, not 
been adequately tested in controlled trials ( 1661 ). 

8-1-8- Conclusion 

Total allergen avoidance appears to be effective 
(patients are symptom-free out of the pollen season or 
away from occupational exposure). However, patients are 
often sensitised to many allergens and the degree of 
exposure varies within indoor and outdoor environments. 
Moreover, the magnitude of the reduction of allergen 
load needed to reduce symptoms is still unclear. On the 
other hand, allergen exposure leads to symptoms. Thus, 
avoidance measures are still recommended but more 
research is strongly needed. 

8-2- MEDICATION 

Medication has no long-lasting effect when stopped. 
Therefore, in persistent disease, whether administered 
topically or orally, maintenance treatment is required. No 
tachyphylaxis usually occurs during long-term treatment. 
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8-2-1- Routes of administration 

Medications used for rhinitis are most commonly 
administered intranasally or orally. In exceptional cir
cumstances, they may be administered intramuscularly. 
Rhinitis is confined to the nose, which is a small organ. 
The surface area of the nasal mucous membrane is only 
300 cm2. With an average thickness of the nasal mucosa 
of 3 mm, the volume of the diseased tissue in rhinitis is 
I 00 cmJ and the weight 100 gr. This is about 0.1% of Lhc 
total body mass. 

8-2-1-1- Advantages of intranasal administration 
The major advantages of delivering drugs directly to 

the nose are: 
• high concentrations can be delivered directly into the 

target organ so that systemic effects are avoided or 
minimised, 

• some of the drugs (e.g. cromones) used for the lr~t
ment of rhinitis can be administered only via intra
nasal route because they are not adequately absorbed 
when given orally, 
some dn1gs have systemic effects when administered 
orally (e .g. glucocorticosteroids and atropine deriva
tives), 

• the onset of action of an intranasal dn1g is usually 
faster than that of an oral one (e.g. vasoconslrictors 
and possibly HI-antihistamines). 

8-2-1-2- Problems of intranasal administration 
However, there are some problems related to intranasal 

medication: 
• Many patients with allergic rhinitis present also with 

conjunctivitis and/or asthma Thus, there is a need for 
multiple administrations in target organs. The rationale 
for an effective oral drug withotlt side effects is that one 
administration should reach all the target organs. 

• Studies have shown that the intranasal distribution of 
intranasal medication is not optimal. Only 20% of a 
pressurised aerosol and 50% of a watery spray/powder 
inhaler will reach the target, e.g. the ciliated mucous 
membrane. In addition, there is no reason to believe 
that intranasal medication will reach the ostiomeatal 
complex, which is of decisive importance for the 
developmenr of pathology in the paranasal sinuses and 
nasal polyps. Furthermore, intrarmsal medication will 
not reach inflammation in the paranasal sinuses. 

• An irritant or cilia toxic ciTcct from added preserva
tives may be observed with intranasal drugs. It is nec
essaJy to add a preservative to an aqueous nasal spray, 
whic.:h may cause immediate nasal irritation. This 
symptom is, in part, a sign of rhinitis-induced hyper
responsiveness, and it will diminish with time when an 
intranasal glucocorticosteroid is used. However, the 
commonly used anti-microbial preservative, benzalko
nium chloride, is cytotoxic and in vitro studies have 
shown that it damages ciliary motility and nmy exac
erbate symptoms of rhinitis (1662-1664). The clinical 
significance of this adverse c/Tecl, however, is unlike
ly since it is not seen in studies perfom1ed in vivo. 
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Other local side effects are medication-dependent. 
Intranasal glucoconicosteroids may cause nose bleed
ing and, in rare cases, the development of a septal per
foration. The prolonged use of an intranasal vasocon
strictor involves a risk of the development of rhinitis 
medicamentosa, not seen with oral treatment. The tlse 
of intranasal ipratropium bromide can cause an 
unpleasant feeling of nasal dtyness and produce blood 
tinged mucus. 

• lntranasal medication cannot he given when the nose 
or nostril is completely blocked. The etlect of partial 
nasal blockage has not been investigated. However, 
one study has shown that pre-treatment with systemic 
glucocorticosleroids, which will open a blocked rrose 
in perennial rhinitis, can significantly increase the sub
sequent responsiveness to an intranasal glucocortico
steroid. 

• Patients' compliance may be greater with oral than 
topical drugs, especially if multiple target organs are 
to be treated. Probably, the education of the advan
tages of topical treatment may improve compliance. 

8-2-2- Oral H1-antihistamines 

Antihistamines, or HI-blockers or HI-antihistamines, 
were discovered by Bovet and Staub at the Instin1t Pasteur 
in 193 7 ( 1665). Although the compound was too weak and 
too toxic for clinical use, its discovety induced an enor
mous amount of research and led to the development of 
phenbenzarnine (antegan®) in 1942 which was the first 
HI-antihistamine used in the treatment of allergic diseases 
( lofi6). Within a few years, other HI-antihistamines were 
made available and are still in use today: pyrilamine 
maleate (1667), diphenhyd.ramitte (1668) and uipeleu
namine (1669). First-generation Hl -antihistan1ines (e.g. 
chlorpheniramine, diphenhydramine, prometazine and 
triprolidine) have an overall unfavourable risk/benefit 
ratio, since they show poor selectivity arrd remarkable 
sedative and anticholinergic effects. Therefore, where pos
sible, these drugs are no longer prescribed for the treat
ment of allergic rhlnitis ( l, 3 ). 

Over the last 15 years, pharmacological research has 
produced several compounds with higher potency, a 
longer duration of action and minimal sedative effects. 
These are the so-called new or second-generation H !
antihistamines, as opposed to the older or classic H !
antihistamines. 

This da% of drugs has recently been Lhe focus of con
siderable medical scientific interest, both for their multi
ple anti-allergic properties and because of reports con
cerning mrc but possible severe cardiotoxic eiTecls with 
two molecules (astemizole and terfenadine). However, a 
group of molecules with favourable efficacy and safety is 
now available. 

!1-2-2-1- Mechanisms of action and rationale 
fl-2-2-1-1- HI-Mocking efjixt 
Although a number of mediators are involved in the 

pathophysiology of allergic symptoms, histamine still 
remains the main one The pathogcnit.: role of histamine 
has been experimentally demonstrated in vivo either after 
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specific nasal challenge or under natural allergen expo
sure (642, 660, 1670). Histamine acts in the nose pre
dominantly via H ! -receptors, whereas the role of H2-
receptors has not been fully clarified (1671 - 1673). 

The human histamine HI-receptor gene, an intron
lacking gene, was isolated with bovine HI-receptor 
eDNA (1674) used as a probe (1675). HI-histamine 
stimulation reproduces any of the classical symptoms of 
rhinitis e.g. sneezing, itchlng and rhinorrhea and there
fore these symrtoms can he well controlled hy adminis
tering HI -antihistamines (for review on clinical etlicacy 
see 1676-1681 ). On the other hand, nasal blockage, 
which usually predominates in persistent allergic rhinitis, 
is sustained by a chronic inflammatory process and by 
numerous mediators, thus it responds only partially to 
H 1-antihistamines. 

HI -antihistamines act by binding to HI-histamine 
receptors. However, unlike hlslarnine, the binding of the 
antagonists to the receptors does not elicit a tissue response. 

The molecular study of the HI-receptor will make it 
possible to better identity new molecules. With cloning of 
the genes encoding the rust amine HI -receptor, a new area 
of histamine research has become reality. Finally, it 
seems feasible to sn1dy the target of the therapeutically 
important classes of I-ll -antihlstamines. Expression of the 
genes in mammalian t:ells allows detailed investigations 
of the various signal transduction rattles of the histamine 
I-ll -receptor (1682). Moreover, using molectJlar biologi
cal techniques, it is now possible to investigate ligand 
receptor interaction at the molecular level (16!B, I fiX4) 
These methods can be combined with a three-dimension
al model of the histamine HI-receptor (1685, 1686). 
Studies with mutant HI-receptors have shown that HI 
antihistamines bind to specific amino acid residues in the 
trans-membrane domains 3 and 5 and on Lys(200), and 
that they act as a specific anchor point for these "second
generation" H( I) antagonists. It is expected that these 
new developments will provide much fundamental 
knowledge on the ligand interaction with the HI-receptor. 

8-2-2-1-2- Anti-allergic effects 
Histamine is not the only mediator released during 

allergic reactions. The rank order of relative HI antago
nism by H !-antihistamines was sntdied by Simons el a/. 
using skin tests with hlstarnine and single doses of HI 
antihistamines. The order from the most effective to the 
least etrective was found to be: cetirizine, 10 mg; terfen
adinc, 120 mg; Lcrfenadinc, 60 mg; loratadine, I 0 mg; 
astem.izole, I 0 mg; chlorphenirarnine, 4 mg and placebo 
( 1687). Other studies confirmed such ranking order 
( 1688). However, when these drugs arc compared. in 
placebo-controlled clinical trials, it is usually impossible 
to differentiate their clinical efficacy in the treatment of 
nasal, ocular or skin symptoms ( 1689- 1697). Skin test 
reactivity does not correlate with symptoms during nasal 
challenge (I 69R) or during the pollen season (I 699). This 
suggests that these drugs are clinically active by possess
ing other properties besides II 1 blocking activity, or 
alternatively that an incomplete HI blockage is sufficient 
for clinical efficacy. Moreover, the blockage of the 
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release of h.istamine by a synthesis inhibitor was unable 
to significantly suppress symptoms during nasal chal
lenge (I 700). 

Thus, it appears that dmgs reducing the symptoms of 
the allergic reaction may have additive properties to HI 
blockage. Over the past 15 years, it hf!s become clear 
that most classical and new-generation HI-antihista
mines had such anti-allergic properties besides HI 
blockage ( 1701 ). These properties differ depending on 
the molecule and the cells used ( 1702-170o). In vitm. 
high concentrations of HI-antihistamines are able to 
block mediator release !Tom basophils and human mast 
cells ( 1707-1711) by mechanisms which are not yet 
completely understood (1712). 

These anti-allergic effects can also be seen in vivo in 
skin, nasal, lung and ocular challenge studies. Using nasal 
challenge with allergen, it has been observed that azata
dinc, lorala.dinc and lcrfenadine reduce histamine, PGD2 
and kinin release during challenge (1713-1716). Ceti
rizine was found to reduce tryptase levels in nasal secre
tions (1717). Azelastine (1718) and cetirizinc (1716) 
decreased CysLT release. On the other hand, the effects of 
ketotifcn were rather disappointing in this particular 
model since mediator release was not blocked as expect
ed ( 1719). Ebastine reduced cytokine production ( 1702). 
Cctirizine, at lcasl in some studies in thc skin, reduced 
eosinophil chemotaxis after allergen challenge ( 1720-
1724) but no effect of cetirizine was found on eosinophils 
after allergen bronchial (1725) or nasal challenge (1215). 
Moreover, terfenadine, cetir·izine and loratadine decrease 
the expression of lCAM-1 in cells from conjunctival or 
nasal secretions during allergen challenge ( 1024, 1726-
1729) or natural allergen exposure such as pollens (1027, 
I 028, 1031, 1730-1732) or mites ( 1733). 

The extent of these anti -allergic effects are not com
pletely understood, yet these studies have led to the con
cept of anti-allergic d.Jugs with H !-blocking properties 
(1701, 1734). However, it would be premature to attempt 
to reclassifY the III-antihistamines according to their anti
allergic properties because these properties have not been 
fully investigated and their relative contribution to the 
overall therapeutic eJTectivencss of each H ]-antihistamine 
is unknown (I 735). 

Due to their variable HI-blocking activity, their anti
allergic effects and, possibly, their differences in lipophilic
ity and tissue deposition, the various Hl-antih.istamines are 
not equally effective on skin, nose, eye or lung symptoms. 
Moreover, it appears that not all HI -antihistamines have 
similar effects in patients and thus non-responders with one 
drug may respond favoumbly to another drug (1736). 

8-2-2-2- Clinical and pharmacological effects 
The newer HI-antihistamines are generally less likely to 

cause sedation, and most of them, due to their pharmaco
dynamic propenies, can be administered OD (1465, 1737). 

The new H ]-antihistamines are highly selective to the 
HI-receptors and are therefore effective in reducing itch
ing, sneezing and watery rhinonhea (for review on clinical 
efficacy sec I 07tl-l tl81 ). However, they arc less eJTeclive 
on nasal obstruction (173 8). It is impmtant to note that 
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when administered orally, an HI-antihistamine exetts its 
effects also on non-nasal symptoms such as conjunctivitis, 
which is often present in rhinitics. It has been shown that 
long-term continuous treatment with Hl-antih.istamines is 
more advantageous and effective than an "on demand" 
regin1en (1739). Moreover, long-term treatment may also 
improve lower respiratory symptoms in children (1740). In 
infants with house dust mite or grass pollen sensitisation, 
but not in those with cat sensitisation, long-term treatment 
may exert a prophylactic effect ( 1741) on aqthma onset. 

Most of the new HI-antihistamines have a fast onset of 
action ( 1-2 hours) and their effect~ la~t for up to 24 hours 
except in the case of acrivastine, which needs multiple 
daily doses. 

All the newer H 1-antih.istamines (except for cetirizine 
and fexofenadine) undergo hepatic metabolism via the 
cytochrome P450 system and most of them are transformed 
into active metabolites. Cytochrome P4503A (CYP3A) has 
an important involvement in the metabolism of many 
chemically diverse drugs administered to humans (1742, 
1743). Moreover, its localisation in high amounts both in 
the small intestinal epithelium and liver makes it a major 
contributor to pre-systemic elimination following oral drug 
administration. Dmg interactions involving enzyme inhibi
tion or induction are common following the co-administra
tion of two or more CYP3A substrates (1744). Cclirizine, 
wh.ich is the active metabolite of hydroxyzine, and fexofe
nadine, which is the active metabolite of terHmadine, are in 
turn poorly metabolised. Mizolastine is active per se. It is 
partly metabolised by cytochrome P450 and predominant
ly glucuronidated in the liver. 

8-2-2-3- Side effects of Ill-antihistamines 
8-2-2-3-1- Cenlralnervous syslem side effec/s 
The most troublesome side effect of older H 1-

antihistamines is sedation. This can be defined as a glob
al impairment of psychomotor performance and, subjec
tively, as a proclivity to fall asleep. Sedation, however, is 
often an important consequence of rhinitis itself (17). 

Histamine is considered to be both a local h01mone and 
a neurotransmitter in the central nervous system (CNS) 
(1745). It is synthesised by neurons and mast cells. The 
three types of receptors are present in the CNS but differ 
in their localisation, biochemical machinery, function and 
affinity for histamine. HI-receptors may be visualised by 
autoradiography and are widespread throughout the CNS. 
The physiological roles of HI-receptors in the CNS need 
better understanding, but it is well known that H !
antihistamines induce several effects. 

The most common side effect of classical HI
antihistamines is sedation. Sedation, ranging from 
mild drowsiness to deep sleep, can occur frequently, 
even at the usual therapeutic doses. 

• CNS depression. Symptoms of CNS depression arc 
disuubed coordination, dizziness, lassitude and inabil
ity to concentrate ( 174fl, 174 7). 

• CNS stimulation. 
Many factors have been involved in the CNS side 

effects of H ]-antihistamines and can be attributed: 
• to the poor selectivity to HI -receptors, 
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• to the capacity of crossing the blood-brain barrier 
(J 748). This latter concept involves a number of dif
ferent factors including lipophophilicity (1749, 1750), 
ionisation, binding to serum proteins and presence of 
active transportation. Non-sedative HI-antihistamines 
do not cross this barrier because of their decreased 
lipophilicity. 

• Moreover, there is a highly significant correlation 
between the sedation caused by H !-antihistamines and 
the level of their binding on brain receptor.;; (1751). 
Non-sedative HI-antihistamines may have a reduced 
affinity for CNS histamine receptors (1752, 1753). 

The new generation compounds are mostly devoid of 
CNS side effects (1754). The absence of a sedating effect 
at therapeutic doses has been demonstrated for most of 
the new compounds ( 1755) hy means of speci fie psy
chomotor tests (for review sec 1756-1760). CNS side 
effects are potentiated by alcohol in classical HI
antihistamines ( 1761 ), but not in new-generation com
pound~ ( 1762-1764). 

Elderly patients present a greater risk for central ner
vous system side effects and old-generation antihista
mines should not be used (1765). 

8-2-2-3-2- Cardiac side effects 
Over the last len years, anhylhmogenic action and 

fatalities have been described for terfenadine and astem
izole ( 1755, 1766, 1767) However, this is not a class 
effect and is only associated with terfenadine and astem
izole, which have been withdrawn in several countries 
due to these side effects This effect is a quinidine-like 
action that involves an abnormal prolongation of the QT 
interval (1768), possibly leading to torsade de pointcs, 
ventricu tar tachycardia, atrioventricular block and car
diac arrest (1769-1802). 

The cardiac action potential is generated by the 
transmembrane movement of several ion currents 
including Na+, Ca2+ and K+O Disturbances in any of 
these ionic movements, in particular the potassium 
ions, may cause dysrhythmias ( 1803 ). The molecular 
mechanism sustaining the cardiotoxic action of I-ll
antihistamines appears to be the blockage of some 
potassium cha1mels on ventricular myocytes, namely 
IKr and IKI, which are responsible for the inward rec
tifier current (1804-1806). The proclivity to block ion 
channels depends upon the molecular structure of the 
drug and it is maximal for terfenadin~ and astcmizolc. 
The blockage of these channels may occur and become 
clinically significant in the case of an abnormal plasma 
concentration of the drug due lO an overdose or an 
impaired metabolism. 

The risks of non-sedating I-II-antihistamines were 
reviewed in the WHO adverse drug reaction database. 
It was suggested that cardiac side effects might be 
seen with many of these H !-antihistamines ( 1807). 
However, this report was based on cmde adverse event 
reporting that contained inherent tlaws and biases 
( 1808). Therefore, concerns raised by this report can
not be confirmed. 
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There is a dose-dependent effect on cardiac toxicity. 
This is relevant for drugs metabolised by the P450 
cytochrome since the concomitant administration of com
pounds which compete with the enzyme (macrolides, 
azolic antifungals) may reduce the metabolism of the H !
antihistamine and increase its plasma concentration. 
Loratadine (1809-1811) and ebastine (IS12, 1813), 
although metabolised in the liver, do not appear to possess 
the intrinsic capacity to block ion channels. Strong experi
mental support is still missing for eha~tine. On the other 
hand, cetirizine (1814 ), fexofenadine ( 1815, 1816) and 
mizolastine (I 817) are poorly metabolised_ Moreover, in 
healthy volunteers, there is no evidence of an effect of 
mizolastine (up to 40 mg - four times the therapeutic dose) 
on ventricular re-polarisation (1818). 

8-2-2-3-3- C(_jrcinogenic effects 
Over the past 60 years, there has been no clinical evi

dence of suspected or actual carcinogenicity of commer
cial HI-antihistamines _ A carcinogenic potential of 
loratadine hydroxyzine and astemizole was reported in a 
single study on mice (1819), but these results were not 
confirmed Moreover, the results obtained in rodents are 
not immediately transferable to humans because of the 
different experimental conditions and the different ce11u
lar metabolic systems (1820, I 821 ). Cetirizine was found 
to have some claslogcnic and aneugcnic potential using 
CREST and FJSH assays (1822), but these effects were 
shown at high doses and do not appear to be clinica11y 
relevant Therefore, to date, there is no evidence of car
cinogenicity or tumour promotion in humans taking HI
antihistamines (I g23)_ 

8·2·2-3·4· Other side ~[Teets 
Most, if not all, classical HI -antihistamines possess phar

macological effects that are not related to HI -blockage. 
• Many H !-antihistamines block cholinergic muscari11ic 

receptors in a dose-dependent manner ( 1824 ). Due 10 
the anticholinergic effect, the older compounds often 
cause a dry mouth, tachycardia and urine voiding. 

• Cyproheptadine and ketotifen may cause appetite 
stimulation and consequent weight gain. This side 
efl'ect does not appear to be a clinical problem with 
other ncwcr compounds ( 1825, 1826). Weight gain can 
be observed with astemizole (1827). 

• Certain H 1-anrihistamines, particularly prometh
azine, possess a-adrenergic receptor blocking proper
ties . Others increase adrenergic effects by a cocaine
like effect, which decreases the re-uptake of the 
transmitter. Other HI -antihistamines possess anti
serotonine (1828) or anti-dopamine effects (phenothi
azines) ( 1829). 

• Several but not all H ! -antihistamines are analgesic 
agents and some are also analgesic adjuvants. Effec
tiveness is reported in diphenhydramine, hydroxyzine, 
orphenadrine, pyrilamine, phenyltoloxamine, prometh
azine, methdilazine and tripelennamine 

• Gastrointestinal disturbances include nausea, vomit
ing, diarrhoea, loss of appetite and epigast1ic distress 
and arc observed more frequently with some members 
of the ethylenediamine class. 
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T.JI.BLE 17: Properties of H1-antihistamines 

Several properties should be met by the new-generation Ill
antihistamines: 
- pharmacolo~jcal prope1iies: 

- potent and non-competitive I I l -receptor blockage, 
-additive anti-allergic activities, 

- no interference of activity by foods, 
-side effects: 

-no sedation , 
-no anlid10!1nergic e1Tect, 

- no weight gain, 
- knowle.cfge :'Uld pr~ventinn of carcli::~c sirte effects , 

- pbarmacokinetics: 
- rapid onse{ of action, 
- long duration of action, at least 24 hr, 
- administratim1 once a day, 
- no development of tachyphylaxis (1830, 1 831) 

8-2-2-4- Molecules used 
8-2-2-4-1- Acrivastine 
Acrivastine is a side-chain-reduced metabolite of the 

HI-antihistamine triprolidinc (I832, I833). 
lt is a shot1-acting histamine HI-receptor antagonist. 
Its efrects usttally last for about 4 to 6 hours. 
Double-blind, placebo-controlled clinical trial results 
have shown acrivastine (usually 8 mg, tlu·ee times 
daily) to be an effective I-ll-antihistamine in the treat
ment of seasonal allergic rhinitis ( 1834, 1835) 
Acrivastine was found to cause less drowsiness than 
clemasrine (J 836), but it has some sedative effects 
(1757, J 837, 1838) and CNS interactions with alcohol 
have been observed (I 839). 

8-2-2-4-2- Astemizole 
Astemizole is a long-acting HI-antihistamine 
with no anticholinergic effects ( 1840-1842). 
Double-blind, placebo-controlled clinical trial results 
have shown that astemizole l 0 mg OD is effective in 
the treatment of seasonal 
or perennial allergic rhinitis (1843-1850). 
Astcmizolc is c/Tcctive in ctllergic conjunctivitis. 
ln comparison to other HI-antihistamines, astemizole 
may not be as efTective for the treatment of acure aller
gic symptoms because of its delayed onset of action 
(1532, 1851, 1852). 

• Astcmizolc is non-sedating. 
Increased appetite and weight gain may occur (1827). 
Astemizole is metabolised by the liver cytochrome 
P450 anti drug inll!ractions with other compounds of 
the same metabolism have been observed. 
Cardiac side effects in the fmm of torsade-de-pointes are 
unusual (1744, 1767, 1791, 1794, 1795, 1806, 1827, 
1853-1860). These are concentration-dependent, imply
ing that the dosage olaslemiwle should not be increased 
above the stipulated level. Dmg interactions (e.g. 
macrolide antibiotics and azolic antifungals) should be 
carefully avoided. Also, paticnL~ with underlying hepat
ic or cardiac disease should not take this agent. 
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Due to its cardiac side effects, astemizole has been 
withdrawn from the market in most countries. Where 
possible, HI-antihistamines with the least potential for 
cardiac side effects should be used. 

8-2-2-4-3- Azelastine 
• Azelastine has H J -antihistamine activity. 
• In vitro, it inhibits mediator release from mast cells 

and from cells relevant to the allergic inflanm1ation 
following antigen and non-antigen stimuli ( 1 Rn3-
1870). in vivo, in humans, some studies have con
firmed anti-allergic effecl~ ( 1718) 

• Double-blind, placebo-controlled clinical trial results 
have shown that orally administered azelastine in 
doses of up to 4 mg/day significantly relieved symp
toms in patients with seasonal (187I) or 

• perennial allergic rhinitis (I 872). 
• In addition, azelastine, administered as an intranasal 

or intra-ocular fmmulation, was effective in alleviat
ing symptoms of seasonal and perennial allergic rhini
tis and conjunctivitis (see chapter 8-2-3). 
Azelastine was also tested as an anti asthmatic agent 
( I873-1877) but its indications need further st11tlics in 
order to be fully appreciated. The drug is able to 
reduce allergen challenge-induced bronchoconstric
tion (1878, 1879) and non-specific bronchial hyperre
activity (I880). In most countries, azelastine is not 
approved tor asthma. 
Azelastine is often well tolerated but, when adminis
tered orally, the most common adverse effects are an 
altered taste perception and drowsiness (J 867). 
Administered intranasally, azelastine does not induce 
sedation at doses used in Europe (0.56 mg). However, 
it has a reported incidence of sedation (slightly greater 
than placebo) at doses used in the US (1.12 mg). 
Some patients present taste perversion. 

8-2-2-4-4- Cetirizine 
• Cetirizine is a piperazine derivative and carboxylated 

metabolite of hydroxyzine. 
• It is a long-acting histamine I-ll -receptor antagonist. 

Cclirizine has a potent HJ blocking activity on skin 
tests (I687, I688, I88I-J884) and nasal challenge 
(1885, 1886). In these models, cetirizine was found to 

be the most potent dmg. However, most of these 
studies were carried out using single doses of 
Hl -antihistamine and the differential effect between 
cetirizine and other Hl-antihistamit1es was reduced 
using multiple doses (1887). The clinical relevance of 
skin tests or nasal challenge is nol fully understood. 

• There is no anti-cholinergic effect (1888). 
• Some anti-allergic properties have been observed in 

vivo in man (sec chapter 8-2-2-2). 
• Double-blind, placebo-controlled clinical trial results 

indicate that cetiri..:ine I 0 mg OD is an e/Tective treat
ment for seasonal allergic rhinitis, 
or perennial allergic rhinitis ( 1889-1899). 

• Cetri..:inc is also e/Tcctive in the treatment of allergic 
conjunctivitis (1900, J 90 J ). 
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• In perennial allergic rhinitis patients, cetrizine was 
found to significantly improve quality of life ( 1899). 

• Cetirizine was found to be effective in children in dou
ble-blind, placebo-controlled studies (1893, 1896, 
1897, 1902, 1903 ). 

• Continuous treatment reduces clinical and int1amma
tory variables more than symptomatic treatment given 
pm (1739). 

• In asthma, cetirizine may improve symptoms during 
the pollen sea~on ( 1904-190fi) hut more data are need
ed. Studies during allergen bronchial challenge are not 
all positive ( 1907). Cetirizine can induce a bronchodi
latation (1908, 1909). However, there is no indication 
for cetirizine in asthma (1910-1912). 

• In the ETAC@ (Early Treatment of the Atopic Child) 
trial (I 741 ), a multi-counl:!y, double-blind, randomised, 
placebo-controlled trial, 817 infants were treated for 18 
months with either ct!lirizinc (0.25 mg/kg BID) or 
placebo. Ceti.rizine halved the number of patients devel
oping asthma in the subgroups sensitised to grass pollen 
or to house dust mite (20% of the study population). 
Using the subjective assessment of CNS function 
reported during dmg trials, cctirizinc is associated with 
a significantly lower incidence of sedation than hydrox
yzine (1913, 1914). 1n these trials, cetirizine did not 
appear to be more sedating than placebo or other HI 
antihistamines. However, in three double-blind, place
bo-controlled studies (1889, 1892, 1894), cetirizine had 
a reported incidence of sedation greater than placebo. 
For dliving perfmmance, cetirizine did not differentiate 
from placebo and there were no significant additive 
effects of alcohol in most ( 1764, 19 I 5, 19 I 6) but not all 
sn1dics ( 1917). Divergent results were obtained for vig
ilance ( 1918, 1919). When assessed objectively in phar
macodynamic compatisons, cetirizine was rarely more 
sedating than placebo or other second-generation HI
antihistamines (1676, 1758, 1913, 1920-1926). 

• The long-tern1 safety of cetirizine in infants has been 
large! y demonstrated ( 192 7). 
Cctirizine is not metabolised in the liver. 

• No cardiac side effects have been repotted (1814). 
8-2-2-4-5- F.basline 

• Ebastine is a piperidine derivative (1678, 1928, 1929). 
• Ebastine and its active metabolite carebastine are 

highly potent selective HI -receptor antagonists (1688, 
1930-1932). 
Ebaslinc is devoid of any other noticeable receptor 
binding and has no anti-cholinergic effects. 

• Some anti-allergic properties have been observed in 
vivo in man (sec chapter 8-2-2-2). 

• Double-blind, placebo-controlled clinical trial results 
have shown that, administered at doses of I 0 mg OD, 
ebastine was found to be effective in seasonal 

• or perennial allergic rhinitis (1933-1937). 
However, a dose of 20 mg OD was found Lo be more 
effective and a dual dosage has been suggested: I 0 mg 
OD for mild rhinitis and 20 mg 00 for severe season
al ( 193R) and perennial rhinitis ( 1937, 1939). 
Ebastine is effective in allergic conjunctivitis. 
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• Ebastine is effective and safe in children. 
• Ebastine has not been tested in asthma using double

blind, placebo-controlled studies. 
Ebastine does not induce sedation in clinical trials. The 
results suggest that cbastine in doses of up to 30 mg may 
be relatively safe tor use by those who drive motor vehi
cles while receiving this medication (1940). Ebastine 
has no interaction with alcohol (1941). Objective mea
sures of sedation did not show alterations in psychomo
tnr perfo1mance and autonomic responses ( 1942, 1943). 
Ebastine interacts with cytochrome P450 (1744). 
Ebastine does not appear to possess card iovascular 
side effects at recommended doses of 10 or 20 mg 
(1812, 1813, 1944-1946). 

8-2-2-4-6- Emedasline 
Emedastine is an HI-antihistamine ( 1947, 1948) for 

intra-owlar usc (1949, 1950). It has been tested using 
conjunctival challenge (1951 ). There is, however, no con
trolled clinical study available on Medline. 

8-2-1-4-7- Epinasline 
Epinastine is an HI-antihistamine widely studied in 

vitro and in animals (1688, 1952-1962) There is, however, 
no controlled clinical study on Medline. 

Epinastine seems to be non-sedating (I 959) It is very 
poorly metabolised compared to tcrfcnadine in human 
liver rnicrosomes and does not inhibit CYP3A4 activity 
in vitro (1963). Cardiotoxic activity has been tested in 
vitro and in vivo in animals only and epinastine was not 
shown to have adverse effects (1964-1966). 

8-2-2-4-8- Fexofenndine 
Fexofenadine is the pharmacologically active metabo

lite of tcrfcnadinc (1967). 
• It is a potent HI -antihistamine in skin test models 

(1677, 1968, 1969). 
• It does not have anli-cholinergic properties. 
• Its pharmacokinetics have been studied in adults and 

children (1970) and support OD dosing. 
• Some anti-allergic properties have been observed in 

vivo in man (sec chapter 8-2-2-2). \ 
• Fexofenadine was fo11nd to reduce symptoms from 

nasal challenge with allergen ( 1971 ). 
• Double-blind, placebo-controlled clinical trial results 

have shown that fexofenadine 120 or 180 mg OD con
trolled symptoms in patients with seasonal allergic 
rhinitis as effectively as cetirizine. Other double-blind 
clinical trials showed that fexofenadine 40 to 240 mg 
BID was significantly more effective than placebo 
(1816, 1894, 1972, 1973). 

• Fcxofenadinc is also effective in allergic conjunctivitis. 
• Compared with placebo, once-daily fexofenadine (120 

or 180 mg) significantly improved patient-reported 
quality of life and reduced performance impairment in 
work and daily activities due to seasonal allergic rhini
tis symptoms ( 1974). 
Fexofenadine is non-sedating (181 6, 1894, I 972, 
J 973) and does not impair driving performance. It 
docs not potentiate alcohol sedative effects ( 1975). 

• Fexofenadine is not metabolised by the liver. 
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Relative to placebo, fexofenadine did not affect mean 
QTc in patients who were given dosages of up to 480 
mg/day for 2 weeks or in volunteers who received up 
to 800 mg/day for 6 days or 240 mg/day for 12 
months. Although a letter reported some prolongation 
of QTc in one patient (1976), further assessment in 
this patient did not support fexofenadine as a cause 
(1977) and it appears that fexofenadine is not car
diotoxic (1815, 1978). Thus, this report did not lead to 
any change in the labelling of the drug. 

8-2-2-4-9- l,evocabastine 
Levocabastine is a cyclohexylpiperidine derivative shown 

to possess long-lasting H L antagonism and anti-allergic 
prope1ties in animals ( 1979). It has only been developed for 
nasal and ocular administration due to its sedative effects. 

ln controlled trials, levocabastine was effective and 
well tolerated in the treatment of alleigic rhinitis and 
allergic conjunctivitis (see chapter 8-2-3 ). 

8-2-2-4-10- Lora Iodine 
• Loratadine is a piperidine derivative. 

Loratadine is a long-acting HI-antihistamine ( 1753, 
1980, 1981). 

• No tachyphylaxis was observed over a 12-week treat
ment period ( 183 L ) . 

No anti-cholinergic ciT eel has been reported. 
• Some anti-allergic prope1ties have been observed in 

vivo in man (see chapter 8-2-2-2). 
• Double-blind, placebo-controlled clinical trial results 

have shown that loratadine (10 mg OD) is an effective 
Hl-ant.ihistamine in seasonal allergic rhinitis (1689, 
1691-1693, 1699, J 982- J 985) 

• or perennial allergic rhinitis (1690, l9!i6). 
• Loratadine was also shown to be effective in the treat

ment of allergic conjunctivitis (1691, 1692, 1986). 
• Loratadine significantly reduces skin tests to hista

mine, but its clinical efficacy was not correlated with 
skin test reactivity to histamine (1699, 1887). 

• Prophylactic Jomtadine therapy was studied and was 
shown to be effective in suppressing symptoms of sea
sonal allergic rhinitis and in providing patients with 
symptom-free days throughout Lhc pollen season ( 19R7). 

• Loratadine was also found to have an adjunct effect in 
the treatment of acute sinusitis ( 1988). 

• No sedative effect or impairment of cognitive function 
or psychomotor performance have been observed with 
loratadine at the recommended 10 mg dose ( 1989-
1994). 

• Loratadine was found to be safe in children as young 
as 2 years of age. 

• Loratadine is metabolised in the liver by cytochrome 
P450. 

• No cardiac side effects have been reported in clinical 
smdieswithlormadine(l744, 1767,1806,1827,1854, 
1995, 1996). A reporl on one clinical case described a 
cardiac arrhythmia in a patient receiving loratadine 
(1997) but the causal relationship with the dmg was 
unclear ( 1998). Thus, Lh is report did not lead Lo any 
change in the labelling of the drug. 
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Mequitazine is an oral III-antihistamine with mild 
anti-cholinergic properties. It was found to be effective in 
seasonal (I 691, 1999) and perennial allergic rhinitis 
(2000). Some sedative effects have been observed 
although psychomotor tests have not provided objective 
confirmation (2001, 2002). 

Mequitazine has also been used as an intra-ocular dmg 
in the treatment of allergic conjtmctivitis and has been 
found effective in a challenge model (2003). 

8-2-2-4-12- Mizolasline 
• Mi?.olastine is a long-acting HI-antihistamine (1818, 

2004) 
• without anti-cholinergic effects (2005, 2006). 
• Mizolastine has demonstrated anti-allergic effects in 

animals (2007-2009) and healthy volunteers and anti
inflammatory activity in animal models 
No tachyphylaxis occurred throughout a prolonged 
treatment with mizolastine (2010). 

• Double-blind trials have shown mizolastine to be sig
nificantly more effective than placebo and as effective 
as other second-generation antihistamine agents, such 
as luratadinc or cclirizinc, in lhe managemenl of 
patients with seasonal allergic rhinitis (1679, 2011, 
2012) 

• or perennial (2013, 2014) allergic rhinitis. ll has some 
effect on nasal blockage (20 14 ). 

• In conjunctivitis, mizolastine was found to be etlective 
(J 679, 2011, 2012). 
Available data also suggest that the prophylactic 
administration of mizolastine is significantly more 
effective than placebo and as effective as prophylactic 
terfenadine in delaying the onset of symptoms of sea
sonal allergic rhinitis (20 I J ). 

• Mizolastine I 0 mg/day is generally well tolerated, 
with common adverse events. Sedation has been 
reported to be similar to the effect induced by placebo. 
Tests of psychomotor function in volunteers (20 I 5) or 
animals ( L 9 J 6, 2016, 20 17) revealed no impaitment. 

• Mizolastine is panly metabolised by cytoclu·ome 
P450. 

• In volunle~rs and patients, the inciden~c of prolonged 
QTc interval was similar in mizolastine and placebo 
u·eared subjects ( L !ll8, J 996). 

• Nonetheless, rnizolastine is contraindicated in those 
with cardiac disease or hepatic impainnent or in those 
receiving erythromycin, ketoconazole or class I or Ill 
anti-arrhythmic ageL1ts. 
8-2-2-4-13- Te1jenadine 

• Tcrfcnatline is a sch.:ctive hislaminc H 1-receplor 
antagonist (20 18) 

• which is devoid of CNS and anticholinergic activity 
(1681, 2019). 

• Some anti -allergic propenies have been observed in 
vivo in man (see chapter 8-2-2-2). 
Double-blind, placebo-controlled clinical uial results 
have shown that terfenadine at a dose of 60 mg admin
istered BID is eiTcctive in palienls with seasonal aller
gic rhinitis ( J 689, I 692, I 892, 1984, 1985, 2020-2022). 
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Terfenadine 60 mg BID is effective in perennial rhini
tis (1690). 
The drug has been approved at an OD dose of 120 mg 
on the basis of equivalence in comparative (not placebo
controlled) trials (2023 ). 
Terfenadine was also found to be etfective in allergic 
conjunctivitis ( 1689, 1692, 1984, 1985, 2021) 
and in children with allergic rhinitis in autumn (2024). 

• Terfenadine, when administered at the onset and dm
ing the sea~on, is more effective than when adminis
tered during the season (2025). 
Terfenadine is non-sedating (2021) and neither 
impairs psychomotor performance nor adversely 
affects subjective feelings, nor enhances the depres
sant effects of concomitantly administered alcohol or 
benzodiazepines ( 1681, 1763 ). 

• Terfenadine is metabolised in the liver by cytochrome 
P450, and interactions with kctoconazole, itrocona
zole or erythromycin have been identified ( 1789). 
Cardiac side effects including torsade de pointes are 
unusual (1744, 1766-176R, 1791, 1806, 1812, 1814, 
1818, 1827, 1854, 1858-1862, 2026-2034) and are 
concenlration-dcpcndcnl. This implies that the dosage 
of terfenadine should not be increased and that drug 
interactions should be carefully avoided. 
Due to its cardiac side elfccls, tcrfcnadinc has been 
withdrawn from most counlries (2035). Vv'here possi
ble, HI-antihistamines with the least potential for car
diac side effects should be used. 

8-2-2-4-14- Ketntifen 
Ketotifen is an HI-antihistamine with in vitro anti

allergic prope1ties. in vivo, in humans, such properties 
have not been confitmed ( 171 9). 

Ketotifen has shown efficacy in patients with allergic 
rhinitis (2036, 2037). 

Sedation can be troublesome in older children and 
adults, usually for the initial 2 weeks of treatment. 
Weight gain is another notable side effect (2038). 

In Japan, ketotifcn is also used topically. 
8-2-2-4-15- Oxatomide 
Oxatomide is an orally active H 1-histamim: receptor 

antagonist which also inhibits mediator release (2039). 
Oxatomide has been found to be more effective than 
placebo in the treatment of allergic rhinitis (2040, 2041). 
Sedation is a common side effect, as is weight gain 
(2042, 2043). 

8-2-2-4-16- Other molecules 
Non-sedating first-generation antihistamines (e.g. 

bromphcnirami nc, clcmastine, chlorphenirami nc) will 
not be reviewed in tllis document since the risk/benefit 
ratio is not as favourable as for the newer molecules. 
There arc several other molecules which have not been 
fully tested in clinical trials by use of double-blind, 
placebo-controlled designs, which have yet to be 
reviewed (1529, 2044). 

8-2-2-5- The future of IIJ-antihistamines 
With the cloning of the gene encoding the histamine 

H !-receptor, a new area of histamine research has 

HIGHLY CONFIDENTIAL-

Bousquet and the ARIA Workshop Group 5229 

become reality. Finally, it seems feasible to study the tar
get of the therapeutically important classes of Ill
antihistamine. Expression of the genes in mammalian 
cells allows detailed investigations of the various signal 
transduction routes of the histamine H !-receptor ( 1682). 
Moreover, using molecular biological techniques, it is 
now possible to investigate ligand receptor interaction at 
the molecular level. It is expected that these new devel
opments will provide much fundamental knowledge on 
the ligand interaction with the H 1-receptor (2045). 

8-2-2-6- Recommendations 
Old-generation HI antihistamines are effective (1871, 

1983, 1986, 2046, 2047) and may be the only molecules 
available in some developing countries. But because of 
their more favourable risk/benefit ratio and enhanced 
pharmacokinetics (1, 3, 1746, 1747, 1751, 175fi, 17S7, 
1758), new[-! !-antihistamines should be considered as a 
fust-choicc treatment for allergic rhinitis when they arc 
available and affordable. However, in some countries, not 
all molecules are available and the choice may be 
restricted. The anti-allergic activities excited by some 
drugs would suggest that long-term use is preferable to 
an "on demand" regimen, especially in persistent dis
ease. In perennial allergic rhinitis, when obstruction is 
the predominant symptom, intranasal glucocortico
stcroids should either be added to a HI-antihistamine or 
used as a first choice drug. 

8-2-3- Topical H1-antihistamines 

8-2-3-1- Rationale 
The major advantage of clelivering dmgs directly into 

the nose is that high concentrations can be delivered 
more effectively into the tmget organ and systemic side 
effects are avoided or minimised. 

8-2-3-2- Efficacy 
8-2-3-2-1- Nasal administration 
At least two intranasal HI-antihistamines arc com

mercially available for the treatment of allergic rhinitis: 
azelastine (1867, 2048) and levocabastine (1979, 2049) . 
These two drugs arc effective and highly specific H ]
receptor antagonists. 
• Azelastine and lcvocabastinc nasal sprays olfcr 

prompt relief for itchi11g and sneezing (2050) and, 
when used BID regularly, they can also prevent the 
onset of symptoms. 

• These drugs are etiective during nasal challenge with 
allergen or histamine ( 1717, 1718, 2051-2062) and in 
park studies (2056). 

• In double-blind, placebo-controlled studies, intranasal 
azclastine and levocabastinc were shown to be effec
tive in seasonal allergic rhinitis (2055, 2057-2066), 

• or perennial allergic rhinitis (2067 -2069). 
• Azelastine was also found to be effective in children 

(2055, 2058, 2070), 
• It was found in one study that long-letm continuous 

treatment with azelastine was more effective than an 
"on demand" treatment regimen . 
Intranasal azclastinc is more 1apidly effective than 
beclomethasone dipropionate but in the long term, its 
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effects are less potent (2059). It was observed in some 
studies that azelastine was effective on nasal obstruc
tion but, apparently, to a lesser extent than intranasal 
glucocorticosteroids (2071 ). Intranasal fluticasone 
was found to be significantly more effective than levo
cabastine in the treatment of seasonal allergic rhinitis 
(2072, 2073). The therapeutic benefits of intranasal 
fluticasone were also reflected by the decrease in nasal 
inflammatory cells (2072). 
R-2-3-2-1- Or.ular administration 
Azelastine and levocabastine have both been devel
oped as eye drops for the intra-ocular treatment of 
allergic conjunctivitis. 
ln double-blind, placebo-controlled studies, these 
dtugs were found to be effective in seasonal symptoms 
(2074-2083) and during ocular provocation tests 
(2084). 
They demonstrate a similar efficacy profile to oral HI
antihistamines with the advantage of a significantly 
faster onset of action on both nasal and ocular symp
toms. 
Topical treatment is, however, specific to the site of 
administration. 

• Usually, intra-ocular levocabastine was found to be 
superior to cromoglycate in the treatment of allergic 
conjunctivitis (2079, 2085). 
Naphazoline/antazoline eye drops are also available 
for the treatment of allergic conjunctivitis but appar
ently no double-blind, placebo-controlled study has 
been carried out (1303). 
8-2-3-3- Safety 
ln general, neither azelastine nm levocabastine, when 

topically administered at the recommended dose, show 
any significant sedative effect (2079, 2081, 2086, 2087) 
(see chapter 8-2-2-4-3). 

One specific side effect, a short lasting perversion of 
taste, has been described for azclastinc. 

8-2-3-4- Recommendations 
Topical III-antihistamines have a rapid onset of action 

(less than 15 minutes) at low dt-ug dosage, but they act only 
on the treated organ. Topical H !-antihistamines usually 
require bi-daily (BID) administrations to maintain a satis
factory clinical effect. Their use may therefore be recom
mended for mild organ-limited disease, as an "on demand" 
medication in conjuction with a continuous one (2088). 

8-2-4- Topical glucocorticosteroids 

Early attempts to use glucocorticosteroids like hydt·o
cortisone or dexamethasone topically in the airways failed 
because they were either ineJTective or had substantial sys
temic effects. The situation changed when beclometha
sone dipropionate was inu·oduced as an aerosol in 1972 
(2089). Beclomethasone dipropionate separates anti
intlammatOJy and unwanted systemic activities by its high 
affinity for the glucocorticoid receptor. Moreover, the por
tion swallowed after inhalation/intranasal use (80-90% of 
the inhaled dose) is subjected to first-pass deactivation in 
the liver before reaching the systemic circulation. ln J 973, 
beclomethasone dipropionate was introduced as a nasal 
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spray for seasonal allergic rllinitis (2090). Subsequently, 
other new intranasal glucocorticosteroids have been devel
oped. They include budesonide, tlunisolide, tluticasone 
propionate, mometasone furoate and triamcinolone ace
tonide (the commercial availability of these products 
depends upon the country). 

Glucocorticosteroids are currently the most potent 
medication available for the treatment of allergic and 
non-allergic rhinitis. The effect of intranasal glucocorti
costeroids is based on local activity. Oral administration 
of the equivalent amount of dn1g produces no benefit 
(2091-2093 ). The introduction of intranasal glucocorti
costeroids is one of the best examples of how the thera
peutic index of a medication can be dramatically 
improved when it is administered topically. Initially 
reserved as a second-line agent, the role of intranasal glu
cocorticosteroids is now changing. ln three international 
reports on the management of rhinitis, intranasal gluco
corticosteroids were considered as a first-line therapy for 
adults in moderate to severe cases of seasonal and peren
nial allergic rhinitis (1-3 ). 

8-2-4-1- Mechanisms of action and rationale 
The symptomatology of allergic rhinitis is currently 

considered to be caused mainly by the accumulation and 
activation of infiltrating cells, which release mediators 
and cytokines and result in allergic inflammation. Gluco
corticosteroids can suppress many stages of the allergic 
inflammatory process. This may explain their potent 
effect on allergic symptomatology. Symptomatology of 
allergic inflammation is the consequence of mechanisms 
of priming to allergen and hyperreactivity For this rea
son, it may be preferable to begin local glucocortico
steroid treatment before the onset of symptoms (2094). 
Also, the treatment appears to be more effective when 
given continuously (2095). 

The rationale for using intranasal glucocorticosteroids 
in the tJcatmcnt of allergic Jhinitis is that high dlUg con
centrations can be achieved at receptor sites in the nasal 
mucosa, with a minimal risk of systemic adverse effects. 

8-2-4-1-1- Moleczilar effects 
The etfect of glucocorticosteroids is caused by binding 

to a single glucocorticoid receptor (GR), which is pre
dominantly localised to the cytoplasm of target cells. 
After the binding of the glucocorticoid, the complex 
moves to the nuclear compartment. The GR is expressed 
in high density in airway epithelium (2096). Glucocorti
costeroids produce their effect on inflammatory cells by 
activating GR to increase or inhibit gene transcription 
through a process known as transactivation and u·ansre
pression respectively (2097). 

Transactivation is mediated by the binding of the hor
mone-activated GR to a DNA sequence called glucocor
ticoid response clement (GRE) (2098). Genes involved in 
the control of neoglucogenesis, arterial pressure and 
intraocular tension contain GRE (2099-210 1). Thus, 
transactivation may account for some GC unwanted 
effects (diabetes, arterial hypertension, hydt·osodic reten
tion, hypokaliaemia, glaucoma). On the other hand, 
transactivation may also resu It in a therapeutic benefit in 
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asthma since GC induces gene expression of the B2-
adrenerg.ic receptor (21 02). 

Transrepression is mediated by inhibitory protein
protein interactions between the hormone-activated GR 
and transcription factors like AP-I and NF-KB (2103). 
AP-I is a dimer made of peptides belonging to the c-Fos 
and c-Jun families (2104) whereas "NF-KB is a dimer 
composed of proteins related to p65 (21 05). Functional 
NF-KB response elements (NF-KBRE) and TRE are pres
ent in many genes encoding pro-inflammatory mediators 
and cytokines (21 03, 2105). Nur77 homodimers potently 
activate transcription upon interaction with a novel palin
dromic response element, the NurRE, and may be 
involved in HPA axis regulation (21 06). The convergence 
of positive signals mediated by Nur77 (and also probably 
by related family members) and of negative signals 
exerted by GR appears to be a general mechanism for the 
conlrol of transcription, since it is active in both 
endocrine and lymphoid cells (21 07). Expression of the 
signal transducer and activator of transcription factor 6 
(STAT6) is increased in the nasal mucosa of atopic aller
gic rhinitics. This is reduced by intranasal glucocmtico
sleroids (21 08). 

8-2-4-1-2- Anti-inflammatory effects on cells 
Glucocorticosteroids can suppress many stages of the 

inDammatory process. This may explain their strong 
effect on allergic symptomatology. Many cells and 
cytokines playing an active role in allergic inflammation 
in the nose are influenced by intranasal glucocortico
steroid treatment. However, the extent to which cells and 
cyt.okines are reduced differs (760). 
• Antigen-presenting (Langerhans) cells ru·e highly sen

sitive to treatment with intranasal glucocorticosteroids 
(809. 2109). Moreover, glucocorticosteroids also 
inhibit the uptake and/or processing but not the pre
sentation of antigen by airway Langerhans cells 
(211 0). The significant reduction of Langcrhans cells 
by local glucocorticosteroid therapy could be an 
explanation for the subsequent reduction of secondary 
inflammatoJy response and symptomatology in aller
gic disease. 
Eosinophils and eosinophil products arc also signili
cantly reduced by intranasal glucocorticosteroids 
(701, 1 186, 2111 -2117). Even when the allergen stim
ulus is large, as in allergen provocation studies, or 
when the local glucocorticosteroid dose is relatively 
low, the decrease in cells is substantial (760). The 
reduction in eosinophil numbers tends to be more pro
nounced in the epithelium than in the lamina propria. 
It has been suggested that intranasal glucocortico
steroids may not only diminish airway eosinophilic 
infiltration but also decrease eosinophil survival 
(2112, 2118). 
The influx ofbasophils and mast cells in the epithelial 
layers of the nasal mut:osa is reduced by intranasal 
glucocorticosteroids (I 142, 2119-2121). Mast cells in 
the lamina propria are only reduced when differences 
arc pronounced either by using a large allergen stimu
lus or high dose treatment (758, 211 I). 
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Intranasal glucocorticosteroids reduce T-cells and 
their subclasses in the epithelium, even in perennial 
allergic rhinitis (809). In the lamina propria, a 
decrease in T-cells is found only after a large stimulus 
(2111) or a high-dose treatment (758). T-ed! function 
is also influenced by intranasal glucocorticosteroids 
(see chapter 8-2-4-1-3 ). 

• Some cells, such as macrophages (791) and neutrophils, 
do not seem to be influenced. This may explain why 
intranasal glucocorticosteroids have no adverse effect 
on the immune response to bacterial intections. 

8-2-4-1-3- Anli-il?flammatory effects on cytokines 
The effects of intranasal glucocorticosteroids on 

cytokines from the Th2 subgroup have been thoroughly 
described. Most of the studies have been done in allergen 
challenge studies. Glucoco1ticosteroids reduce the levels 
ofmRNA and protein for IL-3, IL-4, lL-5 and IL-13 and 
their receptors (760, 981, 984,987, 1186, 2113, 2122). 
However, some degree of variability has been observed 
and controversies remain in the literature. The effect of 
intranasal glucocorticosteroid treatment for other 
cytokinesis not yet fully ducidatcd. Flulicasone dipropi
onate has been shown to inhibit the increase in E germ
line gene transcripts (787, 1080), in CD3+ and in major 
basic protein (MBP+) cells expressing GM-CSF mRNA 
However, increase was not inhibited in macrophages 
expressing GM-CSF (1145), RANTES, IFN-y, TNF-a 
mRNA expressing cells and monocyte chemotactic pro
teins (1014, 2123). It is not clear whether intranasal glu
cocorticosteroids have a specific effect on cytokines in 
the Th2 group. The direct effect of glucocorticosteroids 
could be explained by the presence or absence of Gluco
corticoid Response Element (GRE) in the promoter 
region of cytokines (2124 ). 

8-2-4-1-4- Other effec/s of inlranasal glucocorlico
s/eroicll· 

Glueocorticosteroids may also reduce the release of 
preformed and newly generated mediators, such as hista
mine (2125), tryptase, prostanoids (2126) and lcukotriencs 
(2127). However, this action may be partly due to the 
reduction of innammatory cells in the nasal mucosa. 

Fluticasone has long-term effects on the nasal 
response to histamine in perennial allergic rhinitis. Part 
of this effect is claimed to be vascular (2128). 

Intranasal glucocorticosteroids can also act on IgE 
production. During the pollen season, there is usually an 
increase in serum and nasal allergen-specific lgE (1 077). 
Intranasal glucocorticosteroids inhibit seasonal increases 
in ragweed-specific lgE antibodies (2129). 

8-2-4-2- Clinical and pharmacological effects 
The marked efficacy of intranasal glucocorticosteroids 

for treating allergic rhinitis is indisputable. 
A regular prophylactic use of intranasal glucocortico

steroids is elTective in reducing nasal blockage, rhinor
rhea, sneezing and nasal itching in adults and children. 

In seasonal and perennial allergic rhinitis, intranasal 
glucocorticostcroids control nasal symptoms in the 
majority of patients and a meta-analysis has shown that 
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in rhinitis, intranasal glucocorticosteroids are equally or 
more effective thaJj oral £Il-antihistamines (1738). 

Extensive reviews of the clinical studies are available 
for beclomethasone dipropionate (2130, 2131), budes
onide (2132), fluticasone propionate (2133), momcta
sone furoate (2134, 2135) and triamcinolone ace toni de 
(2136), all agreeing on the clinical efficacy of these com
pounds. Intranasal glucocorticosteroids are more effec
tive than oral HI-antihistamines (2137-2139), intranasal 
H !-antihistamines (2140) and intrana.~al cromoglycate 
(2141, 2142). The etfect of intranasal glucocortico
steroids on nasal blockage and their anti-inflammatory 
properties favours them to other treatments. This is the 
case especially in persistent allergic rhinitis, when 
obstruction is the main symptom and in long-lasting dis
ease (3). They have a slower onset of action than HI
antihistamines, usually less than 12 hours, and maximum 
efficacy develops over days and weeks (2143-2145). 
When the nose is extremely congested, intranasal gluco
corticosteroids may not be evenly distributed to the 
mucosa and it may be advisable to administer an 
intranasal decongestant (e.g. xylomethazoline) or sys
temic glucocorticostcroids (for no more than a week) to 
pennit improved penetration (3). Intranasal glucocorti
costeroids should be given regularly (2095) and in severe 
cases probably commenced before the beginning of the 
pollen season for maximal effect (3). An OD medication 
is usually sut1icient in most cases and has good patient 
compliance (2116, 2146, 2147). BID medication may be 
necessary in severe cases and during exacerbations The 
dose response curve of intranasal glucocorticosteroirls is 
very shallow, and so reducing the dose as much as possi
ble is advisable (21 48) . 

Intranasal glucocorticosteroids were traditionally 
delivered as freon-propelled aerosols from pressurised 
canisters. llowever, since the pressurised aerosols con
taining CFCs arc to be banished, many of the molecules 
are nowadays administered by mechanical aqueous pump 
sprays or as dry powder. Delivery systems are equally 
effective and safe, thus the patient can choose which for
mulation is personally prefetTed. 

8-2-4-3- Side effects of intranasal glucocortico
steroids 

/J-2-4-3-1- Local side effects 
Tite current intranasal preparations are well tolerated 

and can be used on a long-term basis without atrophy of 
the mucosa (2145). Intranasal glucocorticosteroids may 
occasionally cause local side effects like cmsting, dry
ness and minor epistaxis but these side effects are mild 
ami oll~n transit!nt (2145, 2147, 2149-2151). Changing 
to another compound or delivery system sometimes elim
inates the side effects. Septal perforations due to a pro
longed usc of intranasal glucocorticosteroids arc rare 
(2152, 2153 ). The risk of perforation is greatest during 
the first 12 months of treatment and the majority of cases 
involves young women (2153). The direction of the spray 
(towards the septum) could have an influence and 
patients should always be advised to aim away from the 
septum. 
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8-2-4-3-2- Effects on hypothalamic-pituitmy-adrenal 
ax1:, 

Systemic absorption may occm following inhaled and 
intranasal administration of glucocorticosteroids, but the 
dose at which clinically relevant side effects occm is con
troversial (2154, 2155). Patients receiving only intranasal 
glucocorticosteroids appear to be at a very low risk of devel
oping hypothalamic-pituitary-adrenal (HPA) axis suppres
sion because of the limited systemic drug availability and 
the low doses required (21511, 2157). Studies have shown 
that intranasal glucocorticosteroids have no eftect on the 
HPA axis (2135, 2158-2160), except for dexamethasone 
spray and betamethasone drops, which can rarely provoke 
systemic effects (2161-2165). The newer nasal glucocorti
costeroids, fluticasone propionate, budesonide, triamcin
olone acetonide and mometasone furoate, usually show no 
effect on the l!PA axis (2134, 2166-2173). 

In one study, the addition of intranasal glucocorlico
steroids to intra-bronchial ones did not appear to increase 
I-IPA axis suppression (2174). However, more studies are 
needed to fully appreciate the effect of combined 
intranasal and intra-bronchial glucocorticosteroids. 
Moreover, HPA axis suppression does not Lake into 
account all potential systemic effects of these drugs. 

8-2-4-3-3- Other systemic side ejfects 
One study describes an ciT eel on children's growth due 

to beclomethasone (2175). In view of recent concems 
(FDA, MCA), more data are required on the safety of 
intranasal glucocorticosteroids in young children (2155). 
The labelling of all intranasal glucocorticosteroids has 
therefore been modified in the USA and growth concerns 
have been indicated. Other side effects such as skin thin
ning, increased cataract formation, glaucoma, metabolic 
changes and behavioural abnormalities may be observed 
with inhaled (bronchial route) glucocorticosteroids. 
However, they do not appear to be present in patients 
receiving only intranasal glucocorticostcroids (2154 ). 

8-2-4-3-4- Other side effects 
Contact allergic reactions of the skin and mucosa to 

intranasal glucocot ticosteroids are rare but have been 
described (21 76, 2177). ln one smdy, central serous 
choriorctinopathy in 4 patients was apparently related to 
the use of intranasal glucocorticosteroid nasal sprays 
(2178). 

8-2-4-3-5- Pregnancy 
There are no documented studies concerning 

intranasal glucocorticosteroicls (e.g. budesonide, flu rica
sane propionate, mometasone) during pregnancy. How
ever, inhaled glucocorticosteroids (e.g. beclomethasone 
or budesonide (2179)) have nul been incriminated aster
atogens and are commonly used by pregnant women who 
have asthma. Although the choice of agents should pat1-
ly be based on evidence of foetal safety, the issue of 
matemal health also needs to be considered to provide 
optimal management. 

8-2-4-4- Molecules used 
8-2-4-4-1- Beclometilasone dipropionate 

• Bcclomethasone dipropionale was the first glucocorli
costeroid used intranasally for rhinitis (2090). 
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It is available as a metered-dose pressurised aerosol 
and as an aqueous spray. 
The recommended starting dose is 200 flg daily for 
adults and I 00 flg daily for children. 
Double-blind, placebo-controlled studies have shown 
that it is an efrective treatment for seasonal allergic 
rhinitis (2090, 2130, 2144, 2180, 2181 ), 
or perennial allergic rhinitis (2182-2184) in adults, 
as well as for non-allergic rhinitis (2185, 2186). 
It is also effective in children with allergic rhinitis 
(2187, 21H8). 
Beclomethasone dipropionate is equally as effective as 
flunisolide in seasonal and perennial allergic rhinitis 
(2184, 2189-2192).lt has been shown to be more effective 
than cromoglycate ( 1284, 2193), te1fenadine (2194, 2195) 
and astemizole except for eye symptoms (2137, 2196, 
2197). It ha~ been shown, however, that adding loratadine 
to intmnasal bcclomcthasonc dipropionate improves mod
erate severe seasonal allergic rhinitis (2198). 
Intranasal beclomethasone was not found to have an 
effect on the I-IPA axis at a dose of 336 [!g daily (2157) 
but reduced urinary cortisol at 800 fl8 daily (2 I 99) 
An effect on one year's growtb bas been found in one 
study (2175). In tbis study, canied out over one year, 
it was found tbat intranasal beclomethasone reduced 
growth by I em in 6-9 year old children receiving stan
dard therapy and these effects were apparent one 
month after starting the dn1gs 
Otber systemic adverse effects have not been reported. 

fi-2-4-4-2- R11de.mnidt? 
Intranasal budesonide is available as a metered-dose 
pressurised aerosol, as an aqueous spray or as dry 
powder (2132). 
The recommended starting dose is 64 to 256 flg daily 
for adults and 64 to 128 IJ.g daily for children over 6 
years of age. 
Double-blind, placebo-controlled studies have shown 
that it is an effective intranasal glucocm1icosteroid in 
seasonal allergic rhinitis in adults (2146, 2200-2208), 
in perennial allergic rhinitis (214M, 2209-2211) 
or in non-allergic rhinitis (2148. 2212-2214). 
ln children, it is effective in seasonal allergic rhinitis 
l2215-2218) 
and in perennial rhinitis (221 0). 
A prophylactic etfect was also demonstrated when 
budesonide was given prior to the onset of the pollen 
season (2219). 

• Budesonide is effective in patients with nasal polyposis, 
improving global symptoms (2220-2222), reducing nasal 
obsu·uction (2221) and improving sense of smell (2222). 

• In controlled clinical trials, budesonide has been 
shown to be more effective than beclomethasone in 
perennial non-allergic (2223) rhinitis and equally as 
effective compared to nuticasone (2151, 2224) and 
mometasone (2135). One study shows a faster onset of 
budesonide than fluticasone (2225). Budesonide was 
found to b~ more effective than nasal azela~tinc (2071) 
or oral HI-antihistamines (2226). 
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• Intranasal budesonide was not found to bave an effect 
on the IIPA axis at a dose of200 ,ug daily (2 I 70, 2171) 
but reduced urinary cortisol in another study (2199). 

• An effect on long-term growth has not been observed. 
Other systemic effects have not been reported. 

• The long-term safety of budesonide was observed 
(2227). 

fi-2-4-4-3- Flunisolide 
• Flunisolide is administered at a dose of 200 flg daily 

for adults. 
• Double-blind, placebo-controlled studies have shown 

that it is an effective intranasal glucocorticosteroid in 
seasonal ( 1284, 2228, 2229) 

• or perennial allergic rhinitis (2230) in adults 
• and in non-allergic rhinitis (2184, 2231-2233). 
• Flunisolide was found to be effective in children 

(2234, 2235) over the age of 4 years. 
• In controlled clinical trials, flunisolide has been shown 

to be equally as effective as beclomethasone dipropi
onate (1284, 2189, 2191, 2192) and budesonide 
(2236), and more effective than terfenadine (223 7, 
2238) or cromoglycate (1284, 2235). 

• Effect on the HPA axis has not been reported 
• Effect on growth has not been reported. 

Other systemic e1Tecls have not been reported. 
• The excipients polyethylene glycol and polypropylene 

glycol can cause transient local irritation 

fi-2-4-4-4- Triamcinolone acetonide 
• Triamcinolone acetonide is available as an aerosol or 

as an aqueous metered-dose pump spray with a rec
ommended starting dose of 220 IJ.g. 

• Double-blind, placebo-controlled studies have shown 
that it is an effective intranasal glucocorticosteroid in 
seasonal (2160, 2239-2243) 
and perennial allergic rhinitis (2244-2246) in adults. 
Triamcinolone acetonide was found to be effective in 
children with allergic rhinitis (2247, 2248) within the 
first day of administration. 
In contJolled studies, OD intranasal u-iamcinolone 
acl!tunide (220 flg per day) was equally as effective as 
beclomethasone (84 to 168 ).lg BID), f1uticasone (200 
J.Ig OD (2249)) or nunisolide (100 IJ.g BID) (2136). 
Furthermore, tJiamcinolone acetonide aerosol (220 flg 
OD) was signi!icantly more effective than loratadine, 
cl!!mastine and astemi:wlc (2250-2252) and was 
equally as effective in reducing the associated ocular 
symptoms. 

• lnlmnasal triamcinolone acctonidc dues not suppress 
hypothalamic-pituitary-adrenal axis function at thera
peutic dosages (2159, 2160, 2170, 2 I 71), even in chil
dren (2158). 
Long-term safety of intranasal triamcinolone bas been 
tested over 12 months (2253, 2254). 

8-2-4-4-5- Fluticasone propionate 
Intranasal glucocorticostcroid f1uticasonc propionate 
(2166) is administered as an aqueous nasal spray with 
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a recommended starting dose of 200 Jlg OD for adults 
and 100 Jlg OD for children. 
Double-blind, placebo-controlled studies have shown 
that it is an effective intranasal glucocorticosteroid in 
seasonal and perennial allergic rhinitis (21 09, 2116, 
2120, 2145, 2255-61), 

• Fluticasone propionate is effective in children of 4 
years and above with seasonal allergic rhinitis (2169, 
2262, 2263 ). 

• Fluticasone propionate is effective in children of 5 
years and above with perennial allergic rhinitis (2264, 
2265). 
ln adults with non-allergic, non-infectious perennial 
rhinitis, fluticasone was clinically effective in one 
study (2258) but not in another one (89). 
ln controlled clinical trials, fluticasone propionate has 
been shown to be as effective as beclomethasone 
dipropion~te (2261, 2266), budesonide (2151, 2224), 
mometasone (2134, 2135, 2267) and triamcinolone 
acetonide (2249). Tt is also effective in nasal polyposis 
(1365, 1367, 2268). OD fluticasone propionate is 
more effective than terfenadine (2138, 2269, 2270), 
loratadine (2271-2273) and intranasal levocabasline 
(2072, 2073) for the treatment of seasonal and peren
nial allergic rhinitis. Moreover, the use of tlmicasone 
propionate was more ciTcctive than cromoglycate in 
the prevention of pollen rhinitis symptoms (2141). 
Intranasal fluticasone was not found to have an effect 
on the HPA axis at a dose of 200 Jlg daily (2092, 
2168), even in children (2169). 
Fluticasone propionate has been shown to be safe also 
after long-term use (one year) in perennial allergic 
rhinitis (2145, 2274)- After one year of treatment, flu
ticasone was shown to reduce inflammatory cells and 
to have long-tenn clinical effects (2167). Fluticasone 
has long-te1m effects on the nasal response to hista
mine in perennial allergic rhinitis and part of tllis 
effect is likely to be vascular (2128). 
Treatment with fluticasone propionate partially pre
vents the increase in bronchial responsiveness 
observed during the pollen season (2275). 

8-2-4-4-6- Aiometasone furoate 
• Mometasone furoate is administered as an aqueous 

nasal spray with a recommended starting dose of 200 
Jlg daily for adults and for children over 12 years of 
age. It is approved from the age of 3 years at a dose of 
100 Jlg daily (2134, 2135). 

• Double-blind, placebo-controlled studies have shown 
that it is an effective intrdnasal glucocortic.:osteroid in 
seasonal (2150, 2276, 2277) 

• and perennial allergic rhinitis (2267) in adults. 
• It is effective in children (2278). 
• Although comparative studies with other intranasal 

glucocurticosteroids have to be made, one study has 
shown that mometasone furoate has a rapid onset of 
action (21 43 ). 
In controlled studies, momctasonc furoatc was as 
effective as beclomethasone dipropionate (2147), flu-
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ticasone propionate (2267) and budesonide (2135) and 
more effective than loratadine in the treatment of sea
sonal allergic rhinitis (2134). 

• Intranasal mometasone furoate was not found to have 
an effect on the HPA axis at a dose of 200 Jlg daily 
(2135, 2171). 

• ln a one year study in children, treatment with 
mometasone furoate 100 Jlg daily did not show growth 
retardation or suppression of the HPA axis (2279). 

• Long-term administration of mometasone furoate is 
not associated with adverse tissue changes in the nasal 
mucosa of patients with perennial rhinitis (2280). 

8-2-4-4-7- Other molecules 
The new intranasal steroid cic\esonide was recently 

found to be effective in the treatment of allergic rhinitis 
(2281 ). 

8-2-4-5- The future of nasal glucocorticosteroid 
treatment 

Although modern intranasal glucocorticosteroids have 
all aimed at a high local anti-inflammatory effect com
bined with a low systemic bioavailability, it has not been 
possible to remove all metabolic effects and totally iso
late desired anti-inflammatory properties. Although the 
systemic effects of intranasal glucocorlicosteroids are 
probably not clinically relevant for adult patients with 
rhinitis alone, children a11d patients also having asthma 
(and requiring inhaled glucocmticosteroids) should use 
the lowest possible doses. They may need mugs with an 
equally or more potent local anti-int1ammatory activity 
and with even less systemic activity. 

8-2-4-6- Recommendations 
A recent meta-analysis has demonstrated that intra

nasal glucocorticosteroids are more efficacious in reduc
ing the symptoms of allergic rhinitis than antihistamines. 
The advantage was most obvious for nasal blockage 
(J 738). However, in clinical practice, compliance, drug 
preference, drug availability and potential side effects 
should be considered. 

Because intranasal glucocoJticosteroids are more effec
tive in moderate to severe rhinitis and can suppress many 
stage8 of the alh:rgic innammatoty disease, the therapeutic 
risk/benefit ratio has to be considered. Generally, the 
groups of patients with persistent allergic rhinitis who usu
ally suffer from nasal blockage are better managed with 
intranasal glucocorticosteroids. When symptoms are mild 
or only intermittent, an H)-antihistamine is a good choice. 
The balance between intranasal glucocorticosteroids and 
I-ll-anlihistamines.has to be individualised. 

ln conclusion, intranasal glucocorticostcroids should 
be regarded as a highly effective first-line treatmelll for 
patients suffering from allergic and non-allergic rhinitis 
with moderate to severe and/or persistent symptoms. 
Even though intranasal glucocorticosteroids may be less 
eiTeclive in non-allergic rhinitis, they are worth trying. 

8-2-5- Systemic glucocorticosteroids 

8-2-5-1- Rationale 
Glucocmticosteroids are sometimes prescribed orally 
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or as an intramuscular depot preparation in clinical prac
tice. There are relatively little scientific data available to 
support this practice. There is a lack of comparative stud
ies on the preferred dose, the route of administration and 
the dose response relationship. There arc typical regimens 
of glueocorticosteroids given orally (e.g. prednisolone, 
starting dose 20-40 mglday) or as a depot-injection (e.g. 
methylprednisolone 40-80 mg/injection) (2282). 

8-2-5-2- Erticacy and safety 
Systemic glucocorticosteroids exert their action on a 

broad spectrum of intlammatmy phenomena and are 
effective on most symptoms of rhinitis, especially on 
obstruction (2283, 2284) and loss of smell. No infor
mation is available on the efficacy and safety of the 
repeated administration of depot glucocorticosteroids. 
The only controlled comparison between oral and 
injected glucocorticosteroids in rhinitis slwwed a thera
peutic index in favour of the depot-injection (2285). 
Nevertheless, there are arguments in favour of oral 
administration (2284). Oral administration is cheap and 
the dosage can be adjusted to the changing need for 
treatment. Moreover, it must be remembered that an 
injection of 80 mg of methylprednisolone corresponds 
to I 00 mg of prednisolone and that continuous release 
during the day will suppress the l-IP A axis moreso than 
a single oral dose given in the morning for a period of 
three weeks. Depot injections have also been shown to 
cause local tisslJe atrophy. 

The intranasal administration of depot injections into 
swollen nasal nu·binates and polyps should be avoided, 
since serious adverse events (blindness) have been reported. 

Since the risk of adverse effects fi·om systemic gluco
corticostt:roids largely depends upon the duration of 
treatment, only infrequent short-term coW'ses should be 
prescribed in rhinitis. 

8-2-5-3- Contraindications 
Contraindications to systemic glucoc01ticostcroids arc 

glaucoma, herpes keratitis, diabetes mellitllS, psycholog
ical instability, osteoporosis, severe hypertension, tuber
culosis and other cluonic infections. 

8-2-5-4- Recomme.ndations 
Systumil: glul:ol:orlicost~o:roids aru m:v~:r the first lin~: 

of treatment for allergic rhinitis. They can be used as a 
last reson of treatment when other treatments arc inet~ 
feetive. Oral glucocorticosteroids have the advantage 
over depot injections that treatment adjustments can fol 
low the pollen count. Systemic glucoconicosteroids, in 
contrast to intranasal treatment, reach all pans of the 
nose and the paranasal sinuses, therefore short courses in 
patients with severe perennial rhinitis or nasal polyposis 
can be helpfltl. 

Systemic glucocorticosteroids should be avoided in 
children, pregnant women and patients with known con
traindications. 

8-2-6- Chromones 

8-2-6-1- Rationale 
The chromoncs used in the treatment or allergic dis

eases are disodium cromoglycate (cromolyn, DSCG) and 
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sodium nedocromil. They still have an unclear mode of 
action in vitro (2286): 

The action of these drugs is linked to the cell wall of 
the mast cell (2287, 2288) and/or to the intracellular 
events that follow the allergen binding to lgE (2289). 
Disodium cromoglycate inhibits nasal connective tis
sue mast cells (2290). However, most na~al basophils 
resemble blood basophils and DSCG does not inhibit 
the de-gramtlation of these cells (2291 ). 
A hlockage of the CI- channels on the mast cell mem
brane, a phosphodiesterase inhibition or a blockage of 
oxidative phosphorylation have been suggested as a 
mechanism (2292-2294). 
Disodium cromoglycate was also shown to inhibit IL-
4 induced IgE synthesis (2295). 
Nedocromil sodium has been shown in vitro to inhibit 
the activation of neutrophils, eosinophils, monocytes, 
macrophagcs and mast cells (2296-230 1 ). 
A "local anaesthetic" effect has also been hypothe
sised as an inhibitory effect on senso1y neural stimula
tion (2302). 

In vivo human studies have been performed. Nasal 
challenge studies suggest an inhibition of nasal mast 
cells by nedocromil sodium (2303) Disodium cromogly
catc reduces mucosal eosinophil numbers in nasal scrap
ings from patients with seasonal allergic rhinitis (2304). 

In regards to pharmacokinetics, DSCG or nedocromil 
are virtually not absorbed tlu·ough mucosal surfaces. Fur
thermore, the swallowed portion is poorly absorbed from 
the gastrointestinal tract and is excreted in the f.'leces 

8-2-6-2- Efficacy and safety 
8-2-15-2-1- Nasal udlllilli.ILruliull 
In double-blind, placebo-controlled trials, DSCG 4 
times daily has been shown to be effective in the u·eat
ment or prophylaxis of seasonal allergic rhinitis in some 
(1284, 2305-2311) but not all sntdics (2312, 2313 ). 
Intranasal DSCG was effective in double-blind, placebo
controlled trials in perennial allergic rhinitis in adults 
in some (2314-2317) but not all studies (2318). 
The symptoms of sneezing, rhinonhea and nasal itch
ing arc usually better controlled than nasal obstruction 
(2304). 

• Disodium cromoglycme is usually ine!Tective in non
allergic, non-infectious rhinitis (88). 

• Although one study (not placebo-controlled) showed 
an ~:quivaknt L!ffi<.:acy or DSCG versus tl!rrcnadine 
(2304 ), DSCG is usually less effective than oral or 
intranasal antihistamines or intranasal glucocortico
steroids in adults (1284, 2061, 2064, 2141, 2235, 
2315) and children (2142). 
Nedocromil sodium administered BID is more effec
tive than placebo in the treatment of seasonal allergic 
rhinitis (1366, 2319-2322). 

• In children, the eflical:y or nedocromil was also 
demonstrated (2323). 
The combined therapy of nedocromil and astemizole 
appeared more crrective than the H 1-antihistaminc 
alone (2324 ). 
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o 1 t was interesting to note that the efficacy of 
nedocromil was rapid (2321)~ 

o Both DSCG and sodium nedocromil are safe and 
almost totally devoid of side effects, but occasional 
minor local side effects have been reported. 
8-2-6-2-2- Ocular administration 
Both DSCG and nedocromil are available in the form 

of ocular formulations. 
Disodium cromoglycate was tound to be effective in 
most (2325-2330) but not all studies (2331 ). 

o Disodium cromoglycate is usually less effective than 
ocular formulations ofH !-antihistamines (2079, 2081, 
2085, 2332). 

o Disodium cromoglycate may be administered as sin
gle dose units (2333) and this formulation is very con
venient for patients with intermittent symptoms. 

o Disodium cromoglycate eye drops are also effective in 
vernal keratoconjunctivitis but the cllicacy is modest 
(2334). 

o Ocular DSCG needs a four times daily administration. 
Regular administration appears to be more effective 
than a prn sched11le (2335). 
Nedocromil sodium administered BID was found to 
be safe and effective in seasonal allergic conjunctivitis 
(2336-2341) 

o and also in vernal keratoconjunctivitis (2342-2344). 
o Efficacy was also found in the treatment of seasonal 

allergic conjunctivitis in children (2345). 
The comparison between intranasal levocabastine and 
nedocromil sodium was only canied out in a challenge 
model (2346). No ranclomised controlled study during 
the pollen season has been carried out. 

o Both DSCG and uedocromil sodium are safe 

8-2-6-3- Recommendations 
o In placebo-controlled trials, DSCG 4 times daily has 

been shown to be effective in allergic rhinitis and con
junctivitis, although less effective than H !-antihistamines 
or intranasal glucocOJticosteroids. 

o Nedocromil sodium has also been shown to be effec
tive in allergic rhinitis and conjunctivitis and has the 
advantage of a BTD dosing regimen. 

o In adults, chromones are not a major therapeutic 
option in the treatment of allergic rhinitis, although 
they maintain a valued place for the treatment of aller
gic conjunctivitis. 

o In children and pregnant women, chromones can be 
recommended in view of their excellent safety profile. 

8-2-6-4- NAAGA 
A gel formulation of the anti-allergic compound N

acetyl-aspartyl glutamic acid (NAAGA), a C3 convertase 
inhibitor, reduces cellular recruitment and mediator 
release during the late allergen-induced nasal reaction 
(2347) . Tn a double-blind, placebo-controlled study, 
NAAGA was found to be effective in seasonal allergic 
rhinitis (2348). It was found to be slightly more effective 
than DSCG, but was Jess well tolerated. lL may have 
some efficacy on nasal obstruction (2349). 

HIGHLY CONFIDENTIAL-

8-2-7- Decongestants 

J ALLERGY CLIN IMMUNOL 

NOVEMBER 2001 

8-2-7-1- Mechanism of action and rationale 
Decongestant (vasoconstrictor) drugs cause vasocon

striction by their action on ex-adrenergic receptors 
(2350). Decongestants available for clinical use include: 
o al-adrenergic agonist~ (e.g. phenylephrine) (2351, 2352), 
o a2-adrenergic agonists (e.g. oxymetazoline, xylo

metazoline, naphazoline) (2351, 2353-2357), 
o noradrenaline releasers (e.g. ephedrine, pseudoephed

rine, amphetamines) (2358), 
o drugs preventing the re-uptake of noradrenaline (e.g. 

cocaine, tricyclic antidepressants, phenylpwpanolarnine) 
(2359). 
These may be administered intranasally or orally. 

8-2-7-2- Efficacy 
8-2-7-2-1- Intranasal decongestants 

o In the short tenn, they are ve1y effective in the treat
ment of nasal obstruction for both allergic and non
allergic rhinitis patients (2351, 2352). 
However, they do not improve nasal itching, sneezing 
or rhinonhea. 

o They can also be used for pmphylaxis before air trav
el to lessen the likelihood of nasal, middle ear or sim1s 
problems and to improve nasal patency prior to the 
administration of other intranasal medications. 

o Following intranasal administration, local vasocon
striction occurs within 10 minutes, irrespective of the 
drug used. 

• The effect lasts for less than I hour for epineph1ine. 
o The long-lasting effect of oxymetazoline (up to 8-12 

hours) and xylometazoline may be explained by their 
slow mucosal clearance due to a decreased mucosal 
blood flow (2354). 

8-2-7-2-2- Oral decongestants 
o Oral vasoconstrictors such as ephedrine, phenyl

ephrine, phenylpropanolamine and especially pseu
doephedrine are commonly used oral nasal deconges
tants (2360-2362). 

o They can be prescribed for both short and long-tenn 
use, although they are usually prescribed short-tem1 to 
give fast acting relief. 

o Generally, they have a weaker effect on obstruction 
than the intranasal decongestants, but they do not 
cause rebound vasodilatation. 

o Vasoconstrictor agents do not improve other symp
toms of rhinitis. 

o Following oral administration, nasal decongestion 
occurs within 30 minutes and persists for up toG hours 
with liquid or regular tablet preparations. It persists for 
up to 8-24 hours with sustained release formulations. 

o Phenylephrine is probably the least effective because 
of extensive first-pass metabolism (2363). 

o Oral decongestants are used in the treatment of aller
gic rhinitis (2364) and viral upper respiratory tract 
infections (2365-2367). They arc also used to treat 
conditions such as sinusitis and otitis. 
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8-2-7-3- Safety 
8-2-7-3-1- Nasal side effects 
Nasal burning, stinging, diyness or mucosal ulcera
tions and even septal perforations may occur after the 
use of intranasal decongestants. 

• Most of the studies with intranasal decongestants 
show that short-term courses of treatment do not lead 
to functional or mmphological alterations. Decreasing 
responsiveness (tolerance) and rebound congestion 
characterised hy chronic swelling rarely occur when 
these agents are prescribed tor less than 10 days or so. 

• A prolonged use (>I 0 days) of intranasal vasocon
strictors may lead to tachyphylaxis, a rebound 
swelling of the nasal mucosa and to "drug induced 
rhinitis" (rhinitis medicamentosa) (2368, 2369). With 
modern vasoconstrictors such as oxy- and xylometa
zoline, the risk of developing rhinitis medicamentosa 
has been considered to be small (23 70 ). However, 
recent studies have shown that the over use of these 
drugs may result in rebound congestion, nasal hyper
reactivity, tolerance and histological changes of the 
nasal mucosa (66, 67). Controversy still exists about 
Lhc trealmenl of rhinitis mcdicamcntosa and lrcalment 
has rarely been objectively evaluated. Fluticasone pro
pionate is more e±Iective and has a faster onset of 
action than placebo in lhe treatment of rhinitis 
medicamentosa (2371). An adequate treatment of 
these patients consists of a combination of vasocon
strictor withdi·awal and intranasal glucocorticosteroid 
to alleviate the withdi·awal process. 

• Moreover, benzlakonium chloride, which is often used 
as a prese1vative, induces intranasal side effects 
(1662). 

8-2-7-3-2- Systemic side ~Deets 
• Systemic side effects are not uncommon with these 

oral drugs and include irritability, dizziness, 
headaches, tremor and insomnia. 

• Tachycardia (2372), especially in susceptible su~jects 
such as pregnant women (23 73 ), and hypertension 
(2374, 2375) may occur, as well as some less common 
ciTecls such as visual hallucinations (2376). 

• Most of these side effects are dose-dependent. There
fore, care should be exercised when giving the drugs 
to patients with cardiovascular diseases such as hyper
tension and myocardial ischaemia due to the systemic 
vasoconstrictor effects. 

• Patients with glaucoma or hypetthyroidism and elder
ly men with urinary retention due to prostate enlarge
ment arc also at risk with oml sympathomimetic 
decongestants. 

• These agents should also be used with caution in preg
nant women. as the medication will be transfcncd to 
the foetus via the systemic circulation. 

8-2-7-4- Recommendations 
In general, because of the risk of rhinitis medicamen
Losa, the use of intranasal decongestants should be 
limited to a duration of Jess than I 0 days (23 77). 
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• Short courses of intranasal decongestants can be use
ful to promptly reduce severe nasal blockage while co
administering other drugs. 
Decongestants should be used with care in children 
under one year of age because of the narrow raugc 
between therapeutic and toxic doses (40). 

• Furthermore, it is advised not to prescribe pseu
doephedi·ine to patients over 60 years of age, to preg
nant women (2378) and, in general, to patients sufTer
ing from hype1tension, cardiopathy, hyperthyroidism, 
prostatic hypertrophy, glaucoma and psychiatric disor
ders as well as to those taking !3-blockers or mono
oxidase amine (MAO) inhibitors. 

8-2-7-5- Combinations of oral antihistamines and 
decongestants 

In many countries, combinations of oral antihista
mines and decongestants arc commonly prescribed. 
The aims of these combinations are also to improve 
nasal obstruction which changes minimally when 
using HI -antihistamines alone. 
However, the phmmacokinetics of the two mugs in the 
combination arc nul similar and these dmgs arc often 
admi11istered BID 
The combination bears all the side etTects of II 1-
anlihislamincs and vasoconstrictors, and rood intake 
may alter the phmmacok.inetics (2379). 

• Although major I-II-antihistamines (clemastine 
(2380), acrivastine (2381, 2382), cetirizine (2383, 
2384), fexofenadine (2385), loratadine (2386-2391) 
and terfenadine (2392)) are marketed with pseudo
ephedrine However, only a limited numbe1 of double
blind, placebo-controlled studies document the clini 
cally relevant superiority of the combination over I-ll 
antihistamines alone. 

• There is, however, a study in asthma showing lhat the 
combination is more effective than antihistamines in 
controlling bronchial symptoms (2393). 

• There are many OTC drugs combining sedative oral 
antihistamines with vasoconstrictors. Even though 
some studies have shown their effectiveness (2394 ), 
these should no longer be used since sedation is not 
usually reduced by stimulation from vasoconstric
tors, and the duration of action of antihistamines is 
usually shott . 

8-2-8- Topical anti·cholinergics 

8-2-8-1- Mechanism of action 
Parasympathetic fibres originate in the superior saliva

tory nucleus of the brainstcm and relay in the 
sphenopalatine ganglion before distributing to the nasal 
glands and blood vessels (2395, 2396). Parasympathetic 
stimulation causes a wate1y secretion, mediated by the 
classical autonomic transmitter acetylcholine, and a 
vasodilatation of blood vessels serving the glands. The 
muscarinic receptors of the sera-mucinous glands can be 
blocked by the anticholinergic drug ipratropium bromide 
(2397, 2398), which is commercially available in Sl:VL:ra] 

countries as a nasal spray (pressurised aerosol or aqueous 
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pump spray). The Iecommended daily dose ranges 
between 120 and 320 flg given in 3 to 6 administrations 
(2399, 2400). 

8-2-8-2- Efficacy 
lntranasally applied atropine was shown to reduce rhi
norrhea in patients with rhinitis (2401). 

• lpratropium bromide, a quaternary derivative of iso
propyl noratropine, is poorly absorbed by the nasal 
mucosa because of a low lipid solubility and it does 
not cross the hlood-hrain harrier (239R). lpratropium 
can be used as a isotonic aqueous nasal spray pump 
(2402, 2403). 

• Randomised controlled trials have shown thai ipra
tropium bromide is effective in controlling watery 
nasal discharge, but it does not affect St1eezing or nasal 
obstruction in perennial allergic and non-allergic 
(vasomotor) rhinitis (2400, 2402-2410). 

• lt is also effective in the common cold (2411 ), in gus
tatory rhinitis 

• and rhinitis in elderly people (2412). 
• A single dose of 42 flg per nostril reduces the secretion 

for 3 hours due to methacholine stimulation. 168 11g 
doubles the effect (48% reduction) and its duration in 
pereunialnon-allergic rhinitics (2408, 2413). 
The onset of action is fast (IS to 30 minutes), but max
imal improvement of symptoms is generally noted 
several hours after the first treatment. 

• No tolerance develops in clinical effects (2414). 
• Combination therapy has also been studied in patients 

with allergic or non-allergic perennial rhinitis. The 
combination of an ipratropium hromirle nasal spray 
with terfenadine is more effective than terfenadine 
alone for the treatment of rhinorrhea (2415) The 
combined use of ipratropium bromide nasal spray 
(0.03%) with beclomethasone dipropionate nasal 
spray is more effective than either active agent for the 
treatment of Ihinorrhca (2416). 

8-2-8-3- Safety 
• Topical side effects, due to the anti-cholinergic action, 

are uncommon and usually dose-dependant in their 
severity. Na~al dryness, i1Titation and burning arc tht: 
most prominent effects, followed by a shlffy nose, dry 
mouth and headache (2399, 2407, 2414). Olfaction, 
ciliaty beat frequency and the clinical appeat-ance of 
the nasal mucosa are not affected, even with long-term 
use. 
The systemic bioavailability of intranasal ipratropium 
is about 10% and systemic side effects are rare (2399, 
2407, 2417), but they can occur with doses higher than 
400 flg/day (2417). 

8-2-8-4- Recommendations 
Studies performed in peJennial allergic rhinitis 
demonstrated that ipratropium bromide only improves 
nasal hyper-secretion. 
No data are available for seasonal rhinitis. 

• Since patients with perennial rhinitis usually suiTer also 
from nasal congestion, itching and st1eez ing, other 
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drugs are preferable as first-line agents to ipratropium 
in the vast majority of cases of allergic rhinitis. 

• However, the ipratropium bromide nasal spray alone 
should be considered in patients for whom rhinorrhea 
is the prima1y symptom. 
Its use in combination with an intranasal glucocorti
costeroid or an H !-antihistamine may be considered in 
patients where rhinonhea is the predominant symp
tom, or in patients with rhinorrhea who are not fully 
responsive to other therapies. 

• Moreover, iprat:ropium may be used in patients with or 
without allergic rhinitis who suffer from rhinorrhea 
when in contact with cold air. 

• ln elderly patients, ipratropium may be of interest in 
the u·eatment of isolated rhinorrhea. 

8-2-9- Anti-leukotrienes 

CysLTs appear to be important mediators of nasal aller
gic reactions, and their insufflation into the nose induces 
nasal obstmction. Drugs acting against CysLT may there
fore be important in the treatment of allergic rhinitis either 
alone or combined with HJ -antihistamines since these drugs 
are poorly cJiectivc in nasal obstruction (24 J 8). However, 
the data available do not allow any firm conclusions. 

Zileuton, a 5-LO inhibitor, was found to reduce nasal 
obstruction (2419). The efficacy of single oral doses of 
the CysLT-receptor antagonist, zafirlukast, was tested in 
subjects with an1te seasonal allergic rhinitis during a 
two-day shldy in a park exposure (2420). Nasal conges
tion improved more than sneezing and rhinorrhea. In 
another study, 33 patients with sea~onal allergic rhinit.is 
were enrolled in a randomised double-blind study to 
treatments with oral zafirlukast (20 mg twice a day), 
intranasal beclomethasone dipropionate (200 11g twice a 
day) or placebo (2421). Patients receiving treatment with 
zafirlukast had degrees of nasal symptoms similar to 
those in the placebo group, whereas the bcclomethasone 
group had significantly less symptoms compared with 
both treatments . The numbers of activated eosinophils in 
the nasal tissue increased significantly during the pollen 
season in both the zafirlukast and the placebo groups, but 
not in the bedomcthasonc group. These result~ were 
obtained with a limited number of patients and do not 
support the clinical etlicacy of regular treatment with an 
oral antileukotriene in seasonal allergic rhinitis. More 
data are needed. 

Tn seasonal allergic rhinitis, the combination of a 
CysLT receptor antagonist, montelukast and loratadine 
showed that symptoms of rhinitis and conjunctivitis were 
more e!Tectively treated with the combination of these 
drugs as opposed to any one of them alone or with the 
placebo (2422). 

lt is believed that anti-leukotriene drugs will adopt a 
prominent role in the treatment of aspirin-sensitive rhinitis 
and asthma. The evidence is still preliminary. ln tht: first 
conu·olled shldy published so far, the 5-LO inhibitor Zileu
ton notably diminished nasal dysfunction in these patients 
(2423). Tt also caused a remarkabk retllrn of sense of 
smell, less rhinorrhea and higher nasal inspiratmy llows. 
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8-2-10- Oral anti-allergic drugs 

In Japan and Eastern Asia, many so-called "oral anti
allergic" drugs such as pemirolast are used in the treat
ment of allergic rhinitis. These dl1Jgs display anti-allergic 
prope1ties in vitro and in animal models by blocking the 
release of mediators. The efficacy of these drugs has 
rarely been tested using double-blind, placebo-controlled 
studies. One pilot study, carried out on a small number of 
patients, showed that pemirolast was effective in the 
treatment of seasonal allergic rhinitis (2424). 

8-2-11- Treatments with a lack of demonstra
ble efficacy 

The use of alternative medicine for the treatment of 
asthma in adults and children is common and increasing 
(2425). There is an urgent need for large, randomised and 
controllc!l clinical trials for alternative therapies of aller
gic disease and rhinitis. Scientific and clinical supports 
of these therapies are lacking (2426). 

8-2-11-1- Homeopathy 
The preparation of homeopathic drugs is based on 

potentiation. In a controlled ramlomise!l double-blind 
trial with 164 patients, the effectiveness of homeopathi
cally prepared Galphimia dilution 10 6 and a placebo 
was invcstigate!l for the therapy of pollinosis. The aver
age duration of treatment was about 5 weeks. No statisti
cal significant improvement was achieved with home
opathy (2427) In a double-blind (not placebo-controlled) 
study, intranasal preparations of L1!(fa apercu/ala, Gal
phimia glm":a, histamine and sulfur were found to have 
a similar effect as intranasal DSCG (2428). However, in 
this study, pollen counts were not recorded, making it 
difficult to interpret the data. 

In two other studies, homeopathic dilutions of house 
dust mite or grass pollen extract were administered and 
there was a significant improvement in placebo (2429, 
2430). However, the methodology of these studies raises 
some concern and no firm conclusions regarding the 
results can be reached. 

8-2-11-2- Acupuncture 
AcupunclUn: has been proposc!l in some studies 

(2431 -2434) but the only sn1dy attempting to validate 
this method in asthma suggested that there was no bene
fit from the treatment (2435). 

8-2-11-3- Chiropractic 
Chiropractic medicine is used in certain countries for 

the treatment of rhinosinusitis (2436), but there is no 
study in Medline to support its use. 

8-2-11-4- Traditional medicine and phytotherapy 
The use of herbal medicine, often from Chinese ori

gin, is widespread and growing (2437). Many herbal 
medicines have a significant pharmacological activity 
and thus poremial adverse effects and drug interactions 
(2438-2440). Traditional medicine is use!l in many 
patients to trent the symptoms of allergic and non
allergic rhinitis. Most of the smdies are tmcontrolled and 
no data arc reported in the Mc!llinc from controllc!l stu !l
ies. Mao-btJshi-saishin-to, a Chinese blended medicine, 
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was examined in a controlled (but not-placebo) srudy and 
found to reduce nasal obstmction in patients -wi th Japan
ese cedar pollen allergy (2441 ). 

Ayurvedic medicine is used (2442) to treat asthma and 
rhinitis (2443, 2444). 1l1ere is, however, no controlled 
clinical study reported in Medline to support its use in 
rhinitis. 

8-2-11-5- Other alternative therapies 
A large number of altemative therapies are oll'ered 

including halneology, Kneipp therapy, microhiologieal 
therapy, tasting, excretion therapy, difterent oxygen thera
pies, hydro-colon, urine therapy, own-blood therapy, Bach 
therapy, o1thomolecular therapy, order theupy, environ
mental medicine, anthroposophy, neural therapy, elec
troaccupuncnrre according to Voll and similar therapies, 
nasal reflex therapy, reflex-zone massage, manual therapy, 
massage, lymph drainage, aromatherapy, thermotherapy, 
biorcsonam:e, kinesiology, hopi can!llcs an!l dietetics 
(2445). However, none of these therapies have been appro
priately scientifically and clinically tested and some may 
even be dangerous. 

The so-called bioresonance therapy or biophysical 
information lhcrapy claims to improve the con!lition of 
patients with atopic disease. However, a conventional, 
double-blind, placebo-controlled study in hospitalised 
children with atopic !lermatitis dill not lind this treatment 
to be effective (2446). No controlled studies have been 
canied out in rhinitis. 

8-2-11-6- Yoga 
Yoga may improve breathing but even in asthma, no 

clear efficacy was demonstrated (2447). ln allergic rhini
tis, there is no controlled study supporting its use 

8-2-11-7- Recommen!lations 
None of the methods used in alternative medicine can 

be supported scientifically to be clinically effective. The 
public should be wamed against methods of diagnosis 
and treatment which may be costly and which have not 
been validated (2448). Properly designed randomised 
clinical trials are required to assess the value of these 
forms of treatment. 

8-2-12- Antibiotics 

In non-complicated rhinitis, antibiotics are not a rec
ommended treatment. 

8-2-13- Nasal douching 

Nasal douching wi lh a traditional alkaline nasal 
douche or a sterile sea water spray was shown to improve 
symptoms of rhinitis (2449). 

8-2-14- Surgical treatment of rhinitis 

As surgery cannot contribute lo the treatment or aller
gic disease itself; it should only be used in certain condi
tions such as mrbinate hypertrophy, cartilaginous or bony 
obslmction of lhe nasal airways or secondary and in!le
pendent sinus disease. In patients who suffer from peren
nial allergic or non-allergic rhinitis for many years, a 
severe drug-resistan t hypertrophy or the inferior 
nubinates may develop, which leads to constant nasal 
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obstruction and watery secretion due to an increase in 
glandular structures. The surgical reduction of the inferi
or turbinate body and mucosal surface, which should 
always be limited, can reduce nasal obstruction and 
secretion (2450). Endoscopically controlled minimal
invasive techniques for the sinuses and the turbinates 
have replaced former procedures in most countries, and a 
range of new tools and insttuments has been created to 
allow for more precise and less traumatic surgety. Laser 
surgery (2451) may also be used. Vi dian neurectomy is 
not indicated for rhinitis because of the side effects 
(2452) and the availability of medical treatment (954). 
The indication for nasal and sinus surge1y should always 
be based on the insufficient effect of adequate drug treat
ment and the functional and clinical relevance of the 
anatomical variation or disease. 

Indications for surgical intervention are: 
drug-resistant inferior turbinate hypertrophy, 
anatomical variations of the septum with functional 
relevance, 
anatomical variations of the bony pyramid with func
tional/aesthetic relevance, 
secondary or indepcndenlly developing chronic sinusi
tis (2453, 2454), 
ditTerent fom1s of nasal unilateral polyposis (choana! 
polyp, solitary polyp, allergic fungal sinusitis) or ther
apy-resistant bilateral nasal polyposis (1361, 2455), 
fimgal sinus disease (mycetoma, invasive forms) or 
other pathologies unrelated to allergy (cerebro-spinal 
fluid leak, inverted papilloma, benign and malignant 
tumours, Wegener's disease, etc.) 

8-2-15- Aspirin intolerance 

8-2-15-l- Avoidance of aspirin and other NSAID 
ln order to prevent life-threatening reactions, patients 

with aspirin-intolerant rhinitisfasthma should avoid 
aspirin, all products containing aspirin and other anal
gesics that inhibit COX (938, 2456, 2457) (Table 6). The 
education of physicians and patients regarding this mat
ter is extremely impmtant. The patient should obtain a 
list of dn1gs that are conu·aindicated, preferably with 
both the generic and trade names. lf necessary, these 
patients can take acetaminophen or paracetamol; it is 
safer not to exceed a dose of 1000 mg (2458). Sodium 
salicylate, benzydamine (2459), azapropazone (2460) 
and dextropropoxyphene can be administered. 

The usc ofnimcsulidc, a COX-2 inhibitor, was studied 
in patients with aspilin and non-steroidal anti-inflammatory 
drug intolerance and it was found that this COX-2 
inhibitor induced less reacLions than aspirin itsclf(2461). 

ln patients with aspirin-sensitive eosinophilic rhinitis, 
intranasal fluticasone is a powerfu I and effective treat
ment (2462). 

8-2-15-2- Induction of aspirin tolerance 
ln aspirin-intolerant patients sufTering from rhinosi

nusitis and asthma, a state of aspirin tolerance can be 
induced and maintained by aspirin desensitisation. Small 
incremental oral doses of aspirin arc ingested over the 
course of 2 to 3 days until 400 to 650 mg of aspirin is to!-
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erated. Aspirin can then be administered daily, with doses 
of 80 to 325 mg used to maintain desensitisation. After 
each dose of aspirin, there is a refracto1y period of 2 to 5 
days, during which aspirin and other COX inhibitors can 
be taken with impunity. However, stopping the treatment 
tor longer may be dangerous since new administrations of 
aspirin or another NSAJD can induce symptoms as severe 
as before tolerance. Tllis is important for patients with 
aspirin intolerance who have degenerative joint diseases, 
rheumatic diseases and headaches, and as a preventive 
measure for the treatment of vascu Jar diseases (2463 ). 

Bronchial and nasal routes have also been used in 
aspirin desensitisation (2464 ). 

The clinical benefits of aspirin tolerance on asthma 
and rhinitis are not clear. Most studies did not show a 
long-term improvement. During the state of aspirin 
desensitisation, if the aspirin dose is increased to 650 mg 
BID and is taken continuously, some patients may expe
rience an improvement in their cluonic respiratory symp
toms and signs, especially in the nose ( J 48, 2463, 2464). 
The ideal candidate for tllis treatment may be a patient 
with aspirin-induced asthma who has just completed 
sinus/polyp surgery. Aspirin desensitisation treatment 
was shown to delay the recunence of nasal polyp fomla
tion by an average of 6 years . 

The mechanism of aspirin desensitisation in patients 
with aspirin-induced asthma is only prutially understood. 
lt may lead to a reduction of airway responsiveness to 
LTE4 because of the down regulation ofCysLT receptors, 
which reduces receptor responsiveness to the same bur
den ofCysLT At acute desensitisation, urinaty LT levels 
are the same as baseline levels and are therefore clearly 
available for the stimulation ofCysLT receptors . Patients 
maintained for months in a state of aspirin desensitisa
tion still respond to oral aspirin challenge with a rise in 
LTE" urinary excretion, although the responses were 
blunted when compared with the original aspirin chal
lenges and the patients were all asymptomatic. 

8-3- ALLERGEN SPECIFIC IMMUNOTHERAPY: 
THERAPEUTIC VACCINES FOR ALLERGIC 
DISEASES 

8-3-1 - Introduction 

Allergen specific immunotherapy is the practice of 
administering gmdually increasing quantities of an allergen 
vaccine to an allergic subject in order to ameliorate symp
toms associated with subsequent exposure to the causative 
allergen. Allergen immunotherapy was introduced in 1911 
by Noon and Freeman to treat "pollinosis" or allergic chiLli
tis (1301). There is good evidence that immunotherapy 
using inhalant allergens to u·ear seasonal or perennial aller
gic rhinitis and asthma is clinically effective. 

Guidelines and indications for specific immunotherapy 
with inhalant allergens have been published over the past 
years by WHO (2465, 2466), the European Academy of 
Allergy and Clinical Immunology (EAACI) (2467-2469), 
the International Consensus Report on Asthma (35), the 
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Global Slrategy for Asthma Management and Prevention 
(36), the International Consensus Report on Rhinitis (1), 
the British Society for Allergy and Clinical Immunology 
(2470), the American Academy of Allergy, Asthma and 
Immunology (AAAAI) and the American College of 
Allergy, Asthma and Immunology (ACAAI) (2471). 
These reporl~ provide guidelines for a better understand
ing of the use of allergen specific immunotherapy. 

Vaccines are utilised in medicine as immune modifiers, 
as is allergen specific immunotherapy Knowledge gained 
!rom studies of allergic mechanisms, such as the impor
tance of Th I and Th2 cells, cytokine regulation of the 
inunune responses and specific inhibition or ablation of 
pathogenic immune responses by means of tolerance 
induction, may be applicable to a variety of allergic and 
other inununological diseases. Tllis is especially tlUe for 
autoimmune diseases such as juvenile diabetes mellitus and 
mullipk sdcrosis. Thus, the concepts utilised and the sci
entific data which support the use of allergen inmmnother
apy to treat allergic diseases are now being scientifically 
applied to other immunological diseases. The recent WHO 
position paper has therefore been enti tied "Allergen 
Immunotherapy, Therapeutic Vaccines for Allergic Dis
eases" to indicate that vaccines (allergen exu-acts) wllich 
modify or down regulate the immune response for allergic 
discuses an:: part ur this broad based category or therapies 
developed to treat other inmmnological diseases (2466). 

8-3-2- Treatment strategy 

The treatment strategy of allergic rhinitis implies 
symptom reduction by drugs and attempts to interfere in 
the inflanunatory cascade by anti-inflammatory dtugs or 
specific immunotherapy. The relative advantage of these 
two different inte1ventions is unknown, but theoretically, 
combining interventions at different levels should 
improve the clinical outcome. Allergen avoidance is 
always the first-line treatment and, although not com
pletely effective (1621), it may reduce the need for fi.mher 
intervention. Drug treatment is often the next logical step 
for reducing disease severity. However, in patients with a 
constant need for pharmacotherapy, the advantages of 
instituting specific immunotherapy early in the evolution 
of the disease (e.g. while the severity of the disease is still 
modest and at a rime when the possibility to prevent dete
rioration into asthma is at its highest) should be seriously 
considered (2466, 2469, 2472). Immunotherapy can sig
nificantly reduce the severity or allergic disease and the 
need for anti-allergic dmgs, consequently improving the 
quality of life for allergic patients (24 73 ). 

A significant proportion of rhirutis patients have min
imal persistent inflammation during allergen exposure in 
the lower airways (9). This inflammation is often under
diagnosed and therefore inadequately treated. Specific 
immunotherapy might, as the only treatment, improve 
inflammation independently of the shock organ. Allergen 
induced lgE-mediated inflammation should therefore be 
seen as a multi-organ disease and specific immunothera
py should be hascd on the allergen sensilisation rather 
than on the specific disease (2466). 
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ln many patients, drug treatment insufficiently con
trols symptoms, and patient satisfaction is poor (2474). 
Moreover, some patients experience side effects from 
drugs. Specific immunotherapy was shown to improve 
symptoms and decrease the medication needs of patients 
with severe rbinoconjunctivitis (2475). 

The advantages of combining allergen avoidance, spe
cific immunotherapy and drug treatment require further 
investigations. 

8-3-3- Allergen standardisation 

The quality of the allergen vaccine is critical for both 
diagnosis and treatment. Where possible, s tandardised 
vaccines of known potency and shelf-life should be used 
(2476). The most common vaccines used in clinical aller
gy practice are now available as standardised products or 
are pending standardisation. However, there are many 
vaccines currently being marketed (many of which arc 
only used occasionally) and it is neither feasible nor eco
nomically possible to standardise all of them. The mea
surement of major allergens for standardisation is now a 
realistic and desirable goal (2466, 2477). Several aller
gen units arc used. Among them are the following: 

IU (intemational unit), 
AU (allergy urut), 

• BAU (biological allergy unit), 
• BU (biological unit), 
• IR (index of reactivity), 

TU (therapeutic unit). 

ln the European Pharmacopeia, allergen preparations 
for specific immunotherapy include (2476): 

unmoditied vaccines, 
• vaccines modified chemically (e.g. formaldehyde 

allergoids ), 
• vaccines modified by adsorption onto different cani

ers (so-called depot-vaccines). 

Modified and depot vaccines have been developed to 
make specific immunothetapy more effective and to 
reduce the Jisk of side effects. 

Allergen vaccines should be marketed only if their 
potency, composition and stability have been doctlment
ed as: 

vaccines from a single source material, 
mixtures of related, cross-reacting allergen vaccines 
such as grass pollen vaccines, deciduous tree pollen 
vaccines, related ragweed pollen vaccines and related 
mJte vaccines 

• mixtures of other allergen vaccines provided that sta
bility data (2478) and data on clinical efficacy are 
available . Where mixtures are marketed, the relative 
amounts of each component of the mixture should be 
indicated on the label. 

8-3-4- Mechanisms 

Specific immunotherapy is specific to the antigen 
administered (2479). The mechanisms uf specific 
immunotherapy are complex (2480, 2481) and may dif-

MEDA_APTX01331527 
SUBJECT TO STIPULATED PROTECTIVE ORDER 

PTX0326-0011 0 
CIPLA LTD. EXHIBIT 2009 PAGE 110



S242 Bousquet and the ARIA Workshop Group 

fer depending on the allergen (venoms or inhalant aller
gens) and the route of immunisation. 

Early studies focused on immunoglobulin levels (lgE, 
lgG and IgG subclasses) (2482, 2483) and, in particu
lar, on the so-called "blocking" lgG (2484 ). It seems 
however that clinical benefit is not associated with 
immunoglobulin levels (2485). It is however possible 
that the binding capacity of immunoglobulins is mod
ified during specific immunotherapy. Data are lacking 
to confinn this hypothesis. 
Newer studies suggest that specific immunotherapy 
acts by modifYing T-cell responses either by immune 
deviation (increase in ThO/Thl), by T-cell anergy 
(decrease in Th2/Th0) or, more likely, by both (2486-
2489). The role ofiL-10 maybe of importance (2490). 
Systemic and local increases in cos+ cells have also 
been observed (2491 ). 
Specific immunotherapy also reduces inflammatory 
cell recmitment and activation as well as mediator 
secretion (2492-2495). 
The mechanisms of local immunotherapy are still 
unclear, but a systemic effect is likely since semm 
immunoglobulin changes can be seen. The role of this 
form of treatment on the Th1fTh2 cytokine network 
needs fmther studies (2496). 

8-3-5- Clinical efficacy 

8-3-5-1- Subcutaneous immunotherapy 
Immunotherapy dosing raises contrasting efficacy and 

safety issues. Low dose specific immunotherapy is ineffec
tive (2497, 2498) and high doses of allergen vaccine may 
induce a high and unacceptable rate of systemic reactions 
(2499). lL has been proposed that optimal doses of vaccines 
be provided either in biological units or in the weight of 
major allergens present (2466). The optimal dose is defined 
as the dose of allergen vaccine, which induces a clinically 
relevant effect in the majority of patients without causing 
unacceptable side effects (2500). Doses of 5 to 20 j.lg of the 
major allergen are optimal for most allergen vaccines (for 
review see 2466). The majority of patients with allergic dis
ease can tolerate this target dose without ditl:iculty. Howev
er, in selected individuals who have experienced reactions 
during their build up treatment phase, a lower maintenance 
dose may be necessary. As with any therapeutic approach, 
the risk-benefit ratio must be carefully considered to deter
mine whether specific immunotherapy should be continued. 

The efficacy ofsubculaneous specific immunotherapy 
has been documented in most double-blind, placebo
controlled srudies published in allergic rhinitis (and usu
ally also conjunctivitis) when induced by: 
• birch and Betulaceae pollen (2495, 2501), 
• grass pollen (2475, 2485, 2493, 2502-2514), 

ragweed pollen (2479, 2499, 2515-2523), 
• Parietaria pollen (2524-2527), 

a Few other pollen species (2528, 2529), 
house dust-mite (2530-2535), 
em. Many studies found that bronchial symptoms 
improve during cal specific immunotherapy (2536-
2541), bm nasal symptoms were not monitored. 
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Because cat specific immunotherapy is effective for 
asthma, it is likely that it is also effective for rhinitis. 

• The mould Alternaria (1609). Titere is no study for 
Cladosporium immunotherapy for rhinitis. 
Specific immunotherapy with house dust, Candida 
albicans, bacterial vaccines (2542) or other undefined 
allergens is ineffective and not recommended (for 
review see 2466). 

Tn 43 placeho-controlled, douhle-hlind studies, subcuta
neous specific immunotherapy was compared with place
bo treatment. Immunotherapy resulted in a mean reduction 
in symptoms of 45%, compared with placebo. This is 
equivalent to, or even better than, the efficacy obtained 
with most drugs (2543). A recent meta-analysis using the 
Cochrane collaboration method showed that specific 
immunotherapy is effective in treating asthma (2544). 

8-3-5-2- Nasal immunotherapy 
The efficacy of high allergen dose intranasal specific 

immunotherapy has been documented in most double
blind, placebo-controlled studies canied out in allergic 
rhinitis (and oflen also conjunctivitis) when induced by: 
• birch and alder pollen (2545, 2546), 
• grass pollen (2547-2550), 
• ragweed pollen (2551-2556), 
• Parietaria pollen (2557-2560) 
• house dust mite (2561). 

Lower doses are not effective. 

8-3-5-3- Sublingual-swallow immunothe•·apy 
Efficacy of high allergen dose sublingual-swallow 

specific immunotherapy (at least 50 to 100 times the 
cumulative dose of subcutaneous immunotherapy) has 
been documented in double-blind, placebo-controlled 
studies canied out in allergic rhinitis to 
• birch pollen (2562), 
• grass pollen (2563-2566), 
• Parietaria pollen (2560, 2567-2569), 
• house dust mite (2473, 2570-2572). 

Lower doses are not effective. 

In one study, sublingual-swallow specific immuno-ther
apy was found to be slightly less etiective than subcuta
neous specific immunotherapy, but still showed a clinically 
relevant efficacy (2570). However, new data are pending 
and no firm conclusion concerning the relative efficacy of 
both fom1s can be drawn before the results of these studies. 

8-3-5-4- Oral immunotherapy 
Tht: eillcacy of oml specific immunotht:rapy in rhini

tis has been documented in some (2573) but not all dou
ble-blind, placebo-controlled studies (2574-2578). 

8-3-6- Side effects 

8-3-6-1- Subcutaneous immunotherapy 
Subcutaneous specific immunotherapy can cause sys

temic allergic reactions. The risk of seriotts anaphylactic 
reactions is lower in rhinitis patients than in asthma 
patients (2466, 2579, 2580). 
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ln a recent review (2543), approximately 20% of the 
studies on immunotherapy efficacy did not provide 
infmmation about side effects. ln about 20% of the stud
ies, no systemic side effects were rep01ted. In all the 
studies, the mean frequency of systemic side effects was 
I 4%, with the majority being rather mild with few life
threatening reactions. 

However, systemic reactions represent a general lim
itation in the use of specific immunotherapy. There
fore, such strategies have to be carried out by a spe
cialist who is aware of the risks. Injections should be 
performed or supervised by physicians who are able to 
effectively treat systemic reactions (2466, 2468). 
Major side effects include severe asthma and anaphy
laxis (2581, 2582). It is therefore important to min
imise risks (Table 18). 

8-3-6-2- Local immunotherapy 
With intranasal specific immunotherapy, the only 

reported systemic side effect is asthma (probably caused 
by an inco!Tect administration of allergen vaccine). 

ln one study with sublingual specific immunotherapy, 
some serious systemic side effects (asthma, urticaria and 
gasLrointcstinal complaints) were observed in children 
(2572). However, in all other studies, only mild reactions 
were observed, even in children with asthma (2473, 
2562-2571, 2583). A post-marketing surveillance of sub
lingual-swallow specific immunotherapy showed that 
this procedme appeared to be well tolerated in children 
(2584). 

Since local specitic immunotherapy is self-administered 
at home, prrtients shmJlcl be informed of the potential 
risks of a syste1nic reaction and how to treat such a reac
tion should it occur (2466). 

8-3-7- Immunotherapy alters the natural 
course of allergic disease and may prevent 
asthma 

Although dmgs are highly effective and usually well 
tolerated, they only represent symptomatic treatment. 
Specific immunotherapy is the only treatment that may 
alter the natural cuu1 s~ of the disease (2466). 

Long-tem1 efficacy of specific immunotherapy after it 
has been stopped has been shown for sub-cutaneous spe
cific immunotherapy (2585-2589). ln one study (2589), 
under double-blind, placebo-controlled conditions, 3-4 
years uf grass pollen immunotherapy r~maincd effective 
for at least 3 years after the discontinuation of the injec
tions. ln both the grm1p that received maintenance 
immunotherapy and the group that discontinued 
immunotherapy, clinical improvement was accompanied 
by a notable decrease in the late skin test response to aller
gen challenge. The results confmn prolonged clinical ben
et!t and provide evidence of decreased immunological 
reactivity for at least 3 years after the discontinuation of 
immunotherapy for pollen-induced seasonal allergic rhini
tis . In the st11dy concerning ragweed-sensitive patients by 
Naclerio el a/. (25RR), the discontinuation of immunother
apy was accompanied by a partial recmdescence of imme-
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TABLE 18: Recommendations to minimise risk and 
improve efficacy of immunotherapy. From the Inter
national Consensus Report on Diagnosis and Man
agement of Asthma 

Specific immw101herapy needs to be prescribed by speciolists 
and administered by physicians trained to manage syslemic 
reaclions if lmapbylaxis ocl:urs 

Patients with multiple sensitivities may not benefit from 

specific immunotherapy as much as patients with a single 
sensitivity. More data are necessai)'. 

Patients with non-allergic triggers will not benefit from 

specitic immunotherapy. 
Specific imnmnotberapy is more effective in children and 

young adults than in later life 
It is essential, for safety reasons, that patients should be 

asymptomatic allhc Lime uf U1c injeclions because Lethal 
adverse reacrions are more ofren fow1d in asthma patients 
with seven: airways obstruction. 

FEY 1 with pharmacoJugicuJ treatment shoulJ reach at leasl 
70% of lhe predicled values, for bolh efficacy and safety 
ret~ sons 

from (35) 

diate allergen-induced responses, even though there was a 
continued suppression of symptoms. ln a retrospective 
study of mite-sensitive children, immunotherapy, when 
continued for more than 3 years, was associated with a 
more prolonged remission of symptoms when compared 
to patients who had received immunotherapy for less than 
3 yeru-s (2587) Long-tcm1 ctlicacy still has to be docu
mented for local specific immunotherapy (2590). 

Specific immunotherapy is used to improve the symp
toms of allergic diseases but it may have a preventive effi
cacy. Allergic scnsitisation usually begins early in life and 
symptoms often start within the fU'st decade. It has been 
shown that specific immunotherapy is Jess effective in 
older patients than in children. ln addition, inflammation 
and remodelling of the ailways in asthma indicates a poor 
prognosis for effective tn:atm~nl with spe~.:ili~.: immuno
therapy (2591). Moreover, if specific immunotherapy is 
\lsed as preventive treatment, it should be staned as soon as 
allergy has been diagnosed (24 72). 

To detem1ine whether specific immunotherapy with 
standardised allergen vaccim:s could prevent the develop
ment of new sensitisations over a 3 year follow-up sw-vey, 
a prospective non-randomised study was earned out in a 
population of asthmatic children aged under 6 years whose 
only allergic sensitivity was to house dust mites (2592). In 
tltis study, 22 children who were monosensitised to house 
dust ntites and who were receiving specific immunothera
py with standardised allergen vaccines were compared 
with 22 children uf the same age who were monosensi
tised to house dust ntites and who were taken as conu·ols. 
Approximately 45% of the children receiving specific 
immunotherapy did not develop new sensitivities com
pared to none in the control group. This srudy suggested 
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TABLE 19: Considerations tor initiating immunother
apy. From the WHO Position Paper on Allergen Vac

cines 

1- Presence of a demonstrated IgE-rned.iated disease: 

-positive skin tests and/or serum specific lgE 
2- Documentation that specific sensitivity is involved in 

symptoms: 
- exposure to the aUergen(s) determined by allergy testing 
related to appearance of symptoms 
- if required, allergen challenge with the relevant 

allergen(s) 
3- Characterisation of oU1er triggers that may be involved in 

symptoms 
4- Severity and duration of symptoms: 

- subjectjve symptoms 
-objective parameters e.g work loss, school absenteeism 
-pulmonary function (essential): exclude patients with 

severe asthma 
. -monitoring of pulmonary function by peak flow 

5- Response of symptoms to non-immunological treatment: 
-response to allergen avoidance 
-response to pharmacotherapy 

6- Availability of standardised or high quality vaccines 
7- Relative contraindications: 

-treatment witl1 ~-blocker 
-other imnnmologicnl disease 
- inability of patients lo comply 

8- Sociological factors: 
-cost 
- occupation of candidate 
-impaired quality of life despite adequate pharmacological 

treatment 
9-0bjective evidence of efficacy ofimmunotl1erapy for the 

selected patient (availability of conn·olled cUoical sn1dies) 

Adapled from Bousquel J. Lockey R. Malting H WHO position paper. 
/\ll e~en lmmtl110tl1er.1py: lhempeu tic Vilccincs for allergic cii sease..;; Aller
gy JlNX ;~U(suppJ .14) Witl1 penniF...;ion tTom Hlockwcll Science l.tcl 

that specific immunotherapy in patients monosensitised to 
house dust mites alters the natural course of allergy in pre
venting the development of new sensitisations. 

When specific immunotherapy is introduced to 
patients with only allergic rhino-conjunctivitis, specific 
immunotherapy may stop the development. of asthma. 
The early study of Johnstone and Dutton (2593) with 
several dilferenl allergens showed that 28% of children 
receiving spt:cilic immunotherapy developed asthma as 
compared to 78% of placebo-treated children. To answer 
the question "does specific allergen immunotherapy stop 
the development of asthma?", the Preventive Allergy 
Treatment (PAT) study has been started in children aged 
from 7 to 13 (2594, 2595). This study is performed as a 
multi-centre study in Austria, Denmark, Finland, Ger
many and Sweden. After two years of specific immuno
therapy, a significantly greater number of children in the 
control group developed asthma as compared to the 
active specific immunotherapy group. 

ll is therefore proposed that specific immunotherapy 
should be started early in the disease process in order to 
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modify the spontaneous long-term progress of the aller
gic inflammation and disease (1461, 2466, 2468). 

8-3-8- Indications 

8-3-8-1- General considerations 
Double-blind, placebo-controlled studies have con

firmed the efficacy of immunotherapy. Clinical efficacy 
does not necessarily mean clinical indication, especially 
since controlled trials of immunotherapy are optimally 
designed and may not always he applicable to daily med
ical practice. Safe and effective pharmacological treatment 
is also available for the treatment of allergic diseases. 
Thus, before starting immunotherapy, it is essential to 
appreciate the value of allergen avoidance, phannacother
apy and immunotherapy. Certain factors must be consid
ered before beginning immunothempy (2466): 
• demonstration that the disease is due to an lgE

mediated allergy (Table 19), 
• detemlination of all the symptoms caused by the allergens, 
• assessment of the allergen exposure and, before initi

ating immunotherapy, attempt at avoiding exposure to 
the allergen(s) which are causing the symptoms of the 
lgE-mediated reaction. However, most common 
aeroallergens cannot be completely avoided, and this 
is particularly true for patients allergic to house dust 
mites or to multiple allergens, 
potential severity of the disease to be treated, 

• efficacy of available treatment modalities, 
• patient's attitude to available treatment modalities, 
• quality of allergen vaccines used for treatment When 

possible, standardised allergens should be utilised, 
• cost and dumtion of each form of treatment, 
• risk incurred !rom the allergic diseases and the various 

forms of treatment. 
• finally, assessment of the patient's attitude to treating 

symptoms versus trying to interfere with the palho
physiology of the disease, and discussion with the 
patient of u·eatment alternatives. The patient (and the 
parents in the case of children) should be carefully 
informed of the risk, duration and effectiveness of the 
treatment. Their co-operation and compliance are 
absolute requirements when considering specific 
immunotherapy (40, 2466, 2468). 

The indications for specific immunotherapy in asthma 
and rhinitis have been separated in some guidelines and 
this artificial separation has led to unresolved questions 
(2596, 2597), possibly because the lgE-mediated reac
tion has not been considered as a multiple organ involve
ment. It is therefore important to consider specific 
immunotherapy based 011 the allergen sensitisation rather 
than on a particular disease manifestation (2466). 

Young patients (children) respond better than adults, 
especially for asthma (2591 ). This is probably related to 
tbe duration of the disease, implying that attempts to 
interfere with the natural course ofthe disease should be 
introduced at a time where the patient has the capacity 
to respond positively. In this way, specific immunother
apy does not take the position of being an ultimate treat-
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ment principle, but represents a supplement to dn1g 
trcatmmt used in the early phase of the disease. 

Some paediatricians recommend injection specific 
immunotherapy in children at 1-2 years of age, but it is 
desirable to evaluate more closely in controlled studies 
the benelits of specific immunotherapy in patients below 
5 years of age. At the moment, it is not known whether 
specific immunotherapy should be administered to very 
young children. Usually it is started atler the age of 5 
years ( l 4/i I, 24t'it'i, 24t'iR). 

8-3-8-2- Subcutaneous immunotherapy 
Injection specific immunotherapy is indicated (24t'it'i): 
in carefully selected patients with rhinitis, conjunctivi
tis and/or asthma caused by pollen, house dust mite or 
cat allergy. Immunotherapy is indicated when asthma 
during the pollen season complicates rhinoconjunc
tivitis. British guidelines on immunotherapy state that 
p~ticnts with chronic ~sthm~ should not receive 
immunotherapy (2470), but this is the only country 
with such a recommendation. 

• in patients in whom H J -antihistamines and intranasal 
pharmacotherapy insufficiently control symptoms, 

• in patients who do nul wish to be on pha.tmacolherapy, 
in patient~ in whom pharmacotherapy produces unde
sirable side effects, 

• in patients who do nul want to receive long-te1m phar
macological treatment 

8-3-8-3- Local immunotherapy 
Local nasal and high dose sublingual-swallow specif

ic immunotherapy may be indicated in (2466, 2469): 
• carefully selected patients with rhinitis, conjunctivitis 

and/or asthma caused by pollen and mite allergy, 
• patients insufficiently controlled by conventional 

phannacotherapy, 
• patients who have presented with systemic reactions 

during injection specific immunotherapy, 
• patients showing poor compliance with or refusal to 

injections. 

llowever, the dose of vaccine shottld be far higher than 
for sub~utaneuus immunolht:rapy and, at least for sublin
gual immunotherapy, the cumulative dose should be 100 
times greater, or more. 

In the WHO and EAACI position papers (2466, 
2469), only four studies were available for sublingual 
immunotherapy, and due to the side etrects reported in 
one paper, sttblingual specific immunotherapy was not 
recommended in children. Several other papers have 
now been published and pharmacosurvcillancc data 
have shown that sublingtwl specific immunotherapy 
does not induce severe side effects in children. In this 
Position Paper, it is proposed that sublingual specific 
immunotherapy can be administered in children and 
adults. 

8-3-9- Relative contraindications 

Relative contraindications for immunotherapy include 
(2468): 
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• serious immunopathological and immunodeficiency 
diseases, 

• malignancy, 
• severe psychological disorders, 
• treatment with ~-blockers, even when administered 

topically, 
• poor compliance, 

severe asthma uncontwlled by pharmacotherapy 
and/or patients with irreversible ai1ways obstmction 
(FEY, is consistently under 70% of predicted values 
after adequate phmmacological treatment) (35), 

• significant cardiovascular diseases which increase the 
risk of side effects from epinephrine, 

• children under 5 years of age unless there are specific 
indications (35, 1461, 2466). 

Pregnancy is not considered as a contraindication for 
the continuation uf immunotherapy, but, in general, treat
ment should not be started during pregnancy. 

8-3-10- Recommendations 

• In order to make the patient as symptom- free as possi
ble, immunotherapy is indicated as a supplement to 
allergen avoidance and as a drug treatment in patiet1ts 
with rhinitis predominantly induced by dominating 
allergens. 

• Immunotherapy should be initiated eaJ·ly in the disease 
process to reduce the risk of side etlecls and to prevent 
the further development of severe disease. Arguments 
tor specific immunotherapy are: 
• Tnsufficient response to conventional phmmacotherapy, 
• side effects from dmgs 
• rejection of dmg treatment. 

• Injection (subcutaneous) specific immunotherapy 
may be used in severe or prolonged allergic rhi11itis 
(eventually associated with asthma), 

• Local (intranasal and sublingual-swallow) specific 
immunotherapy may be considered in selected 
patients with systemic side effects and with refusal to 
injection treatment. 

8-4- FUTURE POTENTIAL TREATMENT 
MODALITIES 

The management of allergic rhinitis can be divided 
into three basic approaches, namely allergen avoidance, 
phmmacothcrapy (2598) and specific immunoth~rapy. 

Health economics is becoming an increasing fun
damental consideration for any novel approach. This 
has to take into account the disease burden, the cost, 
efficacy and side effect profile of current standard 
therapies and the impact and potential advantages of 
any development as well as the cost of its applica
tion. There are a variety of novel approaches cur
rently under evaluation for the modification of aller
gic inflammation at differing stages of development. 
These range from their evaluation in in vitro cell sys
tems and assessment in animal models to human 
clinical trial evaluation. The potential use of these 
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therapies would have to be considered against H !
antihistamines and intranasal glucocorticosteroids 
(the two main pharmacological therapies for allergic 
rhinitis), as well as on their profile against other co
existing allergic conditions such as asthma. Research 
in this area has been driven by a search for disease 
modifying therapies for asthma, a disease condition 
that would bear a higher therapeutic cost on account 
of its life-threatening nature and health care costs 
(indirect and direct). Thus, any future approaches to 
rhinitis management would have to be considered as 
to whether they would be utilised both for rhinitis 
and asthma or for rhinitis alone. 

Jt is apparent from the review on allergen avoidance 
that liltle has been fonnally undertaken to assess the ben
efits of this in allergic rhinitis, particularly perennial 
allergic rhinitis associated with sensitisation to indoor 
allergens. The widespread benel.il of such an approach is 
appealing and warrants the initial cost if proven to be 
helpful, whereas such an initiative pmely for rhinitis may 
be considered uneconomic. On the other hand, in patients 
with rhinitis and asthma, such an approach is more eco
nomically sound. 

8-4-1- Rhinitis with asthma 

A high percentage of asthmatics have coincidental 
rhinitis and so treatment for asthma that is also beneficial 
for rhinitis would be applicable to many patients with 
asthma. Such approaches include humanised monoclo
nal antibodies against IgE. 

8-4-1-1- Humanised monoclonal antibodies against 
IgE 

Three companies, Genentech, Nova.rtis Phanna AG 
and Tanox Biosystems, have focused their efforts 
towards the strategy ofami-IgE therapy, and monoclonal 
antibodies against human IgE have been raised (e.g. rhu
Mab-E25 and CGP 51901). However, only one of these 
mAbs is currently developed for I he treatment of rhinitis 
and asthma. 

A monoclonal antibody was raised against the CE3 
domain of lgE molecules (MAE II). This region of the 
lgE molecule is involved in the binding of IgE to its 
receptors (FcERl). The complexing of free JgE with 
MAE!! prior to the linking with FceRI prevents cross
linking of receptors (via antigen). It also prevents acti
vation of mast cells and basophils (2599). MAE! 1 
binds only to free lgE and not to FcERI bound JgE. 
Thus, MAE! I does not activate cells bearing FcERI. 
This characteristic is required in order to achieve a pro
longed pharmacological effect without inducing ana
phylaxis (2600). Hybridoma technology enables the 
creation of rodent monoclonal antibodies but these have 
limited clinical utility (2601). Humanised antibodies 
have improved pharmacokinetics, reduced immuno
genicity and have already been used during clinical tri
als. MAE11 was therefore humanised and the best of 
several humanised variants, version 25 (Rhu-MAb
E25), was selected (2599). Based on previous studies, it 
appeared likely that FcERT expression on basophils and 
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mast cells is regulated by levels of circulating lgE anti
bodies. Treatment with the anti-IgE MAb decreased 
free lgE levels to 1% of pre-treatment levels and also 
resulted in a marked down-regulation of FcERl on 
basophils (2602). This effect is reversible in vitro and in 
vivo (2603 ). 

Another chimeric anti-lgE antibody has been raised 
and was found to have similar properties in animals 
(2604, 2605). 

A study was carried out using rhu-Mah-E25 mAh in 
the treatment of ragweed pollen induced rhinitis. The 
effect of the rhu-Mab-E25 mAb was small, probably 
because the dose infused was insufficient (2606). Only 
the patients with a dose of 300 mg of rhu-Mab-E25 
every 4 weeks had a reduction of HI-antihistamine use 
which was over 60% greater than that of the placebo. 
Furthermore, symptoms were reduced by over 20%. 
Olhcr data arc therefore needed using the proper dose. 
The efficacy, phannacodynam.ics and pharmacokinetics 
ofCGP 51901 were evaluated for 153 patients with sea
sonal allergic rhinitis treated with placebo or with 15, 
30 or 60 mg of CGP 51901 in six bi-weekly doses 
(2607). Clinical efficacy was demonstrated in this 
sn1dy, but the magnitude of the effect and the effective
ness of anti-IgE mAb in comparison to classical treat
ment have to be established. 

Rhu-Mab-E25 mAb has been tested in asthma and 
proof of concept was found since rhu-Mab-E25 inhibited 
the late-phase allergic reaction following allergen 
bronchial challenge (2608-2610). Moreover, in moderate 
to severe asthma, a recent study con filmed that rhu-Mab
E25 mAb was able to reduce oral and inhaled cortico
steroids and improve quality of life (2611 ). 

The safety of any novel therapy for asthma and aller
gic diseases is crilical since these diseases are rarely 
lelhal. Short-lerm safety was examined in three studies. 
CGP 51901 was well tolerated and only one subject had 
a weak antibody response against the mi\b (2612). RJtu
MAb-E25 has been administered to over 3,000 patients 
for periods of up to one year and no serious adverse event 
has occuned. Moreover, there was no development of 
antibodies against Rhu-MAb-E25. Another safety issue 
is the theoretical outcome of tissue damage resulting 
from increased serum concentrations of Rhu-MAb
E25/IgE immune complexes. This does not seem to occur 
in these srudies. 

8-4-1-2- Inhibition of eosinophilic inflammation 
Many novel treatments for asthma are based on an 

inhibition of eosinophil development or tissue recruit
ment Such approaches indudt.:: 
• monoclonal antibodies against IL-5 (2613, 2614 ), 
• soluble IL-4 receptors (2615), 
• inhibitors of chemokines such as RANTES and cotax

in (2616, 2617), 
• chemokine receptor inhibitors, in particular the CCR3 

receptor, inhibitors of adhesion molecule activity, 
either as receptor antagonists or as soluble receptors, 

• ligand inhibiwrs such as VLA-4 antagonists (2618). 
As VLA-4 is involved in basophil and T-lymphocyte 
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recruitment as well as in eosinophil recruitment, this 
may have a greater potential as oral therapy (2619). 

Although allergic rhinitis is associated with tissue 
eosinopbil recruitment, there is little evidence to link 
eosinophil recmitment and activation with clinical dis
ease expression. This will be clarified only when specif
ic inhibitors of eosinophil recruitment and activation are 
assessed, such as anti-IL-5. However, it is unlikely that 
such treatments will have a widespread effect for rhiniti.~. 

8-4-1-3- Inhibition of allergic inllammation 
The major effector cells for clinical symptom expres

sion appear to be basophils and mast cells. The develop
ment of effective inhibitors of degranulation, such as ion 
channel inhibitors (2620) and specific adenosine receptor 
antagonists (2621 ), are under evaluation. TI1e recruitment 
of these cells in addition to involving chemokines and 
leukocyte endothelial cell adhesion molecule upregula
tion involves cytokine release from mast cells and T-cells. 

Different approaches to the inhibition ofT-cell activa
tion are lmder development. These include the modifica
tion of antigen presentation to inhibitors of the T-cell 
receptor and the modification of accessory molecule 
expression, such as with the CTLA4 fusion protein 
(2622, 2623). These have yet to be evaluated in rhinitis 

8-4-1-4- Specific immunotherapy 
Approaches to immune modification by specific 

immunotherapy or developments from these approaches 
are also under consideration (2624). In addition to 
improved allergen vaccines, these include: 
o recombinant allergens (21i25, 21i21i), 
o peptide vaccines (2627-2629), 
o the usc of IL-12 as an adjuvant with speciiic 

immunotherapy, 
o bacterial or mycobacterial products to stimulate Th I 

response (2630-2632) 
o plasmid DNA encoding of antigen (2633-2635). 

8-4-2- Allergic rhinitis alone 

Once evaluated in persistent disease and if found to be 
effective, any of these approaches may be extended to 
s~:asonal all~:rgi~: dis~:asc. Any treatment for allergi~: 

rhinitis alone will have to measure up to intranasal glu 
cocorticosteroids or H !-antihistamines. New HI-antihis
tamines may be produced since the HI-receptor has 
recently been cloned and 30 structures have been 
deduced ( 1686). 

Glucocorticosteroids are the most effective ami
inflammatory treatment for asthma and rhinitis but more 
eiTcctive or safer products are needed (2636). Dissodatoo 
glucocorticosteroids may be of interest (263 7). There may 
well be differences in systemic bioavailability between 
different intranasal glucocmticosteroid preparations. 

One area currently under evaluation is the role of 
leukotriene receptor anLagonisLs, particularly in combi
nation with HI-antihistamines. Such a combination 
would modify two major mediators of allergic disease. 
Clinical trial evaluations of such a combination arc 
under way or planned. 
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Kinin antagonists are now available (2638) but their 
effect in rhinitis requires further study (2639, 2640). 

A final area of unexplained potential that phm maco
logical intervention will help clarity is that of the role of 
neuropcptidcs such as substance P and CGRP (2641). The 
development of tachykinin antagonists will provide clari
fication in this respect when evaluated in the clinical dis
ease situation. Intranasal capsaicin can stimulate sensory 
nerve tibres and may destroy cells of the c-aiTe1·ent (2642) 
or deplete neuropeptides (R I) . Intranasal capsaicin was 
shown to be an etl'ective treatment when tlsed tor up to 9 
months in patients with non-allergic rhinitis (954, IIi I 3). 

Immunotherapy is of proven benefit in seasonal aller
gic disease. At present, this is moreso limited to more 
severe disease but, on account of its potential to modifY 
disease expression, it is likely to be extended to the treat
ment of individuals with milder disease_ 

8-5- PRACTICAL GUIDELINES FOR THE 
TREATMENT OF ALLERGIC RHINITIS AND 
CO-MORBIDITIES 

8-5-1- Development of guidelines 

Clinicians can often find treatment recommendations 
in Lraditional nanativc reviews or in the discussion sec
tions of articles and meta-analyses. In traditional 
approaches where the collection and assessment of evi
dence remains unsystematic, all relevant options and out
comes may not be considered, and values remain implic
it and provide recommendations of weak rigour (21i43). 

lncreasing attention should be being paid to the 
methodology of guideline development aud the validity of 
guideline recommendations. While an increasingly rigor
ous approach is taken to guideline development, it is 
important to re-emphasise the central role of guidelines 
themselves, which is to help clinicians make better deci
sions. These guidelines are based on the best available 
published data and were proposed using the opinions of 
experts based on clinical trials or mechanistic approaches. 
However, it seems that "evidence-based medicine" 
(EBM) will be included in the analysis of new guidelines. 

"Evidence-based medicine" is a11 increasingly impor
tant concept which may become a new paradigm in med
icine (2644). It is the ability to track down, critically 
appraise (lor its validity and useti.1lness) and incorporate 
the information obtained from randomiscd trials in order 
to establish the clinical bases for diagnosis, prognosis 
and therapeutics (41 ). The increasing influence of EI3M 
is due parLly to the work of the Cochram: Collaboration. 
The importance of this collaboration needs to be stressed 
even though it has lead to some criticisms (2645-2648). 

Evidence-based medicine is amactive in its simplicity 
and few would argue with the philosophical concept. The 
reality of its application in primmy care may however be 
rather different. It may be diffict1lt to interpret evidence 
when it is available and to apply this evidence during 
consultation. Systematic reviews, which ncith~:r consider 
all relevant options and outcomes nor make the prefer-
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TABLE 20: Classification schemes of statements of 
evidence 

Category of evidence: 

In: evidence for meta-illlalysis ofmndomised controlled tri~ls 

lb: evidence from at least one randomised controlled trial 

lla: evidence from at least one controlled study without ran
domisution 

lib: evidence from at least one adler type of quasi
t:xperimt:nlal study 

III: evidence from non-experimental c.lescriptive studies, Stlch 

us cumparalivt! studies, correlation studies and cus~ 
t:outrol sludies 

IV: evidence from expcrl commitlee reports or opinions or 
clinical experience of respected authorities, or both 

Strength of recommendations: 

A: directly based on category l evidence 

B: directly based on category II evidence or extrapolated 
recommendation from category I evidence 

C: directly based on category Ill evidence or extrapolated 
recommendation from category l or lJ evidence 

D: directly based on category IV evidence or extrapolated 
recommendation from category l, ll or lii evidence 

From BMJ 1999;3 J 8:593-6, with pcnnission from the BMJ Publishing 
Group. 

cnces underlying recommcmlations explicit, oiTcr inter
mediate rigour recommendations (2643). Moreover, very 
few meta-analyses are available for the managemenl of 
rhinitis ( 1738). 

Despite wide promulgation, clinical practice guide
lines have had a limited effect on changing physician 
behaviour (2649-2651 ). Little is known about the 
process and factors involved in changing physician prac
tices in response to guidelines. Eve1y effort should be 
made to improve the implementation of guidelines at the 
general care level. 

The first point of contact for many patients presenting 
with allergy symptoms is the primary care physician. In 
the managed care system, Lhis initial primary care visit is 
essential. Guidelines for the primary care physician in 
diagnosing and treating rhinitis as well as in referring 
palienls lo allergy specialists were described (2652). 

8-5-2- Development of guidelines for rhinitis 

The 1994 guidelines (I) follow a stepwise approach in 
the treatment of allergic and non-allergic rhinitis. This 
seems to be the most practical approach for the general 
practitioner as well as for the specialist. 

ln J 999, the EAACJ proposed new guidelines (3) and, 
unlike Lhe 1994 guidelines ( 1), nOL only mild and moder
ate cases are considered but also severe ones. These 

HIGHLY CONFIDENTIAL-

J ALLERGY CLIN IMMUNOL 

NOVEMBER 2001 

guidelines are consequently also aimed at the general 
practitioner and the specialist. There are general remarks 
about "how to inte1pret" and "how to follow" the practi
cal guidelines for the treatment of rhinitis. 

In the present guidelines, the suggestions were made 
by a panel of experts and based on the literature data 
available as from December J 999. A full consensus was 
reached on all of the material presented in this position 
paper. The panel recognised that the suggestions it puts 
forward are valid for the majority of patients within a 
particular classification but that individual patient 
responses to a particular treatment may differ from the 
suggested therapy. 

It is assumed that a correct diagnosis is achieved 
before treatment. 

The statement of evidence for the development of 
these guidelines has followed WHO rules (Table 20) and 
is based on Shekelle eta/. (2653). 

The statements of evidence for the different treatment 
options of allergic rhinitis have been examined by the 
report panel (Tables 21 and 22). However, a slight modi
fication has been proposed since: 
• for mosl inlervenlions, placebo-controlled studies arc 

available, 
• there is evidence that neither physician nor patient can 

easily distinguish between an effective and an ineffec
tive procedure for allergic disease without perfonning 
a proper trial (2654 ). Although these considerations 
we1·e issued for allergen specific immunothempy, it 
seems that they also apply to other treatments of aller
gic rhinitis 

Thus, for double-blind studies with a placebo group, 
the level of evidence was classified as A, and as A* for 
double-blind studies without a placebo group. 
• For each intervention, the highest level of evidence 

was set from la to IV depending on the available stud
ies published in papers indexed in Medline and 
Embase according to the category of evidence pre
sented in Table 20. 

• ln Table 2 J, only the highest level of evidence for each 
intervention was reported. Thus, many studies with a 
lower level of evidence have not been listed in the 
Table. 

• In Table 21, the level of evidence was: 
• lb DB-PC: level of evidence Ib using double-blind, 

placebo-controlled studies 
o lb DB: level of evidence Ib using double-blind 

studies. 
o The strength of recommendation from A to D was 

based on Table 20 with a slight modification (Table 
22): 
o A: for meta-analyses (Ia) and for double-blind, 

placebo-controlled lb studies 
o A*: for double-blind Jb studies. 

8-5-2-1- Definition of terms 
It is necessary Lo deline "inLcrrniLtcnl", "persistent", 

"mild" and also "moderate-severe" (Table I). 
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TABLE 21: Level of evidence of different interventions in allergic rhinitis: Category of evidence 

level of !>easonnl perennial perennial 
intervention evidence seasonal adults children adults children 

Allergen avoidance 

house dust mites IV 1641, 1643, 
cals, dogs IV 1648 
cockroaches IV 1649, 1650. 
outdoor allergens IV 

latex IV 1651-55 . 
H 1 -antihistamine 

oral lb, DB-PC 1679, 1689, 1691, 1692, 1693, 1893, 1902, 1690, 1845, 1896, I S97 
1699,1816,1834,1835,1843, 1903,2024 1847, 1872, 
1844,1847,1848,1871, 1SR9, 1891,1895, 
1890, 1892, 1894, 1904, 1933-35, 1898, 1899, 
1972-74, 1982-85, 1987, 1999, 1936, 1937, 

2011' 2012, 2020-22, 2024, 2025, 1986, 2000, 
2036, 2037' 2040. 2041 

intranasal lh, DB-PC 2055, 2057-61, 2065, 2066, 2068, 2073. 2055, 2058-60. 2067. 2068. 2067, 2070 
inlm-ocular lb, DB-PC 2074, 2075, 2080, 2081. 2075, 2076. 

Glueocorlicosteroid lb, DB-PC 1284, 2090,2120,2143, 2169,2187, 2116,2120, 2210, 2248, 
intranasal 2144,2150,2160, 2188,2217, 2145,2147-48, 2264, 2265. 

2180, 2200-03, 2206-08, 2218, 2247, 2209,2211, 

2215, 2216,2228,2229, 2234, 2247, 2244-46, 2261, 
2235, 2239-43, 2255, 2256, 2260,2262, 2267 

2276,2277. 2263 
oral lb, DB-PC 2284 
IM lb, DB-PC 2282 

Chromonc 

intranasal Jb, DB-PC 1284, 1366, 2305-13, 2305, 2307-09, 2314-18 

2319-22, 2655. 2312,2313, 2656-59. 
2319-23, 2325 

in Ira-ocular lb, DB-PC 2326-29, 233 I, 2333 2327, 2328, 2330 2329 
2336-41. 2660. 2661 2336.2337,2340 

2341, 2345, 2660 
NAAUA intranasal Jb, DB-PC 2348 
Decongestant 

intranasal no data 

oral no datu 

Oral decongestant + lb, DB-PC 2380-82, 2386, 2388, 2380, 2386, 2388, 2384 
HJ-ontihistomine 2389, 239 J' 2393 2390 

Anti-cholinergic intranasal lb, DB-PC 2'110 2410 
CysLT antagonist lb, DB-PC 2422 

CysLT antagonist+ lb, DB-PC 2422 
1-1 J .antihi s~tmint! 

Anti-allergic dntgs lb, DB-PC 2424 
Homeopathy lb,DB 2428 
Acupuncture no data 

Chiropractic medicine no data 

Phyto~terapy no data 

Odter alternative medicine no data 

A ntibiolics no rlata 

Specific immunotherapy 

subcul:..~neous 

asthma Ia 2544 2544 2544 2544 
subcutaneous rhinitis lb, DB-PC 2475, 2479,2485,2493, 2485, 2493 1609,2530-35. 1609, 2533, 

+conjunctivitis 2495, 2499,2501-29 2501-04, 2664. 
inlranasal rhinilis lb, DB-PC 2545-59 2665 2561 

+ conjunctivitis 
sublingual rhinitis lb. DB-PC 2560, 2562, 2563, 2566-69. 2563, 2566, 2571 . 2572 

+conjunctivitis 2583. 

HIGHLY CONFIDENTIAL- MEDA_APTX01331535 
SUBJECT TO STIPULATED PROTECTIVE ORDER 

PTX0326-00118 
CIPLA LTD. EXHIBIT 2009 PAGE 118



S250 Bousquet and the ARIA Workshop Group J ALLERGY CLIN IMMUNOL 

NOVEMBER 2001 

TABLE 22: Level of evidence of different interventions in allergic rhinitis: Strength of recommendation 

intervention seasonal adults 

Allergen avoidance 
house dust mite~ 

cats, dogs 
cockroacbes 
outdoor a llet gens D 
latex 

1-1 1-antihistarnines 
oral A 

intrru1asaJ A 
intra-ocular A 

Glucocorticosteroid 
inlraJlasal A 
oral A 

IM A 
Chromones 

intranasal A 

intra-ocular ). 

NAAGA intranasal (a) A 
Decongestant 

intranasal 
oral 

Oral decongestant+ HI-antihistamine A 
Anti-cholinergic in tranasaJ 

CysLT antagonist A 
CysLT antagonist+ Hl-anlihislamine A 
Anti-allergic dntgs (a) A 
Homeopathy (o) A* 
Acupuncture: 
Chiropractic medicine 

Phytotl1empy 
Other altemative medicine 

A ntihiotics 
Specific immunotherapy 

subcutaneous 
asthma A 

subcutaneous 
rhinitis + conjunctivitis A 

inn·anasal (b) 
rhinitis+ conjunctivitis A 

sublingual (b) 
rhinilis + conjunclivjlis A 

A: I b DB-PC: level of evidence I b witl1 double-blind, placcbo-controllcrl sh1dies 

A''': lb DB: level of evidence Lb wit11 double-blind studies 
ll: Bnsed on a single study. More dnto Hre needed. 

b: Reconunendalion only applied to hlglt·dose vaccine. 

8-5-2-2- Availability of lrealment 
The guidelines are made on the presumption that the 

suggested treatments are available and affordable to the 
patient. There is a list of essential drugs published by 
WHO. It is important that all the major drugs needed in 
the lrealmenl of rhinitis should be available worldwide. 

The guidelines do not take the cost of treatment into 
account. They are made on the presumption that all treat
ments are readily available and financially alTordablc lo 
the patient (on health insurance). 
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D D 
D D 
D D 

D 
D 

A A A 

A A A 
A 

A A A 

A A 
A A 

A A 
A A 

A A A 

A A A 

A A 

A A 

8-5-3- The management of allergic rhinitis 

8-5-3-1- Pharmacological management of rhinitis 
8-5-3-1-1- iv!ild intermittent disease (COiljunctivitis 

not considered) 
Options (nul in prefen·ed order) are: 

• oral or intranasal Hl -antihistamines, 
• inu·anasal decongestants (for less than 10 days and not 

lobe repealed more Lhan Lwicc a monlh), 
• oral decongestants (not usually recommended in children), 
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8-5-3-1-2-lvfoderate/severe intermillenl disease (con-
junclivilis not considered) 

Options (not in preferred order) are: 
• oral or intranasal H !-antihistamines, 
• oral HI-antihistamines and decongestants, 
• intranasal glucocorticosteroids. The efficacy of 

short and repetitive courses has not been demon
strated by publisl1ed data. 

• ( chromones ). 
• The intramuscular injection of glucocorticosteroids is 

not usually recommended due to the possible occur
rence of systemic side effects. 

• The intranasal injection of glucocorticosteroids is not 
usually recommended due to the possible occurrence 
of severe side effects. 
8-5-3-1-3- Mild persistent disease (COI?itmctivilis not 

considered) 
Options (not in prefencd order) arc: 

• oral or intranasal HI -antihistamines, 
• oral H !-antihistamines and decongestants, 
• intranasal glucocorticostcroids, 
• (chromones), 
The intramuscular injection of glucocorticostcroius is 
not usually recommended due to the possible occur
J·ence of systemic side effects. 

• The intranasal injection of glucocot1icosteroids is not 
usually recommended due to the possible occurrence 
of severe side effects. 

• A stepwise approach is proposed. 
• The patient shm1ld be reassessed after 2 to 4 weeks: 

The patient is symptom-free or has less symptoms: 
it is advised to continue the treatment. However, for 
intranasal glucocorticosteroids, the dose may be 
reduced (e.g. by half). Jn the case of perennial aller
gy, symptoms may reoccur and a long-tem1 treat
ment may be needed. In the case of seasonal allergy, 
a shorter course of treatment is rcqnired depending 
on the pollen season. 

• The patient has persistent mild symptoms and he 
(she) is under HI-antihistamines or cluomones: 
change to intranasal glucocorticosteroids. 

• The patient has moderate to severe symptoms: go to 
step up. 

8-5-3-1-4- Moderate/severe persistenT disease (con
junctivitis no/ considered) 
1- A stepwise approach is proposed. 
2- It is advised to use intranasal glucocorticosteroids as a 

first-line treatment. 
3- lf the nose is very blocked: 

• a short course (e.g. one to two weeks) of oral gluco
corticosteroids may be added 

• altematively, intranasal decongestants for less than 
10 days. 

4- The patient should be reassessed after 2 to 4 weeks: 
• If the patient does not improve: 

• consider reasons for failure to respond to intra
nasal glucocorticosteroids: 
• inaucqualc compliance, 
• patient (or doctor) misnnderstanding the dose 
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and frequency of administration of the intranasal 
glucocorticosteroids, 

• nasal obstruction preventing drug delivery, 
• additional nasal pathology (e.g. nasal polyps, 

sinusitis) or nasal septal deviation, 
• heavy persistent allergen exposure (e.g. cat on 

the bed), 
• wrong diagnosis (see classification of rhinitis), 
• donble the dose of intranasal glucocortico

steroids if the major symptom is hlockage, 
• add: 

• HI-antihistamines if the major symptoms are 
sneezing, itching or rhinorrhea, 

• ipratropium bromide if the major symptom is rhi
norrhea, 

• oral H !-antihistamine and decongestant. 
• If the patient does improve, a step down approach 

should be used (mild persistent uiscase). However, 
the treatment should last for at least three months or 
for the duration of the pollen season. In the step 
down treatment, low dose intranasal glucocortico
steroids may be required as a maintenance treatment 
to control symptoms. 

5- Refenal to a specialist may be considered: 
if the treatment is not fully effective, 
if the Juration of the treatment is over 3 months and 
is unsuccessful. 

8-5-3-2- The management of conjunctivitis 
1- If the patient suffers from conjunctivitis, the options 

(not in preferred order) are: 
• ocular HI-antihistamines, 
• ocular chromones, 
• saline, 
• oral H ! -antihistamines. 

2- Ocular glucocorticosteroids have been associated with 
serious short-term and long-term complications. Their 
administration is not recommended if an eye exami
nation has not been canied out. 

8-5-3-3- Preventive treatment 
8-5-3-3-1- Avoidance of a/lerge11 a11d trigger factors 
Although there is no definite demonstration that aller-

gen avoidance measures are elfective in the rreatment of 
rhinitis, it is indicated when possible. 

8-5-3-3-2- Allergen specific immunotherapy 
Specific immunotJ1erapy has a place in patients who 

have a demonstrable IgE mediated disease and who 
either have a long duration of symptoms or in whom 
pharmacotherapy is not c!Tective or induces side c:JTccts. 

8-5-4- Treatment of rhinitis and asthma 

8-5-4-1- Allergen avoidance 
Allergen avoidance is always indicated in the treatment 

of allergic rhinitis (I) anu asthma (36). It seems that this 
fom1 of treatment is effective for all allergic symptoms, 
but definite evidence in rhinitis is still lacking. In asthma, 
a controversial meta-analysis was published recently 
(1621) but allergen avoidance is still advocated (1622). 
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8-5-4-2- Specific immunotherapy 
The indications of specific immunotherapy in allergic 

asthma and rhinitis have been separated in some guide
lines (2466). This artificial separation has led to unre
solved issues (2596, 2597) possibly because the allergen
induced lgE-mediated reaction has not been considered 
to be a multi-organ disease. It is therefore impmtant to 
consider specific immunotherapy based on allergen sen
sitisation rather than on the disease itself since most 
patients with allergic asthma also present rhinitis or 
rhino-conjunctivitis (see chapter 6-3). 

8-5-4-3- Topically administered drugs 
Medications for asthma and rhinitis can be administered 

via local (intranasal, intra-ocular or inhaled (intra
bronchial)), oral or parenteral routes. There are advantages 
(and some drawbacks) when the d1ug is administered 
directly into the target organ (see chapter 8-2-1) (J, 36). 
Moreover, some drugs like cromoglycatc or ncdocrornil 
are not absorbed when given orally and are only effective 
when administered locally. In patients suffering from asth
ma and rhinitis, the local administration of dmgs should be 
both nasal and bronchial This may decrease compliance 
to treatment which is low in asthma and rhinitis. 

Glucocorticosteroids are the most effective drugs for 
the u·eatment of rhinitis and asthma when used topically 
in the nose and bronchi. At large doses of inhaled gluco
coJticosteroids, side effects have been reported (2172) 
whereas it appears that intranasal administration is sater 
(2171 ). One of the problems of dual adminisu·ation is the 
possible addition of side effects_ In one study, it was 
found that the addition of intranasal to inhaled formula
tions did not produce arry further significant suppression 
of mean values. However, there were more individual 
abnmmal cortisol values associated with the dual therapy 
(2174). More data are urgently needed. 

The observation that the management of allergic rhini
tis also relieves symptoms of asthma has heightened 
interest in the link between these diseases. 

The intranasal treatment of rhinitis using glucocmtico
steroids was found to improve asthma moderately in some, 
but not all, studies (2666 ). Symptoms (22 75, 2667) and 
pulmonary function tesL~ (2667) were improved am! exer
cise-induced asthma (2668) or bronchial hyperresponsive
ness (1272, 2275, 2669) were reduced. Nasal beclometha
sone prevents the seasonal increase of bronchial respon
siveness in patients with allergic rhinitis and asthma 
(2670). This treatment modality may have advantages over 
the ordinarily used intranasal and bronchial topical u·eat
ment in patients with both asthma and rhinitis, especially 
when conventional inhaled therapy is associated with side 
effects. These data suggest that treating nasal inflanm1a
tion may help to control asthma. However, a number of 
aspects, such as the extent to which the pathophysiology of 
the two diseases overlaps and whether treating one will 
affect the other, still remain lobe clarilied. 

Less is known about the effects on nasal disease by 
inhaled (intra-bronchial) treatment with glucocortico
stcroids. A study examined effects on nasal allergic dis
ease of inhaled budesonide (avoidi11g nasal deposition of 
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the dmg) in patients wilh seasonal allergic rhinitis but 
without ast}una (2093). During the birch pollen season, 
budesonide reduced the seasonal eosinophilia both in the 
circulation and in the nose along with an attenuation of 
seasonal nasal symptoms. Nasal and systemic anti
eosinophil actions are produced at commonly employed 
dose levels of orally inhaled budesonide. 

8-5-4-4- OraUy administered drugs 
On the other hand, drugs administered by oral route 

may have an effect on both nasal and bronchial symptoms. 
Oral HI-antihistamines represent the first-line treat

ment of allergic rhinitis . However, although some studies 
have found a modest effect on asthma symptoms (1904), 
in most studies showing an effect in asthma, d1ugs were 
administered at a higher dose than the recommended one 
and, usually, pulmonary function tests and/or peak flow 
rates were unchanged (2671-2673). Thus, these drugs 
are not recommended for the treatment of asthma (for 
review see 36, 2674, 2675). However, a recent study has 
shown that loratadine plus pseudo-ephedrine improved 
nasal and asthma symptoms, pulmona1y function and 
quality of life in patients with seasonal allergic rhinitis 
and coneomitanl mil!l asthma (2393). AzelaJ.:tinc 8 mg is 
marketed in some counu·ies for asthma. 

Leukotriene modifiers were shown to be effective in 
controlling the symptonl.S of mild to moderate asthma, and 
some limited studies have suggested that, in association 
with oral HI-antihistamines, they may be eftective in lhe 
treatment of 1hinitis. Anti-leukou·ienes therefore have tl1e 
potential to treat asthma and possibly rhinitis but more data 
are needed to fully evaluate their real effect Moreover, the 
combination of anti-leukotriene and H !-antihistamine pro
duces a predominant inhibition of allergen-induced early 
and ]ale-phase ai1way obsUuction in asthmatics (2676). 
This suggests an enhanced effect of anti-leukotrienes in 
asthma when associated with II L -antihistamines. 

Theophylline was found to reduce nasal inflammation 
(2677). Jt has also been obse1ved that theophylline can 
reduce bronchial hyperresponsiveness in patients with 
allergic rhinitis (1273) but there arc no controlled data 
concerning the therapeutic effect of this d!ug on nasal 
symptoms. 

Oral glucocorticosteroids are highly effective in the 
treatment of rhinitis and asthma but side etl'ects are com
mon after long-term use. 

8-6- PAEDIATRIC ASPECTS 

Allergic rhinitis is pat1 of the "allergic march" during 
childhood (2678). Positive skin prick tests and specilic 
IgE antibodies to food allergens are most prevalent dur
ing the first and second years of life. However, specific 
lgE and positive skin prick tests to inhalant allergens 
develop after the second year oflife as do the symptoms 
of allergic asthma and allergic rhinoconjunctivilis 
(2679). Although pollen sensitisation may occur early in 
life (1618), seasonal allergic rhinitis is exceptional 
before two years of age. Allergic rhinitis is most preva
lent during school age. In the worldwide ISAAC study, 
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the prevalence of allergic rhinitis varied in different parts 
of the world from 0.8% to 14.9% in the 6-7 year-olds and 
from 1.4% to 39.7% in the 13-14 year-olds (12). This 
coincides with age variation in the prevalence of positive 
skin prick tests to inhalant allergens (2679). 

8-6-1- The development of sinus cavities in 
childhood 

The four paired paranasal sinllSes (ethmoid, maxillary, 
sphenoid and rrontal) begin to develop during late fetal life 
and continue to develop for two decades after birth. They 
fonn as outgrowths or diverticula on the walls of the nasal 
cavities and become air-filled extensions of the nasal cavi
ties in the adjacent bones. At birth, the ethmoid, maxillary 
and sphenoid sinuses are present. The frontal sinuses devel
op from the anterior ethmoid sinuses during early child
hood and are not clinically important in young children_ 

8-6-2- Phannacological treatment 

The principles of the treatment are the same as in 
adults, but special cm·e ha~ to be taken to avoid thc side 
effects which are typical in this age group (3, 40). 
Dos~ges have to be ad~pted and some speei~l consider~
tions have to be followed , On the one hand, caution is 
necessary because of the young age of the patient, but on 
the other hand, an early appropri~te treatment may have 
not only therapeutic but also prophylactic capacities, as 
was shown recently (2680, 2681). Few drug treatments 
have been tested in children under the age of two years. 
Among the most important aspects to consider are the 
cognit.ive functions of pre-school and school children in 
relation to the general malaise caused by rhinitis and in 
relation to the untihistilmine u·catment (18) 

Oral glucocorticosteroids and depot-preparation 
should be avoided in the treatment of rhinitis in young 
children. Intranasal glucocorticosteroids are the most 
effective u·catmcnt of allergic rhinoconjunctivitis btlt the 
fear of systemic side effects, albeit rare, should always be 
considered in children. Modem intranasal glucocortico
stcroids arc much less absorbed (bioavailability <30%) 
and the minimal dose needed to control symptoms 
should hu used. Intranasal glucocmtit:ostcroids with high 
bioavailability such as betamethasone should not be used 
in ch.ildren (2163). One special concern is the effect upon 
growth and growth velocity. A recent study found no 
short-term etfect Jl·om intranasal budesonide and mome
tasone furoatc (2682). Treatment with inhaled glucocor
ticosteroids has been demonstrated to affect growth to a 
moderate degree in asthmatic children (2683-2685) and 
this has been shown for some but not all intranasal glu
cocorticosteroids (2175). Recently, it was shown that the 
intranasal glucocorticosteroids mometasone (2279) and 
fluticasone did not affect growth in children with allergic 
rhinoconjunctivitis. On the other hand, oral and depot 
glucocorticosleroid preparations have a clear effect on 
growth and growth velocity (2686). 

The use of 111-amihistamines is important for the 
treatment of rhinitis in children. Cll!ssical oral H !
antihistamines have central side effects with sedation as 
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the most common (2687). The response to different anti
histamines may differ from patient to patient, but it has 
been demonstrated that children not responding to one 
antihistamine may respond to another ( 1736). Classical 
first-generation HI-antihistamines used in toxic doses 
affect the central anti-cholinergic syndrome, could 
induce life-threatening reactions in children (2688) and 
require treatment with physostigmine. These effects are 
not generally seen with the new low-sedating antihista
mine~, though they differ to ~orne degree . Focu~ has heen 
put tlpon the cognitive etl'ect of classical antihistamines. 
Seasonal allergic rhinitis per se may affect learning abil
ity and concentration (18). Treatment with classical anti
histamines often had a further reducing effect upon cog
nitive function (1825). However, use of the newer HI
antihistamines counteracts the feeling of malaise caused 
by allergic rhinitis and may improve learning ability in 
allergic rhinitis ( 1 8). Interadions with Lhc cytochrome 
P450 may reduce the metabolism of the Hl-antih.ista
mines metabolised in the liver. Macrolide antibiotics, 
commonly used in children, may have this effect. 

The use of intranasal antihistamines like levocaba
sline, azclastinc and antazoline has the benefit of almost 
no side effects. However, althm1gh there is a beneficial 
effect upon symptoms in the organ to which they are 
administered, they usually have little ciTcct elsewhere. 
These drugs are useful in ch.ildren with symptoms limit
ed to the nose or the eyes (2061 ). 

Disodium cromoglycate has been one of the common 
dtugs used for allergic rhinoconjunctivitis in children. 
Roth DSCG and nedocromil sodium were found more 
effective than placebo, but DSCG was found to be less 
effective than intranasal glucocorticostcroids or H ! 
antihistamines It is important to note that in children, 
these d111gs are free from side effects (2689). However, a 
dosage of 4-6 times a day is required for DSCG and com
pliance with treatment is often difficult. In randomiscd 
double blind trials, DSCG has been demonstrated to be 
less effective than both intranasal levocabastine and 
intranasal glucocorticostcroids. 

Nasal saline drops or spray can help to clear the nose 
before eating or shx:ping. The treatment of allergic rhini
tis in small children under the age of 4 again depends on 
allergen avoidance, but DSCG and oral H !-antihistamines 
are also available for this age group. Mometasone furoate 
is available for children of 3 years and over. Fluticasone 
propionate is available for children of 4 years and over 
and other intranasal glt1cocmticosteroids may be used in 
ch.ildren over the age of 5 years. 

8-6-3- The relationship between rhinitis and 
asthma 

Allergic rhinocon,iunctivitis is often a precursor of 
bronchial asthma in children. Often, allergic rhinocon
juncLiviLis and asthma occur simultaneously in children. 
The treatment of allergic rhinoconjunctivitis with 
inhaled glucoconicosteroids may also improve asthma 
(25, 2690) . It is not known whether an early anti
inflammatory treatment in allergic rhinitis may i nflu-
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ence later development of bronchial asthma. However, 
200 children with pollen allergy were treated for aller
gic rhinitis in an open trial of three years of specific 
immunotherapy or allergy vaccination. Preliminary 
resu Its indicate that allergen vaccination with grass or 
tree pollen may reduce the development of asthma in 
children with allergic rhinitis (2595). Pharmacological 
treatment in sensitised, high-risk infants may also pre
vent asthma ( 17 41, 2691) but more data are needed to 
fully appreciate this effect. 

8-6-4- Sport and rhinitis 

Children and adolescents are physically active and 
often participate in sporting events. Many elite athletes 
may suffer from allergic rhinoconjunctivitis. For chil
dren and adolescents active in sport, it is important to 
observe the doping rules set by the medical commission 
of the International Olympic Commitlee. It may indeed 
be a very serious event for an athlete to be suspected of 
doping, especially when the drug is taken without 
knowing the regulations. With particular relevance to 
allergic rhinitis, it is important to note that systemic 
nasal decongestants like pseudoephedrine or phenyl
propanolamine are considered to have a central stimu
lant effect and thus are not allowed for use in sport. 
These a-adrenergic agonisls are oflen combined with 
HI-antihistamines and should be carefully avoided by 
athletes. Physicians treating children and adolescents 
should be aware of these regulations and of any changes 
in the regulations. For intranasal glucocorticosteroids, a 
certificate should be issued. However, regulations 
between countries are different. 

8-7- PREGNANCY 

8-7-1- General considerations 

Rhinitis is often a problem during pregnancy since 
nasal obstruction may be aggravated by pregnancy itself 
(70, 72, 2692). Caution must be taken when administer
ing medication to a pregnant woman, as most medica
Lions cross the placenta. The risk of malfmmalion of the 
foetus represents a major fear. In studies concemiug ter
atogenicity in animals, the apparent safety of medication 
in healthy adults or the chemical stntcture of a dJug do 
not formally eliminate toxicity in a f<l!llls . Moreover, 
these limited studies have be~o:n done only on small 
groups without long-term atulysis. Prescribing a drug to 
a pregnant woman, even a drug which has been on the 
market for a number of years, enlists the responsibility of 
the doctor. It is worth considering, therefore, the bene
fit/risk ratio, as much for the mother as for the fa!tus. 
Generally, treatment does not cause any problem (74, 
2378, 2693-2695). Moreover, there are differences in 
regulations between cnuntries. 

8-7-2- Specific considerations 

With regard to anticholinergic agents, there is no exist
ing teratogenicity in animals. Atropine passes through 

HIGHLY CONFIDENTIAL-

J ALLERGY CLIN IMMUNOL 

NOVEMBER 2001 

the placenta and can be prescribed to pregnant women. 
The prescription of its derivatives also seems to be with
out danger, but it is advisable, due to lack of extensive 
studies, to avoid these during the first trimester. 

With regard to glucocorticoids, even though in ani
mals they are all teratogenic (principally harelip but 
also cardiovascular malformations), no abnormality 
has been found in humans. The increased risk of 
growth retardation in utero, in the case of prolonged 
systemic corticotherapy, seems to he more related to a 
severe underlying maternal pathology than to the corti
cotherapy itself (2693 ). The risk described initially of 
adrenal insufficiency in newborns in the perinatal peri
od has not been confirmed (2696). For example, in 36 
pregnant asthmatic women treated with prednisone, 
Snyder e/ a/. (2697) did not notice any pathological 
pregnancy or medical problem in the children born and 
observed during a two-year period. Inhaled glucocorti
coids have not been incriminated as teratogens and are 
commonly used by pregnant asthmatic women (2378). 
Greenberger et a/. (2698) did not find any materno
fcetal side effects in 40 pregnant asthmatic women who 
were treated with beclomelhasune. 

With regard to the cromones, no teratogenic effect has 
been found in animals. To this day, no side effect has 
been found in humans (2699), but lhcrc are no prospec
tive studies available. Schatz and Zeiger (2693) propose 
the use of cromones as a first-line treatment fm allergic 
rhinitis in pregnant women 

Second-generation antihistamines do not appear to be 
teratogenic in animal experimentation. Once more how
ever, the absence of controlled trials in humans and I he 
crossing of the placental batTier make the avoidance of 
their prescription necessary during pregnancy Some 
first-generation antihistamines (e.g. bromphen.iramine, 
promethazine, diphenhydramine and hydroxyzine) were 
shown to be teratogenic in animals (2700, 2701 ). A 
prospective matched-case control sntdy of hydroxyzine 
and cet.irizine was carried out in pregnancy and no side 
effects were found (2702). 

Concerning specitic immunotherapy. Metzger eta/. 
(2703) have proved its safety by a study in 121 pregnant 
women each receiving specific immunotherapy for aller
gic rhinitis. lt is advisable, however, not to increase the 
dosage during pregnancy in order to avoid any possibili
ty of an anaphylactic accident. lt is also advisable not to 
begin specific immunotherapy for allergic rhinitis during 
pregnancy (2466). 

8-8- THE ELDERLY 

With aging, multiple physiological changes occur in 
the connective tissue and vasculalllre of the nose which 
may predispose or contribute to chronic rhinitis (2704). 
The accurate differentiation between allergic and non
allergic causes ofrhinitis requires skin testing or in vitro 
measures of specific JgE. Empirical treatment wilh OTC 
first-generation HI -antihistamines and oral deconges-
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tants frequently results in CNS, anticholinergic and car
diovascular adverse effects (2705). Thus, as recom
mended in general, it is important to use second-genera
tion antihis-tamines. Intranasal therapies including 
DSCG, glucocorticosteroids and ipratropium bromide 
are all well tolerated with minimal adverse effects. 
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Patients with glaucoma or urinary retention should not 
use anti-cholinergics. The avoidance of allergens and/or 
irritants is an important adjunct in treating patients with 
allergic and vasomotor rhinitis. On the other hand, spe
cific immunotherapy is not recommended in elderly 
patients (2706). 
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9 - Education 

The education of the patient and /or the patient's care 
giver regarding the management of rhinitis is essential. 
Such education maximises compliance and the possibil
ity of optimising treatment outcomes (3 7). 

After the initiation of therapy, an appropriate follow
up for patients with rhinitis optimises the chances that a 
patient will benefit from the broad array of therapeutic 
approaches available, and that possible complications 
from rhinitis or its treatment are identified and 
addressed. At these visits, education and compliance are 
critical elements. 

Maximum therapeutic responses require patients who 
are compliant with recommendations. Patient compli
ance with physicians' recommendations for therapy is 
more likely in patients who understand their disease, the 
various available treatment options and the likelihood of 
success of each possible treatment. This demands that 
the patient establishes a relationship of tn1st with, and 
confidence in, the physician. lL is important to educate 
both the patient and relevant family members regarding 
the nature of the disease and available treatments. This 
should include general information regarding the symp
toms, causes and mechanisms of rhinitis. In addition, 
education about means of avoidance, immunotherapy 
and drug therapy must be provided. It is vital that 
patients understand the potential side effects of therapy, 
especially drug side effects, in order to ensure that. they 
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do not abruptly discontinue beneficial therapy but rather 
communicate adverse events to their physician so they 
can deal with them in a manner best for the patient. It is 
also important to provide patients with education about 
the complications of rhinitis including sinusitis and otitis 
media, and about comorhid conditions such as nasal 
polyps. They should be aware of how such complications 
are recognised and how they are treated. Patients need to 
be aware of the potential negative impact of rhinitis on 
the quality of life and potential benefits of complying 
with therapeutic recommendations. Patients must also 
have realistic expectations for the results of therapy and 
should understand that complete cures do not usually 
occur in the treatment of any chronic disease, including 
rhinitis. 

Compliance is enhanced when: 
• a fewer number of daily doses is required; 
• the patient schedules when doses are to be taken and 

selects an appropriate reminder mechanism, such as 
mealtimes, daily rituals, etc; 

• there is a good doctor-patient relationship with a high 
level of physician trust; 

• the patient has written instructions to follow; 
• rhinitis medication is taken with the same dosing fre

quency as other medications; 
there is a well designed reminder chart for times of 
dosing interval. 
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10- Prevention of rhinitis 

There is a general misconception that the same factors 
involved in the induction of allergy arc also likely to incite 
disease once established. However, this is not necessarily 
the case. Thus, strategies for primaty prevention or pro
phylaxis may be very difTerent to those required for the 
management of established disease. Using the analogy of 
prophylaxis for tuberculosis, prevention can therefore be 
divided into prima1y, secondary and tertia1y intervention: 
• Primmy prophylaxis will be employed on populations 

at a high risk of becoming sensitised in situations 
where there is no evidence of allergic sensitisation 
(2707). 

• Secondary prophylaxis will be in individuals who 
show evidence of scnsitisation to allergens but not yet 
any evidence of disease in the upper respiratory tract. 

• Tertiary prophylaxis will be preventive strategies for 
tl1e management of established allergic rhinitis. Most 
published work comes from tettimy prophylaxis . 

A more complete description of preventive measures 
is reported in the WHO initiative "Prevention of allergy 
and asthma". 

10-1- PRIMARY PREVENTION 

It has been shown that the foetus is far from immuno
logically naive. Tndeed, allergen specific celh1lar 
responses can be identified as early as 20-22 weeks of 
gestation. As pregnancy is a Th -2 (allergy biased) phc· 
nomenon modulating the mother's inunune response to 
foeto-paternal antigens (2708), it is perhaps not surpris
ing that a high percentage of newboms are not only sen
sitised to allergens to which their mothers have been 
exposed, but also have a Th-2 biased response (2709). To 
what extent this persists and evolves into allergic disease 
is probably influenced by postnatal experience, but it has 
raised the possibility of inu·oducing primmy prophylaxis 
during pn:gnan~y in high risk families. 

There is considerable concemthat we do not have suf
ficient information on critical doses and on the timing of 
exposure that might be associated either with the devel
opment of sensitisation or of tolerance. Indeed, there is 
even limited cviden~c to suggest that high dose cxposun: 
will induce IgG antibody production in the mother and 
thereby reduce the possibility of allergy developing in 
the offspring. There is one remarkable study showing 
reduced allergy in the children of mothers who received 
specific immunotherapy during pregnancy (271 0). Given 
these observations, the recommendation of allergen 

avoidance in pregnancy could conceivably increase 
rather than decrease the frequency of sensitivity and 
thereby the subsequent development of disease. At this 
stage, no recommendations should be made but further 
research is critically 1·eqt1ired. 

10-2- SECONDARY PREVENTION 

Mucl1 of the early efforts of allergen avoidance have 
focused on infant feeding and, in patticu\ar, an early 
avoidance of cow's milk protein and sometimes egg, fish 
and nuts. Most studies have corrunenced avoidance in the 
postnatal period and results have been variable with no 
clear-cut view emerging. The two studies that have had 
the longest follow-up have both identified a transient 
effect reducing food allergy and atopic dermatitis. !low
ever, continued follow-up l1as shown a diminisl1ing effect 
on allergic manifestations in the respiratory tract, this 
effect eventually disappearing altogether (2711, 2712). 
The conclusion from one of these studies was that the 
etTort was not justified by the outcome (2712). Further
more, there is limited evidence that early dietmy manipu
lation may be a tisk for impaired growth. Therefore, great 
caution is required in employing such approaches (2713). 

Aero-allergen avoidance has been largely promoted in 
order to avoid sensitisation as it has been clearly shown 
that there was a correlation between the level of allergen 
exposure in infants and sensitisation to allergens (366, 
J 6 J H). However, recent studies suggest that, in corlU'adis· 
tinction to what had previously been published, the avoid
ance of early cat exposure does not prevent allergy (27 14, 
2715) and that early contact with cats and dogs may pre
vent a11ergy more effectively than avoidance (217). 

These controvernial results have led to suggest that, in 
the future, secondary prophylaxis will be to redirect the 
new born infant's immune response into a Th-l non
anergy immune response; this approach may be promising. 
This might be achieved by high exposure to relevant allt:r
gens as opposed to nonnal low dose exposure. It may be 
facilimted by the utilisation of fusion proteins combining 
a11ergen and cytokines such as IL-12 which will induce a 
Th-1 response (205). This idea has gained considerable 
credibility in relation to the so-called hygiene hypothesis 
which identified associations between early microbial 
experience and subsequent reduced allergic disease (2716). 

10-3- TERTIARY PROPHYLAXIS 

See chapter 8- I. 
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11- Quality of life 

Quality oflife (QOL) is a concept including a large set 
of physical and psychological characteristics assessing 
problems in the social context of lifestyle. Nowadays, it 
has been recognised that allergic rhinitis comprises more 
than the classical symptoms of sneezing, rhinorrhea and 
nasal obstruction. Tn the last decade, an increasing effort 
has been made to understand the socio-economic burden 
of rhinitis in te1ms of effects on health-related quality of 
life (HRQL) and health care costs. It has been acknowl
edged in several consensus reports that allergic rhinitis is 
associated with impairments in how patients function in 
day to day life at home, at work and in school (1, 2). 
With the introduction of a questionnaire designed to 
measure rhinitis associated impairments of quality oflife 
(2717), it became clear that patients may be bothered by 
sleep disorders, emotional problems, impairment in 
activities and social functioning. Also, in general terms, 
patients with allergic rhinitis are impaired in physical 
and menlal functioning including vitality and the pen:ep
tion of general health (16). 

11-1- HEALTH RELATED QUALITY OF LIFE 

11-1-1- Methods measuring HRQL 
In rhinitis research, two types of HRQL measures 

have been used: generic and specific. 

11-1-1-1- Generic qucstionunircs 
Generic questionnaires measure physical, mental and 

psycho social functions in all health conditions inespective 
of the underlying disease and can be used in the general 
population. These include the Sickness Impact Profile, the 
Nottingham Health Profile and the Medical Outcomes Sur
vey Shmt Form 36 (SF 36). The SF36 has been used to 
characterise patients with perennial rhinitis (16, I 09) and to 
evaluate the effects of a non-sedating HI-antihistamine on 
quality of life (I S99). The advantage of generic instru
ments is that the burden of illness across different disorders 
and patient populations can be compared. 1l1e disadvan
tage however is that the instruments miss depth and may 
not be responsive enough to detect changes in general 
health states in spite of important changes in disease
related problems (271 R). 

11-1-1-2- Disease-specific questionnaires 
Specific instruments have been designed by asking 

patients what kind of problems th~::y experience from 
their disease. Both frequency and importance of impair
ments find expression in the questionnaires. These 
instruments have the advantage that they describe more 
accurately the disease-associated problems of the 
patients. Moreover, they seem to be more responsive to 
changes in HRQL than generic instnnnents. 

Specitic instruments for different age groups of patients 
with rhinitis have also been dcvdoped. The Rhinocon
junctivitis Quality of Life Questionnaire (RQLQ) (27 I 7) 
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and the Rhinitis Quality of Life Questionnaire (2719) have 
been tested in adult patients with seasonal allergic rhinitis 
and perennial allergic rhinitis respectively. 

Taking into account that adolescents may experience 
different problems to adults, the Adolescent RQLQ ques
tionnaire ha~ been developed covering patient~ aged 12-
17 years (2720). This questionnaire is a slightly modified 
version of the adult version, a~ problems in (school) work 
and the problem of generally not feeling well appeared to 
be more important in adolescents than in adults. 

A Paediatric RQLQ Questionnaire has been devel
oped for children aged 6-12 years (2721). This ques
tionnaire differs from others, as children are less both
ered by emotional problems and rhinitis interferes less 
with day to day life. 

The RQLQ has been used in several trials focused on 
the effect of nasal glucocorticostcroids (2211, 2721-
2723), HI-antihistamines (2724) and the combination of 
glucocorticosteroids and HI-antihistamines (2273) on 
rhinitis related QOL. 

11-1-2- Relevance of HRQL measurement 

Rhinitis related QOL appears to be moderately cor
related to the more classical outcome variables used in 
clinical trials such as daily symptom scores and nasal 
hyperreactivity (2725). These observations are in line 
with the reslJlts of sllJdies comparing disease-specific 
HRQL in asthmatics with asthma symptoms, peak flow 
and bronchial hyperresponsiveness (2726, 2727). It has 
been suggested that the classical outcome variables 
may only partially characterise the disease of the 
patient. From that point of view, it has been advocated 
to measure HRQL along with the conventional clinical 
indices (2728). 

11-1-3- Impairment of HRQL in rhinitis and 
rhinitis co-morbidity 

Using a generic questionnaire (SF-36) (2729), QOL 
was found to be significantly impaired in patients with 
moderate to severe perennial allergic rhinitis when com
pared to normal subjects (16). Using the same question
naire, QOL was impaired, but to a Jesser extent, in 
patients suffering from seasonal allergic rhinitis (2730), 
Sllggesting that a prolonged allergen exposure was 
impairing QOL more than a seasonal exposure. Howev
er, although QOL questionnaires arc of great interest in 
assessing the overall effect of a disease on QOL in a 
group of individuals, unfortunately they do not appear to 
be sensitive enough to be used in individual patients. 

It appears that the impairment in functioning of 
patients with moderate to seve1e perennial rhinitis (16) is 
comparable with the limitations perceived by asthmatic 
patients with a moderate to severe disease (2731). How
ever, the extent to which asthma and rhinitis co-morbidi
ties are associated in QOL remains to be elucidated. 
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Sinusitis is a common feature of rhinitis and, using the 
SF-36 and a sinusitis-specific QOL measure (the CSS: 
Chronic Sinusitis Survey), it has been shown that sinus 
surge~y may improve the quality of life of sinusitis 
patients (2732, 2733 ). Recognising that rhinosinusitis is 
a disabling disease, other specific instruments such as the 
Rhinosinusitis Disability Index (RDI) (2734) and the 31-
item Rhinosinusitis Outcome Measure (RSOM-31) 
(273 5) have been introduced. 

The impact on social life of recun·ent ENT infections 
in children during the first 4 years of life is not easily 
captured. Indirect information can be obtained using spe
cific questionnaires which measure pa1·ental quality of 
life (2736). 

11-1-4- Evolution of HRQL during 
interventions 

When using HRQL outcomes in clinical trials, thc ques
tion arises as to whether a change in HRQL is clinically 
important. It has been shown that in QOL instruments 
which usc a 7 -point scale, the minimal important difference 
of quality of life score per item is very close to 0.5 (2737). 

Generally, the effect on HRQL runs parallel with the 
effect on conventional medical outcome measures. How
ever, in some studies, ditierences can be found. In a study 
evaluating lhe combined effect of glucocorticosteroids 
and H \-antihistamines, no differences were seen in tenns 
of QOL between patients treated with I-II-antihistamine 
and glucocorticosteroids versus glucocorticosteroids 
alone_ However, for some patient-rated symptoms, the 
combination was found superior (2273) This might 
indicate that patients perceive differences in efficacy, not 
captured by conventional symptom scores Patients with 
clu·onic conditions may adapt themselves to their disease. 
As the perception of patients is clearly important in the 
management of disease and patient compliance, the mea
surement of this "dimension" by HRQL questionnaires 
in clinical trials may be justified. 

In the future, with more data available, it is possible 
that QOL measurements may represent a primruy out
come measure for clinical trials. 

11-2- LEARNING DISABILITY IN RHINITIS 

If nasal symptoms are not well controlled in patients 
with allergic rhinitis, they may contJibute to leaming prob
lems during school hours either by direct inli::rf~:n:m:e or by 
noctumal sleep loss resulting in daytime fatigue ( J 9, 1426). 
Seasonal allergic Jttinitis may be associated with a reduced 
ability Lo learn. Treatment with sooating HI-antihistamines 
will aggravate these problems, whereas treatment with non
sedating Ill-antihistamines will only partially reverse the 
limitations inleaming ( 18, 2738). Recently, in an open sin
gle-blind study canied ollt over 6 months in J J 3 children 
with allergic perennial rhinitis and 33 children with non
allergic perennial rhinitis, it was shown that beclometha
sone or ipratropium bromide diminished the interference of 
rhinorrhea in school attendance, in concentration on school 
work and in sleep (2739). 
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11-3- WORK IMPAIRMENT IN RHINITIS 

Allergic rhinitis is a disease inducing work absen
teeism and a reduction in work productivity. Moreover, 
using sedative H)-antihistamines, work productivity is 
reduced even further (20). In the U.S., allergic rhinitis 
results in approximately 8 J l ,000 missed work days, 
824,000 missed school days and 4,230,000 reduced 
activity days per year (21 ). 

These data indicate that allergic rhinitis may have an 
important impact on occupation and worker productivity. 
Patients are bothered by fatigue, poor performance and 
concentration at wm·k, headaches and malaise. Conjunc
tivitis may impair vision and vision-related activities. 
Not only disease but also medication may influence work 
productivity. It has been estimated that 50% of the work
ers who treated their allergic rhinitis with first-generation 
sedating antihistamines functioned at only 75% of their 
total capacity for 14 days per year (2740). Patients taking 
these sedating antihistamines are more likely to sustain 
occupational injuries (odds ratio l .5). The type of occu
pational injuries include fractures, dislocations, open 
wounds, superficial injuries and burns (2741). With the 
newer antihistamines, these problems have been signifi
cantly reduced (20). 

Very little is known about the impact of allergic rhini
tis on the career of patients. It is imaginable that patients 
will not change or lose jobs except in the case of occu
pational allergy. A five year health surveillance in 
milling, baking and other food manufacturing operations 
showed that Sli% of the patients with a diagnosis of occu
pational rhinitis conlinued to do the same job, 13% were 
doing a ditTerent job in the same area and 31% were 
working elsewhere in the factory (2742). 

11-4- HEALTH-RELATED QUALITY OF LIFE 
AND HEALTH CARE COSTS 

The high prevalence of allergic rhinitis and the con
cern about health cru·c costs justifies the increasing inter
est for cost-ell'ectiveness studies. Not only the eftlcacy of 
lrealmenl has to be demonslrat'!d but also the cost-effec
tiveness (see chapter 12). In these studies, HRLQ mea
sures have to be incorporated in order to make compar
isons across patient populations and different disorders. 
It is however diftlcult to incorporate the generic SF-36 or 
disease sp~:cifk HRQL scores into cost-cffcctiv~:n'!ss 
analyses. To that purpose, lttilities such as the Standard 
Gamble, Feeling Thermometer have been developed 
measuring the value that patients themselves place on 
their own health stat11s. Altematively, some utilities mea
sure the value that society places on various health states. 
Examples are the EuroQol and Multiattribute Health 
Utilities Index. An advantage of these utilities is their 
ability to produce quality-adjusted life years (QALYs). 
QALYs associated with different medical therapies can 
easily be incmporated into cost-etiectiveness st11dies. 

Utility instruments arc mostly generic. A recent rhini
tis specific utility- the Multiattribute Rhinitis Symptom 
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Utility Index - has been developed as a patient outcome 
for clinical trials and for cost-effectiveness studies corn
paring medical treatment for rhinitis (2743). More 
research is however needed to validate this instrument. 

11-5- PERSPECTIVES FORTHE FUTURE:THE 
USE OF QUALITY OF LIFE INSTRUMENTS IN 
INDIVIDUAL PATIENTS 

Rhinitis significantly impairs QOL when general or 
disease-specific questionnaires are used. The decrease in 
QOL seen in perennial rhinitis is comparable to that 
observed in patients with modemte to severe asthma and 
can affect sleep, work, education and social life. Quality 
of life measurements need to be taken into consideration 
in clinical trials and when treating patients. 

Although studies have shown an impairment of QOL in 
rhinitis, these questionnaires are noL currently applicable for 
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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, the1·e is 
a need for a specific instrument measuring QOL in patients 
with both asthma and rhinitis and, if appropriate, this ques
tionnair.e may be used as a primary ot1tcome variable in clin
ical lrials. However, HRQL questionnaires are still being 
refined (2744) and the number of outcome measures - also 
in the field of nasal disease - is increasing. Some criticisms 
have heen raised against the proliferation of instrument~ and 
the burgeoning theoretical literature devoted to the mea
surement of QOL (2745). Some methodological problems 
are not yet resolved (2727). Therefore, further research 
needs to be focused on the selection and "sha!pening" of a 
limited number of patient-friendly instruments in order to 

better interpret the results of clinical trials and to better 
understand the patient with rhinitis. 
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12- The social economic impact of 
asthma and rhinitis 

Asthma and mini tis are chronic conditions with a sub
stantial economic impact on the affected persons, their 
families, the health care systems and society as a whole. 
This burden is composed of direct expenditures generat
ed within the health care system as well as indirect costs 
associated with the loss of economic productivity. Per
sons with asthma or rhinitis must cope with both the 
immediate and Iong-tem1 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 fum!, clothing and housing- to pay for medical 
care aimed at improving their condition, The economic 
burden of these conditions also affects the work place 
since symptoms often adversely affect work productivi
ty. 

World literature on the economic burden of asthma and 
rhinitis has only recently emerged and to date has focused 
primarily on asthma. However, the few individual stud 
ies exanlining the economic impact of rhinitis also pro
vide compelling evidence of its substantial impact. 

12-1-THE IMPACT OFASTHMAAND 
RHINITIS 

Astluna and alle1·gic rhinitis are common health prob
lems that cause major illness and disability worldwide. 
Studies such as the ISAAC (154) and the ECRHS (107) 
have demonstrated that asthma is a prevalent condition in 
most countries. These studies suggest that there are more 
than 150 million persons worldwide who arc affected by 
asthma Rhinitis is similarly seen as a worldwide condi
tion with lifetime prevalence estimates of between 10 
and 20% of the population in the US, UK, Germany, 
Switzerland and Finland (II, 261,912, 2746). 

The global burden of these t:onditions is reflected in 
the use of health care resources and loss of productivity 
due to illness-related disabiliry. Costs of illness sUJdies 
have begun to express these facts in economic terms. 

12-2- UNDERSTANDING THE COSTS OF 
ILLNESS 

The cost of illness study is the tool for understanding 
the economic burden of illness (2747). The cost of illness 
approach separates costs into those associated with med
ical care treatment for the illness (direct costs) and those 
resulting from non-medicallosses as a consequence of the 
illness (indirect t:osts). Standard methods exist for placing 
an incremental economic value on direct medical care 
costs and indirect non-medical costs. Intangible costs, 
spct:ifimlly those associated with the value of the psy
chosocial impacts of illness, have also been theorised. 

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 (organisations within a community that provide or 
finance care) and/or the individual. The literature contains 
studies of the costs of illness for both asthma and rhinitis. 

12-3- THE COSTS OF ILLNESS FOR ASTHMA 

There are at least seven recent intemational costs of ill
ness studies for asthma (31i, 2748-2755) Total costs of 
asthma vary notably, from a low of 433.5 million to a 
high of 6.4 billion anmmlly in Canada and the United 
States respectively. The population would account for 
much of this variation. However, the cost per affected 
person also varies from less than $400 to more than 
$1,000 annually. Also, there is no consistent relationship 
between direct and indirect costs. An important finding in 
most ofthese cost of illness studies is that emergency ca1·e 
and hospitalisation-generally thought to be avoidable 
events- - ·are a large cost component of cm·e. However, it 
has recently been calculated that a significant increase in 
asthma prescribing costs is likely to be needed if an opti
mal control of asthma is to be achieved (2754). 

The economic bunlen associated with asthma morbid
ity c;mnot be overstated. Jt is estimated that childhood 
asthma at:wunts for uve1· seven million days restricted lO 

bed and ten million days missed from school each year 
(2756). In Australia, children lose approximately one 
million school days each year due to asthma (275 7). 
Asthma also affects family activities . Families with chil
dren who have asthma report that this illness influences 
a range of decisions conceming holidays, pets, fumish
ings, carpets, lifesrylc and household spending (2758-
2760). Also, these studies clearly indicate how morbidi
ty associated wilh work loss due to Lhe care or a child 
with astlmm contributes to the economic burden of this 
condition. Work loss and decreased work productivity of 
adults with asthma is an equally big problem (2761). 

Thus the many international studies of cost of illness 
fur asthma have begun to depict a global picture of the 
economic burden of this disease. To date, information on 
the costs of illness is missing from many countries with 
sizeable populations, such as India, Indonesia and China. 
The costs of illness for asthma in these countries may be 
characteristically different than those of the US and 
Europe. One small study from the community of 
Transkei in South Atlica suggests that expenditures per 
person aiTected with asthma may be as low as £I 0 US 
annually, which is far below that of other countries stud
ied to date (36). The results from this sntdy suggest the 
important:c or understanding the cosls or illness in non
indusu·ialised countries. 
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12-4- THE COSTS OF ILLNESS FOR RHINITIS 

The literature characteJ·ising the economic impact of 
persons with rhinitis is much more modest than that of 
asthma. There are currently three cost of illness studies 
examining the costs of allergic rhinitis (21, 2762, 2763). 
In J 994, there were an estimated 39 million persons in the 
US suffering with allergic rhinitis, accounting for an esti
mated 1.2 billion $ in total costs (2 J ). It is interesting to 
note that only approximately five million of these pernons 
sought medical treatment for this condition, and direct 
medical expenditures were estimated to account for 93% 
of their total costs (21 ). Much of the costs associated with 
rhinitis may be underestimated due to the frequent use of 
non-prescribed medications and the tendency to associate 
tlJ.is condition with other conditions such as asthma (21 ). 

A study of the direct medical costs of illness for US 
children with and without as thma revealed that children 
with asthma used substantially more medical care ser
vices (e.g. 3.1 times as many prescriptions, 1.9 times as 
many ambulatory care visits, 2.2 times as many emer
gency department visits) than children who did not have 
asthma. However, only 26 % of the difference in these 
costs was related to asthma-specific medical care. A 
large percentage of these additional costs was associated 
with other conditions, mainly uppe1· airway illnesses such 
as rhinitis (2753). 

All Japanese people belong to either government, 
union or community health insurances. Total medical 
expenditures can therefore be reported. In 1994, total 
costs for rhinitis were J. J S BillionS including direct and 
indirect costs as well as OTC costs. The average annual 
expendituJ·e was 118 $per patient (2764). 

Rhinitis increases asthma costs. In one study, yearly 
medical care charges were on average 46% higher for those 
with asthma and conconJ.itant allergic rhinitis than for those 
with asthma alone, accounting for age and sex (32). 

12-5- SEARCHING FOR THE BEST ECONOMIC 
STRATEGIES FOR THE CARE OF PERSONS 
WITH ASTHMA AND RHINITIS 

Resource constraints directly and indirectly affect all 
medical treatment decisions. Yet, presently, there is not 
enough information available to inform patients, health care 
providers and health care systems as to the relative impact 
of various altemativc trcaLmenL~ on resources and cosL~ of 
care. Costs of illness studies, such as those described above, 
provide information on the overall disease burden. Howev
er, other pharrnacoeconomic methods can be used to 
improve the quality of medical and financial decision mak
ing by providing more specific data on the relationship 
between treatment decisions, health outcomes and costs . 

For both asthma and rhinitis, there are many medical 
treatment alternatives, such as pharmaceuticals, allergen 
avoidance, desensitisation regimens and educational pro
grams. Traditionally, medical decisions were primarily 
based on the evidence of clinical efficacy. Yet continual
ly increasing cost constraints as well as increases in the 
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number of similar alternative treatment options are mak
ing these decision processes more and more complex. 

Sometimes, decisions as to wlJ.ich medical treatment or 
product to use are based on evidence from controlled clin
ical trials that focus on efficacy and safety as their specific 
aim. Efficacy is measured under tightly controll~d research 
conditions. These studies often involve very select patient 
populations, making them efficient study designs but not 
vety generalisable. Studies of clin.ical efiectiveness have 
evolved in response to the need for more real world infor
mation about treatment alternatives and patient outcomes. 
Effectiveness refers to the impact of the intervention or 
technology under routine operating conditions adminis
tered to a more generalised patient population (2765, 
2766). 1mprovements to the early studies of effectiveness 
have led to the "cost-effectiveness" study design. This type 
of study design provides information on the effectiveness 
uf various interventions in 1·clation to the efficiency of the 
consumption of economic resources (2767, 2768). 

Cost-effectiveness studies link resource use (such as 
health care utilisation) with patient outcomes (via effec
tiveness measures). Results from this type of study 
design fall into one of four major categories. First is the 
unwanted outcome, where the new treatment is both less 
effective and more costly. Second, is a common scenario, 
where the new lrealment is more eficclive but also more 
costly. Third, is an uncertain situation where the treat
ment is less effective but less costly. In the fourth, called 
the donJ.inant or uncommon winning outcome, the new 
treatment is more effective and less costly. 

The increasing worldwide sensitivity to costs of care 
in relation to improved health benefits has not gone 
Ulllloticed in the areas of asthma and rhinitis (36, 2769). 
While the cost-effectiveness literature has so far princi
pally targeted asthma, well-designed phmmacoeconmnic 
studies on the tJ·eatment of rhinitis are likely to be forth
coming. To date, there arc no clear dominant cost
effective treatment strategies for either asthma or rhinitis. 
However, there are studies to suggest that the use of 
inhaled glucocorticostcroids for persons with persistent 
asthma are reasonably cost-e!l'ective in comparison to 
using only resl:uc bela-agonist thcmpy. Yet, even these 
studies reflect only Europe and the U.S. Health econom
ic studies of as thma and rhinitis treatment do not exist for 
many of the countries that bear much of the global bur
den of these conditions. 

12-6- POLICY IMPLICATIONS OFTHE 
ECONOMIC BURDEN OF ASTHMA AND 
RHINITIS 

Health care decision makers, such as health care 
providers and health planners, are constantly faced with 
establishing priorities for the allocation of limited 
health care resources, especially in developing coun
tries. This prioritisation spans chronic conditions Stich 
as asthma and rhinitis, as well as communicable dis
case~, and must also consider needs for health promo
tion and disease prevention. 
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Therefore, in order to reduce the global burden of 
asthma and rhinitis, it ~Nill 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 intro
ducing new asthma and rhinitis management programs 
must be considered not only in regards to cultural appro
priateness but also in light of the existing resources of 
each community. Finally, these decisions mt1st be exam
ined in relation to what the existing resources can pur
chase by way of other medical care and other non
medical goods (36). 

Also, while much of the focus on establishing new 
tJ·eatment slmtegies must rest on the community's will
ingness to provide resources, in most if not all communi
ties, some of the burden of care for both asthma and 
rhinitis falls upon the individuals and their families. 
Many persons with rhinitis in particular seck healing not 
from the health care practitioner but from other sources 
ranging from non-prescription medications and herbal 
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remedies to non-allopathic care providers. The individual 
and their family are likely to carry much of the econom
ic burden for this cru·e.lt is essential to furtheJ·understand 
the value of such non-traditional approaches in compru·i
son to allopathic care and its accompanying newer phar
macotherapeutic approaches. 

12-7- CONCLUSIONS 

Millions of persons sulfcr physical impairments, reduc
tions in quality oflile and economic consequences associ
ated with asthma and rhinitis. Health economic studies 
have helped to chamcte1ise the costs of these diseases, but 
are limited to studying industrialised nations. There are 
even fewer comparative studies by which one can judge 
the most efficient ways of delivering health care for these 
conditions. With health care costs increa~ing world wide, 
there is an increasing need for more advanced health eco
nomic studies if improvements are to be made to lessen the 
social and economic impact of these conditions. 
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13- Unmet needs and research 

13-1- EPIDEMIOLOGICAL EVIDENCE 

There are many studies, which have shown that rhini
tis and asthma often co-exist in the same patient. It seems 
that perennial rhinitis is more often associated with asth
ma than seasonal rhinitis. 

Research needs: 
• More epidemiological studies need to be carried out in 

order to better assess the prevalence of intermittent 
and persistent rhinitis as well as to better understand 
the cause of rhinitis. 
More epidemiological evidence is needed to link 
rhinitis, asthma, conjunctivitis and other allergic dis
cases. 
In these studies, the epidemiological definition of 
rhinitis should be refined. 
Objective measures for assessing nasal obsttuction should 
be developed and applied to epidemiological studies. 
In these studies, the categorisation of rhinitis, as it has 
been proposed in this document, should be used. 

13-2- SEVERITY OF RHINITIS ASSOCIATED 
WITH GREATER RISK FOR ASTHMA 

Although tllis is a relevant question, no data are available. 
Thus, studies should be started to answer this question 

13-3- NATURAL HISTORY OF ASTHMA AND 
RHINITIS 

The chronology of rhinitis and asthma is still under dis
cussion. From the studies usually earned out, it appears 
that rhinitis often occurs before the onset of asthma and 
may therefore be a predictor of asthma. Confounding fac
tors may be gender, allergen sensitisation or occupation. 

Research needs: 
More epidemiological evidence is needed to better under

stand the natural history of allergic rhinitis and asthma. 

13-4- WHY RHINITIS AND/OR ASTHMA 
AND/OR ATOPIC DERMATITIS 

In children with asthma, rhinitis is extremely com
mon. However, more studies are required in cllildren 
with rhinitis alone. It may be difficult to srudy children 
under the age of 4 years. In patients with allergic rhinitis 
alone, intra-bronchial allergen challenge induces a 
bronchial response. 
- Distinct clinical genotype 

Are there genes which differentiate rlli1litis and asthma? 
There are genes which are important for bronchial hyper
reactivity but we do not know whether the susceptibility 
gene polymorpllism differs between patients with rhinitis 
alone and asthma. However, the characterisation of the 
phenotype should be very precise in these genetic studies. 

5264 
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At present, response to anti-allergic/asthmatic treat
ment is very heterogeneous and may be due, at least pmt
ly, to genetic polymorphism. It should be checked whether 
genetic polymmpllism differs in rhi1litis and asthma. 
- Environmental exposure (see "Prevention of allergy 
and asthma") 

13-5- COMMON AND DIFFERENTIAL 
PATHOPHYSIOLOGICAL MECHANISMS IN 
UPPER AND LOWER AIRWAYS 

Although many studies showed that the same patholo
gy is present in the nose of rhinitis patients and the 
brom:hi of asthmatics, more data arc needed to conunn 
common mechanisms rather than causal association. 
Moreover, we should ask the following questions: 
• Is there a common pathology ? 
• What are the similarities and differences in patho

physiology? 
Are changes in the nose reflected by changes in the 
bmnchi and vice-versa? 

13-6- IS THERE REMODELLING OF THE 
NOSE? 

Resem-ch is needed. 

13-7- INFLUENCE OF SINUSITIS AND 
POLYPOSIS ON ASTHMA 

Many papers have attempted to sl11dy the causal links 
between asthma, sinusitis and nasal polyposis. However, 
the methodology is extremely eli fficult and no firm con
clusion could be drawn from these studies except in 
aspirin sensitivity. Carefully designed prospective srud
ics arc needed to better understand these important links. 

13-8- INFLUENCE OF RHINITIS ON 
EXERCISE-INDUCED ASTHMA 

The impact of rhinitis on exercise-induced asthma is 
supported by the influence of airway temperature in 
bronchial symptoms (2770, 2771) and the fum:tion of the 
nose in protecting the lower airways from cold and d1y 
air challenge . Ilowever, more data are needed to fully 
appreciate Lhc links. 

13-9- CAN RHINITIS PREDICT ASTHMA 
EXACERBATIONS? 

JL has been widely reported that a flare of rhinitis may 
be a prodrome of subsequent asthma. Viral infections or 
allergen exposure can lead to rhinitis followed by asth
ma. Howcwr, wt: nt:cd more data: 
• to assess the links between these exacerbations, 
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to explain how this association may have an impact 
upon the management of asthma, 

• to show that treatment of nasal inflammation subse
quent to viral infection may prevent the development 
of bronchial symptoms. 

13-10- TREATMENT OFAR INFLUENCES THE 
SEVERITY OF ESTABLISHED ASTHMA 

Since most asthmatics have nasal symptoms, treatment 
of the patient requires targeting both sites. However, 
although many studies have been performed: 
• it is not known if the treatment of one site significant

ly improves treatment requirements of the other site. 
• it is not known whether intranasal and inhaled corti

cotherapy have an impact oh safety. 
• it is not known whether the doses of inhaled cmtico

steroids can be reduced if nasal corticosteroids are 
added. Such studies should be carefully designed since 
steroid tapering is very difficult to assess. 

• the optimal way of treating patients with two concur
rent diseases has not been studied. 
drugs administered by oral route can reach both sites 
and may be of interest. Studies are required. 

• the impact of treating both sites on QOL should be 
tested. 
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• the impact of treating both sites on asthma exacerba
tions (or control) should be tested. 

13-11- LONG-TERM VERSUS PRN 
TREATMENT 

In asthma, it has convincingly been shown that long
term controller therapy is required to maintain control of 
the disease and prevent exacerbations. 

However, in rhinitis, althougll a minimal persistent 
inflammation has been shown in the nasal mucosa of 
symptom-free patients allergic to house dust mites or 
pollens, the clinical relevance of these findings has to 
be better established. Thus, although it is recommended 
to continue the treatment of patients with controlled 
persistent rhinitis for some time, guidelines for the 
duration and cessation of treatment have to be devel
oped and tested. 

The relevance of "nasal minimal persistent inflam
mation" to the lower airway inflammation has to be 
considered. 

13-12- TREATMENT OF AR IN CHILDHOOD 
PREVENTS DEVELOPMENT OF ASTHMA 

Sec "Prevention of allergy and a~thma" initiatives. 
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14- Recommendations for developing 
countries 

Nadia Ai't-Khaled, Donald Enarson 
International Union Against Tuberculosis and Lung 

Disease (IUATLD) 
In developing countries, health care planners are faced 

with establishing priorities for the allocation of limited 
health care resources and infectious diseases, both of 
which remain a public health priority. When deciding on 
priorities for public health action, it is important to 
remember that, just as with clinical practice, public 
health practice needs to be evidence-based. Evidence for 
public health activities may differ somewhat from that 
needed for clinical practice and is required to be more 
extensive. 

14-1- DECIDING ON PUBLIC HEALTH ACTION 

The following components need to be addressed when 
considering public hcallh aclion: 

14-1-1- Efficacy 

When considering an aclion (in this case, the manage
ment of allergies and asthma), it is necessary to deter
mine whether or not the interventions being proposed 
have a scientific basis. In most cases, when it comes to 
treatment, this necessitates evidence of etlicacy derived 
from clinical trials The technical requirements of clini
cal trials are known-they should preferably be nm
domised, double-blind and controlled. In addition, it is 
important to determine that the population in which the 
clinical trial has been carried out is similar to the one in 
which the intervention is proposed. In clinical trials, it 
would be irresponsible to consider treatment interven
tions without a scientific base. 

When considering intervention in terms of diagnosis, 
it is essential that the test characteristics of the diagnos
tic intervention should be satisfactorily evaluated. This 
refers to the sensitivity (the Lest's ability Lo identify a high 
proportion of those who have the disease) and the speci
tlcity (the test's ability to correctly identify a high pro
portion of those without the disease) of the test. In addi
tion, the test must have a high degree of reliability (when 
it is pc1 formed repeatedly in a given situation, it should 
produce consistent results) and should be valid (a posi
tive test should reflect the presence of the disease). 

14-1-2- Effectiveness 

Effectiveness, unlike efficacy, is the ability of the 
intervention to perfom1 well in large populations. For 
example, it is necessary to demonstrate that when a large 
group of patients is treated (withoutlhe selection of 'eli
gible" subjects, as is often the case in clinical trials), the 
treatment actually prodt1ces results similar to those 
obtained in clinical trials. Ifu treatment is ef/icacious but 
difficult to take (for example, if it has associated adverse 
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reactions), it will not be effective in the community 
because the patients will not take the medication. 

Likewise with diagnostic interventions, it is necessaty 
to demonstrate that they can be applied to a population 
and produce reasonable results. For this purpose, it is 
necessary to evaluate the predictive value of patients rou
tinely presenting for diagnosis. The predictive value of a 
positive test is the probability that the individual with a 
positive test result actually has the disease. The predic
tive value of a negative test is the probability that an indi
vidual with a negative test does not have the disease. The 
value of these two parameters varies with the prevalence 
of Lhc disease. Very frequently, tests with a high degree 
of sensitivity and specificity do not have a satisfactory 
predictive value when the disease is relatively rare. 

14-1-3- Feasibility 

The next requirement for evidence supporting a public 
health intervention is feasibility. Can the intervention 
actually be delivered to a high proportion of the patients 
who su ITer from the disease? 

This is an issue frequently overlooked by clinicians. 
Even when an inte1vention has a high degree of efficacy 
and effectiveness, if it cannot be delivered to a high pro
portion of those with (or at risk of) the disease, it is not a 
reasonable public health inte1vention. This is a major 
problem with many proposed activities. Feasibility may 
bejeopardised by a number oftactms: 
• the treatment may not be available or may be too 

expensive, 
there may be logistic difficulties in pmviding a regular 
supply, 

• perhaps those suffering from the condition live far 
away from the health service. 

Evaluating feasibility often necessitates a 'pilot pro
ject'. Interventions at the community level (public heallh 
inte.tventions) should never be adopted as general poli
cies if they have not been demonstrated to be feasible. 

14-1-4- Cost Benefit 

It is necessary that any intervention shown Lobe effica
cious, effective and feasible should be made available. 
However, it is often forgotten that the resource base is 
finite and that there is always a competition for existing 
resources, necessitating setting priorities. Among the 
pieces of evidence necessary for setting primities is 
demonstration of cost benefit. This allows comparison of 
yield of a variety of interventions. Those with the greatest 
yield for the amount invested will clearly have priority. 

In addition to this evidence base, one must consider 
the process by which public health interventions are 
developed. There is a clear plan hy which such actions 
should be initiated. When the problem is ve1y large and 
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necessitates a response, there is often an insufficient evi
dence base. The following steps should therefore be 
taken to develop this base: 

given the existing knowledge, gain a consensus of 
experts on the best approach to take. Usc this consensus 
to propose a standardised approach to the intervention. 
use this consensus to mount the process of treating 
evidence, namely clinical trials, followed by field tri
als, pilot projects and then economic evaltmtion. 
when a puhlic health action is initiated, commence the 
activities in such a way that the necessary infmmation 
for monitoring implementation and operations is built 
into the programme. Tlus usually requires a standardised 
data collection procedure and a systematic evaluation. 
establish a pe1iod of operations after which a systematic 
and critical evaluation is carried out. The evaluation 
should take account of the infmmation routinely collect
ed in order to detcnninc whether the established objec
tives are being met. 
revise the policy, based on the critical evaluation. 
repeat the whole procedure. 

By systematically deliuing, adopting, evaluating and r~vis
ing policy, it is possible to increase efficiency and cost bene
fit and to ensure that the application of the policy actually 
ddivc11> lhe outcome it was designed to provide. Implemen
tation of public health policy without a systematic approach 
fi·eqtJently lends to failme and a waste of investment 

14-2- STANDARDISED MANAGEMENT FOR 
INDIVIDUAL PRACTICE 

Allergic rhitutis may be considered as a public health 
problem in some developing countries and is becoming a 
public health problem in some low income countries. 
However, the prevalence of chronic rhinitis is already 
high in some developing countries and is frequently asso
ciated with asthma (!54). These patients are often treat
ed incorrectly by general practitioners prescribing antibi
otics, and a lot of money is spent on inadcqlWte care. FOJ 
these reasons, a standardised management plan for aller
gic rhinitis should be proposed lo praclitioners to pre
scribe the most effective treatment affordable for patients 
living in developing coumries. 

14-2-1- Diagnosis 

Diagnosis is easy when rhinitis is associated with 
other manifestations of the disease such as conjunctivitis, 
skin allergy and/or asthma. The diagnosis is more diiTt
cult when rhinitis is the only manifestation of the disease. 
In view of the frequency of asthma and rhinitis co-mor
bidity even in developing countries, when patients con
sult for chronic nasal symptoms, evaluate asthma symp
toms and when they co11sult for asthma symptoms, it 
would be useful to evaluate nasal symptoms. 

14-2-1-1- Questionnaire 
When a patient consults for ctu·onic or recurrent nasal 

symptoms, a standardised lJLH.:stionnairc might be a very 
good tool for the diagnosis of allergic rhinitis. This ques-
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tionnaire must assess the major symptoms of rhinitis 
including sneezing, a runny nose and/or a blocked nose 
when the patient does not have a cold. 

For the identification and evaluation of severity of the 
alle1·gic rhinitis, a standardised questionnaire is proposed 
in Table 23. Some questions are from (or are adapted 
from) the standardised questionnaires used in two impor
tant epidenliological studies: the International Study of 
Asthma and Allergies in Childhood "ISAAC" (154) and 
the European Community Respiratory Health Survey 
"ECRHS" (107). 

This standardised questionnaire, proposed as a tool for 
diagnosis, contains three pruts: 
• questions in the first part identity specific symptoms 

of allergic rhinitis, main trigger factors and family 
history of allergic disease; 

• questions in the second part are used to establish the 
severity of the disease; 

• questions in the third pa1t identity seasonal and occtl
pational allergic rhinitis: 
-pollen scnsitisation: symptoms occur each year during 

the same season and are accompanied by itchy and 
watery eyes. 

- aspirin sensitisation: serious symptoms with nasal 
obstruction frequently associated with nasal polyps, 
also scnsitisalion tu aspirin and/or nun steroidal anli
inflanmlatory drugs (NSAIDs). These patients gen
erally have allergic rhinitis associated with urticaria 
and severe asthma attacks after the ingestion of 
aspirin or other NSAIDs. 

-occupational: symptoms occur only at the workplace 
or at night after work. At the beginrling of the disease, 
symptoms may disappear totally during the weekend 
and holidays and reappear at work. In most of lhese 
cases, allergic rhinitis is associated with asthma. 

Finally, in most cases, a concise questionnaire is suffi
cient to identity allergic rhinitis, to detennine co-morbid
ity with other manifestations of the disease, to classifY the 
severity of symptoms and to suspect particular cases. 

If possible, and depending on the development of ser
vices in ihe eounlry, these parti~ular cases suspected by 
general practitioners should be referred to specialists for 
contlrmation of diagnosis and specific management. 

A panel of specialists proposed a quantitative score 
(A1mesi I, Didier A, Klosek M et a\.). A diagnostic criteria 
score for allergic rhinitis (SFAR) was proposed: Develop
ment, hospital validation and population acceptability 
(submined) for the diagnosis of allergic rhinit.is. An evalu
ation of this score would be useful in clinical practice. 

14-2-1-2- Examination 
In severe cases, clinical examination may be per

formed by anterior rhinoscopy if a rhinoscope with a 
speculum is available. In the absence of adequate equip
ment, direct observation or the noslrils may reveal the 
principal signs of allergic rhinitis: 
• signs of inflammation localised to the inferior 

Lurbinatc which appears ocdematous, red, swollen and 
covered with secretions. 
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TABLE 23: Standardised Questionnaire proposed for patients with chronic nasal symptoms. *Some questions are 

taken or adapted from the ISAAC and ECRHS standardised questionnaires. 

Research for allergic rhinitis 

1. 1n the past 12 months, have you bad a problem with sneezing or a runny or blocked nose when you HAVE NOT had a cold or 
the flu? 

2. lfYcs: In the past 12 months has tl1is nose problem been accompanied by itchy, watery eyes0 

3. Jn which of the past 12 months did U1is nose problem occur? 

January D May D September D 
February D June D October D 
March D July D November D 
April D August D December D 

4. Do you think that tngger factors provoke or increase your nose problem" If Yes: what are they? 

5. Have you ever had hay fever, asthma or a skin allergy'' 

6. Has a member of your family ever had asthma, or a skin or nasal allergy? 

Determine severity for classification 

L Jn the past 12 months, how many times have these symptoms occurred? 
Less than 4 days a week or less than 4 weeks in the year? 
More than 4 days a week and for more than 4 weeks in the year? 

2 ln the past 12 monU1s, have these nose problems beeri accompanied by sleep disturbance? 

34 ]n the past 12 rnonlhs~ how much has this nose problem interfered with your daHy activities, and/or school, and/or work, and/or 
leisure, and/or sport? 

Not atoll 
A little 

D 
D 

A motlcrote amot111t D 
Alut D 

Identification of seasonal and occupational allergic rhinitis 

I . Do you experience these symptoms every year only during a particular season and always during the same season? 
2. Do yot1 experience these symptoms mainly during the working day? Do they disappear during the weekend and holidays? 
3. Do you experience these symptoms after the ingestion of aspirin or other pain-killing tablets? 

lfYes: Which tablets? 

* Whe11 U1e ratietll hos oll1cr chmnic respirulnl)' sympltH11S, UIIDllu::r qucstimwuire to resean.: h astluna will be appli~d bcrme. The lUATLD slurui:Jrdised 

questiommlre is proposed In t11e LUATLD Astlunn Guide (6) 

• polyps may be seen in some patienLs wilh partial 
obstn1ctiot1 of Lhe nostrils, particularly for patients 
with sensitisation to aspirin. 

Identification of seasonal and occupational rhinitis: 

14-2-l-3- Classification 
Based on the severity of symptoms: 
The classification of severity proposed for industri

alised counrries, based only on the seve1ity of the symp
toms, can easily be applied in developing cotmtries 
(Table 23). 

The three questions from the second part of the stan
dardised questionnaire proposed in Table 23 are suffi
cienllo establish I he sevcrily or allergic rhinitis and clas
sify the disease. 
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Three questions proposed in Table 23 may be helpfu l 
in particular cases of allergic rhinitis with specific sensi
Lisation to pollen, aspirin and other NSAIDs, or tu an 
occupational agent. 

14-2-2- Management 

14-2-2-1- Avoidance measures 
Avoidance measures should be used for rhinitis when

ever relevant. These include removing cats and reducing 
mite allergen by encasing matu·esses and pillows in imper
meable covers. However, some of these measures arc dif
ficult or impossible in poor socio-economic conditions. 
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TABLE 24: The price of principal drugs for Allergic Rhinitis. Price in France: Source: Vidal1999 

Brand name DCI Presentation 

HI- Antihistamines: first generation with sedative effects 

Price FF 
(French Francs) 

Dose for 
adults 

Price per 
Price per month US$ 
day FF (US Dollars) 

Polaramine Dexchlopheniramine Box of30 lahlets 8.90 1 to 2 th/d 0.29- 0.58 1 3 -2.6 

maleate 30mg/th 

Dimegan Brompherinamine Rox of20 tablets 19 70 4 to 6 tbld 3.94 18 
4mg/tb 

Zaditen Ketotifen Box of30 tablets 81 .50 1tbld 2.72 12 5 

2mg/tb 
Ill-Antihistaminies second generation with low or no sedative effects 

Zyrlec Celirizine Box of 15 L:tblets 5 J J tbld 3.4 15 6 
Virlix Dichlorhydrate 10mg/ib 

Clarityne Lorntadi.ne Box of 15 tablets 46.5 1tb/d 3.1 14.25 

10mg/tb 

Allergodil Azelastine Nasal solution 59 4p/d 1.97 

17m! 

Tel fast Fexofenadine Rox of 15th 49.90 1 thld 3.33 15_1 

120mg/tb or 180 mg/tb 

Primalan Mequitazine Box of 14 tb 50 7 1tbld 3.62 16.6 

10mgitb 

Tin set Oxatomide Box of 30tb 44 .30 2tbld 2.95 13.5 

30mgltb 
Other drugs 

Lomusol Cromoglycate Nasal solution 47.50 4 to 8 p/d 2 lo 4 9to 18 

15m! 

Beconase Beclomethasone Nasal solution 51 50 4 to 8 p/d I to 2 4 5 to 9 

200 p 

SO~glp 

LDA Price I 999 
A verugc cu.•ilofu llltmlh'!'l l ruuh nclll w ith tlrugs l'rmn II ).'\ : on ly lwo dn1gs 1\rt:: uva ilubh:~: 

Dcxchlorphcniraminc : 0 25 US S and Bcc1 omcll~>son c ac1o,ol fo1 inhalation: 5 USS 
IDA Price 1999 was in Euro In 1999 : I EURO= I. 039 t USS 
Vida l Price 1999 was in Ff In 1999: I USS= (>53 FF 

In the case of occupational disease, it will be necessary to 
remove the patient fi·om the exposure at work. But in many 
cases, the paliem will not accept litis decision because he will 
lose !tis job. The best solution when possible would be to 
remove the most dangerous agent, replacing it with another 
less potent one. This is possible in mostcas<.:s and would pro
vide a collective preventive solution for healthy workers. It 
would also maintain patients in their trained work. 

14-2-2-2- Medications 
Among the medications proposed for treatment, two are 

available in developing countries ror the cfTective manage
ment of the majority of allergic rhinitis patients: chlor
pheniramine (flfst generation oral III-antihistamines) and 
nasal bcclomethasone (inlra-nasal corticosteroids). 

The rationale for this choice of drugs for developing 
countries is based upon 4 points: 
o High level of efficacy: Intra-nasal corticosteroids for 

rhinitis are probably the most cost-effective drugs as 
demonstrated for asthma, even in developing countries 
(2272). 

o Low cost drugs affordable for the majority of 
patients: With chlorphcniraminc which is sedating, it 
is possible to have monthly treatment for 011ly l or 2 

US$ (0.25 US$ if bought through IDA) and for 5 US 
$with intra-nasal corticosteroids (Tabl e 24). 
Inclusion in the WHO essential list of drugs: These 
two dmgs are on the WHO essential list of drugs. It is 
a very impoltant step for countries to incltlde dn1gs in 
their national essential drugs list. However, non
sedative antihistamines should also be included. 

• Decrease ot' cost might be expected: If demand 
increases, it may be possible to have these drugs at a 
lower price in the near future with the production of 
generics . The new oral H !-antihistamines arc more 
effective with no sedative effect, but they are not rec
onunended as flist-line drugs in developing countries 
due to their high cusL (9-20 US$ fur one month's treat
ment). They are cunently more expensive than intra
nasal corticosteroids. However, they should be used as 
first-line drugs if they are more affordable in the future. 

14-2-2-3- Immunotherapy 
Immunotherapy could be indicated in patients with 

allergic rhinitis according to the recommendations previ
ously given (8-3-5-1 ). However, indications could be 
limited in developing countries for the following reasons: 
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Many allergens in developing countries have not been 
identified, 
Rigorous and costly examinations are reqt1ired to 
identify these cases, 

• Specialists must prescribe allergen vaccines, 
• Immunotherapy must. be administered by doctors 

because of possible side effects, 
TI1e cost of allergens and of personnel would be very 
high in some countries, 

• lmmunotherapy is not effective if low doses or poorly 
standardised allergen vaccines are used. 

14-2-2-4- Stepwise treatment proposed 
Mild intermittent rhinitis: The oral HI-antihistamine 
chlorpheniramine will be prescribed on demand. The 
patient has to be aware of its sedative effects and should 
take the medication only in the evening although this 
may not prevent an antihistamine hangover. The new
generation oral H !-antihistamines without sedative 
effects will be better as a first line treatment, but only in 
the future when they are affordable for the patient. 

• Moderate/severe intermittent rhinitis: Intra-nasal 
bcclomclhasone (300-400j.ig daily) will be prescribed. 
1 f needed, after a week of treatment, oral H 1-antihist
amines and/or oral corticosteroids will be added_ 

• Mild persistent rhinitis: Treatment with oral HI-anti
histamines or a low dose (equivalent to beclometha
sone 100-200 Jlg) of intra-nasal cmticosteroids will be 
sufficient. 

• Moderate-Severe persistent: A high dose of intra-nasal 
corticosteroids (equivalent to beclomethasone 300-
400 11g) will be prescribed. If symptoms a1·e severe, 
add chl01pheniramine and oral steroids at the begin
ning of the treatment. 

The treatment of persistent rhinitis will be daily if 
symptoms are perennial but will be needed only during 
the season if symptoms are seasonal. 

ln the case of co-morbidity with asthma, asthma man
agement is the priority. Asthma management for devel
oping countries was proposed in the IUATLD Asthma 
Guide (2273). Thl! a!Tordability of inhaled steroids is 
very low in these cou11tries (2274). If it is affordable for 
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the patient to treat the two manifestations of the disease, 
it should be recommended to add the treatment of aller
gic rhinitis to the asthma management plan. 
• Management of particular cases: ln addition to the 

standaJdised treatment, and depending on the level of 
severity, other dispositions are necessary: 
- Occupational rhinitis: flooring, wood and iso

cyanates are frequent causes of occupational rhini
tis and asthma, even in developing countries. ln 
most cases, if the patient maintains exposure at 
work, a severe aggravation of the disease will 
occur, even with adequate treatment. If it is impos
sible to remove the agent from the workplace, it 
will be recommended to remove the patient from 
his/her job. In cases where the patient refuses, indi
vidual preventive measures will be proposed. 

- If these patient~ are all referred to specialised ser
vices, it will be useful Lo have a register of occupa
tional allergic rhinitis and asthma. This register will 
serve as a very good tool for identifying specific 
exposed workplaces and fm proposing collective 
measures of prevention: replacing one agent by 
another less toxic agent, using hoods over stoves, etc. 

Rhinitis with sensitisation to aspirin and other NSAIDs: 
- The majmity of these cases suffer severe asthma 

and require rigorous treatment and slrict follow-up. 
As a severe accident may occur if these patients 
take aspirin or other NSAlDs, it is particularly 
important to give them the list of dJugs that should 
be avoided Paracetamol is well tolerated by the 
majority of patients. 

14-3- CONCLUSION 

A standardised management plan for allergic rhinitis 
may be proposed for developing countries. In the major
ity of cases, the diagnosis of allergic rhinitis may be car
ried out using a simple standardised questionnaire. Its 
management might be possible with only one or two 
d111gs. In the case of co-morbidity with asthma, it is use
ful to add rhinitis treatment to asthma treatment. 

A research progmmmc will bt: necessary to determine 
the fi.1ture need for public health action. 
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Appendix 1: Statements of evidence 

A.- Development Process 02 poin(S); 

1.- Have you clearly defined the purpose of/he guideline' (1 poinl) 

[X)Yes 

]No 

]Can't Tell ("Can't tells" score 0 points) 

The present document is intended: 
• to update the state of art of allergic rhinitis, 
• to highlight the impact of allergic rhinitis on asthma, 
• to provide an evidence-based documented revision on diagnosis methods, 
• to provide an evidence-based revision on the treatments available, 
• and to propose a step-wise approach to the management of the disease. 

2.- Have you clearly defined /he usefulness oft he guideline' (I point) 

[X)Yes 

]No 

]Can't Tell 

The present document will improve the diagnosis and management of allergic rhinitis. It will also improve 
the recognition that asthma and rhinitis are common co-morbidities. Moreover, the improved management of 
allergic rhinitis is likely to be cost-effective. 

3.- Have you clearly defined the scope oft he guideline? (1 point) 

[XJYes 

]No 

]Can't Tell 

The present document is intended for the specialist, the general practitioner and health providers. 

4- Have you included a specific and clear description of /he pmces.1 fm· /he developmenl of the guideline? (1 point) 

[X lYe. 

]No 

(see 8-5) 

5 ·Does the development pmces.s of the gt1ideline lurve a populalion-btll"edfocu.•? (1 point) 

[X)Yes 

]No 

]Can't Tell 
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6.- Have you included a specific description of !he lilera/ure review process and sources of evidence? (J point) 

[ ]Yes 

IX]No 

]Can't Tell 

J ALLERGY CLIN IMMUNOL 
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In Medline, articles can be traced in two ways: by any word listed on the database, including words in the title, 
absb·act, authors' names and the institution where the research was done; and by a restricted thesaurus of medical 
titles, known as medical subject heading (MeSH) terms (2775). Not all medical articles are indexed on Medline 
and some have been misclassified. Searching by textword can therefore supplement a search by MeSH (2776). In 
the present document, we used the search by words and MeSH. 

In the present document, an extensive Medline search was carried out from 1966 to 31-12-1999 using 
PubMed® concerning the following items: 

• rhinitis 
• all treatment options (see 8-1, 8-2, 8-3, 8-4) 
• all diagnosis options (see 7) 
• for medications, the generic name of all known medications (for rhinitis) was used with the key words 

"placebo-controlled". When no placebo-controlled studies were available, we used the key words "con
trolled". 

For treatment options, a search with EMBASE® (Excerpta Medica) was also carried out to find papers not 
referenced on Medline. 

A search of randomised rhinitis trials was done using the Cochrane Library database (12-1999). The search 
included the Cochrane Database of Systematic Reviews (CDSR) and the Database of Reviews of Effectiveness 
(DARE). 

The literature of each of the chapters was extensively reviewed by at least the chairmen and two members of 
the panel. 

7.- lias the literature review p1vceS.\' ofyour guideline fJeen .\)'Slematic and not bim·ed'! (2 point.\) 

IX] Yes 

]No 

]Can't Tell 

8- Have you considered economic information (cost-effectivene.vs, use ofresmtrces .. ) in the review pmcess1 (1 poi11t) 

IX]Yes 

]No 

]Can't Tell 

In the guideline, a special section on cost-effectiveness has been included (chapter 12). However, in the rec
ommendations, such an item was not possible due to the variable costs for medications in different parts of the 
world and the lack of some drugs in the essential drug list of WHO. 

9.- Have you included the mo.vt updated a11d the highest quality available evidence? (3 point.v) 

IX]Yes 

]No 

]Can't Tell 
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B.- Qualitv o[recornmendations (8 points); 

10- Have you developedwllid recommendations (consistent with evidencefindingsp (3 point.•) 

[X]Yos 

)No 

)Can't Tell 

(see 8-5) 

11.- Have you specified all important options and outcomes? (3 point.v) 

[X)Yes 

)No 

)Can't Tell 

(see 8-5) 

12.- Have you u.ved an explicit and acceptable process to combine the relative value of different outcomes? (I point) 

[X)Yes 

)No 

)Can't Tell 

Appendix 1 5273 

All diagnostic and therapeutic interventions have been reviewed and referenced. Moreover, double-blind, 
placebo controlled studies and double-blind studies have been clearly mentioned (see 8-5). 

13 - Have you wa1.d a ralionul and acceptuble approach to integrate economic and clinical data? ( 1 poin~) 

[X] Yes 

)No 

]Can'ITell 

In the guideline, a special section on cost-dTcctivcncss has been included (chapter 12). However, in the rec
ommendations, it was not possible to add such an item due to the variable costs for health care and medications 
in different pa11s of the world. 

C.- Implementation and dissemination (2 points): 

14. -is yo!lr guideline locally adaptable? (I point) 

[X] Yes 

]No 

]Cau'tTell 

15.- Does your guideline include effective strategies for the dis.\·eminafion and implemenJation to it.\' larget audience? (1 point) 

[X]Yes (in process) 

)No 

]Can't Tell 
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This will be done for the dissemination of the pocket guide. 

D.- Evaluation (3 points): 

IIi.- Doe.f the guideline allow later review (method\~ sources properly documented)? (2 point) 

[X]Yes 

]No 

)Can't Tell 

17.- Dne..v your guideUne define indicators to monitor its impact?(/ point) 

[X]Ycs (in process) 

)No 

]Can't Tell 

Overall, is the guideline valid according to the principles in Annex 1? 

[X]Yes, excellent, 20 points m· morr 

)Yes, satisfactory, 16 points or more 

)No, less than 16 points 

]Not acceptable, 16 points or more but contrary to WHO's principles (see Atmex 1) 
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)Can't Tell, lack of information to judge essential aspects (more than live can't tells and the rest of the answers yes)-Go back and 

checlc it again-

internally for WHO-NCJ.1, if we wont to an"wer U1e question: "Am 1 doing an evidence-bMed guideline or not?", check que.ftions 1, 2, 3, 6, 

7, 9, 10, 11. 

[X] If all answers are Yes: evidence-based guideline according to WHO-NCM criteria. 
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List of abbreviations 
AA: arachidonic acid 
AAAAI: American Academy of Allergy, Asthma and 

Immunology 
AlANE: European Network on Aspirin-Induced Asthma 
AOM: acute otitis media 
APC: antigen presenting cell 

AQLQ questionnaire: asthma qua~ty of life questionnaire 
ATS: American Thoracic Society 
CCR: CC cllemokine receptor 
CO: cluster of diiTerentiation 
C023 (fccRII): low affinity receptor fur lgE 
CGRP: calcitonin gene-related peptide 
CNS: cenlral nervous system 
COX: cyclooxygenase 
Cys-LT: cysteinyl lenkotrienes 
CXCR: CXC chemokine receptor 
OSCG: disodium cromoglycare 
EAACI: European Academy of Allergy <lJld Clinical 

Immunology 
ECP: eosinophil cationic protein 
Fc£Rl: high affinity receptor for lgE 
fceRII: low affinity receptor for lgE (CD23) 
ECRHS: European Community Respiratory Health Survey 
EDN: eosinophil Jerived neurotoxin 

FEV 1: forced expiratory volume in I second 
FVC: forced vital capacity 
FLAP: 5-lipoxygenase (LO) activating protein 
GM-CSF: graJmlocyte, monocyte colony stimulating factor 
GR: glucocorticosteroid receptor 
GRE: glucocorticosteroid receptor responsive element 
HOM: house dust mite 

HPA axis: hypothalamic-pituitary-adrenal axis 
HETE: hydroxyeicosatetraeuoic acid 
HPETE: hydropcroxycicosotctracnoic acid 
1-JRQLQ: Heahll rdat<d quality of life 
lCAM-1: intra-cellular adhesion molecule 1 

lfN-y. intcrfcron-y 
IL-: interlcukin-
lSAAC: Internotional Study on Asthma and Allergy in Childhood 
LFA-1: Leukocyte function antigen- I 
LO: lipoxygcnasc 
LPR: late-phase reaction 
LTC4 : leukotriene C4 

LTD4: leukotriene D4 
LX: lipoxin 
mAb: monoclonal antibody 
MDP: major basic protein 
MIP-1: macrophage inhibitory protein 

HIGHLY CONFIDENTIAL-

mRl\'A: tncssengt::r rilmuucleic acid 
NANC: llOJl·adrenergic, non-cholinergic 
NAR: nasal airway resistance 
NARES: non-a.llergic rhiniti• with eosinophilic syndrome 
Nf-JCB: nuclear factor-JCB 
NGf: nerve growth factor 
NHANES II: second National Health and Nutrition 

Examination Sllrvey (U.S.A.) 
NK: neurokinin (A or B) 
NO: nitric oxide 

NOi nitrogen dioxide 
NPY: neuropeptide Y 
OME: otitis media wilh effusion 
PD20FEVI: provocative dose inducing a decret~se of 20% in 

fEV 1 

PEF: peak expiratory flow 
PEFR: peak expiratory flow rate 
PGD2: prostaglandin D2 
PLA2: phospholipase A 2 

OR: odds ratio 
PDGF: plale]el derived growth factor 
PG: prostaglandul 
PMI 0: parliculale matter less than I 0 flnl 
PRIST: paper radio-irumunosorbent lest 
QOL: quality of life 
QTc: QT interval 
RAST: radio-allergo-sorbent test 
RQLQ questionnaire: rhinoconjunctivitis quality of life 

questionuaire 
Rhu-MAb-E25 mAb: monoclonal anti-IgE antibody 

RSV: rcspimlory syncytial virus 
SAPALDIA: Swiss Smdy on Air Pollution and Lung Diseases iu 

Adults 
SCARPOL: Swiss Study on Childhood Allergy and Respiratory 

Symptoms with Respect 10 Air Pollution, Climate and 
Pollen 

SCF: slem cell factor 
SP: substance P 
SRSA: slow reac ting substance of anaphylllXis 
SIT: specific immunoUJcropy 
so2 sulfm dioxide 
TNF-<l: rumor necrosis factor-u 

TGF-~: transforming growth factor ~ 
TX : tJ1romboxaue 
VCAM-1: vascular cellular adhesion molecule 1 
VIP: vaso-iutestinal peptide 
VLA-4: very late antigen 4 
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