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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 has been proposed: 
- intermittent 
- persistent 

5- The severity of allergic rhinitis has been classified as "mild' and "moderate/severe" depending on the 

severity of symptoms and quality of life outcomes. 

6- Depending on the subdivision and severity of allergic rhinitis, a stepwise therapeutic approach has 

been proposed. 

7- The treatment of allergic rhinitis combines: 
- allergen avoidance (when possible), 
- pharmacotherapy, 
- immunotherapy. 

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 collaboration with the World Health Organization (WHO). 
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Introduction 

Allergic rhinitis is clinically defined as a symptomatic 
disorder of the nose induced by an lgE-mediated 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 
1). The severity of allergic rhinitis can be classified as 
"mild" or "moderate-severe." 

TABLE 1: Classification of allergic rhinitis 

1- "Intermittent" means that the symptoms are present: 
• Less than 4 days a week, 
• Or for less than 4 weeks. 

2- "Persistent" means that the symptoms are present: 
• 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, 
• Impairment of daily activities, leisure and/or sport, 
• Impairment of school or work, 
• Troublesome symptoms. 

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

Previously, allergic rhinitis was subdivided, based on 
the time of exposure, into seasonal, perennial and occu
pational diseases (1-3). 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. 

However, this is not entirely satisfactory as: 
• There are some places where pollens and moulds are 

perennial allergens (e.g. grass pollen allergy in South
ern California and Florida ( 4) or Parietaria 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 through
out the 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 effect 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. 

S148 

Thus, a major change in the subdivision of allergic 
rhinitis has been proposed in this document with the terms 
"intermittent" 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 obstruction, 
rhinorrhea, sneezing, itching of the nose and/or post
nasal drainage. It is often associated with ocular 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 basis for selecting optimal treatment. 

Allergic rhinitis represents a global health problem. It 
is an extremely common disease worldwide affecting 10 
to 25 % of the population (1, 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 last 
decades has been recognised (13, 14). Allergic rhinitis 
has been identified as one of the top ten reasons for 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 incurred by rhinitis are 
substantial (21). 

Other conditions associated with allergic rhinitis are 
asthma, 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 physiologi<:: characteristics and by a 
common therapeutic approach (24-27). Although not 
universally accepted (28), the term "allergic rhinobron
chitis" has been proposed to link the association between 
allergic asthma and rhinitis (29). Non-allergic asthma 
and rhinitis are also associated (30) but the mechanisms 
underlying the two diseases are not fully understood 
except, possibly, for aspirin-induced asthma (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 countries for 
decades and hundreds of them have been published for 
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many diseases (34) including asthma (35, 36) and aller

iric rhinitis (1-3, 37-40). Tbere 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 use and in a form that can be wide

ly disseminated within the medical community in order 

to improve patient care. Unfortunately, many guidelines 

arc 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 airways bas resulted 

in better therapeutic strategies. ew routes of administration, 

dosages and schedules have been studied and validated. 1n 

addition, asthma co-morbidity should be well understood in 

order to achieve optimal treatment for patients. 
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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 allergic 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. 

Tl1e 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. 



1- Classification 

Rhinitis (rhinosinusitis) is classified as follows (Table 2). 
The 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). 1L lias been estimated that .5-2% ofviral upper res
piratory tract infections progress to 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 arc recognised: 
• acute, 
• recunent acute, 
• chronic, 
• acute exacerbations of chronic disease. 

Attempts have been made to define these in terms of 
pathophysiology, microbiology, radiographic imaging, 
severity and duration of symptoms (45-47). This latter 
criterion ha proved to be the most widely utilised, 
although, in the case of acute infectious rhino inusiLi , 
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, viru cs are the most frequent initiators, 
whi lst Strep1ococc11s p11eumoniae (20-35%) and 
Haemophilus influen:a (6-26%) remain the most com
mon bacteria (51). However, other agents including 
Moraxella catarrhalis, Staphlycoccus aureus and anaer
obic bacteria are also found. 

The same bacteria are regarded as significant in 
chronic infectious rbinosinusitis where they are found in 
hjgh titres from sinus aspirates. They may also cause 
acute exacerbations of the chronic disease. In conditions 
such as cystic fibrosis, Staphylococcus aureus and 
Pseudomo11as aeruginosa are regarded as important 
pathogens. In addition, many other bacteria may be 
encountered whose role is as yet undetermined (52). 
Fungi such as Aspergil/11s or the Dermataceous fungi, 
Alternaria, Bipolaris or Cun•ularia. appear to be assum
ing greater importance (53-57). Other organisms such as 
Mycobacterium tuberculosis, Klebsiell,1 rhinoscleroma
lis, Mycobactr.:rium leprae and Treponema pallid11111 can 
also occur and both protozoan infection (leishmaniasis) 
and parasitic infection have been described. 

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

1-2- ALLERGIC RHINITIS 

Allergic rhinitis is subdivided into "intermittent", 
"persi tent", 'mild" and "moderate-severe" (Table 1 ). 
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TABLE 2: Classification of rhinitis 

• Infectious 
Viral 
Bacterial 
Other infectious agents 

• Allergic 
Intermittent 
Persistent 

Occupational (allergic and non-allergic) 
Intermittent 
Persistent 

Drug-induced 
Aspirin 
Other medications 

• Hormonal 
Other causes 

NARES 
hritants 
Food 
Emotional 
Atrophic 
Gastroesophagcal reflux 

Idiopathic 

TABLE 3: Differential diagnosis of rhinitis 

• Polyps 
• Mechanical Factors 

Deviated septum 
Adenoidal hypertrophy 
Foreign bodies 
Choanal atresia 

• Tumours 
Benign 
Malignant 

• Granulomas 
Wegener's Grnnulomalosis 
Sarcoid 
Infectious 
Malignant - midlinc destructive granuloma 

Ciliary defects 
• Cercbrospinal Rhinmrhea 

1-3- OCCUPATIONAL RHINITIS 

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

A range of medications is known to cause nasal symp

toms. These include: 
• aspirin and other non-ster0idal anti-inflammatory 

agents (NSAID). Aspirin intolerance is characterised 

by nasal secretion, eosinoph~a, frequent occurrence 

of polyps, sinusitis, non-allergic asthma and usually 

by a good response to glucocorticostcroids (see chap

ter 3-3-2), 
• reserpine (62), 
• guanethidine (63), 
• phentolomine, 
• methyldopa, 
• ungiotensin converting enzyme (ACE) inhibitors (64), 

• a-adrenoceptor antagonists, 

• intra-ocular ophthalmic preparations such as B-block

ers (65), 
• chlorpromazine, 
• oral contraceptives. 

The term rhinitis medicamentosa (66, 67) applies to 

the rebound nasal obstruction which develops in patients 

who use 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 

sniffing, rhinorrhea, diminished olfaction and septa! per

foration (68, 69). 

1-5- HORMONAL RHINITIS 

Changes in the nose are known to occur du1ing the 

menstrual cycle (70) pubetty, pregnancy (71, 72) and in 

specific endocrine disorders such as hypothyroidism (73) 

and acromegaly. Hormonal imbalance may also be 

responsible foT the atrophic nasal change in post

menopausal women. 
Persistent hormonal rhinitis or rhino-sinusitis may 

develop in the last trimester of pregnancy in otherwise 

healthy women. Its severity parallels the blood oestrogen 

level. 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 cn.n induce nasal 

symptoms which may mimic rhinitis in subjects with 

sensitive mucous membranes, and even in normal ub

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) (78) 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 ullergy is a very rare cause of isolated rhinitis 

(80). However, na al symptoms are common among the 

many symptoms of food-induced anaphylaxis (80). 

On the other hand, foods and alcoholic beverages 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 sensory nerve fibres inducing them to 

release tachykinins and other neuropeptides (81). 

Dyes and preservatives as occupational allergens can 

induce rhinitis (82), but in food they appear to play o role 

in very few cases (80). 

1-6-3- Eosinophilic rhinitis 

Persistent non-allergic rhinitis with eosinophilia is a 

heterogeneous syndrome consisting of at least two sub

groups: ARES and aspirin intolerance. 

on-allergi rhinitis with eosinophilia syndrome 

(NARES) was defined in the early 1980s (83, 84). 

Although ii probably doe not represent a di ease entity 

on its own, it may be regarded as a subgroup of idiopath

ic rhinitis. It can be characterised by the pre encc or 

nasal eosinophilia and perennial symptoms of sneezing, 

itching, rhinorrhca, nasal obstruction and occasionally a 

loss of sense of smell in the ab encc of demonstrable 

allergy. It occurs in children and adults. Asthma is 

uncommon but approximately 50% of patients have non

specific bronchial hyperreactivity (S5). NARES seems to 

evolve in three stages (86): 

• migration of cosinophils from vessels to secretions, 

• retention of eosinophils in the mucosa which might be 

linked to activation of unknown origin, 

• nasal polyposis. 

It has been suggested that some NARES represent an 

early stage of aspirin-sensitivity (87). 

NARES i not re ponsive to DSCG (88) but responds 

usually although not always to intranasal glucocortico

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 foul-smelling crusts. lt has been attributed to 

infection with Klebsiella ozaenae (91) though its role as a 

primary pathogen is not fully documented. The condition 

produce nasal obstruction, hyposnua 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. 



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 h.istory. However, new national or multinational 

studies are rapidly improving our knowledge in the 

prevalence of rhinitis and its possible risk factors. These 

include: 
• the second National Health and Nutrition Examina

tion Survey (NH.ANES II) (99, 100), 

• the European Community Respiratory Health Su_rvey 

(ECRHS) (101), 

• the International Study on Asthma and Allergy Asth

ma in Childhood (ISAAC) (12), 

• the Swiss Study on Air Pollution and Lung Diseases in 

Adults (SAPALDIA) (11), 

• 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 

terms need to be determined (36). 

2-1-1-1- General definitions 

• Prevalence is the percentage of the population with a 

disease or an abnonnality. 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 lime (usually a year). 

• Morbidity is the degree to which quality of life is 

impaired. 
• .A!Qro'.: The epidemiological definition of atopy is not 

based on the definition of atopy found in the glossary. 

The epidemiological definition of atopy is based on 

skin prick test positivity to allergens or allergen

specific serum IgE. Therefore, depending on the defi

nition of skin prick test criterion used, there have been 

considerable differences in estimations of prevalence 

and incidence of atopy in populations. 

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

epidemiological settings of large populations where it is 

not possibJe either to visit every person or to obtain lab

oratory evidence of the irnmUJ:1e response. 

Initial epidemiological studies have assessed allergic 

rhinitis on the basis of simple "working definitions" . 

Various standardised questionnaires have been used to 

this effect (103, 104). 

• The first questionnaires aiming at assessing seasonal 

allergic rhinitis dealt with " nasal catarrh" (British 

Medical Research Council, 1960) (105) and "runny 

nose during spring" (British Medical Research Coun

cil, 1962) (106). 

• 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 suffer from 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"?" (107), 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 history, perceived allergy) of allergic 

rhinitis has recently been proposed (108). Taking U1e 

doctor's diagnosis (based on questionnaires, examina

tions and skin tests to common aeroallergens) as a 

gold standard, such scores had good positive and neg

ative predictive values (84% and 74% respectively) 

for identifying patients suffering 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 rllini

tis from "the common cold" (a viral upper respiratory 

infection) (109). 

Objective tests for the diagnosis of lgE-mediated 

allergy (skin prick test, serum specific IgE) can also be 

used (110-112). The diagnostic efficiency of IgE, skin 

prick tests and Phadiatop® was estimated in 8,329 ran

domised 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 Phactiatop® 

(43.5%) or total serum IgE (31.6%) (I 13). Future work

ing definitions are intended to encompass clinical symp

toms immune response tests, nasal function and, eventu

ally, specific nasal challenge (114). 

2-1-2- Prevalence 

2-1-2-1- Monocentric studies 

Estimates of the prevalence and incidence of allergic 

rhinitis have varied with the populations studied, defini

tions of the conditions and methods of assessment 

("working definitions"). 

• Most data concern seasonal allergic rhinitis , but not 

exclusively (6, 99, 100, 109). 

• The prevalence of seasonal allergic rhinitis ranges 

from 1 to 40% (Table 4). 

• The prevalence of perennial rhinitis varies from 1 to 

18% (Table 4). 
• In a survey, skin prick 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 
Varjonen (116) 1992 1712 Quest 15-16 Finland 14% Harf (117) 1992 629 Quest Adult France 5.9% Vervloet (111) 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 Germany 22.7'7c Droste (112) 1996 2167 Quest 20-70 Holland 6.6% 12.7% 29.5% Astarita (120) 1998 915 Quest 9-15 Italy 13.1 % Matricardi (121) 1997 1649 Quest Men Italy 13.3% Ogino (122) 1990 471 Exam 18-22 Japan 32.7% Okano (123) 1999 431 Quest school 22.5 Okuma (124) 1994 1013 Quest 6-15 Japan 12.9% Min (125) 1997 9069 Exam All Korea 1.14% Bakke (126) 1990 4492 Quest 15-70 Norway 10'7c Dotterud (127) 1994 551 Quest 7-12 Norway 20.6% Breborowicz (128) 1995 6-15 Poland 16.7% Ng (129) 1994 2868 Quest 20-74 Singapore 4.5% 10.S'i'c Goh (130) 1996 6238 Quest 6-7 Singapore 13.4% Azpiri (131) 1999 2216 Quest 10-40 Spain 10.6% 

(Basque) Hattewig (132) 1990 1654 Exam 7 Sweden 8% Aberg (133) 1995 2481 Quest 7 Sweden 13% Norrman (134) 1994 1112 Exam 13-1 8 Sweden l 7'7c Varonier (135) 1984 4781 Exam 5-6 Switzerland 0.46% 0.56c/c Varonier (135) 1984 245 1 Exam 15 Switzerland 4.4'i'c l.0'7c Wuttrich (11) 1995 8357 Exam 16-60 Switzerland 14.2'7c Kalyoncu (136) 1999 738 Quest 6-13 Turkey l 8.7'7c Burr (137) 1989 965 Exam 12 UK 14.9% Howarth (138) 1989 1792 Quest 16-20 UK l 8'7c Jones (257) 1998 2114 Quest >14 UK 19.8% 8.6% Ninan (139) 1992 1989 Quest 8-1 3 UK I 1.9'.i'c Sibbald (6) 1991a 2969 Quest 16-65 UK 3'.1/c 13c;,, 24'7c Richards (140) 1992 813 Quest 5-59 UK 29c1c Strachan (141) 1995 12355 Quest 23 UK 16.5C/c Hagy (142) 1969 1836 Exam 16-21 USA 21.1 'lc 5.2% Broder (143) 1974b 9226 Exam 4-7 USA 10.2% Turkeltaub (144) 1988 Quest USA 20.4% Wright (145) 1994 747 Quest 6 USA 42% 
Modified from (115) 

extracts of inhalant allergens confirmed that perennial ly 10% of the adult asthmatics (147 . This percentage rhinitis was often associated with 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 individul\.ls suffering from perennial rhinitis (99, 100). population-based study, aspirin intolerance was higher on-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 study, it was foUDd that 42% of children had differences between geographical areas in the world physician diagnosed rhinitis-at tile 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 parts of the world, pollen allergy is very com- was founded to maximise the value of research into asth-mon, but in Eastefll 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 tion. Its specific aims are (150): aspirin-induced rhinitis and asthma was approximate- . to describe 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 fw·ther aetiological 

research into genetic, lifestyle, environmental and 

medical care factors affecting these diseases. 

The ISAAC design comprises three phases (151): 

• Phase 1 uses core questionnaires designed to assess the 

prevalence and everity of asthma and allergic disease 

for two age groups. It was completed in 156 collabo

rating cem1·es in 56 countries and a total of 721,601 

children participated. In the 13-14 year-old age group, 

155 centres from 56 cow,trics participated, of which 99 

centres completed a video questionnaire (463,801 chil

dren). For the 6-7 year age group, there were 91 col

laborating centres in 38 coumries (257,800 children). 

Rhinitis was described as "a problem with sneezing" , 

or "a runny 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 thal 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 posilive predictive value 

for atopy among children witb symptoms was 63% for 

sneezing accompanied by itchy-watery 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 i.n detecting atopy among chil

dren with ~ymptoms. However, they are not helpful for 

detecting aLopy i.u a general population of children (low 

sensitivity). Moreover, there was a season-of-response 

effect on quc-stions concerning rhinitis symptoms sug

gesting a recall bias relating to recent symptoms (153). 

• Phase 2 will investigate possible aetiological faclors, 

particularly those suggested by the findings of Phase 1. 

• Phase 3 will be a repetition. of Phase 1 to assess trends 

in prevalence. 
ISAAC Phase 1 has demonstrated a large variation in 

the prevalence of asthma and rhinitis symptoms in chil

dren throughout the world. The prevalence of rhinitis 

with itchy-watery eyes ("rhinoconjunctivitis") i.u 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, 154-174) (Figure 1). The overall correla

tion between the prevalence of asthma and rhinitis in 
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school children was significant (cr = 0.65, p<0.0001) (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 

nigh 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 rhini tis (Nigeria (>35%), Paraguay 

(30-35%), Malta, Argentina, Hong Kong (25-30%), 

Brazil (7-25% in different centres)) had asthma preva

lences ranging from 10 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 studies between 

populations in contrasting environments. These arc Jike-

1 y to yield new clues about the aetiology of asthma and 

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

ried out among adults bm the ECRHS asked for compa

rable representative samples on ''nasal allergy" (107). 

The ECRHS was carried out in order to answer specific 

questions about the distribution of asthma 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 exposures to known or sus

pected risk factors for asthma, 

• to assess to what extent these variations explain the 

variations in the prevalence of disease, 



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 airway responsiveness, blood and 
urine collection. 

Results for the prevalence of "nasal allergy" were pub
lished in a few studies only (30, 101, 112, 175-177). The 
findings of Droste et al. ( 112) confirmed the close rela
tionship of skin test positivity with reported symptoms of 
nasal a Uergy ia 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
lation. Skin te ting and specific IgE measurement may be 
considered complementary to one another when diagnos
ing allergic rhinitis. 

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

low to moderate levels of air pollutants as typically seen 
in different parts of Switzerland. The aim of the SAPAL
DIA cross-sectional study caJTied 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 determine the respective importance 
of potentially influencing factors (178). These could 
be both personal smoking habits (179), allergy status, 
family history, occupation) and environmental (out
door and indoor pollution (180), acroallergens, cli
mate). 

SAPALDlA investigated a random population sample 
(1 8-60 year-olds) in eight Swiss areas with different 
environmcnts. ln Lota!, 9,651 adults (60%) participated in 
the cross-sectional investigation (part 1, 1991) which 
consisted of the following standardised procedures: 
qucslionnai_res (interviews), forced expiratory lung func
tion lest , bronchial challenge with melhacholine. atopy 
assessment (Phadiatop®, total serum l gE), allergy skin 
tests ( l 13) and end ex:piratory CO-measurements. Sub
jects with a history of respiratory symptoms increased 
bronchial reactivity, reduced lung function (FEY 1/FVC 
< 80% predicted) and 150 healthy persons who had never 
s moked were included in Lhe su bsequent dinry study 
(part 2; n = 3281, 1992/93). Peak flow (morning .ind 
evening) symptoms, medica.tion, personal activity and 
visits lo the doctor were rnonj1ored. Afur(hcr aim of the 
cross-sectional study consisted in the identification of 
individuals susceptible of preseming symptoms during a 
two year observation period mid who could be included 
in the SAPALDIA follow-up study (181). 

Tbe prevalence of allergic rhiniLis was aJso assessed in 
the SAPALDIA ( I I). 
• On the basis of a positive Phadiatopl!O and/or a positive 

kin prick Lest Lo common aeroaUergens, 32.3% of the 
study population were considered 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 '/o), followed by house 
dust mite (8.9'i'o), silver birch (7.9%), cat (3.8%) and 
dog (2.8%). Moulds and Parietaria elicited less than 
1 ¼ 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 between 9.1 'lo (questionnaire answer and a pos
itive skin prick test to at least one pollen), 11.2% 
(questionnaire answer and presence of atopy) and 
14.2c/o (questioa.naire 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 of hav
ing a positive Phadiatop and skin test, or being atopic, 
were found to decrease on average by 23, 21.1 and 2 1 % 
respectively, with every 10-year increase in age (182). 

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

Air pollution had effects on the prevalence of dyspnea, 
on symptoms of chronic bronchitis, on FEY 1, on the 
incide nce of respiralory 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 of long-term exposure to air pollution on res

piratory 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 10 different communities 
in Switzerland (18-l ). Air pollution measurements (particu
lnte matter of Jes than 10 pm in diameter (PMl 0), nitrogen 
dioxide ( 0 2), sulfur dioxide (S02) and ozone) and mete
orological data- were collected in each community. Report
ed symptom rates of chronic coughs, nocturnal dry coughs 
and bronchitis, adjusted for individual ri sk factors, were 
positively associated with PMl0, NO2 and SO2. 

In the SCARPOL, rhinitis was studied in a population 
of 2,954 school children ( 152). Sensitisation to any aller
gen was most strong ly associated with reported seasonal 
allergic rhinili (OR = 5.7), nose problems accompanied 
by itchy-watery eyes (OR = 4.4), sym ptoms occurr ing 
only during pollen season (March to September) (OR = 
4.9) and a combination of these two latte r symptoms (OR 
= 5.8) . Finally, the under-diagnosis of allerg ic rhinitis 
was found to be common. 

The prevalence of seasonal allergic rhinitis and allergic 
sensitisation fo farmers' children and their peers living in 
the same rural community was then studied. Children 
growing up on a fa1m were less likely to be sensitised to 
common acroallergens and to suffer from allergic diseases 
than children living in the same villages but in non-farming 
families (adjusted OR= 0.3 1) (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. 

2-1-3-1- Genetics and familial history 
A genetic component in allergic rhinitis as well as in 

other allergic disease has been shown (185) and·the best 
established risk factor for allergic 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 generalising them (see 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 results are contradicto
ry and need to be confirmed. 
• Young maternal age, multiple gestation, prematurity, low 

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

• Prospectively, in the Tucson Children's Respiratory 
Study, early introduction of solid foods, heavy mater
nal cigarette smoking in the first year of life (at least 
20 cigarettes per day) and higher IgE 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 manifestation of an atopic predisposition 
triggered by early environmental exposures. 

• Maternal age during pregnancy, birth weight, gesta
tional age and in utero smoking were not related to 
seasonal allergic rhinitis in off-springs of a British 
birth cohort (104). 

• However, in two British birth cohorts, there were sig
nificant trends in the increase of allergic rhinitis preva
lence with decreasing 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 canied out 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). Similarly, Maori people suffered more 
froin 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-ship 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, 201). Seasonal 
allergic rhinitis is less frequent in large families even 
after taking the month of birth 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/rh2 paradigm (203). In children of 
large families where infections are common, the immune 
system may be Thl 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 of Thl cells. 
As a consequence, IgE 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 confounders intervene in the relationship between 
infection and allergy (206), for instance the age of entry 
into nursery where infections are also very 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 (210-212). 

Another hypothesis has recently been proposed (213). 
Bacterial antigens may favour the development of Thl 
cells from naive CD4-positive T-cells through a CD14-
dependent pathway. The CD14 gene maps to chromo
some 5q3 l. l, a candidate region for loci regulating total 
serum IgE. Genetic variants in the CD14 gene could 
influence Th-cell differentiation and thus total serum 
IgE. CD14/-159 plays a significant role in regulating 
serum CD14 levels and total serum IgE levels. 

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

and 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 prevalence of peren
nial rhinitis increased significantly in four years with 
positive skin prick tests to indoor allergens such as house 
dust, cats or dogs (100). Recently, new hypotheses have 
been raised on the effect of allergenic exposure (157, 
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 rural areas. Besides the fact that 
selection bias acts in selecting people who live in the 
countryside (11, 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 excluded 
that observed differences could be due to confounders 
such as socio-economic factors, variations in the diagno
sis and in the management of the disease. Recently, it has 
been found that farmers' children have less allergic rhini~ 
tis than 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 
associated with the adoption of an urbanised "western" 
lifestyle (225, 226). In Africa, urbanisation 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 
exposure to motor vehicles. 

In 1989, in East German children, there was a reduced 
prevalence of atopy and seasonal allergic rhinitis com
pared to West German children (218, 227). Similar trends 
have been observed in the Baltic States and in Scandinavia 
(228). Although there is some controversy (229, 230), it 
seems that the prevalence rate of atopy and seasonal aller
gic rhinitis is now similar in all parts of Germany (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 effects of outdoor air pollution 
Acute effects on humans due to the outdoor and indoor 

exposure to several gases/fumes and particulate matter 
(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 of outdoor 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 are ongoing studies con
cerning the chronic effects of certain pollutant classes 
such as ozone, acid rain, airborne toxics and the chemi
cal form of particulate matter (PM) (including diesel 
exhaust) (233). However, there are some studies assess
ing the effects of 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 
children 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 FEV 1 
and FVC than the normal Thai population (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 particles may induce a Th2-like inflam
mation (see chapter 3-2), but epidemiogical data on the 
occurrence 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 allergic sensitisation in some 
groups of subjects such as boys (241) or children 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 11 year-old children in South Bavaria 
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 studies are: 

• The assessment of total exposure to different pollu
tants (occurring 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 total exposure, (ii) how to measure 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 studied. 

• Biomarkers of exposures (246,247), doses and respons
es, including immunochemicals, biochemicals (248) 
and deoxyribonucleic acid (DNA) adducts (249, 250), 
are beginning to promote some basic knowledge of 
exposure-response, especially concerning mechanisms. 

• These will be extremely useful additions to standard 
physiological, immunological and clinical instruments, 
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 are 
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'!ikely 
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). 

• In Nottingham, in a study of 2,114 individuals, those 
with perennial symptoms were no more likely to have 
been working in a dusty or smoky environment (257). 

• In the Guinea-Bissau study, children born from more 
educated mothers had more allergies than those born 
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, 199, 258) (Table 5). 

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

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

protective nutrient intake, 
• Decrease in infections (268), 
• Stress. 

Thus, interaction between the environment 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 factors 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 
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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, 271-278). 

• 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 common disease in western 
lifestyle countries, It 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 useful clues to 
the interpretation of the immunological abnormalities 
associated with allergic diseases in general. 

2-2-THE GENETICS OF ALLERGIC RHINITIS 

The hereditary 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 this 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 studying 504 
families, concluded that the "sensitisation tendency" was 
transmitted by a dominant Mendelian autosomic mode 
(279). However, from 1950-1960, the "multifactorial the
ory" replaced the "monogenic theory". 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 partly as the aptitude of the 
immune system to secrete excessive quantities of IgE in 
response to minimal allergenic stimulation, the results of 
the studies founded on the elevation of total serum lgE 
are not concordant. This is probably due to a non-negli
gible percentage of atopics 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 
Linneberg et al. (l 999) (258) 
Linneberg et al. (1999) (258) 
Finland 
Alanko (1970) (260) 
Rimpela et al. (1995) (261) 
Rimpela et al. (1995) (261) 
Haahtela et al. (1980) (262) 
Varjonen et al. (1992) (116) 
Sweden 
Aberg et al. (1989) (195) 
Aberg et al. (1995) (133) 
Aberg et al. (1989) (195) 
Aberg et al. (1995) (133) 
Switzerland 
Rehsteiner (1926) (263) 
Varonier ( 1970) (135) 
Varonier et al. (1984) (135) 
Wiitrich et al. (1989) (264) 
Wiitrich et al. (1995) (11) 
United Kingdom 
Butland et al. (1997) (191) 
Butland et al. (1997) (191) 
Ninan and Russel (1992) (139) 
Ninan and Russel (1992) (139) 
Burr et al. (1989) (137) 
Burr el al. (1989) (137) 
Richards et al. (1992) (140) 

Modified from (115) 

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

Some other familial segregation studies are currently 
being carried out in different countries throughout the 
world. 

2-2-2- Twin studies 

The study of twins confirmed the hereditary transmis
sion of atopy. The concordance of allergy in monozygot
ic, genetically identical twins is higher than in dizygotic 
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). 

Years Age (yrs) Prevalence (%) 

1977-1990 No change 

1989 15-41 22.3% 
1997 15-41 31.5% 

1970 10-19 2.7% 
1977-9 12-18 5% 
1991 12-18 14.9% 
1980 15-17 22% 
1991 15-16 14% 

1971 Army recruits 4.4% 
1979 7 5.45% 
1981 Army recruits 8.4% 
1991 7 8.08% 

1926 0.28% 
1970 15 4.4% 
1980 15 4.4% 
1985 15-24 16% 
1991 18-60 14.2% 

1958 Cohort to 16 12% 
1970 Cohort to 16 23.3% 
1964 8-13 3.2% 
1989 8-13 11.9% 
1973 12 9% 
1988 12 15% 
1990 15-59 29% 

2-2-3- Molecular studies 

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 pathophysiology of atopy or 
spread along the whole genome (287, 288). 

The first approach using "candidate genes" has 
allowed the localisation of six chromosomal regions of 
susceptibility: 
• 5q31.1q33.l (containing the gep.es of the interleukin 

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

patibility complex HLAD and the TNF-a, gene), 
• 1 lq13 (containing the gene of the B chain of the high 

affinity lgE receptor or FceRIB) (291), 
• 12q15-q24.l (containing the interferon gamma gene 

or IFN-y) (292), 
• 14q 11.1 ( containing the T-cell receptor gene alpha/delta 

or TCRa/8) (293). Evidence for linkage between the 
development of asthma in childhood and the T-cell 
receptor B chain gene was found in the Japanese (294). 
Chromosome 14q may contain a locus close to TCR 
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AID at 14ql 1.2 linked to skin prick reactivity and a 
locus at 14q13- 23 linked to total serum lgE (295). 

• 16p12 (which contains the IL4 receptor gene) (296). 

The genome wide search approach has demonstrated an 
association between certain phenotypes and markers on 
chromosomes 4 (with bronchial hyperreactivity), 6 (with 
total serum IgE and eosinophilia), 7 (with total serum IgE, 
eosinophilia and bronchial hyperreactivity), 11 (with total 
serum lgE, positive allergy skin tests and asthma), 13 (with 
atopy) and 16 (with total serum lgE, bronchial hyperreac
tivity and asthma) (297). However, in another study (298), 
no single locus generated overwhelming evidence for link
age in terms of established criteria and guidelines for a 

genome-wide screening. This supports previous assertions 
of a heterogeneous aetiology for Der p-specific lgE respon
siveness. Two novel regions, 2q21-q23 and 8p23-p21, that 

were identified in this study, merit additional studies. 
No fine mapping or particular genetic polymorphisms 

has been described so far in allergic rhinitis subjects. 
2-2-3-2- Candidate genes 
Some of these genes are involved in the specific 

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

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

ferent to that of the total IgE response. The presentation 
of allergens to T lymphocytes by antigen presenting cells 
involves both HLA class II molecules and the T-cell 
receptor (TCR). These molecules are logically 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 
of T lymphocytes, reacting more with certain allergens. 

In subjects monosensitised with a low level of total 
serum IgE (low responders) (282), a linkage disequilibrium 

has been observed between particular HLA haplotypes and 
the sensitisation to a purified allergen. For example, the IgE 
response to Amb a 5 antigen of ragweed (Ambrosia 
artemisiifolia) pollen is strongly associated with haplotype 

HLA D2/Dw2 (299), and that of rye grass (Lolium peren
nae ) pollen or Dermatophagoides pteronyssinus is strong
ly associated with haplotype HLA-DR3. Allergy to rag-
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weed allergen was also found in DRBl *1501, 1601, 1602, 
0103, 0402, 0404, 0801, or 1101 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-B7, SC31, DR2 was found almost exclu
sively in asthmatics and the haplotype HLA-B8, SC0l, 
DR3 was more frequent in rhinitis-only sufferers (301). 

2-2-3-2-2- Genes non-associated with the HLA system 

A genetic association has also been found between the 
TCR a-chain of the lymphocytes (localised on chromo
some 14) and the sensitisation to Der p 1 (major allergen of 
Dermatophagoides pteronyssinus), Amb a5 (302), Fel d I 
(major allergen of the cat) and grass pollen allergens. This 
was found in both English and Australian subjects (293). 

The genes whose products regulate the synthesis of IgE 
are not linked to the HLA system. The genes of IL-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 al. (289) found an association between 

markers in 5q3 l. l and the presence of a high level of total 
serum IgE. This study, confirmed in the general population 
(303), is undergoing thorough genetic exploration. 

In 1989, in a study of 20 families, Cookson and Hopkin 
used a serological definition of atopy and localised a gene 
on the chromosome llql2-13 (291). They then found dif
ferent polymorphisms on the beta chain of the high affini
ty IgE receptor (FcERI-B-Leu181 and FcERI-B-E237G 
variants), whose gene is localised in this 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

ese population (308). 
Susceptibility loci on chromosome 12q have been 

described for both asthma and allergic 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 still far from a 
precise physical identification of all the susceptible 
genes) . The final stage will consist of modelling the 
interaction of all these genetic and non-genetic factors 
(notably those of the environment), which lead to the 

phenotype "allergic rhinitis". 



3- Allergens and trigger factors 

3-1-ALLERGENS 

Allergens are antigens which induce and react with 
specific IgE 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 albicans 
allergy (310)). 

3-1-1- Nomenclature of allergens 

The allergen nomenclature has been established by the 
WHO/IUIS Allergen Nomenclature Subcommittee (311). 
Allergens are designated according to the taxonomic 
name of their source as follows: the first three letters of 
the genus, space, the first letter of the species, space and 
an Arabic number. 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 1 was the first Der
matophagoides pteronyssinus allergen identified and Der 
f 1 refers to the homologous allergen of Der
matophagoides 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 Vespula vulgaris and Vespula vidua by Yes v 
5 and Yes vi 5. 

In 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 IgE, 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 (312). 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 cDNA sequence of an allergen 
was published, tremendous progress has been made in 
identifying, cloning and expressing major allergens 
(314). The cDNAs of a large number of important aller
gens including mites, insects. Hymenoptcra venoms ani
mal proteins, pollens, moulds and foods have now been 
isolated and sequenced (for review see 315,316). 

These new technologies make it possible to characterise 
the structure of allergens and thus improve the standa.rdisa-
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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 1 isoforms and homologous pro
teins from closely related species (alder, hazel and horn
beam) have been isolated and their cDNAs cloned and 
characterised. This considerable degree of heterogeneity 
has been attributed to glycosylation (or other post-transla
tional modifications), to isogenes coding for Bet v I iso
forms and/or to allelic variants (318). It was shown that 
individual birch trees produce various subsets of isoaller
gens which display differences in reactivity both towards 
IgE antibodies and T-cells in humans (319). Recombinant 
isoforms of Cor a 1, the major allergen of hazel pollen 
which shares a large homology with Bet v 1, show differ
ent reactivities with allergen-specific T-lymphocyte clones 
(320). The dissection oflgE and T-lymphocyte reactivity of 
isoforms of the major birch pollen allergen Bet v 1 suggests 
a potential use of hypoallergenic isoforms for immunother -
apy (321). X-ray crystal structures of Bet v 1, birch pollen 
profilin and Phi p 2 have been studied (322, 323). New 
forms of specific immunotherapy may be found since a 
detailed description of the major reactive epitopes may help 
to design tight-binding monovalent ligands which can pre
vent receptor aggregation, thereby reducing 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 produced in vitro for Der p 2 
and Bet v 1 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 biblogical activity or on their significant 
homology with proteins of known function (326). They 
include enzymes, 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 of F-actin 
structures in vivo. It is localised to specific cellular 
regions through interaction with praline-rich sequences. 
It was shown to be essential for cytoskeletal rearrange
ments such as those essential to the process of pollen 
tube growth (328). The major birch pollen allergen, Bet 
v 1, 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 

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

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

3-1-3-1- Mites 
3-1-3-1-1- House dust mites 
Mites make up a large part of house dust a,llergens. 

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; 
subclass Acari, class of Arachnid, phylum of Arthropods 
(334, 335). The most important are: 
• Dermatophagoides pteronyssinus (Der p) and Der-

matophagoides farinae (Der f) (336-341), 
• Euroglyphus maynei (Eur m) (342-344), 
• Lepidoglyphus destructor (Lep d) (345), 
• Blomia tropicalis (Blo t) (343, 346-348) and Blomia 

kulagini (349), particularly, but not only, in tropical 
and sub-tropical regions (350-352). These mites can 
induce both asthma and rhinitis (353). 

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

Mites of the species of Dermatophagoides and Euro
glyphus feed on human skin danders which are particu
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 mites dry out and die (361). This 
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 are present in the home all 
year round, there are usually two peak seasons (Septem
ber/October and April/May) in many but not 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 µm). Airborne exposure occurs with the active 
disturbance of contaminated fabrics and settles rapidly 
after disturbance. 

It has been shown that 100 mites per gram of house dust 
(or 2 µg of allergens per gram of dust) are sufficient to sen
sitise an infant. With approximately 500 mites per gram of 
house dust (or 10 µg of allergens Der pl (major allergen of 
Dermatophagoides pteronyssinus)), the sensitised patient 
shows a relative risk of around 5 of developing asthma at 
a later date (365-367). The higher the number of mites, the 
earlier the first episode of wheezing (366). The prevalence 
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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 mites 
Certain types of so-called storage mites (Glycyphagus 

domesticus and destructor, Tyrophagus putrecentiae and 
Acarus siro) are present in stocked grains and flour (368). 
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 habitats. 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 urticae (374-377) and Ornithonyssus 

sylviarum in poultry breeders (378). 
3-1-3-2- Pollens 
Pollens were among the first 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 very aerodynamic and 

are carried by the wind. They represent a major prob
lem for sensitised patients as they are emitted in large 
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 entomophilous pollens are those carried by 
insects. Attracted by colourful and perfumed flowers 
they carry the pollens from the male flower to the 
female portion of the flower. The pollens are sticky 
and adhere to the antennae or other parts of the insects. 
Little pollen is liberated into the atmosphere and sen
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 are 
in contact with weeds or trees. However, atopic 
patients may occasionally develop sensitisation to 
these entomophilous pollens (381, 382). 

• Certain 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 concentration 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 Betulaceae (392-397), 
Oleaceae (the ash and olive tree (398-400)), the oak 
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(Fagaceae family), 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
etaria 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 µm on 
average. This explains pollen deposition in the nostrils 
and more particularly in the eyes and also why most 
patients allergic to pollen have rhinitis and conjunctivitis. 
However, pollen allergens can be borne on micronic and 
sub-micronic particles (411, 412) and can induce and/or 
contribute to the persistence of rhinitis and asthma. This 
is particularly the case in asthma attacks 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 Cupressaceae family (425) but not those of the 
Urticaceae family (426, 427). Moreover, there is clinically 
little cross-reactivity between Ambrosia and other members 
of the Compositae family (428-430). For the grass pollen 
family, cross-reactivity is often extensive (431-433) except 
for Cynodon dactylon (434, 435) and Bahia grass (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 1 in 4 residences. 

The dander and secretions of many animals carry or 
contain powerful allergens capable of causing severe 
hypersensitivity reactions (437). Cats a:nd dogs are the 
main culprits, especially since they are often in the bed
room. The major cat allergen (Fel d 1) is a glycoprotein 
which is transported in the air by particles smaller than 
2.5 µm (438). These particles can remain airborne for 
prolonged periods. They are 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 areas 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 1 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 very sensitive to 
cats (444). Sensitisation to cats ranges from 2 to 30% of 
the general population and 15 to 50% of children with 
rhinitis or asthma are sensitised. 

The major dog allergen (Can f 1) 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 albumins have been recognised as rel
evant cross-reactive allergens (449). Moreover, there are 
common, as well as species-restricted, IgE epitopes of 
the major cat and dog allergens which can be demon
strated by IgE inhibition studies (450). 

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

is becoming more frequent. Most patients allergic to 
horses initially develop nasal 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 urine. 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- Ca1lle (Bos domesticus, Bos d) 
Cow's dander allergy still remains present in rural 

environments within cattle breeding areas (454-456). The 
allergens are found primarily in the danders and fur, but 
also in urine, saliva, tears and the meat. Cross-reactions 
with mutton, goat and even deer allergens have been 
described ( 457). 

3-1-3-3-4- R tbbit (Oryctvlagus c11i1ic11/11s, Ory c) 
5 to 7% of patients sensitised to animals are allergic to 

rabbits (breeding rabbits in rural environments, domestic 
animals in urban environments, laboratory 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. 

3-1-3-3-5- Other rode11ts: guinea pigs, hamsters, rats 
(Rattus norvegicus, Rat 11), mice (Mus musculus, Mus 
m), gerbils 

These animals can induce occupational sensitisation in 
laboratory personnel (10-40% of the exposed subjects) 
(458). Allergy to laboratory 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 asthma 

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 

(464), serum (465) and saliva. Cleaning the cages of these 

mammals mobilises large quantities 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 

not possess chlorophyll but which liberate large quanti

ties of allergenic spores into the atmosphere. Widespread 

in the air and resulting from putrefying organic matter, 

fungi and moulds are present everywhere except in areas 

of low 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 are small in size (3-10 µm) and pen

etrate deeply into the respiratory tract. They can provoke 

rhinitis as well as asthma. For unknown reasons, children 

are more often sensitised to mould than adults (466). 

Three important types of mould and yeast can be 

distinguished according to their origin (467). 

• The principal atmospheric moulds are represented by 

Cladosporiwn (468), Alternaria (469-471) and Stem

phylium. They peak during the summer whereas 

Aspergillus and Penicillium do not have a defined sea

son. Large regional differences are found (472-478). 

• Domestic moulds are also very important allergens 

(475,477,479,480). Microscopic fungi present inside 

houses are capable of producing spores all year round 

and are responsible for persistent symptoms, especial

ly in hot and humid interiors. Indoor moulds have been 

a1>sociated with dampness (481-484). These moulds 

can also grow in aeration and climatisation ducts (cen

tral heating and air conditioning) and around water 

pipes. They are particularly abundant in bathrooms and 

kitchens. The moulds also grow on plants which are 

watered frequently or on animal or vegetable waste, 

furnishings, wallpaper, mattress dust and fluffy toys. 

• In food, one can observe a certain number of moulds, 

which can be responsible not only for inhalant aller

gies but also food allergies. The predominant moulds 

are Penicilliwn, Aspergillus and Fusariwn 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 albicans, Saccaromyces cerevisiae and minor 

(485) and Pityrosporum (486) are the most allergenic 
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yeasts. lgE-mediated ens1t1sation 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 aonosphere and Sporobolomyces roseum is 

responsible for asthma and rhinitis in Great Britain and 

in the Mediterranean region. 
Basidiomyccte · and A comycetes spores arc found in 

large quantities in the atmosphere and were found to be 

allergenic in patients with asthma and rhiniti · (491, 492) 

but their role as an atmospheric allergen is still difficult 

to define. Occupational allergy to superior fungal spores 

has been described (493). 
3-1-3-5- Insects 
Inhalation of insect waste can induce an IgE immune 

response and respiratory allergic . In this case lgE is 

directed against the protein fragments of insects, which 

become airborne. However, allergen concentration must 

be very high to induce sensitisation. Certain allergens such 

as haemoglobin of Diptera have been identified (494,495). 

• Allergy to in ects 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 

cockroaches are as frequent as, or even more frequent 

than, allergies to Ambrosia pollen or to house dust 

mites. However, cockroaches are 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

tributed in large particles that do not become airborne. 

Cockroaches tend to cluster in hiding places and for

age after dark. Seeing cockroaches during the day sug

gests that they are present in very large numbers. The 

allergen is usually distributed throughout an infested 

home (505). 
• Chironomides are particularly important in some trop

ical areas like the Sudan (506, 507). 

3-1-3-6- Other inhalants 
Ficus benjamina, known as fava willow, Ceylon \Vil

low or Bali fig tree, is a tropical non-flowering plant used 

ornamentally in many homes tmd public places. Inha.lanl 

allergy to Ficus has been reported (508) and appears to 

be relatively common, probably because Ficus allergens 

arc 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 wdl as in floor 

dust where the allergen may persist over months after 

removal of the plant (510). 

The allergic role of bacteria is controversial. 

• At the present stage of our knowledge, it can be esti

mated tbul asthma or minitis induced by a bacterial 

allergy is exceptional, even though specific lgE to bac

teria have been found. 
• However, the enzymes originating from bacteria used 

in industrial environments can cause a high prevalence 

of asthma or rhinitis (511, 512). 



S166 Bousquet and the ARIA Workshop Group 

• 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 mulriple organ involvement. Despite the 
wi,de variety of foods ingested, only relatively few cause 
allergic reactions. In 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 515). 

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
duced by heating and cooking (518). 

Differences may occur in the protein profiles of food 
as a result of agronomic factors. For example, agronom
ic conditions may affect the allergenicity or the storage 
protein in peanuts and soya beans (80). 

Concern 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 manufacturers of new plant varieties to consider 
the allergenic potential of donor organisms in assessing the 
safety of foods derived from genetically engineered plants 
(519). Such a concern was justified since 2S albumin from 
Bra.ti! 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 common. 
• Patients with allergic rhinitis/conjunctivitis due to 

birch and to a lesser extent, other Betulaceae (hazel, 
alder) pollen are frequently allergic to tree nuts, fruits 
and vegetables, including apples, carrots and potatoes 
(521). Most patientS develop mild symptoms but ana
phylaxis may occur from these cross-reacting foods. 
Some birch or hazel pollen allergens cro s-react with 
those of apple, other fruits (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 Ombe□ i ferae family (celery, in 
particular) (524). Altl1ough IgE antibodies to food 
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allergens are highly prevalent in patients allergic to 
Betulaceae and Compositeae pol.lens 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 
banana or melon. 

• On the other hand, clinically insignificant cross-reactiv
ity exists among cereal grains and grass pollens (529). 

• Cross-reactive antigens have been identified between 
latex and banana, chestnut or kiwi fruit (530, 531). 

• Although it is common to find positive skin tests and 
IgE 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 Teactions 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 IgE cross-reactivities with lhe important 
birch pollen allergens, Bet v 1 (533) and Bet 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 1 associated with 
other allergens may cause generalised symptoms. Sensiti
sation to Bet v 2 is more often associated with generalised 
symptoms, in particular urticaria and angioedema (539). 
Lipid-transfer proteins are relevant apple and peach aller
gens and, considering their ubiquitous distribution in tis
sues of many plqnt species, could be a novel pan-allergen 
of fruits a.nd vcg'etables (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. It 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 (cbapter3-l-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 problem and 
develop strategics for treatment and prevention. 
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Latex is almost exclusively obtained from the tree H evea 

brasiliensis (Euphorbiaceae family). The first clinical case 

of immediate-type allergy (urticaria and angioedema) was 

apparently reported in 1927 by Stern_ In 1979, utter 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) (546). However, dur

ing the past decade, immediate-type allergy to natural 

rubber latex proteins (latex allergy) has emerged as a 

serious health issue. Frequent, prolonged wearing of nat

ural rubber latex gloves (547), 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-mediated allergic reaction and a Th2-

type response (554). Eosinophilic inflammation (555) of 

the nasal mucosa has been observed. 
Symptoms of latex allergy include contact dermati

tis (type N reaction), contact urticaria, rhinitis asth

ma and, more occasionally. anaphylaxis 556). 

Skin tests and serum specific lgE can be used for the 

diagnosis of latex allergy (557, 558). If needed, provoca

tive challenge can be carried out. 

3-1-6-2- Low molecular weight compounds 

Many occupational agents inducing rhinitis are low 

molecular weight compounds such as isocyanates 

(559), aldehydes (560), ninhydrin (561), pharmaceuti

cal compounds (562) and otbers (563) . More than 250 

different chemical entities have been identified. 

Although these can act as reactive haptens, non

immunological mechanisms are 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 

agent in medicine. At high concentrations, it is toxic and 

can induce irrjtant reactions, but as a reactive, hapten can 

become allergenic and can cause an IgE-mediated reac

tion or contact dermatitis. However, IgE-mediated aller

gic reactions appear to be related mainly to the pharma

ceutical use of formaldehyde (564, 565). In homes , 

schools or occupational settings, formaldehyde may 

become an irritant (566, 567) and can cause, exception

ally, an IgE mediated reaction (568, 569). 

3-1-6-3- Other occupational allergens 

Bakers often present with rhinitis and asthma (570-

572). 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

tis than non-bakers (574). Nasal inflammation in bak

ers exposed to flour dust can be mediated by neu

trophils (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 for these reactions are still unclear (581-583). 

3-2- POLLUTANTS 

Epidemiological 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 

In 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 (SO2) and particulate matter (PM) in the air of 

cities, usually due to unfavourable meteorological con

ditions and air stagnation. There has been a significant 

reduction of industrial pollution in Western countries 

with the use of efficient filters in factory chimneys and 

of combustibles such as petrol and electricity, which 

pollute Jess than coal. Such an effort 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 larger 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 originntcs essentially from auto

mobiles. The principalaLmospheric 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. 
• nitric oxides (NOx) and especially NO and NO2, a 

result of nitrogen oxidation in the air at high tem

peratures. 
• volatile organic compounds (VOC) including hydro

carbons and some oxygen composites. 

• The formed secondary pollutants are mainly ozone but 

there are also other species of oxidants (peroxyacetyl

nitrates, nldehydes, nitric acid, oxygen peroxide .. . ). 

• sulphur pollutants such a SO2 formed from diese.l 

sulphur. High levels of SO2 sign acid-particulate pol

lution of industrial origin in relation to the combustion 

of coal and fuels, rich in sulphur. 
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• organic chemical agents including polyaromatic ones 
such as benzo(a)pyrene, 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, are adsorbed on the surface of 
the microparticles, whereas the volatile composites 
remain in the gaseous phase. 

• carbon dioxide (CO2), produced by the oxidation of 
the carbon of fuels. 

• metals (notably lead), present initially in oils and fuels. 
• pnrtic1es (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 irritant substances: 
• gases which are typically produced during the com

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

• the low molecular weight 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 µm of aerodynamic 
median diameter), on which are adsorbed organic 
composites of high molecular weight. These nano
particles represent a unique model in pulmonary toxi
cology, as they possess a very large specific surface, 
which is available for the adsorption of toxic organic 
composites such as polyaromatic hydrocarbons. 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 
SO2. Gas cooking rnay also be involved in respiratory 
symptoms 245), especially in women and atopics (588). 
Certain furniture may also liberate compounds utilised 
during lhc manufacturing process (plywood, glue, fab
ric, giving off formaldehydes and isocyanates) (567). 
However, in these studies, nasal symptoms were not 
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 secondary 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 formed 
at a distance from the source of primary gases (NOx and 
VOC) on the outskirts of large urban centres (589). The 
production 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 oecur 
from April to September .in the Northern Hemisphere. 
During recent years, the situation seems to have wors
ened because of a deterioration in the quality of the air or 
the climatic conditions. 

Nearly 40% of the inhaled ozone is absorbed by the 
nasal mucosa. In vitro, ozone can induce inflammation 
(59 1). Ozone challenge results .in nasal conge tion, 
increased levels of ltistamine, neutrophiJs, eosinophils 
and mononuclear cells in nasal lavage flu id (592-595 . 
Ozone increases the late-phase response to nasal allergen 
challenge (596) but has no effect on the early-phase reac
tion (597). 1n a longitudinal ·tudy (598), in order to 
investigate nasal inflammation after ambient ozone expo
sure, nasal lavage fluid was collected from 170 school 
children on 11 occasions between March and October. 
The results showed acute inflammation of the nasal 
mucosa after the first increase 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 summer season. After 
one month of exposure to air pollution (Mexico City) and 
h igh levels of o~one, most subjects developed nasal 
symptoms with _significant nasal epithelial lesions (79). 

Zwick et al. (599) have compared one group of 218 
children exposed to high levels of ozone (more than 
120µg/m3 during 45% of the period with a maximum 
of 376µg/rn3) to another group of 281 children exposed 
to low doses of ozone (less than 1 % of the period to a 
concentration of more than 120µg/.m3 with a maximum 
of 190µg/m3). The concentraLions of NO2 and SO2 
were identical in both groups. No significant difference 
between the two groups was found _in the frequency of 
alle rgic rhinitis, total lgE levels and positive skin tests 
to common aeroa.Ilergens. BronchiaJ hyperreacrivity 
was however higher in the group expo ed to high lev
els o f ozone. However, no correlation between the 
symptoms of rh initis and high ozone peaks was 
observed and there was no difference between atopic 
and non-ntopic cliildren. 

3-2-2-2- Sulphur dioxide (S02) 
In Eastern European countries, SO2 pollution was still 

common in L989. However, in WestemEurope and .orth 
America where, at the present time, most measuring net
works indicate an annuaJ average so2 belo~v 30µg/m3 or 
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TABLE 6: List of the NSAIDs that cross-react with 

aspirin in respiratory reactions 

Generic names 

!ndomet/raci11 

Piroxicam 

llmprofen 

Naproxe11 

Fenoprofen 

Ketoprofen 

Dic/ofenac 

Dijlunisal 

Tolmetin 

Mefenamic acid 

Flurbiprofen 

S11lindac 

Ketoralac 

Etodolac 

Nabumetone 

Oxaprozin 

Melamizol 

Noramidopyrine, 

Aminop/renazone 

Propylplrenazone 

Oxyplrenbutazone 

Klofe:wn 

Brand names 

lndocid, Metindo/ 

Feldene 

Motrin, Rufen, Advil 

Naprosyn, Anaprox, A/eve 

Na/Jon 
Orudis, Omval 

Voltaren, Cataflam 

Do/bid 

Tolectin 

Pons/el, Mefacit 

Ansaid 

Cilnoril 

Toradol 

Lodine 

Relafen 

Daypro 

Ana/gin, 

Nova/gin 

Isa/gin . 

Pabialgin, Saridon 

Tanderil 

Perclusone 

* Pamcelamol is well tolerated by !he majority of patients, especially 

in doses not exceeding 1000 mg/day. Nimes11/ide and meloxicam in 

higher doses might precipi1mc nasal nnd bronchiru , ymptoms. The 101-

erance of the selective inhibitors of COX-2 (cdecoxib = Ceh·brex and 

rufecoxib = Via.ex) remains to be lested. 

even less than 10µg/m3 (EU 24 hour limil : 250µg/m3, 

WHO 24 hour limit : 125µg/m3), the prevalence of sea

sonal allergic rhinitis and skin test reactivity to aeroaller

gens is more frequent (218). Thus, S02 does not greatly 

influence clinical sen itisation to ueroallergens. In con

trast, high automobile pollution appears to be involved. 

It has been hown that exposure to S02 decreases the 

secretion of nasal mucous and increases the resistance of 

the nusal airways (600, 601). Ten teenagers suffering 

from allergic asthma were exposed to 1400µg/m3 of S02 

during 5 consecutive days and during physical effort. 

There was a significant increase in the upper airway 

resistance. 
3-2-2-3- Nitric dioxide (N02) 

fn Europe, Ox are emitted in approximately equal 

quantrties from energy sources and road traffic. NO2 lev

els do not generally exceed the EU limil value 

(200µg/m3 per hour). Moreover, for a complete evalua

tion of the effect of NOx on respiratory health, one must 

also take into account the production of these gases 

inside homes, in particular the domestic use of natural 

gas should be considered. 
The effect of exposure to NO2 was studied in 625 0-5 

year-old Swiss children living in three different areas: 

cities (3 1 and 22~1g/m3 of 02), sub-urban areas 

(19.4µg/m3 of 0 2) and rural zones(] l.1~1g/m3 of 02) 
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(602). Symptoms of irritation of the upper respiratory tract 

were higher in the zones with high concentrations ofNO2. 

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

PM 10 (less than lOµm), PM 2.5 (less than 2.5µm ) and 

nanoparticles (less than I µm). The finer the particles, 

the deeper they penetrate into the respiratory u-acl. 

They are also capable of passing through the ai r-blood 

barrier (603). 
Pope et al. (604) studied the relationship between 

upper respiratory tract symptoms and exposure to PMlO 

in two groups of subjects: one group consisted of 591 9-

10 year-old children and the other comprised 66 asth

matics. They found a 1.5 increased risk of E T symp

toms with regard to the rise of PMlO concentrations in 

the group of 59 1 children only. In another study (605), 

the same authors studied 60 asthmatic children and 60 

non-asthmatic children. In the group of asthmatics, the 

ENT symptoms increased with the concentrations of 

PMlO, from 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 are detectable in some cities such 

as Los Angeles (6- 100~1g/m3), at concentrations able ro 

induce irritating symptoms of the upper respiratory tract 

(606): from 0.1-20 ppm (1 20µg to 20,()00µg/m3) (see 

chapter 3-1-6). 
3-2-2-6- Automobile pollution 
There is growing evidence that fossil fuel combustion 

products act as adjuvants in the immune system and may 

lead to the enhancement of aJlergic inflammation (607, 

608). Through thi 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 aJlergic inflammation (610-612), Experimental 

studies in animals (613-6 17) and humans (618) have 

shown that diesel exhaust particulates enhance IgE pro

d ucLion by a variety of mechanisms. These include 

effects on cytokine and chemokioe production (619), as 

well as activation of macrophage and other mucosa! 

cell types including epithelial cells (620-623). Diesel 

exbau t particulates may also acr as an adjuvant of 

pollen allergen (624) . Metabolic and ceJlular activation 

pathways were linked to chemicals such as polycyclic 

aromatic hydrocarbons contained in ruescl 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 heavy 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 more the subjects smoke, 
the more they report chronic rhinitis (251). 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 
(631, 632). Tobacco smoke can alter mucociliary clear
ance (633) and can cause an eosinopbilic 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 (NSAID) commonly induce rhinitis and asthma 
(Table 6). In a population-based random sample, aspirin
intolerance was more frequeal among subjects with aller
gic rhinitis than among those without (2.6% vs. 0.3%, 
p.<0.01) (149). In about 10% of adult patients with asth-
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ma, aspirin and other NSAID that inhibit cyclooxygenase 
(COX) enzymes (COX-1 and -2) precipitate asthmatic 
attacks and naso-ocular reactions (148, 635). This 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-lenko
tr.ienes (CysLT). After ingestion of aspi rin or other 
NSAID, an acute asthma attack occurs with.in 3 hours, 
usually accompanied by profuse rhinorrhea, conjunctiva) 
injection, periorbital edema and sometimes a scarlet 
flushing of the head and neck. Aggressive nasal polypo
sis and asthma run a protracted course, despite the avoid
ance of aspirin and cross-reacting drugs. Blood 
eosiaopbil counts are raised and eosinophil are present 
in nasal mucosa and broncb.in.l airways. Although at one 
time aspirin-induced asthma was thought not to occur in 
atopic patients, positive skin test responses to common 
aeroallergens can be present in patients with aspirin
induced asthma. 

3-3-2- Other drugs 

See chapter 1-4. 



4 - M echanisms 

Allergy is classically considered to result from an IgE

mediated allergy associated with nasal inflammation of 

variable intensity. 
However, it is now also appreciated that allergens, on 

account of their enzymatic proteolytic activity, may 

directly activate cells (636). 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 

inflammation independent of IgE. Moreover, Der p 1 is 

able to alter the epithelial tight junctions (639) thereby 

increasing epithelial permeability (640). The relative 

importance of non-IgE to IgE-mediated mechanisms is 

undetermined. 
Pollen-induced rhinitis is the most characteristic IgE

mediated allergic disease 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 can 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 does not reflect the 

multiple triggers which occur during the pollen season. 

In persistent allergic rhinitis, allergic triggers interact 

with an on-going inflammatory situation. Symptoms are 

caused by this complex interaction. 
Histamine was discovered just after the tum of the 

century and rapidly became known as the mediator of 

allergic and anaphylactic reactions. In the late 1930s, it 

appeared that other chemical mediators such as the slow 

reacting substances of anaphylaxis (SRS-A) were 

involved in allergic reaction. The mechanisms of allergic 

reaction are 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 

mediators produced by different cell types are involved. 

Thus, mediators, cytokines, chemokines, neuropeptides, 

adhesion molecules and cells co-operate in a complex 

network provoking the specific symptoms and the non

specific hyperreactivity of allergic rhinitis. 
Allergic rhinitis is characterised by an inflammatory 

infiltrate made up of different cells. This cellular 

response includes: 
• chemotaxis, selective recruitment and transendothelial 

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

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

• as well as a prolongation of their survival, 

• release of mediators by these activated cells, 

• regulation of the local and systemic lgE-synthesis, 

• communication with the immune system and the bone 

marrow. 
These events take place only in subjects who have 

already been sensitised to allergens, e.g. allergen-specif-

ic lgE-antibodies have been formed 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 external 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 septum 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 frequently observed septa! deviations in adults, 

leading to some degree of nasal obstruction. 
From an aerodynamic point of view, the nose may be 

divided into: 
• the vestibule, lined with stratified squamous epitheli

um, 
• the isthmus region, accounting for approximately 50% 

of the total resistance to respiratory airflow, 

• the nasal cavity, where the inferior, middle and supe

rior turbinates are located, lined with pseudostratified 

columnar ciliated epithelium. The turbinates increase 

the mucosa! surface of the nasal cavity to about 150 to 

200 cm
2 

and facilitate humidification, temperature 

regulation and filtration of inspired air. 
Nasal air flow changes from laminar to turbulent 

depending on the speed of inspiration and the anatomical 

situation. Together with the differential pressure between 

the nostril and the nasopharynx, it can be measured by 

active rhinomanometry (643). 
The olfactory mucosa is located above the middle 

turbinate, inferior to the cribriform plate. It contains 

odour-receptor cells and also receives taste signals. 

Severe nasal obstruction, caused by nasal deformities, 

congestion or nasal polyps impairs olfactory sensations. 

Another chemosensory structure, the vomeronasal organ, 

which detects chemical signals that mediate sexual and 

territorial behaviours, has been described in vertebrates 

and may also be functional 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 aaso-lachrymal duct, whereas the 

sphenoid drains into the posterior wall . In the middle 

meatus, 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 obstruction, caused by 
anatomical deviations or mucosa! 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 nasal mucosa. 

Three types of cells are identified within the epithelium: 
• basal cells, 
• goblet cells, 
• ciliated or non-ciliated columnar cells, which are all 

attached at the basement membrane. They also adhere 
to neighbouring cells, forming the epithelial barrier. 

The submucosa contains cellular components, serous 
and seromucous nasal glands, nerves and a complex vas
culature. 

A thin layer of mucus, consisting of a low viscosity sol 
phase and a viscous gel phase, covers the nasal epithelium 
and is constantly transported to the nasopharynx by ciliary 
movements. Nasal secretions have multiple sources such 
as the submucosal glands, goblet cells, tears and exudation 
from blood vessels. Secretions consist of albumin, 
immunoglobulins, proteolytic and bacteriolytic enzymes, 
mediators and cells, forming an unspecific protection 
against infection. Mucociliary tran port j s dependent on 
the right consistence of the mucus and on the effective 
movement of the cilia, which beat about 1,000 times per 
minute, moving the superficial gel layer and lhe debris 
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trapped therein at a speed of about 3 to 25 mm/minute. 
Viral or bacterial infections as well as allergic inflamma
tion have been shown to heavily decrease or abrogate 
mucociliary clearance (644). When airborne allergen par
ticles are inhaled through the nose, the majority of parti
cles larger than 5 mm in size are deposited on the surface 
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) 

{Figure 3): 

FIGURE 3: Nasal vasculature. 

• a dense subepithelial network of capillaries, with fen
estrations between the endothelial cells. This network 
provides nutrients to the epithelium and glands and 
allows passage of water into the lumen for evaporation 
and air-conditioning. 

• arteriovenous anastomoses which allow rapid passage 
of blood through the mucosa. They are probably 
important in air-conditioning and in the counter cur
rent mechanisms that tend to keep the brain cool in a 
hot dry climate. The anatomical interrelationships 
between these different systems are not well under
stood, nor is their differential control in terms of medi
ator and nerve actions. 

• a system of capacitance vessels or sinuses which, 
when they distend, block the nasal lumen, and when 
they empty, open the nasal passages. Changes in their 
volume will affect the filtering and air-conditioning 
functions of the nose. The arteries are surrounded 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 of vascularisation is 
one of the key features of the nasal mucosa and 
changes in vasculature may lead to severe nasal 
obstruction (646). Changes in the blood content of 
these structures also regulate the free 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 secretory product derived from the small seromu
cous glands (649). Secretory products from glands and 
goblet cells are of importance for the composition of 
fluid on the mucosa! surface. Furthermore, water and 
electrolyte transport over the surface epithelium and 
glandular ducts are also significant. 

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

airways is approximately 10,000/mm2 (650). The number 
of goblet cells and mucous glands does not appear to 
increase in chronic rhinitis (651-653). 

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). After 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 differences may explain why rhinorrhea is 
common in infants and children. There are only slight 
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-
100 glands in each sinus), while pathologically 
inflammed sinus mucosa contains newly developed and 
pathological glands which are purely mucous (650). 
Therefore, sinus secretions, derived from mucous ele
ments in glands and surface epithelium, consist of high
ly viscoelastic mucus. This does not contribute to watery 
rhinorrhea but to post-nasal drip. 

4-1-3-2- Sources of nasal fluid 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 enhancement in 
mucus discharge from the inferior turbinate 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 (657) and when its function is reduced. 

4-1-3-3- Control of the secretory process 
The airway glands are controlled by the parasympathet

ic nervous system. Stimulation of sensory nerves, 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 cell types present including CD 1 + 
Langerhans-like cells, mast cells, co4+ T-cells, B-cells, 
macrophages and some eosinophils (658-662). 

Secretory immunity is central in primary defence of the 
nasal mucosa. B-cells involved in this local immune 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 (663). Local
ly produced secretory IgA (a dimeric 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 lgD form the humeral defence 
of the nasal mucosa. Plasma cells can be seen in the nasal 
mucosa of patients with allergic rhinitis (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-cholinergic system (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 cholinergic neu
rons also contain vasoactive intestinal peptide (VIP). 
Some post-ganglionic sympathetic adrenergic neurons 
innervating arteries also contain neuropeptide Y (NPY). 
The neurons around sinusoid contain an adrenergic 
innervating peptide (NPY) (665-674). 

Neuropeptides have various bioactivities: 
• Neurotransmitters 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 nerve stimulation causes vasoconstric
tion and thus decreases nasal airway resistance. 

Peptides from 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, 678-682), but 
intranasal provocation needs high dosages of exoge
nous peptides to provoke positive responses. 

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

• Intranasal Substance P and Neurokinin A increased 
nasal airway 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). 

• Intranasal CGRP did not induce hypersecretion (683). 
• On the othe_r hand, intranasal application of NPY 

evoked a dose-dependent reduction of nasal mucosal 
blood flow (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 
vasodilatory effect (690). 

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

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

1980s that not only eosinophils and metachromatic cells but 
also lgE-positive cells migrate into the nasal epithelium. 
Compared to the status outside season, they are then 
redistributed towards the epithelial surface due to seasonal 
allergen exposure. Later, it was also found that macrophages 
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 of T-cells, activated 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 et al. (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 as on their staining properties (692). 
Subsequently, Irani et al. 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 chymase, cathepsin G and carboxypeptidase 
in addition to tryptase (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
tural 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-tryptase-IgE-cells (presumably progenitor cells) 
were detected in the surface compartment of allergic 
nasal mucosa (699, 700). 

When activated by an IgE-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 of sev
eral cytokines has been observed. This release is faster 
than that of T-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 IL-6, IL-8, IL-10 and TNF-a (704, 
705). Mast cells were also shown to release cytokines 
and chemokines such as GM-CSF, MCP-1, IC-8 
RANTES, MIPala 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 IL-4 (706, 707). The 
release of Th2 cytokines by mast cells may be of great 
importance in the regulation of the IgE immune 
response. It has been shown that nasal mast cells can 
induce the synthesis oflgE (707) (Figure 4). 
Mast cells were recently shown as being sentinels of 

innate immunity (708). 
In the nasal mucosa of patients with allergic rhinitis, 

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

cells in the nasal epithelium and superficial lamina pro
pria resemble MC(T) and those in the deep lamina pro
pria resemble MC(TC) (709). Several studies have 
shown that nasal mast 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 after 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 mite allergen (707, 714). 

Recently, it has been shown that mast cells in the aller
gic nasal mucosa exhibit increased expression of VLA-4 
and VLA-5 (715). Mast cell extra cellular matrix interac
tions increase cytokine secretion from these cells (716). 
Such a mechanism may contribute to the enhancement of 
mast cell activation, especially when the levels of antigen 
in the rnicroenvironment are rather low. 

Thus, mast cells are not only effector cells of the 
immediate-phase response. They also act as immunoreg
ulatory cells of the late-phase allergic reaction as well as 
of the on-going allergic inflammation via the mast cell 
cytokine cascade (717, 718 ). 

4-2-1-2- Basophils 
Like other granulocytes, basophils are derived from 

pluripotent co34+ hematopoietic progenitor cells. They 
ordinarily differentiate and mature in the bone marrow 
and.then circulate in the blood (694, 719). Interleukin 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 granulocyte in humans, with a 
prevalence of approximately 0.5% of total leukocytes 
and 0.3% of nucleated marrow cells. While human 
basophils appear to exhibit kinetics of production and 
peripheral circulation similar to those of eosinophils, the 
basophil, unlike the eosinophil, does not normally occur 
in peripheral tissues in significant numbers (717). 
Basophils can infiltrate sites of many immunological or 
inflammatory processes, often in association with 
eosinophils (721). 

Basophils are not normally detected in the nasal 
mucosa 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 correlates with the 
severity of the disease (722). Analyses of mediator pro
files and cellular contents of lavages 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 inflam
matory contents in the LPR. 

Although the ability of basophils to produce cytokines 
has been less extensively studied than mast cell cytokine 
production, several reports have demonstrated that 
mature human basophils isolated from peripheral blood 
can release IL-4 and IL-13 in response to Fc£RI-depen
dent 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 prominent effect 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 parasitic diseases as bystander 
cells. However, today, their pro-inflammatory functions 
and their important role in chronic allergic diseases are 
clearly recognised (728), turning them into major targets 
for basic and therapeutic research. They may however 
possess some anti-fibrosis effects (Figure 5). 
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FIGURE 5: The role of eosinoph ils in rh initis. ECP, Eosinoph il 
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 marrow. In the peripheral blood, where they repre
sent only a small fraction (about 1 %) compared to tissues, 
eosinophils 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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mechanism involving cytokines, chemokines and adhesion 
molecules. IL-5 (732, 733) and GM-CSF act to enhance 
eosinophil recruitment, terminal maturation and the 
expression of their adhesion molecules (734-736). 
Chemokines such as RANTES (737, 738) and eotaxin 
(739) also act on eosinophil recruitment 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 bi
lobed nucleus and specific granules consisting of an elec
tron dense core and an electron lucent matrix (crystal.
laid) containing: 
• major basic protein (MBP) (743), 
• eosinophil cationic protein (ECP) (744), 
• eosinophil-derived neurotoxin (EDN) (745), 
• eosinophil peroxidase 
• B-glucuronidase. 

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

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

inflammatory cytokines, 
• chemokines (RANTES, IL-8, MIP-la) (748) and 

TGF-Bl (involved in fibrosis), 
• lipid mediators (CysLT (749), PGE1, TXB2 and 

PAF) (728), 
• reactive oxygen intermediates, 
• and different enzymes, including Charcot-Leyden 

crystal proteins (750) and histaminase (751). 

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

During the late-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 perennial allergic rhinitis 
(661). In house dust mite allergic patients, eosinophils 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 patients with NARES 
(83). Intranasal glucocorticosteroids profoundly reduce 
nasal eosinophilic inflammation (760). 

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

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. Although 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, 

• Th2 T-cells, which mainly release IL-4 and IL-5 and are 
involved in lgE-mediated allergic inflammation (Figure 6). 
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FIGURE 6: The role of Th2 lymphocytes in rhinitis. 

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

There is growing evidence that Thl and Th2 subsets 
can be differentially recruited into tissues to promote dif
ferent types of inflammatory reaction (771). Thl but not 
Th2 cells are recruited through P and E selectin 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 
eotaxin 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 
eosinophils (772). Other chemokines are important in the 
recruitment of Thl and Th2 cells (773). 

Mucosal inflammation in allergic rhinitis is charac
terised by the tissue infiltration of T-lymphocytes (CD4+ 
T-cells and co25+ (activated) T-cells) both in the sub
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 eosinophils 
in the mucosa (756). This is associated with an increased 
expression of IL-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 memory cells, CD4+ T cells and 
B-cells in the nasal mucosa (774). This is associated with 
an increase in the number of IL-4 , IL-5 and IL-13 posi
tive cells suggesting a Th2 pattern (775-777). Moreover, 
there is an increase in intra-epithelial y/8T-cells in peren
nial allergic patients (774, 778). y/8T-cells are of impor-
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tance as they are able to regulate allergic immune 
responses through their capacity to induce IgE synthesis 
by B-cells (779-782). 

4-2-1-5- B-lymphocytes 
In the bone marrow, B-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 marrow. However, after screening for 
auto reactivity, some B-cells will complete their matura
tion and express not only IgM but also IgD (mature vir
gin B-cells) (785). These mature cells will then migrate 
to secondary 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 proliferate and establish a 
germinal centre. Within the light zone of the germinal 
centre, B-cells undergo a selection process based on the 
affinity of the antibodies synthesised and controlled by 
follicular dendritic cells. These cells are capable of 
retaining antigen-antibody complexes for prolonged 
periods of time. This affinity maturation process results 
in isotype switching, the production of highly efficient 
antibody-secreting plasma cells and the development of 
memory B-cells. 

B-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, B-cells comprise 
about 20% of the total lymphocyte population (774). 
Recent studies have shown that in seasonal allergic 
rhinitics, B-cells can undergo class switch to IgE locally 
in the nasal mucosa (787). Nasal CD23+ B-cells decrease 
in allergic patients during provocation, indicating that 
mature virgin CD23+ B-cells switch into a memory B-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 are significant differences 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 for just 1 to 2 % of the cells 
(790). The number of nasal macrophages increases after 
non-specific stimulation of the mucosa such as lavage or 
brushing (790, 791). However, in seasonal and perennial 
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 
CDl arid 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 response, den
dritic cells in the respiratory tract form a tightly meshed 
network at the epithelial surface and are the principal 
antigen presenting cells (APC). In the secondary 
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response, any cell expressing surface Major Histocom
patibility Complex (MHC) 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 fluids. Mononuclear phagocytes have 
always been the scavenger cells of the body (794). 
Although this traditional role remains critical, these cells 
have a much wider function 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 IL-1, 
TNF-a., TGF-B, PDGF and interferons, depending on 
their state of maturation and elicit immune modulatory 
functions. It has long been known that macrophage func
tion is controlled by activated T-cells (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 for T-cells (799). 

4-2-1-6-2- Dendritic cells 
Dendritic cells are a highly potent APC-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 B7 or CD40 ligand 
and CD40 are necessary (801). Resting Langerhans cells 
are well equipped for antigen binding and processing, but 
require maturation in order to efficiently stimulate rest
ing T-cells. 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 cytokines (803). 

Dendritic cells form a network of APC in the human 
respiratory mucosa. The density of dendritic cells is at 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, allergens and other irritants. Airway mucosa! 
dendritic cells play an important role in the primary sen
sitisation or tolerance to antigens (805). 

Airway dendritic cells are also essential for presenting 
inhaled allergen to previously primed Th2-cells (805, 
806). Further studies 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). 

Glucocorticosteroids are the most effective treatment 
for reducing dendritic cell numbers and functions (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 

ICAM-1 and VCAM-1 (814-819), 
• the increased expression and production of inflamma

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

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

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

individuals are more sensitive to air pollutants like diesel 
exhaust particles. This has been attributed 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 FcERil. The activation of these recep
tors in asthmatic patients leads to the release of 
eicosanoids or pro-inflammatory mediators (832, 833). 
More recently, it has been shown that epithelial cells can 
directly interact with allergens resulting in the increased 
production of IL-6, IL-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 inflammatory mediators released from 
mast cell/ basophils like histamine (835-837), IL-4 (838) 
and IL-13, which can induce an increased production of 
cytokines and chemokines in epithelial cells. Mucous 
secretion is regulated by cytokines such as IL-4 and IL-13 
(839, 840). Finally, a proportion of epithelial cells from 
allergic rhinitics express HLA-DR and CD86 and rhay 
also play a role in antigen presentation (824). Thus, the 
epithelial cell can participate in the genesis and develop
ment of allergic inflammation. 

4-2-1-8- Endothelial cells 
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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 participate in the 
recruitment of leukocytes to the site of the allergic 
response by releasing neutrophil chemotactic factors and 
modulating leukocyte-adhesion molecules (842). An 
increased expression of ICAM-1 and VCAM-1 was 
reported on nasal 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 cytokines like IL-I (847), IL-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 
activation through the release of cytokines and chemo
kines (851 ). Endothelial cells in allergic rhinitics and 
asthmatics are also an important source of several 
cytokines 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 
Structural 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 inflammation (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, urticaria and anaphylax
is. Histamine consists of a single heterocyclic ring (irnida
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 HZ-receptor (865), responsible for gastric 
acid secretion, and the H3-receptor (866), apparently rep
resented mostly in the central nervous system of humans. 

In the 1950s, Riley et al. 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 Fci::RJ. 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 (rhinorrhea, sneezing, pruritus and nasal 
obstruction (867-869)). 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 formation. Histamine stimulates secretion by 
a direct action that increases plasma protein extravasa
tion and by an indirect reflex mechanism that stimulates 
glandular secretion (875-877). Histamine increases glan
dular secretion in the ipsilateral 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 late-phase response 
(723). Basophils and mast cells release histamine during 
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 rapid metabolism (870, 881, 882). More
over, a few molecules of a given mediator released in 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 exposure to allergen 
(886, 887). The duration of adhesion of these cells to the 
endothelium was increased with histamine and was medi
ated by P-selectin. Histamine also increases the TNF-a
induced expression ofE-selectin, ICAM-1 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, Hl antihistamines can 
inhibit histamine-induced cytokine production or adhe
sion molecule expression in endothelial cells. Recent 
studies have shown that histamine induces increased 
ICAM-1 expression in nasal epithelial cells and this is 
inhibited by Hl antihistamines (817). Histamine directly 
upregulates 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 effects on sen
sory nerves, glands or vessels, but also through its pro
inflammatory effects. 
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4-2-2-2- Arachidonic acid metabolites 
Written in collaboration with C. Chavis 
The arachidonic acid metabolic pathway leads to the 

formation of compounds named eicosanoids and includes 
prostanoids, hydroxyeicosatetraenoic acids (HETEs), 
leukotrienes (LTs) and lipoxins (LXs) (889). These pro
inflammatory mediators have potent effects 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 catalysed by lipid peroxidation which 

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

Eicosanoids are extremely potent. They are able to 
cause profound physiological effects 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 
are involved in the enzymatic synthesis 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 HETEs and epoxy
eicosatetraenoic acids, the exact function of which 
remains to be demonstrated in airway diseases (895). 
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4-2-2-2-1- 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 PGG2 which is reduced into PGH2, the common pre
cursor of prostanoids. PGH2 metabolism leads to PGE2, 
PGD2, PGF2, PGI2 and TXA2. There are two COX iso
forms (897, 898): 
• the constitutive COXl which regulates physiological 

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

• the inducible COX2 which is probably more related to 
inflammatory 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 prostanoid released following mast 
cell degranulation. Nasal challenge with PGD2 induces a 
sustained nasal obstruction (905, 906). It appears that 
PGD2 is ten times more potent than histamine (870). 
PGE2 and PGI2 induce vasodilatation and increased 
mucosa! 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 doubt 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 (PGD2, PGE2, PGF2a and 6-keto
PGF1a) 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 PGF2a or 6-keto-PGF1a 
between control and allergic subjects (911 ). The blockage 
of prostaglandin release by NS AID 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). In 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 interest (31). Recent data indicate that COX-2 
mRNA expression is down regulated in the nasal polyps 
of patients with aspirin-intolerant rhinitis/asthma (916). 
In keeping with these findings, it has been reported that 
cultured epithelial cells obtained from patients with 

J ALLERGY CLIN IMMUNOL 

NOVEMBER 2001 

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 (919, 920) deserves further investigation. 

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

Leukotrienes belong to the family of eicosanoids gener
ated by the LO pathways. Lipoxygenases are dioxygenases, 
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 
arachidonic acid presents three activated methylene groups 
(on the carbons in positions 7, IO 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 differentiated 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 translocable to nuclear membranes after acti
vation. Four types of AA metabolites are biosynthesised. 
The steps of the LO pathways are: 
• Mono hydroxyeicosatetraenoic 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 three most important HETEs are 5,12 and 15-
HETE generated by 5, 12 and 15-LO respectively. 

• Di-hydroxyeicosatetraenoic acids (di-HETEs): two 
successive oxygenation steps by 2 different LO lead to 
the generation of di-HETEs. The most common deriv
atives are 5(S),15(S)-diHETE (unknown physiological 
role) and 14(R),15(S)-diHETE reported to show the 
same activity as 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 eicosanoid 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 but 
the most important in allergic rhinitis and asthma are 5-
LO and 15-LO. 5-LO has been cloned (924). In many 
cells, particularly macrophages, blood 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. Enzymatic opening by LTA4 hydrolase leads 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 reacting substance of anaphylaxis" (SRS-A). They 

play an essential role in asthma and rhinitis. Generally, LTs 
are synthesised inside a determined cell type and released 

in the extracelJular medium. However, in the peripheral cir
culation, LTC4 may be synthesised by cellular cooperation 

between neutrophils and platelets: LTA4 released by neu
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 permeability 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 in allergic 
rhinitis (930). 

• LTB4 induces the recruitment of neutrophils. 
• In 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 e!1rlY and late-phase reactions after allergen challenge 
(712, 932, 933) and in seasonal (934) and perennial rhinitis 

(759). LTB4 was found to be released in nasal secretions 
after allergen challenge but little is known about this medi
ator in seasonal or perennial allergic rhinitis (932, 934). 

4-2-2-2-3- leukotriene receptors 
The actions ofLTB4, LTC4, LTD4 and LTE4 on target 

cells are mediated through specific receptors. The cDNA 

for LTB4 receptor was cloned from a guinea-pig leuco
cyte cDNA library (935). Pharmacological studies have 

determined that cysteinyl leukotrienes activate at least 

two receptors, designated CysLT(l) and CysLT(2). The 
CysLT receptor was recently cloned (936, 937). Both 

zafirlukast and montelukast have affinities that are 

approximately two times greater than that of the natural 
ligand LTD4. The CysLT(l) receptor has been found in 
human airways. The CysLT(2) receptor, however, has not 

yet been found in human airway 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 urinary 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 terminal 

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-associated reac
tions . Up to 10% of patients with chronic urticaria 

develop an obvious increase in wheals and sweHing 

after taking aspirin or NSAID. Usually, urticaria is not 

associated with rhinitis and 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 asthma is allergy to 

pyrazolone drugs (942). 
4-2-2-3- Kinins 
It has been proposed that kinins are involved in the 

mechanism of virus 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. 

Increased concentrations of kinins have been reported in 

nasal secretions after allergen challenge (945, 946). 

Some studies with bradykinin antagonist B2 have also 

been performed on patients with allergic rhinitis. 
The application of tachykinins to the nasal mucosa 

results in: 
• an increase in plasma exudation, 
• nasal discharge, 
• blockage in a manner independent from histamine 

(947, 948). 

Substance P is generated in vivo 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 rhinitis (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
leukins and interferons, which are produced 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.,-1 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 (956). 

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 hormones (957, 958). 

Cytokine functions are (959, 960): 
• pleiotropic (a cytokine has more than one function), 
• redundant (structurally 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 cytokine 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, 
downregulate its biological activity at the level of 
cytokine receptor expression. As a consequence, a very 
complex network of effects 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 cytokines 
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 

inflammatory cells. Pro-inflammatory cytokines have 
been shown to induce the expression of E-selectin 

• 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, see 961). 
• Recently, a new pro-inflammatory cytokine, IL-18, has 
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been identified. It is related to the IL-1 family in terms of 
structure, synthesis, receptor family and signal transduc
tion pathways (962, 963). Similar to IL-1, IL-18 activates 
T- and B-cells, induces the expression of adhesion mole
cules and stimulates the release of pro:infiammatory 
cytokines and chemokines. lnten,stingly, IL-18 might 
preferably be involved in chronic inflammatory processes. 

The release of pro-inflammatory cytokines into the 
tissue leads to regulatory processes involving the synthe
sis of IL-1 rcx. and sIL-1 Rll, both being antagonists to IL-
1, as well as the down regulation of the expression of the 
active IL-1 receptor on the cell membrane (964). These 
processes are naturally limiting the effects of IL-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, see 965, 966). After 
allergen challenge of the nasal mucosa, increased con
centrations of IL- lB, TNF-cx. and IL-6 are measured in 
nasal secretions during the early-phase reaction and are 
further increased in the LPR (967-969). They may there
fore be involved in the early initiation of the adhesion 
cascade by the induction of adhesion molecule expres
sion on endothelial cells. Histamine increases the adhe
sion of leukocytes to the endothelium (970) and 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-1 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 persistent inflam
matory process continues after allergen exposure, and 
supports the recently proposed concept of "minimal per
sistent inflammation" (9, 817). 

In nasal secretions of normal subjects, a strong molar 
excess of IL-1 antagonists has been measured (973 ). In 
normal subjects, there is approximately a 3,000-fold 
excess of IL-lrcx. and a 17-fold excess of the soluble IL-
1 RII over IL-lB in nasal secretions. In serum, sIL-lRil 
excess is approximately 14,000-fold and IL-lrcx. excess 
about 1,500-fold higher. This points to the importance of 
the receptor antagonist to limit inflammation in tissue by 
binding to the receptor without biological activity, 
whereas in serum, sIL-lRil seems to be of greater impor
tance. However, IL- lrcx. requires a 1,00-fold excess to pre
vent binding of IL-lB to the receptor. As sIL- lRil binds 
to IL-lB at a ratio of 1: 1, this molecule may also have 
strong antagonistic properties in vivo. 

During the pollen season, IL- lB and also IL-lrcx. and 
sIL- lRII are upregulated during pollen exposure and 
there was a significant correlation between these factors 
(Bachert, unpublished data). This again indicates that 
pro-inflammatory effects of IL- lB 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 increase of IL-18 concentration in nasal 
secretions occurred later in the season compared to IL-1 B 
(Bachert, unpublished data). This suggests that IL-18 
might be involved in sustaining a persistent inflammato
ry process. As discussed for IL-1, possible antagonists 
have been suggested· for IL-18, 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
tory cytokines in allergic rhinitis. It is likely that these 
cytokines are initially released by IgE-dependent mecha
nisms but that they are re-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 of IL- lB to explain the 
levels of this cytokine in nasal secretions. A possible 
source for this cytokine, however, could be the macro
phage, able to release IL-lB (975), and its naturally occur
ring receptor antagonist IL- lra (976). Eosinophils can 
also release pro-inflammatory 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 (203, 763, 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 does not act on 
T-cells. On the other hand, IFN-y and IL-12 are Thl
related cytokines. Although the dichotomy between Thl 
and Th2 cells is Jess evident in humans (764) than in 
mice (761), this concept is important in the understand
ing of allergic diseases. 

IL-4 and IL-13 are important in the regulation of IgE 
(chapter 4-3-1). On the other hand, IL-3, GM-CSF and 
IL-5 play a significant role in increasing the production 
of e_osinophilic progenitors, in activating eosinophils 
and in supporting the recruitment, maturation and sur
vival of these granulocytes. However, these cytokines 
have many other properties. IL-1 3 and IL-4 may be 
mucous secretagogues. 

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 
demonstrated hours after allergen 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 glucocorticosteroid 
treatment results in the inhibition of IL-5 mRNA expres
sion and eosinophil infiltration (981, 984 ). In patients 
with perennial allergic rhinitis, 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 IL-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 before nasal allergen 
challenge resulted in a decreased expression of IL-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 of Th2 cytokines within the nasal 
mucosa is not clear, as in situ hybridisation and immuno
histochemistry show that they can be released by T-cells, 
mast cells, basophils, eosinophils and epithelial cells 
(707,775,988,989). 

IL-12 is a structurally distinct Th I-associated cytokine 
produced by B-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 
Apart 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 culture, 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 activity, which was 
not suppressed by intranasal glucocorticosteroid or HI -
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 growth fac
tors) have been shown in allergic subjects compared to 
controls. This correlates to an increased sensitivity of the 
sneezing reflex, increased secretion and plasma 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 
hyperresponsiveness and in rhinitis. 

4-2-4- Chemokines 

Over the past ten years, more than 30 chemokines 
have been identified as attractants of different 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 maturation, 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-
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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 
chemokines 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 released greater 
amounts 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, 1004). It is 
mainly released by epithelial cells. Eotaxin is probably a 
key eosinophilic chemokine (1005). 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 eotaxin is not the only chemokine acting on 
eosinophil progenitors, it is central to the release of 
eosinophils from bone marrow to peripheral blood 
(1007). Glucocorticosteroids inhibit eotaxin expression 
in nasal tissues (1008). 

IL-8 is released after allergen challenge in sensitised 
patients during early and late-phase reaction. 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 IL-8 acts in con
nection with other chemotactic factors (1009). IL-8 can 
regularly be found in the nasal secretion of controls and 
is strongly upregulated during viral infections (1010), but 
seems to be unchanged or even decreased during the 
pollen season in allergic rhinitics (973, 1011). 

In contrast, MCP-1, a monocyte and basophil activating 
factor, increases during the pollen season. MCP-1 is con
stantly produced by macrophages (999) and can be detect
ed in the nasal mucosa of patients with seasonal and peren
nial allergic rhinitis (1011-1012). 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 glucocorticosteroids. 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 to 
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 increased by 
pre-incubation or co-stimulation with cytokines such ·as 
IL-3 and GM-CSF (1015, 1016). Further studies will be 
needed to completely understand the function of chemo
kines in rhinitis. 

4-2-5-Adhesion molecules 
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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 mucosa! allergic inflammation, such as that 
found in rhinitis (1017). The best characterised adhesion 
molecule families are the integrins, the immunoglobulin 
supergene family and the selectins (1018, 1019). Neu
trophils or eosinophils have little ability to adhere to resting 
endothelium in vitro. Endothelial cells can be activated by 
cytokines such as IL-1, 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 neutrophils (738). 
Pro-inflammatory mediators such as PAF or histamine also 
activate neutrophils. Following activation, these cells 
adhere to eosinophils, basophils or neutrophils. E-selectin 
(1020), ICAM-1 and CD 18 integrins participate 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 to be a major ligand for 
eosinophil adhesion 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 hour after exposure 
to allergen in sensitised individuals. This expression is 
partly inhibited by TNF-binding proteins (TNF-BP) and 
by the IL-1 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 (1022). 
An increase in VCAM-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 
lmmunoglobulin 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-1, the major rhi
novirus receptor (1023), is constitutively expressed, but may 
also be induced 1 to 24 hours after stimulation (1024, 1025). 

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 (843). 

Topical glucocorticosteroids and most HI-antihista
mines (835, 1027-1029) 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 ICAM-1 was found to increase in the serum of 

allergic rhinitis patients compared to non-atopic con

trols in perennial allergic rhinitis ( 1030). It also 

increased systematically and locally in patients with 

seasonal allergic rhinitis under natural conditions (819, 

1031). Moreover, nasal ICAM-1 levels remained 

increased after 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. They 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 (1035). 
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 number of mechanisms would tend to 

limit inflammatory tissue injury and promote the resolu

tion rather than the progression of inflammation. Prelim

inary characterisation of the recognition mechanism 

implicates the integrin av-83 (vitronectin receptor) and 

CD36 (thrombospondin receptor). Eosinophil survival 

was shown to be increased in asthma due to decreased 

apoptosis which was further linked to GM-CSF 1036). 

In vilro eosinophils were shown to release increased 

amounts of various cytokines including GM-CSF (1037) 

and others. Supematants from nasal epithelial cells were 

found to increase the survival of inflammatory cells 

(1038). However, direct apoptosis has never been studied 

in the nasal mucosa even though the survival of 

eosinophils in n.asaJ polyps wa shown to be associated 

with reduced apoplosis (740). Moreover, serum-soluble 

Fas levels were used as a marker to distinguish allergic 

and non-allergic rhinitis (1039). 
The expression of adhesion molecules on epithelial 

cells rapidly increases after exposure to cytokines 

(IF -y or TNF-a) or to eosinophil-derived proteins 

(MBP and ECP) (1035). The enhanced expression of 

adhesion molecules on epithelial cells was found to 

increase the persistence of inflammatory cells in vitro 

(1035). 

4-2-7- Conclusions 

The inflammatory reaction in the nose results from an 

increased recruitment of inflammatory cells and a pro

longed survival 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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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 are presumed to be involved in the events 

related to allergic reaction (neurogenic inflammation) 

676) ( ee chapter 4-1-5). However, the amount of these 

neuropeptides released in nasal fluid pre ent in biopsies 

and the threshold concentrations for tbe positive manifes

tation of symptoms in nasal provocation are controversial 

and are still being discussed. Thus, neuropeptides may be 

of less importance than the classical neurotransmitters in 

nasal allergic reaction. Further investigations are neces

sary to confirm their specific involvement in the mecha

nisms of allergic rhinitis as has been discussed for medi

ators in allergic rhinitis. 

4-3-2- Nitric oxide 

Nitric oxide (NO) is an endogenous soluble gas acting as 

an intercellular transmitter, both in the central and periph

eral nervous system. It is synthesised from arginine by an 

enzyme nitric oxide ynthase (NOS) of which there are 

three 1soforrns. 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 1040-1042). A significant increase of NO in 

the nose is detected in patients with allergic rhinitis (1043, 
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1044) 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 (1046). The production of NO is increased in 
patients with perennial nasal allergy (1047, 1048), but the 
blood flow in the nasal mucosa of patients is reduced 
(1049). In the same study, nitrotyrosine formation suggests 
that there is a process of ONOO(-)-induced damage in the 
mucosa of patients with perennial nasal allergy. This dam
age may limit the dilatation of blood 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 (1050). 
Nitric oxide may be an important mediator of the effector 
arm of the naso-nasal reflex that increases vascular perme
ability but it is not involved in the sensory nerve afferent 
pathway (1051). Further studies on the role of NO in aller
gic rhinitis are 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 antigens such as pollen, foods, house dust 
mite, animal danders, fungal spores and insect venoms. 
Elevated levels of serum IgE are thus a hallmark of atopic 
di eases l ike allergic rhinitis. IgE itself constilutes a very 
minute fraction of the tolal antibody in the human serum 
(50-300 ng/ml oflgE versus 10 mg/ml oflgG). However, 
the biological activities of IgE are powerfully enhanced by 
the activities of specific cell surface receptors to which il 
binds and which may be of high or low affinity phenotype. 

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

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

allergic rhinitis is the infiltration of the nasal muco a by 
T h.elper type 2 (Th2) cells 203, 763, 764), basophils 
Langerhans cells, eosinophils 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-celi system to the stimul i given by 
these cells plays an important role in the occurrence ofTol 
tolerance or Th2 hypersensitivity (1052). Antigen presen
tation by airway Langerhans cells leads to the preferential 
development of a Th2 response which can be short lived (a 
short boost of IgE production, followed by active suppres
sion) or persist to d vclop a polarised, long lived Th2 
response (806). Moreover, monocyte-derived deiidritic 
cells from allergic asthmatic patients, when compared to 
healthy controls, already showed phenotypic differences in 
the expression of HLA-DR, CDl lb and the high-affinity 
receptor for IgE (1053). 

4-4-1-2- Th2 cytokines 
Differentiation of B-cells into IgE-secreting plasma 

cells is a complex cascade of events in which cytokines 
play a crucial role (for review see 1054). Cytokines do 
not only induce lg synthesis, but also regulate isotype 
switching. Human IL-4, and more recently IL-13, have 
been shown to induce IgE 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 B-cells, characterised by the absence of surface 
IgM expression, can be induced to produce lgE in vitro. 
This indicates that these cells are mature in their capaci
ty to produce IgE (1057). 

Both IL-4 and IL-13 induce the transcription of 
germline £ mRNA in purified B-cells (1058). With 
appropriate co-stimulatory signals (see chapter 4-4-1-3), 
this results in the switching and production of lgG4 and 
IgE of B, as well as pre-B cells (1059, 1060). However, 
IL-13 induces the synthesis of IgG4 and IgE, indepen
dently of IL-4 (1057). Furthermore, IL-4 and IL-13 do 
not have synergistic effects or additional effects on lgG4 
and JgE synthesis. Although both cytokines are human 
B-cell growth factors of equal potency, IL-4-induced 
IgG4 and IgE 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 effective in inducing lgE synthesis in 
situations where little or no IL-4 is present (1061). 

In addition to their inducting effect on lgE synthesis, 
IL-4 and IL-13 share many other biological functions 
(reviewed in 1062): 
• Both cytokines promote the growth and differentiation 

of pre-activated B-cells, 
• they induce the expression of several surface antigens 

on B-cells, including CD23, CD71, CD72, MHC class 
II and slgM, 
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• they inhibit the production of pro-inflammatory 
cytokines by monocytes. However, in allergic inflam
mation, the anti-inflammatory properties of IL-4 may 
be less effective (1063). 

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 IL-4 and IL-13, which may partly 
reflect their different roles in the immune response to 
allergens. 
• Unlike IL-4, IL-13 is not preferentially produced by 

human Th2 cells, but is produced by both Thl and Th2 
cells (1064). 

• Furthermore, 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 that of IL-4 (1064, 1065). 

• IL-13 fails to activate T-cells because of the absence of 
a binding component of the IL-13 receptor on T-cells 
(1064). 

• These findings suggest that IL-13 may not only be 
involved in early immune responses. It may have a 
unique function in inducing and sustaining B-cell 
growth and differentiation, including the induction of 
IgE synthesis in the absence of T-cell expansion. 

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

• IL-13, in contrast to IL-4, is not able to directly induce 
its own production. The enhancement of IL-13 produc
tion by Th2 cells is dependent on the presence of IL-4. 

• IL-13, but not IL-4, is produced by immunologically 
naive CD45RA + T-cells isolated from cord blood, as 
well as peripheral blood, following activation (1065). 
This may induce IgE synthesis in situations where no 
IL-4 is present, underscoring the observation that acti
vated CD45RA + T-cells efficiently modulate IgE syn
thesis in vitro (1066). 

4-_4-1-3- Co-stimulatory signals 
IgE_ production by B-cells not only requires the pres

ence of IL-4 or IL-13, but also a physical interaction 
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) (1067). This indicates that the CD40/CD40L 
interaction is pivotal in the induction of B-cell switching 
leading to lgE synthesis. The process during which T
cells help B-cells for the production of lg, including IgE, 
is thought to be the result of a reciprocal dialogue 
between these populations which starts if either the T-cell 
or the B-cell is activated (reviewed in 1068). Upon acti
vation, T-cells transiently express CD40L and induce rest
ing B-cells to express CD80, whereas subsequent interac
tion between CD80 and its ligand CD28 enhances 
cytokine production and CD40L expression by T-cells. 
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This series of mutual T- and B-cell activation, via interac
tions between 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 loss of signal transduction through CD40 
and in the abrogation of induction of lgE synthesis. 

4-4-1-4- Cells involved in Th2-cytokine synthesis 
The production of IL-4 and IL-13 is not restricted to T

cells. Preformed IL-4 is expressed in human mast cells and 
released upon cell activation (701, 702, 988). It is found in 
the cytoplasm of in-vitro activated human peripheral blood 
basophils (724). After IgE-dependent activation, IL-4 and 
IL-13 mRNA are transcribed in basophils which produce 
IL-4 and IL-13 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 directly stimulates IL-4 and IL-13 secretion 
from basophils of selected atopic donors in a reaction 
requiring the expression of a particular type of IgE, referred 
to as IgE+ (1072-1074). This broadens the possible role, in 
chronic allergic inflammation, of this cell type. Basophil 
production of IL-4 and IL-13 early in the course of allergen 
stimulation may therefore shape subsequent T-cell respons
es both in vivo and in vitro. Moreover, it has been shown 
that freshly isolated mast 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 the 
presence of exogenous IL-4. Basophil-mediated lgE syn
thesis can even take place in the absence of exogenous IL-
4 or IL-13 (1075). These results suggest that mast cells and 
basophils can induce the production of lgE, independently 
of T-cells. Nasal mast cells in perennial allergic rhinitics 
exhibit increased expression of FcERI, CD40L, IL-4 and 
IL-13, and can induce lgE synthesis in B-cells (707, 714). 

Conclusions 

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

4-4-2- Local lgE 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 serum lgE (1077). After nasal allergen chal
lenge, a rise in antigen-specific serum lgE levels was 
observed, but not all individuals showed this response 
(1078) . The magnitude of the allergen-specific lgE 
response to nasal challenge appeared to be greater than 
the response to seasonal exposure. Moreover, the appli
cation of a diesel exhaust particulate into the nose 
induces a local production of lgE measured 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, IgE heavy chain (CE) and IgE heavy chain pro
moter (IE) 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 (1080). 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 of IgE-expressing B-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 cell/B-cell interac
tion has on the amount of lgE production. Local lgE 
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 manifes
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 airway disease (730). 

Bone 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 marrow inflammatory cell progenitors are associat
ed with allergen-induced airway hyperresponsiveness 
and inflammation in asthmatics (729) and animals 
(1088). There appears to be a critical involvement of 
bone marrow in the development of eosinophilic airway 
inflammation (1089, 1090) suggesting that asthma and 
rhinitis represent a systemic disease (729). 
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Inhaled glucocorticosteroids were shown to reduce the 
baseline but not the allergen-induced increase in bone 
marrow inflammatory cell progenitors of asthmatic sub
jects (I 091 ). 

4-4-4- lgE receptors 

Ishizaka and Tomioka (1092) were the first to describe 
the high affinity IgE receptor on mast cells (FcERI). They 
found that these cells were able to degranulate after aller
gen stimulation. Degranulation induces the release of his
tamine whereas activation of the cells causes leukotriene 
and cytokine release. 

4-4-4-1- The high affinity receptor for lgE (FcERI) 
The structure of FcERI has been extensively studied 

(1093-1095). lgE binds to mast cells and basophils by its 
Fe fragment 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 FcERI contains the entire lgE-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 100), 
• 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. It is believed that this structure serves the anti
gen presenting cell function by specifically targeting the 
antigen-lgE-FcERI 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 (I 101). 

Interestingly, in atopic patients, there is an increased 
expression of FcERI on basophils, eosinophils monocytes 
and dendritic cells compared to non-atopic subjects 
(1100, 1102, 1103). This may be due to elevated lgE lev
els (1104, 1105) which were recently shown to upregu
late FcERI (1106-1108). Th2-type cytokines such as IL-4 
can also upregulate FcERI on mast cells (1109). 

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

The increased expression of FcERI 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 cytokines (714). Only few nasal 
eosinophils were shown to bear FcERI in allergic rhinitis 
patients (1111 ). The activation of mast cells and basophils 
occurs within seconds after allergen challenge and results 
from the binding of IgE 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) (1112). 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 eicosanoids (832) and cytokines (1099). 

4-4-4-2- The low affinity receptor for lgE (FcERII, 
CD23) 

The low affinity IgE receptor FceRII was charac
terised as a B-cell receptor for IgE. It is known to play an 
important role in the humoral responses acting in anti
gen-presentation to T-cells and in the adhesion of B-cells 
to each other. It is found on various cells such as: 
• B-cells, 
• macrophages (1113), 
• eosinophils (753, 1114), 
• natural killer cells, 
• T-cells, 
• Langerhans cells (1115), 
• epithelial cells of bone marrow and thymus (1116), 
• bronchial epithelial cells from asthmatics (833). 

There are two forms of FceRII, differing only by their 
N terminal amino acids. FceRIIa is a developmentally reg
ulated gene expressed only in antigen-activated B-cells 
before their differentiation into immunoglobulin-secreting 
plasma cells. It is present as an antigen lgE-FceRIIa com
plex and presents antigen very effectively to T-cells. 
Fc£RII~ is inducible on all cell types, in particular by IL-4. 

FceRII 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 
the ongoing allergic reactions induced by repeated aller
gen exposure. In intermittent and persistent allergic rhini
tis, the same cells and mediators are important 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 the mechanisms of allergic rhinitis over the past ten 
years. The elegant studies by Naclerio et al. (642) using 
nasal allergen challenge followed by the measurement of 
cells and mediators in the nasal fluid have m ade it easier 
to analyse the events occurdng 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- Release ofvaso-active mediators 
Pathological studies have shown that mast cells are acti

vated after allergen challenge (660) and the measurement 
of mediators in nasal secretions has shown that several 
mast cell derived mediators are released. These include: 
• histamine (642, 711, 934), 
• PGD2 (642, 711, 905), 
• CysLT, (712,932,934, 1117-1119) 
• 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. This suggests that the mediators liberated ( or 
the levels released) vary from subject to subject. Moreover, 
histamine release is not always correlated with the occur
rence of symptoms (642, 711, 1118, 1121) except possibly 
sneezing (1122). A better correlation is often found between 
the release of lipid mediators and symptoms (642, 711, 
1118). CysLTs may be of interest as their release appears to 
be prolonged and they induce sustained nasal obstruction. 

4-5-1-1-2- Plasma exudation 
During the early-phase reaction, nasal mucosa! 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 process of an almost unfiltered bulk 
blood flow of different sized proteins (1123). The plasma 
exudate provides a wide range of inflammatory enzymes 
including kinins (945, 946, 1124-1126), vascular-derived 
mediators, albumin (1123), immunoglobulins, plasma
derived histamine, pro-inflammatory mediators and acti
vated complement fractions (1127) which can all be 
found in nasal fluids. Kinins and related compounds may 
play a role (947,952, 1128, 1129). 

4-5-1-1-3- Activation of epithelial cells 
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 mediators such as histamine (833, 836). The acti
vation of epithelial cells may be of importance in rhinitis 
but further elucidation is required (1035) (Figure 14). 

4-5-1-1 -4- Neuropeptides 
Pruritus and sneezing are major symptoms caused by 

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

4-5-1-1-5- Release of chemotactic factors 
During the immediate-phase reaction, a range of 

chemotactic factors (cytokines and mediators such as 
LTB4 (932, 1131)) and PAF ( 1132, 1133) are released by 
mast cells and epithelial cells. This can lead to a more 
complex ongoing inflammatory response. A mixed 
inflammatory infiltrate is observed shortly after the onset 
of the reaction (1134). 
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FIGURE 12: Symptoms induced by allergen chal lenge (early and late-phase reaction) and of intermittent and 
persistent rhinitis. 
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FIGURE 13: Mechanisms of allergic rhinitis. 

4-5-1-2- Late-phase reaction 
4-5-1-2-1- Cell activation and release 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 
cells at the site of the allergic reaction ( 1117): 
• 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. 
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The presence of neutrophils is not discriminative ( 641, 
1135, 1136). 

• Eosinophils which release proteins (ECP, MBP) (641, 
1135, 1137-1139). 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
ticularly eosinophils, during the late-phase reaction 
(1141). 

• Basophils (but apparently not mast cells) (1142, 
1143), 

• CD4+ T-cells and CD25+ (interleukin 2 receptor bear
ing) cells (756). 

• In some but not all studies, macrophages have been 
found in increased numbers (790). 

Among the mediators recovered in nasal fluid, we find: 
• histamine, 
• CysLT, 
• eosinophil-derived mediators (ECP, MBP) 
• and kinins (723). 
• It was thought that PGD2 was not released during the 

late-phase reaction but recent studies have shown that, 
in at least some patients, there is a significant release 
of this mediator. 

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

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

Eosinophil (IL-5, GM-CSF, eotaxin, RANTES (757, 
968, 979, 1003, 1144)) and neutrophil chemoattractants 
(IL-8) (748) are released during the LPR. There was a 
close correlation between "Th2-type" cytokine mRNA 
expression, particularly IL-5, and the number of activat
ed (EG2+) eosinophils. This suggests that CD4+ T-cell 
recruitment and activation and the release of Th2-type 
cytokines in vivo contribute to the development of late 
nasal responses and are associated with tissue 
eosinophilia. GM-CSF appears to be of importance in the 
recruitment (and possibly survival) of eosinophils during 
the LPR (1145). However, the picture of cytokine and 
chemokine release is more complex than previously 
thought. The increase in IL-4, IL-10 and IL-13 mRNA 
levels (981) in the nasal mucosa after nasal allergen 
provocation was also upregulated. IL-16 is a potent 
chemoattractant for CD4+ cells in vitro and may play a 
significant role in recruiting CD4+ cells in the LPR 
(1146). Moreover, the nasal administration of rlL-5 into 
the nasal mucosa of patients allergic to Cryptomeria 
japonica pollen induced an accumulation and degranula
tion of eosinophils together with the development of 
nasal hyperreactivity to histamine (1147). 

The precise cell origin of these cytokines and 
chemokines is yet to be determined, although initial data 
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suggested the principal cellular provenance (at least at 
mRNA level) to be T-lymphocytes (1148), the contribu
tion from mast cells appearing to be important (702, 985, 
1148). RANTES may be mainly released by macrophages 
in the nasal mucosa (1149). 

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

The accumulation of inflammatory 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 through 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). It also induces the reie-ase of 
sICAM-1 into nasal secretions (1031). 

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 during the evolution of airway inflammation. 
Although several studies have been carried out in asthma, 
less is known 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 significant inflammation of the 
nasal 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). In 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 I 0- to 
100-fold when a second challenge was repeated the fol
lowing day. He called this effect "priming". Conversely, 
this priming effect 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 
mediators as has been shown in vitro 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, 
or 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 HRF activity 
(1156). Other mechanisms may also explain the priming 
effect. The effects on nasal microvascular blood flow can 
be detected by means of laser Doppler flowmetry. In a 
study, patients reacted to the birch pollen provocation 
with an increase in blood flow. This increase was greater 
after the pollen season than before when the same pollen 
doses were used, indicating a priming phenomenon of 
the resistance vessels (1157). 

The priming effect 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 season but also with very small amounts of grass 
pollens, e.g. very soon after the tree pollen season has 
ended. On the other hand, when tree pollen counts are 
low, patients sensitised to grass pollens only or polysen
sitised patients start to present symptoms only several 
days following the onset of the grass pollen season as 
there is no priming of the 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 et al. (9) and confirmed in perennial (9, 759) 
and seasonal allergy (1159). In patients with perennial 
allergic rhinitis, the allergen exposure varies within the 
year and there are periods in which there is little exposure. 
This is the case in the Mediterranean area for house dust 
mites during the summer, or when allergen avoidance is 
effective. However, these patients, even though they are 
symptom free, still present inflammation of the nose. 

4-5-4- Persistent inflammation 

4-5-4-1- Seasonal allergic rhinitis 
4-5-4-1-1- Inflammatory cells 

• Studies of cells infiltrating the nasal mucosa during 
the pollen season show that there is an increase in the 
number of various inflammatory cells and that this is 
correlated with both the severity of symptoms (641, 
1160-1162) and nasal non-specific hyperreactivity 
(869, 871). 

• Eosinophils are almost always found in the mucosa 
between non-desquamated epithelial cells as well as in 
the submucosa (661, 1160-1162). 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 
epithelium and the submucosa but they are often 
degranulated (660,661,699, 1163-1165). 

• 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 (CDl +) 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 (1167). 

• In 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 mucosa! 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 (1168). 

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

4-5-4-1-3- Pro-inflammatory mediators 
A range of mediators are released in nasal secretions 

during the pollen season (1169). These include: 
• Cys-LT (1117, 1170), 
• ECP (1171), 
• histamine, whose levels are inconstantly increased 

when compared with pre-season levels (880, 1172). 
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- Cytokines and chemokines 
• During the pollen season, IL-18, IL-18, but also IL

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

• In patients allergic to pollens, there is an increased 
number of cells expressing Th2 cytokines during the 
pollen season (968, 972, 980-982). 

• Eotaxin mRNA was found upregulated 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, 1011). 

• 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 (mucosa! exudation). 
The process of mucosa! exudation of plasma is a promi
nent feature of airway inflammation and has been demon
strated in rhinitis (1123). The plasma exudation response 
also represents a first-line defence, allowing potent plas
ma proteins to 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 (1177) 
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- Inflammatory cells 

• Nasal eosinophilia is not a permanent feature of this 
disease (83, 759, 1178-1180) even in patients with 
allergic rhinitis. In a study examining the importance 
of eosinophils in perennial 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 et al. showed 
that neutrophil levels were increased in the non-aller
gic group (759). 

• Epithelial mast cells are increased in numbers in the 
nasal mucosa of patients with allergic (1181) and non
allergic perennial rhinitis (1182). However, other stud
ies did not show the increase in mast cells in non-aller
gic patients (1183). 

• Perennial allergic rhinitis is characterised by a selec
tive increase in co4+ memory T-cells (774, 777), as 
well as in co3+4-8- double-negative T-cells, B-cells 
and y/8T-cells in the nasal mucosa (774). The increase 
in co4+ memory T-cells in the allergic nasal epitheli
um may have critical implications in the pathogenesis 
of perennial allergic rhinitis. 

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

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

• Goblet cell numbers do not appear to be significantly 
different 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 increased levels of this mediator have been found 
in the nasal secretions of many patients suffering from 
allergic and non-allergic rhinitis (759). 

4-5-4-2-4- Cytokines 
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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 out 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 IL-4 and IL-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 patients 
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 (1187). 

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

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

origin of cells present in the inflammatory infiltrate. It 
has been observed that the expression of adhesion mol
ecules is increased on the vascular endothelium of 
biopsies from patients with chronic rhinitis ( 843, 
1188). In the study of Saito et al., the increased expres
sion of ICAM-1 in the mucosa was associated with an 
infiltration of activated lymphocytes. Other pro
inflammatory mediators may be involved but further 
experiments are required for their characterisation 
(1189). 

4-6- ASPIRIN INDUCED RHINITIS 

Inflammatory 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 IL-4 mRNA + cells were observed. 
No differences were observed for either IL-2 or 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 IL-5 and over expression of LTC4 syn
thase was reported in the bronchi of patients with 
aspirin-induced asthma (919, 920). 

Activated eosinophils 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. 

This phenomenon can be observed after nasal stimula
tion (1195) such as: 
• heating of the nasal mucosa (1196), 
• challenge of the nose with histamine (1197-1201) or 

methacholine (1202). Although histamine and metha
choline are 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 reliabl.e method for 
the measurement of non-specific nasal hyperreactivity 
in these patients (1203). 

• acrolein (1204), 
• capsaicin (950), 
• strong odours (1205), 
• distilled water (1206). 

Nasal hyperreactivity can also occur after non-nasal 
stimulation like for example: 
• change of posture (1207), 
• change in body temperature (1195), 
• exercise (1208), 
• consumption of hot drinks (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 barrier, 
• increased sensitivity of irritant receptors in the mucosa 

(1210, 1211), 
• change in nerve transmission in periphery or in CNS 

(1212), 
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• release of pro-inflammatory 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-SPECIFIC TRIGGERS 

Patients suffering from allergic rhinitis are variably 
exposed to diverse inciters, which modulate inflamma
tion (Figure 15). 

allergy non-specific irritants 

I 

symptoms 

Inflammation 

non-specific 
hyperreactivity 

FIGURE 15: Inflammat ion in allergic rhinitis. 

I 

short and 
long term 

complications 

In 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 a nasal reaction interfering with aller
gens and thereby participating in the symptomatology of 
rhinitis (1217) (see chapter 3-2). 

Viral infections are known to induce 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 occurrence 
of a late-phase reaction (1223). 



5- N on-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 nasal 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 usually 
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 term 
"vasomotor rhinitis" was often used, but this implies that 
the underlying cause is a vascular and/or neurological dys
function of the mucosa, and there are no sound data to 
support this notion. Therefore, the term "idiopathic rhini
tis" is more correct for the disease of unknown aetiology. 

5-1- PREVALENCE AND NATURAL HISTORY 

It 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 "chronic 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 of this 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 
H 1-antihistamines in patients who have sneezing as a 
predominant symptom points at histamine as an impor-
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tant mediator, but H 1-antihistamines are generally inef
fective in most patients. Some effects of Jeukotriene 
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, but 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 
mucosa] biopsies have failed to identify 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 inflammatory 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 precipitateo 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 Jess 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, suffer 
exclusiv_ely from watery rhinorrhea. They do not respond 
to treatment with antihistamines and glucocortico
steroids but · they can be helped by an intranasal 
cholinoceptor antagonist (ipratropium bromide). 

5-3-3- Blockers 

These patients are made to feel uncomfortable by nasal 
stuffiness or congestion with reduced or abolished nasal 
breathing. The nasal mucosa is swollen due to vasodilata
tion, edema formation and/or hyperplasia. Anatomic 
abnormalities can contribute to the symptoms. These 
patients do not respond to Hl-antihistamines but may or 
may not respond to glucocorticosteroids 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 can be causal or contributing factors. 

5-4-1- Physiological symptoms 

The nose serves as an efficient humidifier, heater and 

filter for inhaled air thereby protecting the lower ::irways. 

The nasal mucosa is constantly exposed to unconditioned 

and occasionally polluted inhaled air causing irritation, 
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 are a number of causes of non-allergic, non
infectious rhinitis (see chapter 1-6). 

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

Occasional sneezing and rhinorrhea in the morning 

and upon exposure to cold and 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 and nose blowings and about the hours 
with daily symptoms may help in making a distinction 

between a normal 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 aetiological fac
tor, but it may contribute to the symptoms of a disease of 

the mucous membrane. Septa) deviation is a well-known 

cause of nasal obstruction; it is often bilateral CS-shaped 
deviation). A septa! deviation with a spur, resulting in con

tact between septa! and lateral mucous membranes ('kiss
ing mucous membranes'), causes irritation and induces 
reflexes and rhinitis symptoms. Other anatomical abnor-
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malities, 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 

testing, nasal endoscopy, preferably a nasal smear for 
eosinophils and, in selected cases, a CT-scan of nose and 

paranasal sinuses. 
In the NARES syndrome, eosinophils can be found in 

the nasal mucosa and secretions (1224, 1225). It 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 

correct diagnosis and to exclude differential diagnoses 

and concurrent structural abnormalities. 
Congenital choanal atresia can be a cause of unilater

al obstruction, 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 tumours in the 

nose, paranasal sinuses or nasopharynx and Wegener's 

granulomatosis usually start with uncharacteristic 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 differential diagnosis. These condi

tions are generally difficult to treat with the exception of 
aspirin-induced rhinitis, nasal polyposis and other rhini
tis forms, which may respond to glucocorticosteroids. A 

diagnostic work up is required to differentiate this condi
tion from perennial allergic rhinitis. 



6- Co-morbidity and complications 

Allergic inflammation does not necessarily limit itself 
to the nasal 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 airways frequently 
coexists. Epidemiological, pathophysiological and clinic.al 
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 
interconnected mechanisms. Allergic rhinitis is correlated 
to, and constitutes a risk factor for, the occurrence of asth
ma (145). It has been proposed that the prevention or early 
treatment of allergic rhinitis may help to prevent the 
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 rhinitis 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 (109). The point prevalence of 
perennial 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 often associated with perennial rhinitis than 
with seasonal rhinitis (30). 

The majority of patients with asthma present seasonal 
or perennial allergic rhinitis symptoms (175). Rhinitis 
usually occurs in over 75% of patients 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 Northern 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 to six-fold for developing rhinitis over 
an adult without a family history (95). 

5198 

The age of onset of atopy may be an important con
founding factor for the development of asthma 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 surveys in children and adults have shown signifi
cantly lower prevalences of asthma and allergic diseases 
in Eastern Europe than in western countries. In former 
East Germany, tremendous changes towards western 
lifestyle have occurred since unification (189). 1n·1995_ 
1996, 2,334 school children in Leipzig participated in a 
cross-sectional study that used the same methods as a pre
vious survey done shortly 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 findings sug
gest important differences in the development of atopic 
disorders. Factors operating very early in life may be par
ticularly important for the acquisition of childhood asth
ma and rhinitis, whereas the development of atopic sensi
tisation and seasonal allergic rhinitis may also be affect
ed by environmental factors occurring beyond infancy. 

6-1-2-2- Association between rhinitis and non
specific 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 bronchial responsiveness 
and exercise-induced bronchoconstriction were common
ly observed in patients allergic to grass or birch pollen 
(1232-1234). The reversal of bronchial hyperreactivity by 
intra nasal sodium cromoglycate (1235), nedocromil 
sodium (1236) or glucocorticosteroids (1237, 1238) sug
gests that bronchial inflammation is associated with nasal 
inflammation (1239). 

In subjects with perennial allergic rhinitis, bronchial 
hyperreactivity appears to be more common and more 
severe than in patients with seasonal allergic rhinitis 
(1240, 1241). In an epidemiological study of the general 
population, it was confirmed that bronchial hyperreactiv
ity was increased mainly in patients with perennial and 
seasonal rhinitis 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 hyperresponsiveness (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, w_hereas that of the 
nasal mucosa in allergic rhinitis is only 2-8 times that of 
control subjects (1242, 1243). The inflammatory 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 inducing 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 pro
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 strong epidemiological evidence show
ing 3: close link between 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 (301). 

6-1-4- Natural history of the diseases 

Studies have also identified 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 of life 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 factors for developing new asthma (275). A 10-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. 

In aspirin-induced asthma, the clinical syndrome 
develops according to a pattern, characterised by a defi
nite sequence of symptoms (31 ). Rhinitis is the first 
symptom of the disease and is usually related to a flu-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 after the onset 
of rhinitis. Intolerance to aspirin and other NSAID as 
well as nasal polyps become evident years later. In the 
majority of patients, aspirin intolerance, once developed, 
remains for the rest of their lives. Repeated aspirin chal
lenges are, therefore, positive though some variability in 
intensity and spectrum of symptoms occurs. However, in 
an occasional patient, a positive aspirin challenge may 
became negative after a period of several years. 

6-1-5-The mucosa of the airways 

In 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 
pseudostratified epithelium with columnar, ciliated cells 
resting on a basement membrane. Underneath the epithe
lium, in the submucosa, vessels and mucous glands are 
present with structural cells (fibroblasts), some inflam
matory cells (essentially monocytic cells, lymphocytes 
and mast cells) (1253) and nerves. 

There are also differences between the nose and the 
bronchi. In the nose, there is a large supply of subepithe
lial capillary, arterial system and venous cavernous sinu
soids. The high degree of vascularisation 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 adrenerg~c 
and cholinergic nerves and nerves of the NANC (non
adrenergic non-cholinergic system) (675, 690, 966). 
Neurotransmitters and neuropeptides released within the 
autonomic nervous system exert homeostatic control of 
nasal secretion (by plasma extravasation) as well as of 
mucous and serous cell secretion. Sensory neuropeptides 
are present in human bronchial nerves 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 airways. 
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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 sensory neuropeptides may play a 
role in the mechanisms of asthma (676, 1257). Moreover, 
adrenergic control of the nose and bronchi differ since a
adrenergic agonists are effective nasal vasoconstrictors in 
rhinitis whereas 132-adrenergic agonists are effective 
bronchodilators in asthma. 

Nitric oxide (NO) is an intercellular transmitter, both 
in the central and peripheral nervous system. In addition 
to nerve cells, NO is also produced in the epithelial cells 
of various tissues and in the endothelium. NO is pro
duced in large 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 sensory nerve afferent pathway 
(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 airways with only a minor contribution 
from the lower airways (1260). 

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

Recent progress achieved in the cellular 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 that the 
inflammation of nasal and bronchial mucosa is sustained 
by a similar inflammatory infiltrate, which is represented 
by eosinophils, mast cells, T-lymphocytes and cells of the 
monocytic lineage (661, 1261-1263). The same pro
inflammatory 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, 816, 
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 the 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 airways of patients 
with asthma but also in the airways of patients with sea
sonal allergic rhinitis, outside of season (1267). 

Atopic patients without asthma present some degree 
of bronchial inflammation, in particular a few activated 
eosinophils (1087). An irregularly distributed subepithe
lial fibrosis of the bronchi is observed in subjects with 
allergic rhinitis (1268). It results from the deposition of 
type I and III collagens and fibronectin and suggests the 
presence of an active structural 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 reaction can be 
observed (1269) suggesting 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 mucosa) 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 (1167, 
1226). In a biopsy study carried out in the nose and 
bronchi of the same asthmatic patients with rhinitis, it was 
shown that epithelium was not generally shed in the nose 
whereas shedding was observed in the bronchi (1184). 

Airway 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. In 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 observed that the size of the reticular base
ment membrane was close to that in the nasal biopsies of 
normal subjects. (1184). 

The early and late bronchial responses were compared 
in 123 patients with allergic rhinitis and mild asthma. In 
this study, the presence or the absence of asthma symp
toms in allergic subjects was related to a quantitatively 
different airway responsiveness to allergen (1271). 

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

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

The inflammatory reaction of the nose can cause a 
worsening of asthma by several different mechanisms 
(26). Although a nasal challenge with allergen does not 
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 tum cause a bronchoconstriction. 
• The post-nasal mucous drip may induce contraction of 

the bronchial smooth muscle or inflammation of the 
lower airways. However, this mechanism may not be 
relevant in conscious 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 reflex between the nose and the lungs has 
been proposed (1275) but has to be confirmed. 
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Asthma 

F. LALIBERTE 

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 explaining bronchial obstruction. 

Eos, Eosinophils; Neut, neutrophils; MC, mast cells; Ly, lymphocytes; MP, macrophages. 

There are also close links between nasal infection by 

viruses and asthma exacerbations (1276). Rhinoviruses 

have been widely identified in nasal secretions during 

asthma exacerbations in both children and adults (1277, 

1278). Nasal virus infections increase bronchial hyperre

activity in asthmatics (1279, 1280) and bronchial inflam

mation including eosinophilia (1281-1283). 

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

Few studies have examined the chronology of symp

toms _during the pollen season. 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 after (1284). In some patients, non-specif

ic bronchial hyperreactivity may be prolonged for weeks 

(see chapter 6-1-2). 

6-1-9- Costs 

Asthma is a common and costly condition. Concomi

tant 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 with and 

without concomitant 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 airways may be considered as a unique 

entity supporting the concept of a "united airways", but 

there are also differences which should be highlighted. 

Allergic rhinitis is con-elated to, and constitutes a risk fac

tor for, the occurrence or severity of asthma. The treatment 

of asthma and rhinitis presents similarities since the same 

drugs are effective in rhinitis and asthma (e.g. glucocorti

costeroids) and differences since different drugs are effec

tive in upper and lower airways (e.g. a- and B-adrenergic 

agonists respectively). Moreover, some drugs are more 

effective in rhinitis than in asthma (e.g. HI-antihista

mines). Finally, an optimal management of rhinitis may 

partly 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 conjunctivitis cannot easily be 

defined. Conjunctiva! symptoms are often considered to be 

of minor importance ( 1285) and possibly not spontaneous

ly reported by patients with rhinitis and/or asthma in med

ical interviews or in questionnaire-based studies such as the 

ISAAC and the ECRHS (107, 150). Moreover, several 

signs of involvement of the external eye (Table 7) can be 
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TABLE 7: Symptoms and signs of allergic eye diseases 

Symptoms 

Seasonal and perennial allergic conjunctivitis 
Tearing 
Burning 
Mild itching 
Vernal keratoconjunctivitis 
Intense itching 

Tearing 
Photophobia 
Sensation of foreign body 

Atopic keratoconjunctivitis 
Itching 
Burning 
Tearing 

Contact lens conjunctivitis 
Itching 
Pain 
Sensation of foreign body 
Lens intolerance 

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 referred 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 entity 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 atopic conjunctivitis. An 
immunological mechanism has also been postulated for 
conjunctiva! symptoms in contact lens wearers (Table 7). 
• Acute allergic conjunctivitis (AAC) is an acute hyper

sensitivity reaction with hyperaemia and chemosis 
accompanied by intense tearing, itching and burning 
of the eye. This is caused by an accidental exposure to 
several substances such as gas and liquid "irritants" or 
animal danders. 

• Seasonal allergic conjunctivitis (SAC) is the typical 
conjunctiva! reaction in seasonal allergic rhinitis 
rhinoconjunctivitis or following exposure to seasonal 
pollen allergens in sensitised subjects. 

• Perennial allergic canjunctiviti (PAC) is a less intense 
but continuous conjunctiva! reaction related to expo
sure to perennial allergens such as house dust mites. 

Signs 

Mild hyperaemia 
Mild edema 
Mild papillary reaction (often absent) 

Cobblestone papillae 
Intense hyperaemia 

Mucus discharge 
Milky conjunctiva 
Punctuate keratopathy 

Trantas dots 
Togby's ulcer 

Hyperaemia 
Eczematous lesions of eyelids 
Corneal ulcers 

Cataracts 
Pannus 
Keratoconus 
Retinal detachment 

Giant papillae 
Excessive mucus production 

Corneal lesions 
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• Vernal conjunctivitis CYKC) is a severe bilateral eye 
condition in children, with frequent involvement of the 
cornea (vernal keratoconjunctivitis). It is characterised 
by conjunctiva! 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 
conjuncti".itis observed 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 be 
different depending on the type of allergic conjunctivitis. 
In 239 pollinosis patients studied in Italy, 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 ast!una 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, it can also be 
speculated that the pathophysiology of the allergic patient 
is heterogeneous and that the type of disease association 
in a patient with rhinitis might help in better defining 
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: 
• Naso-conjunctiva! reflexes, certainly possible from an 

anatomical point of view, seem to influence conjuncti
va! 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, by eye and nose symptoms associated with 
those at the level of the challenged organ. It is also well 
appreciated that in many forms of rhinoconjunctivitis, 
treatment of the nose also improves eye symptoms. 

• A common pathophysiological background with con
temporary involvement of the nose and the eye was 
suggested after the first description of hay fever. It was 
clearly documented for seasonal allergic rhinoconjunc
tivitis with 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 
normal conditions, they seem to play an important role 
only in subjects with a high degree of sensitisation 
and/or in those exposed to high allergen loads. 

In vernal keratoconjunctivitis and allergic keratocon
junctivitis, there are elevated levels of total lgE 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). Corneal 
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 conjunctiva! hyperreactivity has been 
described in the eye after histamine (1298) 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 could possibly explain conjunctival symp
toms in the absence of lgE antibodies and allergic 
inflammation, as in the case of some forms of acute and 
contact lens conjunctivitis. 

6-2-3- Clinical aspects 

• Eye examination should be part of the clinical assess
ment of allergic rhinitis. 

• Conjunctiva! allergen provocation does not add relevant 
information 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). 

• Measurement of IgE and mediators in tears is mainly 
confined to research purposes. 

• Conjunctiva! 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 as ECP or peripheral eosinophil cyto
fluorimetric profile--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. In view of the severity of inflam
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 maxillary, anterior ethmoidal and frontal sinuses 

drain via the ostium of the maxillary sinuses and middle 
meatus, collectively known as the ostiomeatal complex. 
The posterior ethmoid drains in the upper meatus and the 
sphenoid in the spheno-ethmoidal 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 (1310, 1311). 

Some studies suggested that rhinosinusitis is a common 
complication of allergic rhinitis (1312-1314). In one study, 
43% of the cases of acute rhinosinusitis were seasonal, of 
which 25% were allergic (1315). 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 with bilateral 
maxillary rhinosinusitis, this increases to 80% (1317). 
Two studies (1319, 1320) however could find no signifi
cant difference on CT scans between allergic and non
allergic adults with chronic rhinosinusitis. 
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It 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 mucosa! 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 (1322). Alternatively, it 
was proposed that allergens could reach the sinus mucosa 
through circulation after absorption through the skin, in 
the case of fungal allergens, or after absorption 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-inflammatory 
mediators as well as cytokines and growth factors (1325, 
1327). On the other hand, surprisingly, it was found that 
in patients suffering from perennial allergic rhinitis, 
ICAM-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 rhinosinusitis 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 inflammation in chronic rhinosinusitis (1187). 

In conclusion, although allergy may be expected to 
result in inflammation and swelling of the nasal mucosa, 
leading to obstruction of the sinuses and acting as a pre
cursor for both acute and chronic 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 in 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). Mucosa! thickening in the nasal passages, 
sphenoidal, ethmoidal and frontal sinuses, but not the 
maxillary sinuses, is more common in patients with acute 
asthma than in control subjects (1333). Sinusitis may con
tribute to the severity of the bronchial symptoms (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 occurring in association with cystic fibrosis may 
be neutrophilic in nature. However, in many other 
instances, such as polyps associated with asthma and par
ticularly aspirin sensitive asthma (1335), infiltrating cells 
are eosinophils (1336-1338). Whilst the degree of cellu
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, 1340). Differences in cell infiltration are 
related to the expression of adhesion molecules (845, 
1341-1343) 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 rather low and usually under 5% (1345-1347). 
Wong and Dolovich (1348), in a series of 249 patients 
undergoing nasal polypectomy, found that 66% 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 surgery. 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 oflgE (1350, 1351). 

Perkins et al. however found no positive allergen-spe
cific lgE 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 (1352). 

Drake-Lee (1353) found no correlation between posi-
tive skin prick tests and the number of repeat polypec
tomies. Wong and Dolovich (1348) , 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 (1354). Out of 500 patients registered at the European 
Network on Aspirin-Induced Asthma (AIANE), 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 abnormalities in almost all paranasal 
sinuses were detected in 75% of the patients. Any com
bination of air-fluid levels, mucosa! thickening or opaci
fication were character istic findings in one or more 
paranasal sinuses. Nasal polyps were diagnosed in 62% 
of AIANE patients, on average at the age of 33 years. The 
polyps had a tendency to recur and multiple polypec
tomies were common among AIANE patients (148). 

6-3-2-3- Relationship between asthma and polyposis 
Nasal polyposis is commonly found in association 

with lower tract respiratory disorders, such as asthma and 
non-specific bronchial hyperreactivity (1 355). Patients 
with nasal polyps have a high incidence 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 unknown but it may 
therefore represent an indication of potential asthma. The 
clinical relevance of these results requires careful 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. It consists of medical 
and/or surgical management (1359-1361 ). Topical steroid 
therapy has 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 after surgery (1362-1367). 

A study of 205 patients attempted to determine 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 
asthma before and after surgery. These data indicate that 
surgery does improve the patient's asthma for relatively 
long periods of time. 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 surgery may induce a worsening of 
asthma 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 evaluation 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, Lamblin et al. (1358) reported an 
enhancement of non-specific bronchial hyperreactivity 
and a significant, but modest, decrease of FEV1 over 12 
months. No change was observed in 21 intranasal gluco
corticosteroid responders. However, no change in pul
monary symptoms and asthma severity was observed. In 
a further study, the same group examined, over a 4-year 
period, the long-term changes of pulmonary function and 
bronchial hyperreactivity in 46 patients with nasal poly
posis (1382). All patients were first of all treated with 
intranasal glucocorticosteroids for 6 weeks (beclometha
sone 600 µg/day). Eighteen patients were successfully 
treated with intranasal glucocorticosteroids (intranasal 
glucocorticosteroid responders). Intranasal ethmoidecto
my was performed in 28 patients who did not improve 
with intranasal glucocorticosteroids alone (intranasal glu
cocorticosteroid non-responders). Bronchial hyperreac
tivity did not significantly change over the 4-year follow
up period iri the two groups. No change in pulmonary 
symptoms and/or asthma severity occurred, but non
reversible airflow obstruction appeared over a 4-year fol
low-up period in intranasal glucocorticosteroid non
responder patients requiring nasal surgery. 
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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 mucosa! inflammation induced by 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 confusion and misunderstanding of the 
relationship between these two diseases. 

The nose and middle ears are situated in a system of 
contiguous organs. Both cavities are covered by respira
tory 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 obstruction in the nose influence or pro
mote otitis media. Many important questions still need to 
be firmly 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. In this way, a more 
accurate assessment of 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 effusion, e.g. present in the early 

stages of acute otitis media but may also be found in 
the stage of 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 effusion (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 

Nasal 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 Europe, patients over the age of 15 years 
constitute 10 to 15% 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. In older children, viral infections are also com
mon (1386, 1387). Respiratory syncytial virus is the prin
cipal virus which invades the middle ear during AOM 
(1388). In adults, acute sinusitis is a more frequent com
plication of the common cold than AOM. 

The common cold is also a frequent cause of OME in 
children (1389, 1390). The highest prevalence of OME 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 correlation between 
tympanometric findings and the annual frequency of a 
common cold is not as strong as that between the annual 
episodes of AOM and a common cold. This indicates that 
OME probably involves more factors in its pathophysiol
ogy than AOM and that the influence of a common cold 
on OME is indirect. 

6-4-3-2- Allergy and otitis media with effusion 
The role of allergy as an aetiological factor in the 

pathophysiology of OME is still controversial. In 1973, 
Miglets, reviewing 19 published papers, suggested that 
allergy was strongly associated with OME (1391). On 
the other hand, not everybody supported this concept 
(1392). The reasons for this controversy are probably the 
bias in the study design, especially in the selection of the 
study population. Up until 1975, there were no clinical 
studies available in which an unselected group of chil
dren was screened for both allergy and OME. 

In 1975, Reisman and Bernstein (1393) published the 
first report on the relationship between allergy and OME 
using an unselected group of children from an otology 
practice. 23% of the children who were tested for OME 
had an atopic disease. This figure was only slightly high
er than could be expected from a random examination of 
unselected children. These findings were confirmed by 
Ruokonen et al. (1394), while Kjellman et al. (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 
OME 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 OME 
episodes may be greater in atopic children than in non
atopic children (1398). 

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, abnormal 
functioning of the Eustachian tube appears to be the most 
important aetiological factor in the pathogenesis of mid
dle ear disease (1384). In addition to congenital or 
anatomical abnormalities of the Eustachian tube, muco
sal inflammation caused by infection or by antigen
specific reaction is believed to be a common contributing 
factor 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 or 
possibly allergens may enter the middle ear via the 
Eustachian tube by aspiration, reflex or insufflation. 

6-4-4-2- Infection 
Pathogenic bacteria (Streptococcus pneumoniae, 

Haemophilus influenzae, Moraxella catarrhalis) is found 
in the nasopharynx in 97% of patients with AOM, with 
organisms corresponding to those isolated from middle 
ear effusion in 69% (1399). The nasopharyngeal 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. 
It has been shown, however, that middle ear effusions are 
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 overt acute infectious process (1400). 

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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dle ear can be considered as an allergic "shock organ". In 
mice, the middle ear is an immunologically potential 
organ, since it contains cells which can react to an 
immune stimulus (1401). Histologically, the nasal and 
middle ear cavities are covered by a similar respiratory 
mucosa, but there are fewer immunocompetent 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). 

In some studies, it was 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 
normal 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 (1406). 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 takes place remains to be clarified. 

Intranasal allergen challenge in animals resulted in 
equivocal results. Miglets induced an acellular middle 
ear effusion by inoculating ragweed pollen into the 
Eustachian tube of sensitised monkeys whereas Doyle et 
al. failed to confirm this finding (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 pharyngeal orifice, but not in 
the rest of the Eustachian tube (1405). 

In humans, the 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 dysfunction occured after intranasal 
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 
obstruction (1412). This was found to correlate with daily 
patient symptom-medication scores during pollen exposure. 

A localised inflammatory 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 ECP 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 chronic 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 IgA 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 fully 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 et al. (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 
with OME. 

6-4-5- Conclusion 

Rhinitis and otitis media are both common health 
problems and they may appear together 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. 

IgE-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 
should take into consideration the fact that there exists a 
difference in peak prevalence between these two diseases 
with respect to age distribution. 

The middle ear mucosa itself is rarely a target tissue 
for allergic processes, although the biochemical media
tors released during nasal allergic reactions most likely 
produce Eustachian tube edema and inflammation. Over 
a long period, this chronic inflammatory 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. 



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 specif
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 are 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 structured prompts/questions. 

Although this sub-division may be too simple, patients 
with rhinitis are usually divided into "sneezers and run
ners" and "blockers" (Table 9). Those with allergic rhini
tis are more commonly found in the "sneezer and runner" 
group (1). 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?" This will often 
highlight the key problem and necessary treatment. 

Sneezing and a blocked or runny nose, secondary to 
allergic rhinitis, are more intense during the morning in 
approximately 70% of sufferers (1418, 1419). 

History should take 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 patie•nts' 
quality of life in terms of impairment of school/work 
performance, interference with leisure activities and 
any sleep disturbances. 
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TABLE 8: 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 
Nasal biopsy 
Nasal swab 

- bacteriology 
Radiology, CT scans 

-MRI 
Mucociliary function 

- nasal mucociliary clearance (NMCC) 
- ciliary beat frequency (CBF) 
- electron microscopy 

Nasal airway assessment 
- nasal inspiratory peak flow (NIPF) 
- rhinomanometry (anterior and posterior) 
- acoustic rhinometry 

Olfaction 
Nitric oxide measurement 

Testing for co-morbidities 
- asthma · 
- conjunctivitis 
- 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 wi"th certain foods (see 
chapter 3-1-5). 

• Patients with rhinitis, whatever the cause, may devel
op "nasal hyperreactivity" with symptoms following 
exposure to irritants (strong odours, cold air, pollu
tants, 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 differences between rhinitis patients 

"sneezers and runners" 
- sneezing 
- watery mucus (running nose) 
- anterior ( + posterior) rhinorrhea 
- itchy nose 
- nasal blockage variable 
- diurnal 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 ne~ded to eradicate 
mites, cat dander and other relevant allergens from the 
home (see chapter 8-1). 

• Similarly, the response to pharmacological treatment 
and previous immunotherapy should be recorded in 
terms of improvement and side effects. 

• Compliance with treatment and patients' fears about 
treatment should be explored, particularly if the 
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 history and skin prick tests, further tests includ
ing provocation tests or a therapeutic trial of allergen 
avoidance may be indicated. 

7-2~ EXAM[NATION OF THE NOSE 

7-2-1- Methods 

In patients with mild intermittent 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 septum, 

the size of the inferior turbinate and if possible the 
structures in the middle meatus), 

• the colour of the mucosa, 
• the amount and aspect of the mucus. 

Anterior rhinoscopy, using a speculum and mirror, 
gives information which is sometimes limited, but it 
remains an appropriate method for studying the major 
modifications 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 use of rigid 
Hopkins rods or flexible fibre-optic endoscopes (1431). 
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" blockers" 
- little 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 does not appear to be an 
increase in the number or severity of anatomic abnor
malities in comparison to normal subjects. 

In allergic rhinitis, during allergen exposure: 
• Bilateral but not always symmetrical swelling can be 

observed. This is usually localised to the inferior 
turbinate which appears oedematous, swollen and cov
ered with watery secretions. 

• Eventually, the mucosa of the middle meatus 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 turbinate and require 
examination with an endoscope (1432). 

• On the other hand, a major edema of the nasal mucosa 
(inferior turbinate) 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, chronic 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 between a typical history of allergic symptoms 
and diagnostic tests. IgE is the major isotype of anaphy
lactic antibodies, and although theoretically IgG4 can 
also be a reagin, its clinical importance is not significant. 
Thus in vivo and in vitro tests used in the diagnosis of 
allergic diseases are directed towards the detection of 
free or cell-bound IgE (figure 17). The diagnosis of aller
gy has been improved by allergen standardisation pro
viding satisfactory extracts for both in vivo and in vitro 
tests for most inhalant allergens. 
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FIGURE 17: Diagnosis of lgE-mediated allergy. 

7-3-1-2- Skin tests 
Immediate hypersensitivity skin tests are 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- Methods 
- Skin testini: 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 usually recommended for the diagnosis of imme
diate type allergy. 

• There is a high degree of correlation between symp
toms and provocative challenges. 

• The modified skin prick test introduced by Pepys 
(1434) is the current reference method although the 
variability of this test has been shown to be greater 
than that of the intradermal test. 

• Puncture tests with various devices (1435-1444) were 
introduced to decrease the variability of skin prick 
tests. Opinions concerning these so-called standard
ised methods vary according to the skill, experience 
and preference of the investigator as well as the aims 
of using skin tests. With a trained investigator, they are 
highly reproducible (1442, 1445). 

• Skin prick tests should be 2 cm apart. 
• In some instances (e.g. weak allergen solution), intra

dermal skin tests may be employed for allergy diagno
sis. 

• Although they are more sensitive than prick tests, 
• they may induce some false positive reactions, 
• they correlate less well with symptoms (1446) 
• and they are somewhat less safe to perform since ~ys

temic reactions can rarely occur (1447). Particular 
care should be taken in patients treated with B-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 100 and 1,000 fold 
dilutions of the concentrated extract used for prick
puncture tests (1449). 

• It 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. 
- Nej?ative and po itjve c.ontrol solutions 

Because of interpatient variability in cutaneous reactiv
ity, it is necessary to include negative and positive controls 
in every skin test study. The negative control solutions are 
the diluents used to preserve the allergen vaccines. The 
rare dermographic patient will give wheal-and-erythema 
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 of 3 
mm with some devices) and/or the technique of the tester 
(1449). Any reaction at the negative control 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 usual positive control for prick-puncture testing is 
histamine dihydrochloride, used at a concentration of 
5.43 mmol/L (or 2.7 mg/mL, equivalent to 1 mg/mL of 
histamine base) (1454). Wheal diameters with this prepa
ration range from 2 to· 7 mm. However, a IO-fold greater 
concentration is more appropriate (1455), with a mean 
wheal size ranging between 5 and 8 mm. For the intra
dermal test, the concentration routinely used is 0.0543 
mmol/L. The mean wheal size elicited 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 ski.n tests and crjteria of positivity 

Skin tests should be read at the pe<lk: of their reaction 
by measuring (in mm) the wheal and the flare 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=0 
reaction, 1+=1 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 control, plus an accompanying flare. 

For prick tests, when the 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-antihistamines 
astemizole* ++++ 30-60 days yes 
azelastine oral ++++ 3-10 days yes 

cetirizine ++++ 3-10 days yes 

chlorpheniramine ++ 1-3 days yes 

clemastine +++ 1-10 days yes 

ebastine ++++ 3-10 days yes 
fexofenadine ++++ 3-10 days yes 

hydroxyzine ++++ 1-10 days yes 

ketotifen ++++ 3-10 days yes 

loratadine ++++ 3-10 days yes 

mequitazine ++++ 3-10 days yes 

mizolastine ++++ 3-10 days yes 
oxatomide ++++ 3-10 days yes 

terfenadine* ++++ 3-!0days yes 

H2-antihistamines 0 to+ no 

imipramines ++++ >10 days yes 

phenothiazines ++ ? yes 
corticosteroids 

oral/IM short term 0 unlikely 

IM long term possible unlikely 

intranasal 0 no 
intra-bronchial 0 no 

topical skin 0 to++ yes 

theophylline 0 to+ no 

chromones 0 
B2-agonists 

inhaled 0 to+ no 

systemic 0 to++ no 
dopamine + no 

clonidine ++ 
specific 0 to++ no 

immunotherapy 

negative, small wheals of a mean diameter greater than or 
equal to 3 mm of the negative control represent a positive 
immunological response (1434, 1457), but these reac
tions do not imply the presence of a clinically relevant 
allergy (1433). 

7-3-1-2-2- Factors affecting skin testing 
Skin reaction is dependent on a number of variables 

that may alter the performance of skin tests (Table 10). 
The quality of the allernen extract (vaccine) is of 
importance. When possible, allergens that are stan
dardised by using biological methods and that are 
labelled in biological units should be used (1449, 
1452) (see chapter 8-3-3). Recombinant allergens can 
also be used accurately (1458). 

• Age 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, the size of skin tests is 
decreased (1462). 

• Seasonal variations related to specific lgE antibody 
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) and/or in patients sensitised to allergens 
such as cypress pollen (403). 

• Drugs affect skin tests and it is always necessary to ask 
patients about the drugs they have taken. Some drugs such 
as astemizole (no longer available in many countries) can 
depress or abolish responses to skin tests for a period of 
up to 6 weeks (Table 10) (for review see 1433, 1465). 
Patients with skin disease may not be tested because of 
dermographism (urticaria) or widespread skin lesions. 

7-3-1-2-3- Interpretation of skin tests 
Carefully performed and correctly interpreted, skin 

tests with high quality allergen vaccines and a battery 
that includes all relevant allergens of the patient's geo
graphic area are a simple, painless and highly efficient 
method. Therefore, skin testing represents 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 "irritant" reactions or a non-specific 
enhancement from a nearby strong reaction (1466). 

False-negative skin tests can be caused by: 
• extracts of poor initial potency or subsequent loss of 

potency (1446), 
• drugs 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 patients 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 lgE mediated allergy, since skin prick tests are pos
itive in 15-35% of symptom free individuals depending 
on the allergen and the area (for review see 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 of skin tests 
Even after 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 does not confirm 
a definite clinical reactivity to an allergen. 
• With inhalant allergen , skin test responses represent 

one of the first-line diagnostic methods and when they 
correlate with the clinical history, in vitro tests may 
not be required (1449, 1452). It has recently been 
shown that, in general practice, common nasal aller-
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gies can be diagnosed efficiently with the aid of sim
ple diagnostic criteria using either skin prick tests or 
serum specific lgE (RAST) (1470). 

• For foods, particular caution should be taken since 
very few extracts are standardised and results of skin 
tests may be negative in truly 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 (80, 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 discovery of lgE in 1967 was a major advance in 

the understanding and diagnosis of allergic diseases 
(1472, 1473). 

7-3-1-3-1- Serum total lgE 
Serum total lgE is measured using radio- or enzyme

immuno assays (1474-1478). 
In normal subjects, levels of IgE increase from birth 

(0-1 KU/1) to adolescence and then decrease slowly and 
reach a plateau after the age of 20-30 years. In adults, 
levels of over 100-150 KU/1 are considered to be above 
normal. Allergic and parasitic diseases as well as many 
other conditions (including racial factors) increase the 
levels of total IgE in serum. Thus, the measurement of 
total serum lgE 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 lgE 
In contrast to the low predictive value of total serum 

lgE measurements in the diagnosis of immediate type 
allergy, the measurement of allergen-specific lgE in 
serum is of importance. 
- Methods 

The first technique used to accurately measure serum 
specific lgE was the RAST (radioallergosorbent test) 
(1479-1481). New techniques are now available using 
either radio- or enzyme-labelled anti-lgE (1482-1493). 
The different reagents are 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), arbitrary units 
(RAST class, PRU/ml) or units of lgE (IU/ml, KU/1). 
· Factnrs affecting Ute mc11. urement or serum specific lgE 

Many factors can affect the measurement of IgE. The 
quality of reagents used (allergens, anti-lgE antibodies) 
is of importance. 
• IgE 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 that maximises the binding of lgE antibody 
(1494). . 

• The anti-IgE preparations applied must be FcE-specif
ic and are preferably combinations of monoclonal 
antibodies with specificities against more than one 
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epitope on the Fe fragment and with complementary 
dose-response characteristics (1494). 

• Calibrators should be traceable to the WHO Interna
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 design 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 crude 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 simplified using cross-reactivities. Current 
diagnostic extracts for grass pollen allergy are usually 
composed of mixtures of pollen from different grass 
species. Their complex composition hampers accurate 
standardisation. It was recently shown that the use of 
one grass species is sufficient for the in vitro diagnosis 
of grass pollen allergy. Purified natural Lal p 1 and Loi 
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 1, Bet v 2 (1500) and profilin. 

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

- ii:njljcance of measurement of scrum allergen specilit; IgE 
• Several studies have shown that with the use of standard

ised allergen vaccines, serum specific IgE results corre
late closely to those of skin tests and nasal challenges. 

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

• Although a low specific IgE titre may not be clinically 
relevant, the titre of serum specific IgE is usually unre
lated with symptoms. This is because the severity of 
symptoms depends not only on lgE antibodies but also 
on the releasability of mediators, the response of the tar
get organ to mediators and non-specific hypersensitivity. 

• When using single allergen tests, the cost of serum 
specific IgE 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 either a mixture of several aller-

gens in a single assay (1501-1504) or test several differ-
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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% (1501). 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 lgG4 
The measurement of allergen-specific IgG or IgG4 

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 performed. In the early 1980s, the basophil degranula

tion test was proposed but never fully validated (1505, 

1506). New basophil activation tests are based upon the 

expression of CD63 (gp53) (1507, 1508) or CD45 (1509) 

in the presence of allergens or non-specific stimuli. In this 

test, CD63 or CD45 are 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 further 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 are 

required (1511-1513). 
7-3-1-4-3- Nasal specific lgE 
It has been proposed that some patients may have a 

local IgE immune response without any systemic release 

oflgE (1514), e.g. negative skin tests and serum specific 

IgE. Based on current data, the concept of local allergic 

reaction in the nose without systemic IgE release is not 

supported (1515) and the measurement of IgE in nasal 

secretions cannot be routinely proposed (1516, 1517). 
7-3-1-4-4- Mediators released during allergic 

reactions 
The measurement 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 volume. 
7-3-1-4-5- Cytology and histology 
Techniques for obtaining specimens include 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 pattern may 

be attempted but clinical interest is usually weak (1520). 

However, nasal cytology to evaluate mucosa! 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 course of rhinitis and 
• following the response to treatment. 
• Morphological changes in the nasal mucosa may 

reflect reactions that are also occurring in other areas 

of the airway. 

7-3-1-4-6- Measurement of nitric oxide in exhaled air 

Measures of the concentration of NO in nasal air usual-
ly reveal higher mean levels in patients with allergic rhini

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 cannot be used as a diagnostic 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 - this 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 occupational rhinitis. 
Recommendation on and critical analysis of nasal 

provocations and methods to measure the effects of such 

tests have already been published (1523, 1524) (Table 

11 ). Recently, a subcommittee of the "International 

Committee on Objective Assessment of the Nasal Air

ways" has put forward 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 measure

ment of nasal responses have been used in recent years. 

Each technique has its own advantages and restrictions. 

For clinical purposes, techniques for qualitative measure

ments may be appropriate, but for experimental research, 

quantitative measurements with high reproducibility are 

essential (1526) (Table 12). 

7-3-1-5-1-1- Provoking agent 

Allergens are usually given as an aqueous solution, 

but although 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 standardised allergen vaccines should be 

used when available. 

• Allergen vaccines may not represent the native aller

gen and the amount of allergen insufflated is far 

greater than that entering the nose during natural aller

gen exposure. 
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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 diagnosis of occupational allergic rhinitis. 
• Before immunotherapy for allergic rhinitis. Although it 

is still not very common to use nasal provocation before 
starting immunotherapy, it has been considered that a 
laborious long-lasting 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 

substitute for oral provocation in aspirin intolerance. 
Whenever such a nasal provocation is negative, an oral 
test is still required. 

3- To test non-specific hyperreactivity: 
Nasal provocation with non-specific stimuli (histamine, 
methacholine, cold dry air, etc.) is not relevant for daily 
clinical practice and diagnosis but can be used in research. 

Data from (15 25) 

• The potency of an aqueous extract often decreases 
rapidly and it is advised, at least for research projects, 
to use standardised 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. 

• Temperature, pH and osmolarity of the solution should 
be checked carefully. 

Allergens can also be administered in the form 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- Deposition in the nose 

Aqueous allergen vaccines can be delivered from 
atomisers 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 experiments, 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 the 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 environmental exposure unit 
(1530-1533), patients are challenged under controlled con
ditions with purified airborne grass pollen. However, these 
conditions are only used for large clinical trials and have 
no value in the diagnosis of allergic rhinitis. 
7-3-1-5-1-3- Assessment of the response 
• Different methods have been used to assess the 

response to allergen. None of these are 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 temperature 
• standardised extracts 
• isotonic solutions buffered to a pH of about 7 
• use control solutions 

2- Deposition into the nose 
• meter-dose pump spray 
• paper disks 

3- Assessment of the nasal response: symptom scores are 
combined with objective measures 

• counting sneezes or attacks of sneezes 
• measuring volume or weight of nasal secretion 
• changes of nasal 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 

Data from (1525) 

• Symptoms produced after a challenge can be recorded. 
Sneezing, rhinorrhea and nasal blockage are easy to 
assess and yield valuable 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 
provocation test (1535). 

Several committees were formed for the objective 
assessment of the nasal airway 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, rhinomanometJ:y is the best evaluated and 

standardised technique. Active anterior rhinomanome
try was recommended by an international committee 
in 1984 (1523). With active anterior rhinomanometry, 
unilateral measurements can be done, this in contrast 
to active posterior rhinomanometry. Passive anterior 
rhinomanometry was introduced by Clement et al. in 
1981 (1538) as a suitable technique for measuring 
nasal resistance after nasal challenge, but it is more 
difficult to use than anterior rhinomanometry. 

• Acoustic rhinometry (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. 

• Rhinostereornetry (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 
nasal mucosa can be 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 flow appears to correlate very well with 
rhinomanometry (1544-1548). Peak inspiratory nasal 
flow (NPIF) and peak expiratory flow (NPEF) (rate), 
especially the former, may be recommended for the 
long-term control of pharmacological or immunologi
cal treatment of different types of rhinitis. 

• Other methods such as rhinostereornetry and whole 
body plethysmography have been proposed (1549) but 
they are not yet fully assessed. 

Comparisons between methods are also available. In 
order to find the 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 
(1550). There was no difference in the mucosal reactivity 
between patients and controls regardless of the method 
used, but NPIF and NPEF were more sensitive to mucos
a! changes than the other methods studied (1551). Com
pared to rhinomanometry by body plethysmography 
(1552), acoustic rhinometry is less complicated, more 
quickly performed and more comfortable for subjects. 
7-3-1-5-1-4- Measurement of mediators and cells during 

challenge 

Allergen-specific nasal challenge is a valid and reli
able tool for studying the pathophysiological mecha
nisms involved in allergic inflammation. 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 trials (1553). 
7-3-1-5-1-5- Factors affecting nasal challenge 

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 specific to nasal challenge, including 
technical problems already discussed and inflammation 
of the nasal mucosa. 

Sodium cromoglycate and usual anti-HI-histamines 
should be withdrawn 48 hours before the test, nasal 
beclomethasone 3 to 6 days before, ketotifen and 
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imipramines 2 weeks before and astemizole at least 1 
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. 
• It has been shown that an allergic reaction significant

ly increases the reactivity of the nose because of the 
priming effect initially described by Connell (1150). 

• Viral infections induce the release of histamine, pro
inflammatory mediators and cytokines in nasal secre
tions (1220). Nasal challenges should thus 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 rhinomanometry is used. 

7-3-1-5-2- Nasal challenge with non-specific agents 
N~n-specific nasal hyperreactivity is commonly 

observed in patients with allergic rhinitis (869, 1198) 
(see chapter 4-7). Challenges with methacholine or hist
amine have been widely carried 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 reflex. Repeated 
stimulation with histamine, but not methacholine, result
ed in tachyphylaxis (1554). 

7-3-1-5-3- Challenge with occupational agents 
The 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 form 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 asthma 
While a patient's clinical history might raise suspicion 

of aspirin-induced rhinitis and asthma, the diagnosis can 
be established with certainty only by aspirin challenge. 
There are three types of provocation tests, depending on 
the route of administration: 
• Oral challengCLO247, 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 hours after administra
tion of the drug. The reaction is considered positive if 
a decrease in FEVpl5-20% of baseline occurs 
(PD15FEV1, PD20FEV1), accompanied by symp
toms of asthma, rhinitis and/or conjunctivitis. In most 
patients, the threshold dose evoking positive reactions 
varies between 40 and 100 mg of aspirin. Adverse 
symptoms are relieved by inhalation of a B2-agonist. If 

necessary, a glucocorticosteroid can be administered. 
Since severe reactions may occur, oral aspirin chal-
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lenge should be perfonned 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 minutes and 
the test can be completed in one morning. 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). Nasal 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 
(1563). 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 usually long-lasting and 
although the threshold dose inducing a positive challenge 
may vary with time in individual patients, there is usual
ly no need to perform 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 
measurement of specific IgE 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 correlations have been obtained 
with house dust, mould, food extracts and unstandardised 
dander extracts. There are good correlations between a 
strongly positive response to a skin test and the detection of 
serum specific IgE and between a negative response to a 
prick test and the lack of detection of serum specific IgE, 
whereas small wheals induced by prick tests and positive 
results of intradermal tests with concentrated extracts are 
less frequently associated with the detection of serum spe
cific IgE (113). Positive responses to skin tests and serum
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 less consis
tent because of the non-specific hyperreactivity. Poor 
correlations are observed with unstandardised extracts, 
weak positive responses to skin tests and serum specific 
IgE results or when there is a discrepancy between the 
clinical history and skin tests. 

There is usually a lack of correlation between titres of 
serum allergen-specific IgE and 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 history and diagnostic tests for allergy. 
It is not possible to diagnose allergy based solely on 
responses to skin tests, in vitro 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 
be diagnosed with a very high certainty using simple diag
nostic criteria (1470, 1565). Factors affecting 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 both 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 currently 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 test to a foodstuff does not always corre
late with a food allergy since many patients outgrow their 
allergy with age (1567, 1568) and not all patients with 
food-specific lgE have a clinical sensitivity. In many 
instances, the diagnosis has to be confirmed by a double
blind food challenge that should be canied out under pre
cisely specified conditions (1569, 1570) and by trained 
staff who have the competence to manage anaphylactic 
reactions. As for other forms of allergy, unproven and con
troversial techniques such as cytotoxic tests, VEGA 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 
IgE antibody level are necessary 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 are 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 (1574, 1575), 

• 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 rhinorrhea in children. 

7-4-4- Nasal airway assessment 

Nasal inspiratory or expiratory peak flow, rhino

manometry or acoustic rhinometry may be used (see 

chapter 7-1-1-5-1-3). 

7-4-5- Olfaction 

Although olfaction is often impaired in allergic rhini

tis and methods for assessing olfaction are available 

(1579), these are not generally used for the diagnosis of 

allergic rhinitis. 

7-5- DIAGNOSIS OF ASTHMA 

The diagnosis of asthma may be difficult due to the tran

sient nature of the disease and the reversibility of the airflow 

obstruction spontaneously or after treatment. Key indicators 

for diagnosing asthma are presented in Table 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 associated with a tightness of the chest and wheez

ing. These are worse particularly at night and 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 recurrent exacerba

tions (or attacks) often provoked by factors such as aller

gens, irritants, exercise and virus 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 asthma are the relief of 

symptoms either spontaneously or more specifically by 

means of a bronchodilator and anti-inflammatory treatment. 

The seasonal variability of symptoms and a positive 
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TABLE 13: Key Indicators for Diagnosing Asthma* 

Consider asthma if any of the indicators are present: 

Wl\eezing - high-pitched whistling sounds when breathing 

out - especially in children. (A normal chest examination 

does not exclude asthma.) 

History of 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 arc often associated with asthma, but they are not 

key indicators. 

Symptoms occur or worsen at night, awakening the 

patient. 
Symptoms occur or worsen in the presence of: 

- Exercise 
- Viral infection (common cold) 

- Animals with fur 

- Domestic dust mites (in mattresses, pillows, upholstered 

furniture, carpets) 

- Smoke (tobacco, wood) 

- Pollen 

- Changes in temperature 

- Strong emotional expression (laughing or crying hard) 

- Aerosol chemicals 

- Drugs (aspirin, beta blockers). 

Reversible and variable airflow limitation as measured by 

using a peak expiratory flow (PEF) meter or FEV 1 in 

any of the following ways: 

- PEF or FEY 1 increases more than 12% 15 to 20 minutes 

after inhalation of a short-acting 82-agonist, or 

- PEF or FEV 1 varies more than 20% from morning mea

surement upon arising to measurement 12 hours later in 

patients taking a bronchodilator (more than 10% in patients 

who are not taking a bronchodilator), or 

- PEF or FEVl decreases more than 15 % after 6 minutes of 

running or exercise. 

* Pocket guide for asthma management and prevention, based on data 

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 troublesome cough at night? 

Does the patient cough or wheeze after exercise? 

Does the patient cough, wheeze or experience chest tightness 

after 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 clinical trials and are reviewed by O'Con

nor and Weiss (1580). 
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TABLE 15: Advantages, d isadvantages and appl icable setting for pulmonary funct ion tests to measure asthma out-
comes 

setting advantages disadvantages 

baseline spirometry clinic • most reliable • snapshot 
• reproducible • expense 
• result in < 1 hour 

post-bronchodilator spirometry clinic • best test • extra time 
• gives best FEY 1 
• result in < 1 hour 

PEF ambulatory • sensitive • less reliable than FEY 1 
• easy to perform • patient compliance 
• low cost • 2-4 week wait 

airway responsiveness clinic • sensitive • time and skill 
• may be required • expense 
• result in I hour • contraindications 

Adapted with pennission from Enright PL, Lebowitz MD, Cockroft DW. Physiologic measures: pulmonary function tests. Asthma outcome. Am J Respir 
Crit Care Med 1994; 149:S 19-20. Official Journal of the American Thoracic Society. © American Lung Association. 

7-5-2- Physical examination 

Because asthma symptoms are 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 normal 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 1 second (FEY 1) (and its 

accompanying forced vital capacity- FVC) (1583, 1584), 
• peak expiratory flow (PEF) (1585) 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 methods (FEY 1 and PEF) involve a forced 
expiration from total lung capacity but they are not strictly 

equivalent when expressed as a percentage of predicted val
ues (1587-1590). Moreover, FEY1 is more reproducible and 
is a more accurate estimate of airflow limitation. However, 
PEF is the only method which can be used for bi-daily mea
surements of lung function. Because diseases other than 
those causing airflow limitation may result in a reduced 
FEY 1, a useful assessment of airflow limitation can be 
obtained as the ratio of FEY 1 to FVC. 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 from the irreversible obstruction of 
chronic bronchitis and emphysema (1591). It is usually 
carried out using inhaled 82-agonists, and responses to 
bronchodilators are easy to assess (1592). An improve
ment of the FEY 1 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 asthmatics, 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 airflow obstruction during 
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 diurnal variability in 
PEF of more than 20% is diagnostic of asthma (36, 1597). 
Diurnal variability of PEF has been used as a marker of air-
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way responsiveness, particularly in studies (1598-1600), 
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 
Airway 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 
tests are standardised but difference~ 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 may 
have an increased non-specific bronchial hyperreactivity 
(see chapter 6-1-2). Asthma severity categories partly 
based on PD20FEV 1 histamine or methacholine have 
been suggested (1604). 

7-5-4- Special considerations in difficult 
groups 

• Young children whose primary 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 thus ineffectively 
treated with antibiotics or cough suppressants. Treat
ment with asthma medication can be beneficial and 
diagnostic. 

• Many infants and young children who wheeze with 
viral respiratory infections may not develop asthma 
that persists through childhood (1605). However, they 
may benefit from 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 and 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 10 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. 
Yef they may also have concurrent asthma and thus 
benefit from treatment. Improvement in PEF after 
asthma treatment is of importance for the diagnosis of 
asthma. 

• Subjects who are 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 difficult to diagnose. For exam-
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ple, acute shortness of breath, chest tightness and 
wheezing can also be caused by croup, bronchitis, heart 
failure and 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 that 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 pulmonary function tests and well-defined crite
ria for symptom severity (36). For atopic dermatitis, 
there are clinical scores of severity such as SCORAD 
(1606). However, for rhinitis, there is no accepted mea
sure of nasal obstruction. The nasal inspiratory peak flow 
(NIPF) 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 usually 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 nasal airway obstruction. 
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 
correlated better when unilateral nasal obstruction was 
evaluated compared to total nasal evaluation. When rhino
manometric data were divided into four clinically relevant 
grades of obstruction (very patent, normal, obstructed and 
very obstructed) and the quartiles of the VAS results were 
compared to these, the agreement was good or fairly good 
in 75-85% of the cases (1614). In another study (1615), 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 not 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 the overall rat
ing and scores for individual symptoms gave lower 
degrees of correlation or non-significant correlations. In 
children, VAS correlated with patients' nasal stuffiness 
scores but not with anterior nasal airflow (1616). 



8- Managem ent 

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 of both the upper and lower airway disease 
in terms of efficacy 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 important and most investigated (1617, 1618). Most 
studies have however dealt with asthma symptoms and 
very few have studied rhinitis symptoms. The effectiveness 
of allergen avoidance in the treatment of asthma was first 
suggested by studies in which patients were removed from 
their homes into the low house dust mite level of high dry 
altitude (1619, 1620). However, the real challenge is to cre
ate a low allergen environment in patients' homes and, 
unfortunately, 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 approach was doomed to failure in the 
treatment of asthma (1621), suggesting that a single inter
vention may be insufficient. 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 demonstrated a decrease in allergen 
load, then a different outcome may have become apparent. 
Certainly, virtually all asthma and rhinitis guidelines (1, 
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 has involved bed-covering 
systems, which separate the mite and its allergen from 
the allergic individual. Provided the mattress, pillow 
and duvet are sealed in a mite 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 transporting sensitive 
subjects to high altitudes where allergen exposure is 
virtually 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 tn.e destruction of the mites 
(1626). The same effect may be obtained by drying 
laundry in the sun, but no data are available to support 
this assumption. Washing laundry in cold water 
reduces allergen levels, but most mites survive (1627). 

• Carpets are an important microhabitat 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. If 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 numbers 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 denature allergens have demonstrated some 
effect in reducing mite 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 
has 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 
evaluated 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 accomp;mied 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 house dust mite sensitive perennial rhinitis 
patients with the introduction of house dust mite imper
meable, water-vapour permeable bedding covers for mat
tresses, duvets and pillows. This 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 for reducing house dust mite 

allergen exposure 

Essential 
Encase mattress, pillow and quilt in impermeable covers 
Wash all bedding weekly in a hot cycle (55-60' C) 

Optimal 
Replace carpets with linoleum or wooden flooring 
If carpets cannot be removed, treat with acaricides and/or 

tannic acid * 
Minimise upholstered furniture/replace with leather furniture 
Keep dust accumulating objects in closed cupboards 
Use a vacuum cleaner with integral HEPA filter and double 

thickness bags 
Replace curtains with blinds or easily washable· (hot cycle) 

curtains 
Hot wash/freeze soft toys 

* Acaricidcs may induce adverse reactions in asthmatics. 

It is likely that no single intervention will achieve suf
ficient benefits to be cost-effective. However, combined 
strategies in large groups of patients are 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 allergen that can be found in many envi
runments 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 there are little pub
lished controlled study data to substantiate this assertion 
in the management of asthma. The only effective mea
sure for 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 
this procedure when carried out once a week (1647). 
There is only one trial of domestic pet removal/allergen 
avoidance in rhinitis. A placebo-controlled trial of a 
HEPA air cleaner in the treatment of cat allergy did not 
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 cause of allergic 
sensitisation, particularly in inner city sub-standard apart
ment complexes (504). Approaches to the elimination of 
cockroaches are based on (i) eliminating suitable environ
ments (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 
entry sources such as around paperwork and doors) and 
(iii) using chemical control (abamectin) and traps. Two 
studies lasting between 8 and 12 months have shown that 
cockroach extermination by professionals is feasible in 
inner-city homes but that standard house-cleaning 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 
effect of cock.roach eradication on rhinitis. 

8-1-4- Outdoor allergens 

Outdoor allergens, such as pollens and fungal spores, 
are 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 filters 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 to 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 
been 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 been 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). It 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 important 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 of latex itself 
(1652-1654 ). When airborne latex allergen is unde
tectable, asthma symptoms improve and asthma medica
tions are reduced (549, 1655), but 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 airborne 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, 
1658) and dental schools (1659). 

8-1-7- Food allergens 

There is some dispute about the relative importance 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 
100 cm3 and the weight 100 gr. This is about 0.1 % of the 
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 treat
ment of rhinitis can be administered only via intra
nasal route because they are not adequately absorbed 
when given orally, 

• some drugs have systemic effects when administered 
orally (e.g. glucocorticosteroids and atropine deriva
tives), 

• the onset of action of an intranasal drug is usually 
faster than that of an oral one (e.g. vasoconstrictors 
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 without 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 
development of pathology in the paranasal sinuses and 
nasal polyps. Furthermore, intranasal medication will 
not reach inflammation in the paranasal sinuses. 

• An irritant or cilia toxic effect from added preserva
tives may be observed with intranasal drugs. It is nec
essary to add a preservative to an aqueous nasal spray, 
which 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 may exac
erbate symptoms of rhinitis (1662-1664). The clinical 
significance of this adverse effect, however, is unlike
ly since it is not seen in studies performed in vivo. 
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• Other local side effects are medication-dependent. 
Intranasal glucocorticosteroids 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 use 
of intranasal ipratropium bromide can cause an 
unpleasant feeling of nasal dryness and produce blood 
tinged mucus. 

• Intranasal medication cannot be given when the nose 
or nostril is completely blocked. The effect of partial 
nasal blockage h!1s' not been investigated. However, 
one study has shown that pre-treatment with systemic 
glucocorticosteroids, which will open a blocked nose 
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 Hl-blockers or HI-antihistamines, 
were discovered by Bovet and Staub at the Institut Pasteur 
in 1937 (1665). Although the compound was too weak and 
too toxic for clinical use, its discovery induced an enor
mous amount of research and led to the development of 
phenbenzamine (antegan®) in 1942 which was the first 
HI-antihistamine used in the treatment of allergic diseases 
(1666). Within a few years, other HI-antihistamines were 
made available and are still in use today: pyrilamine 
maleate (1667), diphenhydramine (1668) and tripelen
namine (1669). First-generation HI-antihistamines (e.g. 
chlorpheniramine, diphenhydramine, prometazine and 
triprolidine) have an overall unfavourable risk/benefit 
ratio, since they show poor selectivity and remarkable 
sedative and anticholinergic effects. Therefore, where pos
sible, these drugs are no longer prescribed for the treat
ment of allergic rhinitis (1, 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 Hl
antihistamines, as opposed to the older or classic HI -
antihistamines. 

This class of drugs has recently been the focus of con
siderable medical scientific interest, both for their multi
ple anti-allergic properties and because of reports con
cerning rare but possible severe cardiotoxic effects with 
two molecules (astemizole and terfenadine). However, a 
group of molecules with favourable efficacy and safety is 
now available. 

8-2-2-1- Mechanisms of action and rationale 
8-2-2-1-1- HJ-blocking effect 
Although a number of mediators are involved in the 

pathophysiology of allergic symptoms, histamine still 
remains the main one. The pathogenic 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 HI-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 
cDNA (1674) used as a probe (1675). HI-histamine 
stimulation reproduces any of the classical symptoms of 
rhinitis e.g. sneezing, itching and rhinorrhea and there
fore these symptoms can be well controlled by adminis
tering H I-antihistamines (for review on clinical efficacy 
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 
HI-antihistamines. 

HI-antihistamines act by binding to HI-histamine 
receptors. However, unlike histamine, 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 identify new molecules. With cloning of 
the genes encoding the histamine HI-receptor, a new area 
of histamine research has become reality. Finally, it 
seems feasible to study the target of the therapeutically 
important classes of HI-antihistamines. Expression of the 
genes in mammalian cells allows detailed investigations 
of the various signal transduction routes of the histamine 
HI-receptor (1682). Moreover, using molecular biologi
cal techniques, it is now possible to investigate ligand 
receptor interaction at the molecular level (1683, 1684). 
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(l) 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 Hl antago
nism by HI-antihistamines was studied by Simons et al. 
using skin tests with histamine and single doses of Hl
antihistamines. The order from the most effective to the 
least effective was found to be: cetirizine, 10 mg; terfen
adine, 120 mg; terfenadine, 60 mg; loratadine, 10 mg; 
astemizole, 10 mg; chlorpheniramine, 4 mg and placebo 
(1687). Other studies confirmed such ranking order 
(1688) . However, when these drugs are 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 (1698) or during the pollen season (1699). This 
suggests that these drugs are clinically active by possess
ing other properties besides Hl blocking activity, or 
alternatively that an incomplete Hl blockage is sufficient 
for clinical efficacy. Moreover, the blockage of the 
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release of histamine by a synthesis inhibitor was unable 
to significantly suppress symptoms during nasal chal
lenge (1700). 

Thus, it appears that drugs reducing the symptoms of 
the allergic reaction may have additive properties to HI 
blockage. Over the past 15 years, it has become clear 
that most classical and new-generation HI-antihista
mines had such anti-allergic properties besides Hl 
blockage (1701). These properties differ depending on 
the molecule and the cells used (1702-1706). In vitro, 
high concentrations of HI-antihistamines are able to 
block mediator release from 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
dine, loratadine and terfenadine 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 cetirizine ( 1716) 
decreased CysLT release. On the other hand, the effects of 
ketotifen were rather disappointing in this particular 
model since mediator release was not blocked as expect
ed (1719). Ebastine reduced cytokine production (1702). 
Cetirizine, at least in some studies in the 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, cetirizine and loratadine decrease 
the expression of ICAM-1 in cells from conjunctival or 
nasal secretions during allergen challenge (1024, 1726-
1729) or natural allergen exposure such as pollens (1027, 
1028, 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 drugs with HI-blocking properties 
(1701, 1734). However, it would be premature to attempt 
to reclassify the HI-antihistamines according to their anti
allergic properties because these properties have not been 
fully investigated and their relative contribution to the 
overall therapeutic effectiveness of each HI-antihistamine 
is unknown (1735). 

Due to their variable HI-blocking activity, their anti
allergic effects and, possibly, their differences in lipophilic
ity and tissue deposition, the various HI-antihistamines are 
not equally effective on skin, nose, eye or lung symptoms. 
Moreover, it appears that not all Hl -antihistamines have 
similar effects in patients and thus non-responders with one 
drug may respond favourably to another drug ( 1736). 

8-2-2-2- Clinical and pharmacological effects 
The newer HI -antihistamines are generally less like! y to 

cause sedation, and most of them, due to their pharmaco
dynamic properties, can be administered OD (1465, 1737). 

The new HI-antihistamines are highly selective to the 
HI-receptors and are therefore effective in reducing itch
ing, sneezing and watery rhinorrhea (for review on clinical 
efficacy see 1676-1681). However, they are less effective 
on nasal obstruction (1738). It is important to note that 
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when administered orally, an HI-antihistamine exerts 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 HI-antihistamines is 
more advantageous and effective than an "on demand" 
regimen (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 asthma onset. 

Most of the new HI-antihistamines have a fast onset of 
action (1-2 hours) and their effects last for up to 24 hours 
except in the case of acrivastine, which needs multiple 
daily doses. 

All the newer HI-antihistamines (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. Drug interactions involving enzyme inhibi
tion or induction are common following the co-administra
tion of two or more CYP3A substrates (1744). Cetirizine, 
which is the active metabolite of hydroxyzine, and fexofe
nadine, which is the active metabolite of terfenadine, are in 
tum 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 HI-antihistamines 
8-2-2-3-1- Central nervous system side ejfecls 
The most troublesome side effect of older Hl

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 hormone 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 Hl-receptors in the CNS need 
better understanding, but it is .yell known that HI
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 are 
disturbed coordination, dizziness, lassitude and inabil
ity to concentrate (1746, 1747). 

• CNS stimulation. 
Many factors have been involved in the CNS side 

effects of HI-antihistamines and can be attributed: 
• to the poor selectivity to H 1-receptors, 
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• to the capacity of crossing the blood-brain barrier 
(1748). 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 HI -antihistamines and 
the level of their binding on brain receptors ( 17 51). 
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 ( 17 54 ). The absence of a sedating effect 
at therapeutic doses has been demonstrated for most of 
the new compounds (1755) by means of specific psy
chomotor tests (for review see 1756-1760). CNS side 
effects are potentiated by alcohol in classical HI -
antihistamines (1761), but not in new-generation com
pounds (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 ten years, arrhythmogenic 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 pointes, 
ventricular 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+0. Disturbances in any of 
these ionic movements, in particular the potassium 
ions, may cause dysrhythmias (1803). The molecular 
mechanism sustaining the cardiotoxic action of Hl
antihi.stamines appears to be the blockage of some 
potassium channels 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 terfenadine and astemizole. 
The blockage of these channels may occur and become 
clinically significant in the case of an abnormal plasma 
concentration of the drug due to an overdose or an 
impaired metabolism. 

The risks of non-sedating HI-antihistamines were 
reviewed in the WHO adverse drug reaction database. 
It was suggested that cardiac side effects might be 
seen with many of these HI-antihistamines (1807). 
However, this report was based on crude adverse event 
reporting that contained inherent flaws 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 HI
antihistamine and increase its plasma concentration. 
Loratadine (1809-1811) and ebastine (1812, 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 ebastine. On the other 
hand, cetirizine (1814), fexofenadine (1815, 1816) and 
mizolastine (1817) 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- Carcinogenic 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 cellu
lar metabolic systems (1820, 1821). Cetirizine was found 
to have some clastogenic and aneugenic potential using 
CREST and FISH assays (1822), but these effects were 
shown at high doses and do not appear to be clinically 
relevant. Therefore, to date, there is no evidence of car
cinogenicity or tumour promotion in humans taking HI
antihistamines (1823). 

8-2-2-3-4° Other side effects 
Most, if not all, classical HI-antihistamines possess phar

macological effects that are not related to HI-blockage. 
• Many HI-antihistamines block cholinergic muscarinic 

receptors in a dose-dependent manner (1824). Due to 
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 
effect does not appear to be a clinical problem with 
other newer compounds (1825, 1826). Weight gain can 
be observed with astemizole (1827). 

• Certain HI-antihistamines, 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 HI-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 epigastric distress 
and are observed more frequently with some members 
of the ethylenediamine class. 
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TABLE 17: Properties of H1-antihistamines 

Several properties should be met by the new-generation Hl
antihistamines: 
- pharmacologjcal properties: 

- potent and non-competitive HI-receptor blockage, 
- additive anti-allergic activities, 
- no interference of activity by foods, 

- side effects: 
- no sedation, 
- no anticholinergic effect, 
- no weight gain, 
- know ledge and prevention of cardiac side effects, 

- oharmacokinetics: 
- rapid onset of action, 
- long duration of action, at least 24 hr, 
- administration once a day, 
- no development of tachyphylaxis (1830, 1831). 

8-2-2-4- Molecules used 
8-2-2-4-1- Acrivastine 
Acrivastine is a side-chain-reduced metabolite of the 

HI-antihistamine triprolidine (1832, 1833). 
• It is a short-acting histamine Hl-receptor antagonist. 

Its effects usually last for about 4 to 6 hours. 
• Double-blind, placebo-controlled clinical trial results 

have shown acrivastine (usually 8 mg, three times 
daily) to be an effective HI-antihistamine in the treat
ment of seasonal allergic rhinitis (1834, 1835). 

• Acrivastine was found to cause less drowsiness than 
clemastine (1836), but it has some sedative effects 
(1757, 1837, 1838) and CNS interactions with alcohol 
have been observed (1839). 

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 10 mg OD is effective in 
the treatment of seasonal 

• or perennial allergic rhinitis (1843-1850). 
• Astemizole is effective in allergic conjunctivitis. 
• In comparison to other Bl-antihistamines, astemizole 

may not be as effective for the treatment of acute aller
gic symptoms because of its delayed onset of action 
(1532, 1851, 1852). 

• Asternizole is non-sedating. 
• Increased appetite and weight gain may occur (1827). 
• Astemizole is metabolised by the liver cytochrome 

P450 and drug interactions with other compounds of 
the same metabolism have been observed. 

• Cardiac side effects in the form of torsade-de-pointes are 
unusual (1744, 1767, 1791, 1794, 1795, 1806, 1827, 
1853-1860). These are concentration-dependent, imply
ing that the dosage of asternizole should not be increased 
above the stipulated level. Drug interactions (e.g. 
macrolide antibiotics and azolic antifungals) should be 
carefully avoided. Also, patients 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, Bl-antihistamines with the least potential for 
cardiac side effects should be used. 

8-2-2-4-3-Azelastine 
• Azelastine has Hl-antihistamine activity. 
• In vitro, it inhibits mediator release from mast cells 

and from cells relevant to the allergic inflammation 
following antigen and non-antigen stimuli (1863-
1870). In vivo, in humans, some studies have con
firmed anti-allergic effects (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 (1871) or 
perennial allergic rhinitis (1872). 

• In addition, azelastine, administered as an intranasal 
or intra-ocular formulation, 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 
(1873-1877) but its indications need further studies 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 (1880). In most countries, azelastine is not 
approved for asthma. 

• Azelastine is often well tolerated but, when adminis
tered orally, the most common adverse effects are an 
altered taste perception and drowsiness (1867). 
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 HI-receptor antagonist. 

Cetirizine bas a potent Hl blocking activity on skin 
tests (1687, 1688, 1881-1884) and nasal challenge 
(1885, 1886). In these models, cetirizine was found to 
be the most potent drug. However, most of these 
studies were carried out using single doses of 
HI-antihistamine and the diffex;ential effect between 
cetirizine and other HI-antihistamines was reduced 
using multiple doses (1887). The clinical relevance of 
skin tests or nasal challenge is not fully understood. 

• There is no anti-cbolinergic effect (1888). 
• Some anti-allergic properties have been observed in 

vivo in man (see chapter 8-2-2-2). 
• Double-blind, placebo-controlled clinical trial results 

indicate that cetirizine 10 mg OD is an effective treat
ment for seasonal allergic rhinitis, 

• or perennial allergic rhinitis (1889-1899). 
• Cetrizine is also effective in the treatment of allergic 

conjunctivitis (1900, 1901). 
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• In perennial allergic rhinitis patients, cetrizine was 
found to significantly improve quality oflife (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 inflamma
tory variables more than symptomatic treatment given 
pm (1739). 

• In asthma, cetirizine may improve symptoms during 
the pollen season (1904-1906) but 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 (1741), a multi-country, double-blind, randomised, 
placebo-controlled trial, 817 infants were treated for 18 
months with either cetirizine (0.25 mg/kg BID) or 
placebo. Cetirizine 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 drug trials, cetirizine is associated with 
a significantly lower incidence of sedation than hydrox
yzine (1913, 1914). In these trials, cetirizine did not 
appear to be more sedating than placebo or other Hl -
antihistamines. However, in three double-blind, place
bo-controlled studies (1889, 1892, 1894), cetirizine had 
a reported incidence of sedation greater than placebo. 
For driving performance, cetirizine did not differentiate 
from placebo and there were no significant additive 
effects of alcohol in most (1764, 1915, 1916) but not all 
studies ( 1917). Divergent results were obtained for vig
ilance (1918, 1919). When assessed objectively in phar
macodynarnic comparisons, cetirizine was rarely more 
sedating than placebo or other second-generation Hl
antihistarnines (1676, 1758, 1913, 1920-1926). 

• The long-term safety of cetirizine in infants has been 
largely demonstrated (1927). 

• Cetirizine is not metabolised in the liver. 
• No cardiac side effects have been reported (1814). 

8-2-2-4-5- Ebastine 
• Ebastine is a piperidine derivative (1678, 1928, 1929). 
• Ebastine and its active metabolite carebastine are 

highly potent selective HI-receptor antagonists (1688, 
1930-1932). 

• Ebastine 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 (see chapter 8-2-2-2). 

• Double-blind, placebo-controlled clinical trial results 
have shown that, administered at doses of 10 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 to be more 

effective and a dual dosage has been suggested: 10 mg 
OD for mild rhinitis and 20 mg OD for severe season
al (1938) 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 ebastine in doses of up to 30 mg may 
be relatively safe for 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
tor performance and autonomic responses (1942, 1943). 

• Ebastine interacts with cytochrome P450 (1744). 
• Ebastine does not appear to possess cardiovascular 

side effects at recommended doses of 10 or 20 mg 
(1812, 1813, 1944-1946). 

8-2-2-4-6- Emedastine 
Emedastine is an HI-antihistamine (1947, 1948) for 

intra-ocular use (1949, 1950). It has been tested using 
conjunctiva! challenge (1951). There is, however, no con
trolled clinical study available on Medline. 

8-2-2-4-7- Epinastine 
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 (1959). It is very 
poorly metabolised compared to terfenadine in human 
liver microsomes 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- Fexofenadine 
Fexofenadine is the pharmacologically active metabo

lite of terfenadine (1967). 
• It is a potent HI -antihistamine in skin test models 

(1677, 1968, 1969). 
• It does not have anti-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 (see chapter 8-2-2-2). 
• Fexofenadine was found 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). 

• Fexofenadine 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 (1816, 1894, 1972, 
1973) and does not impair driving performance. It 
does 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- Levocabastine 
Levocabastine is a cyclohexylpiperidine derivative shown 

to possess long-lasting Hl antagonism and anti-allergic 
properties in animals (1979). It has only been developed for 
nasal and ocular administration due to its sedative effects. 

In controlled trials, levocabastine was effective and 
well tolerated in the treatment of allergic rhinitis and 
allergic conjunctivitis (see chapter 8-2-3). 

8-2-2-4-10- loratadine 
• Loratadine is a piperidine derivative. 
• Loratadine is a long-acting Hl-antihistamine (1753, 

1980, 1981). 
• No tachyphylaxis was observed over a 12-week treat

ment period (1831). 
• No anti-cholinergic effect has been reported. 
• Some anti-allergic properties 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 
H 1-antihistamine in seasonal allergic rhinitis (1689, 
1691-1693, 1699, 1982-1985) 

• or perennial allergic rhinitis (1690, 1986). 
• 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 loratadine 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 the pollen season (1987). 

• 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 
studies with loratadine (1744, 1767, 1806, 1827, 1854, 
1995, 1996). A report on one clinical case described a 
cardiac arrhythmia in a patient receiving loratadine 
(1997) but the causal relationship with the drug was 
unclear (1998). Thus, this report did not lead to any 
change in the labelling of the drug. 

8-2-2-4-11- Mequitazine 
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Mequitazine is an oral HI-antihistamine with mild 
anti-cholinergic properties. It was found to be effective in 
seasonal (1691, 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 drug 
in the treatment of allergic conjunctivitis and has been 
found effective in a challenge model (2003). 

8-2-2-4-12- Mizolastine 
• Mizolastine 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 loratadine or cetirizine, in the management of 
patients with seasonal allergic rhinitis (1679, 2011, 
2012) 

• or perennial (2013 , 2014) allergic rhinitis. It has some 
effect on nasal blockage (2014). 

• In conjunctivitis, mizolastine was found to be effective 
(1679, 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 (2011 ). 

• Mizolastine 10 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 (2015) or 
animals (1916, 2016, 2017) revealed no impairment. 

• Mizolastine is partly metabolised by cytochrome 
P450. 

• In volunteers and patients, the incidence of prolonged 
QTc interval was similar in mizolastine and placebo 
treated subjects (1818, 1996). 

• Nonetheless, mizolastine is contraindicated in those 
with cardiac disease or hepatic impairment or in those 
receiving erythromycin, ketoco~a:iole or class I or III 
anti-arrhythmic agents. 
8-2-2-4-13- Terfenadine 

• Terfenadine is a selective histamine H I-receptor 
antagonist (2018) 

• which is devoid of CNS and anticholinergic activity 
(1681 , 2019). 

• Some anti-allergic properties have been observed in 
vivo in man (see chapter 8-2-2-2). 

• Double-blind, placebo-controlled clinical trial results 
have shown that terfenadine at a dose of 60 mg admin
istered BID is effective in patients with seasonal aller
gic rhinitis (1689, 1692, 1892, 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 effective in allergic 
conjunctivitis (1689, 1692, 1984, 1985, 2021) 

• and in children with allergic rhinitis in autumn (2024). 
• Terfenadine, when administered at the onset and dur

ing the season, 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 ketoconazole, itrocona
zole or erythromycin have been identified (1789). 

• Cardiac side effects including torsade de pointes are 

unusual (1744, 1766-1768, 1791, 1806, 1812, 1814, 
1818, 1827, 1854, 1858-1862, 2026-2034) and are 

concentration-dependent. This implies that the dosage 
of terfenadine should not be increased and that drug 
interactions should be carefully avoided. 

• Due to its cardiac side effects, terfenadine has been 
withdrawn from most countries (2035). Where· possi
ble, HI-antihistamines with the least potential for car
diac side effects should be used. 

8-2-2-4-14- Ketotifen 
Ketotifen is an HI-antihistamine with in vitro anti

allergic properties. In vivo, in humans, such properties 

have not been confirmed (1719). 
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, ketotifen is also used topically. 
8-2-2-4-15- Oxatomide 
Oxatomide is an orally active HI-histamine 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. 

brompheniramine, clemastine, chlorpheniramine) will 

not be reviewed in this document since the risk/benefit 
ratio is not as favourable as for the newer molecules. 

There are 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 Bl-antihistamines 
With the cloning of the gene encoding the histamine 

HI-receptor, a new area of histamine research has 
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become reality. Finally, it seems feasible to study the tar
get of the therapeutically important classes of Hl
antihistamine. Expression of the genes in mammalian 

cells allows detailed investigations of the various signal 
transduction routes of the histamine HI-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 HI-receptor (2045). 
8-2-2-6- Recommendations 
Old-generation Hl 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, 1756, 1757, 
1758), new HI-antihistamines should be considered as a 

first-choice treatment for allergic rhinitis when they are 

available and affordable. However, in some countries, not 

all molecules are available and the choice may be 

restricted. The anti-allergic activities exerted 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
steroids 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 delivering drugs directly into 

the nose is that high concentrations can be delivered 

more effectively into the target 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 are com

mercially available for the treatment of allergic rhinitis: 
azelastine (1867, 2048) and levocabastine (1979, 2049). 
These two drugs are effective and highly specific HI

receptor antagonists. 
• Azelastine and levocabastine nasal sprays offer 

prompt relief for itching and sneezing (2050) and, 
when used BID regularly, they can also prevent the 
onset of symptoms. 

• These drugs are effective during nasal challenge with 
allergen or histamine (1717, 1718, 2051-2062) and in 
park studies (2056). 

• In double-blind, placebo-controlled studies, intranasal 
azelastine and levocabastine 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-term continuous 

treatment with azelastine was more effective than an 
"on demand" treatment regimen. 

• Intranasal azelastine is more rapidly 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). 
8-2-3-2-1- Ocular administration 

• Azelastine and levocabastine have both been devel
oped as eye drops for the intra-ocular treatment of 
allergic conjunctivitis. 

• In double-blind, placebo-controlled studies, these 
drugs were found to be effective in seasonal symptoms 
(2074-2083) and during ocular provocation tests 
(2084). 

• They demonstrate a similar efficacy profile to oral Hl
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 
In general, neither azelastine nor 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 azelastine. 

8-2-3-4- Recommendations 
Topical HI-antihistamines have a rapid onset of action 

(less than 15 minutes) at low drug dosage, but they act only 
on the treated organ. Topical HI-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 hydro
cortisone or dexamethasone topically in the airways failed 
because they were either ineffective or had substantial sys
temic effects. The situation changed when beclometha
sone dipropionate was introduced as an aerosol in 1972 
(2089). Beclornethasone dipropionate separates anti
inflammatory 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. In 1973, 
beclomethasone dipropionate was introduced as a nasal 
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spray for seasonal allergic rhinitis (2090). Subsequently, 
other new intranasal glucocorticosteroids have been devel
oped. They include budesonide, flunisolide, fluticasone 
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 drug 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. In 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 treatment of allergic rhinitis is that high drug 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- Molecular effects 
The effect 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 transre
pression respectively (2097). 

Transactivation is mediated by the binding of the hor
mone-activated GR to a DNA sequence called glucocor
ticoid response element (GRE) (2098). Genes involved in 
the control of neoglucogenesis, arterial pressure and 
intraocular tension contain GRE (2099-2101). Thus, 
transactivation may account for some GC unwanted 
effects (diabetes, arterial hypertension, hydrosodic reten
tion, hypokaliaemia, glaucoma). On the other hand, 
transactivation may also result in a therapeutic benefit in 
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asthma since GC induces gene expression of the ~2-
adrenergic receptor (2102). 

Transrepression is mediated by inhibitory protein
protein interactions between the honnone-activated GR 
and transcription factors like AP-1 and NF-KB (2103). 
AP-1 is a dimer made of peptides belonging to the c-Fos 

and c-Jun families (2104) whereas NF-icB is a dimer 
composed of proteins related to p65 (2105). Functional 
NF-KB response elements (NF-KBRE) and TRE are pres
ent in many genes encoding pro-inflammatory mediators 

and cytokines (2103, 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 (2106). 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 
control of transcription, since it is active in both 
endocrine and lymphoid cells (2107). 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 glucocortico
steroids (2108). 

8-2-4-1-2- Anti-inflammatory effects on cells 
Glucocorticosteroids can suppress many stages of the 

inflammatory 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 

cytokines are reduced differs (760). 
• Antigen-presenting (Langerhans) cells are 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 
(2110). The significant reduction of Langerhans cells 
by local glucocorticosteroid therapy could be an 
explanation for the subsequent reduction of secondary 
inflammatory response and symptomatology in aller
gic disease. 

• Eosinophils and eosinophil products are also signi.fi
cantl y reduced by intranasal glucocorticosteroids 
(701, 1186, 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 of basophils and mast cells in the epithelial 
layers of the nasal mucosa is reduced by intranasal 
glucocorticosteroids (1142, 2119-2121). Mast cells in 
the lamina propria are only reduced when differences 
are pronounced either by using a large allergen stimu

lus or high dose treatment (758, 2111). 
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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-cell 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 infections. 

8-2-4-1-3-Anti-inflammatory 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. Glucocorticosteroids reduce the levels 

of mRNA and protein for IL-3, IL-4, IL-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 
cytokines is not yet fully elucidated. Fluticasone dipropi

onate has been shown to inhibit the increase in £ germ
line gene transcripts (787, 1080), in CD3+ and in major 
basic protein (MBp+) cells expressing GM-CSP mRNA. 

However, increase was not inhibited in macrophages 
expressing GM-CSP (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 effects of intranasal glucocortico

steroids 
Glucocorticosteroids may also reduce the release of 

prefonned and newly generated mediators, such as hista

mine (2125), tryptase, prostanoids (2126) and leukotrienes 
(2127). However, this action may be partly due to the 
reduction of inflammatory 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 IgE (1077). 

Intranasal glucocorticosteroids inhibit seasonal increases 
in ragweed-specific IgE 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 effective in reducing nasal blockage, rhinor
rhea, sneezing and nasal itching in adults and children. 

In seasonal and perennial allergic rhinitis, intranasal 
glucocorticosteroids 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 than oral HI-antihistamines (1738). 

Extensive reviews of the clinical studies are available 
for beclomethasone dipropionate (2130, 2131), budes
onide (2132), fluticasone propionate (2133), mometa
sone furoate (2134, 2135) and triamcinolone acetonide 
(2136), all agreeing on the clinical efficacy of these com
pounds. Intranasal glucocorticosteroids are more effec
tive than oral HI-antihistamines (2137-2139), intranasal 
HI-antihistamines (2140) and intranasal cromoglycate 
(2141, 2142). The effect 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 Hl
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 glucocorticosteroids (for no more than a week) to 
permit 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 sufficient 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 glucocorticosteroids is 
very shallow, and so reducing the dose as much as possi
ble is advisable (2148). 

Intranasal glucocorticosteroids were traditionally 
delivered as freon-propelled aerosols from pressurised 
canisters. However, since the pressurised aerosols con
taining CFCs are 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 preferred. 

8-2-4-3- Side effects of intranasal glucocortico
steroids 

8-2-4-3-1- Local side effects 
The current intranasal preparations are well tolerated 

and can be used on a Jong-term basis without atrophy of 
the mucosa (2145). Intranasal glucocorticosteroids may 
occasionally cause local side effects like crusting, dry
ness and minor epistaxis but these side effects are mild 
and often transient (2145, 2147, 2149-2151). Changing 
to another compound or delivery system sometimes elim
inates the side effects. Septal perforations due to a pro
longed use of intranasal glucocorticosteroids are 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-pituitary-adrenal 
axis 

Systemic absorption may occur following inhaled and 
intranasal administration of glucocorticosteroids, but the 
dose at which clinically relevant side effects occur 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 (2156, 2157). Studies have shown 
that intranasal glucocorticosteroids have no effect 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 HPA axis (2134, 2166-2173). 

In one study, the addition of intranasal glucocortico
steroids to intra-bronchial ones did not appear to increase 
HPA 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 take into 
account all potential systemic effects of these drugs. 

8-2-4-3-3- Other systemic side effects 
One study describes an effect on children's growth due 

to beclomethasone (2175). In view of recent concerns 
(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 glucocorticosteroids (2154). 

8-2-4-3-4- Other side effects 
Contact allergic reactions of the skin and mucosa to 

intranasal glucocorticosteroids are rare but have been 
described (2176, 2177). In one study, central serous 
chorioretinopathy 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 glucocorticosteroids (e.g. budesonide, flutica
sone propionate, mometasone) during pregnancy. How
ever, inhaled glucocorticosteroids (e.g. beclomethasone 
or budesonide (2179)) have not been incriminated as ter
atogens and are commonly used by pregnant women who 
have asthma. Although the choice of agents should part
ly be based on evidence of foetal safety, the issue of 
maternal health also needs to be considered to provide 
optimal management. 

8-2-4-4- Molecules used 
8-2-4-4-1 - Beclomethasone dipropionate 

• Beclomethasone dipropionate was the first glucocorti
costeroid used intranasaJly 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 µg daily for 
adults and 100 µg daily for children. 

• Double-blind, placebo-controlled studies have shown 
that it is an effective 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, 2188). 
• Beclomethasone dipropionate is equally as effective as 

flunisolide in seasonal and perennial allergic rhinitis 
(2184, 2189-2192). It has been shown to be more effective 
than cromoglycate (1284, 2193), terfenadine (2194, 2195) 
and astemizole except for eye symptoms (2137, 2196, 
2197). It has been shown, however, that adding loratadine 

to intranasal beclomethasone dipropionate improves mod
erate severe seasonal allergic rhinitis (2198). 

• Intranasal beclomethasone was not found to have an 

effect on the HPA axis at a dose of 336 µg daily (2157) 
but reduced urinary cortisol at 800 µg daily (2199). 

• An effect on one year's growth has been found in one 
study (2175). In this study, carried out over one year, 
it was found that intranasal beclomethasone reduced 
growth by 1 cm in 6-9 year old children receiving stan
dard therapy and these effects were apparent one 
month after starting the drugs. 

• Other systemic adverse effects have not been reported. 

8-2-4-4-2- Budesonide 
• 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 µg daily 

for adults and 64 to 128 µg daily for children over 6 

years of age. 
• Double-blind, placebo-controlled studies have shown 

that it is an effective intranasal glucocorticosteroid in 

seasonal allergic rhinitis in adults (2146, 2200-2208), 
• in perennial allergic rhinitis (2148, 2209-2211) 
• or in non-allergic rhinitis (2148, 2212-2214). 
• 1n-·children, it is effective in seasonal allergic rhinitis 

(2215-2218) 
• and in perennial rhinitis (2210). 
• A prophylactic effect 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 
obstruction (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 fluticasone (2151, 2224) &nd 
mometasone (2135). One study shows a faster onset of 

budesonide than fluticasone (2225). Budesonide was 
found to be more effective than nasal azelastine (2071) 
or oral HI-antihistamines (2226). 
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• Intranasal budesonide was not found to have an effect 
on the HPA axis at a dose of 200 µg daily (2170, 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). 

8-2-4-4-3- Flunisolide 
• Flunisolide is administered at a dose of 200 µg 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 (2237, 
2238) or cromoglycate (1284, 2235). 

• Effect on the HPA axis has not been reported. 
• Effect on growth has not been reported. 
• Other systemic effects have not been reported. 

• The excipients polyethylene glycol and polypropylene 
glycol can cause transient local in-itation. 

8-2-4-4-4- 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 µg. 

• 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 controlled studies, OD intranasal triamcinolone 

acetonide (220 µg per day) was equally as effective as 
beclomethasone (84 to 168 µg BID), fluticasone (200 
µg OD (2249)) or flunisolide (100 µg BID) (2136). 

Furthermore, triamcinolone acetonide aerosol (220 µg 
OD) was significantly more effective than loratadine, 
clemastine and astemizole (2250-2252) and was 
equally as effective in reducing the associated ocular 

symptoms. 
• Intranasal triamcinolone acetonide does not suppress 

hypothalamic-pituitary-adrenal axis function at thera
peutic dosages (2159, 2160, 2170, 2171), even in chil

dren (2158). 
• Long-term safety of intranasal triamcinolone has been 

tested over 12 months (2253, 2254). 

8-2-4-4-5- Fluticasone propionate 
• Intranasal glucocorticosteroid fluticasone propionate 

(2166) is administered as an aqueous nasal spray with 
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a recommended starting dose of 200 µg OD for adults 
and 100 µg OD for children. 

• Double-blind, placebo-controlled studies have shown 
that it is an effective intranasal glucocorticosteroid in 
seasonal and perennial allergic rhinitis (2109, 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). 

• In adults with non-allergic, non-infectious perennial 
rhinitis, fluticasone was clinically effective in one 
study (2258) but not in another one (89). 

• In controlled clinical trials, fluticasone propionate has 
been shown to be as effective as beclomethasone 
dipropionate (2261, 2266), budesonide (2151, 2224), 
mometasone (2134, 2135, 2267) and triamcinolone 
acetonide (2249). It 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 levocabastine 
(2072, 2073) for the treatment of seasonal and peren
nial allergic rhinitis. Moreover, the use of fluticasone 
propionate was more effective 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 µg 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-term clinical effects (2167). Fluticasone 
has long-term effects on the nasal response to hista
mine in perennial allergic rhinitis and part of this 
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- Mometasone furoate 
• Mometasone furoate is administered as an aqueous 

nasal spray with a recommended starting dose of 200 
µg 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 µg daily (2134, 2135). 

• Double-blind, placebo-controlled studies have shown 
that it is an effective intranasal glucocorticosteroid in 
seasonal(2150, 2276,2277) 

• and perennial allergic rhinitis (2267) in adults. 
• It is effective in children (2278). 
• Although comparative studies with other intranasal 

glucocort:icostcroids have to be made, one study has 
shown that momctasone furoate has a rapid onsct·of 
action (2143). 

• In controlled studies, mometasone furoate 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 µg daily 
(2135, 2171). 

• In a one year study in children, treatment with 
mometasone furoate 100 µg 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 ciclesonide was recently 

found to be effective in the treatment of allergic rhinitis 
(2281). 

8-2-4-5- The future of nasal glucocorticosteroid 
treatment 

Although modem 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 glucocorticosteroids are 
probably not clinically relevant for adult patients with 
rhinitis alone, children and patients also having asthma 
(and requiring inhaled glucocorticosteroids) should use 
the lowest possible doses. They may need drugs with an 
equally or more potent local anti-inflammatory 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 symptom·s of allergic rhinitis than antihistamines. 
The advantage was most obvious for nasal blockage 
(1738). However, in clinical practice, compliance, drug 
preference, drug availability and potential side effects 
should be considered. 

Because intranasal glucocorticosteroids are more effec
tive in moderate to severe rhinitis and can suppress many 
stages of the allergic inflammatory 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 int_ermittent, an HI-antihistamine is a good choice. 
The balance between intranasal glucocorticosteroids and 
HI -antihistamines has to be individualised. 

In conclusion, intranasal glucocorticosteroids should 
be regarded as a highly effective first-line treatment for 
patients suffering from allergic and non-allergic rhinitis 
with moderate to severe and/or persistent symptoms. 
Even though intranasal glucocorticosteroids may be less 
effective in non-allergic rhinitis, they are worth trying. 

8-2-5- Systemic glucocorticosteroids 
8-2-5-1- Rationale 
Glucocorticosteroids are sometimes prescribed orally 



J ALLERGY CUN IMMUNOL 

VOLUME 108, NUMBER 5 

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 are typical regimens 
of ghicocorticosteroids given orally (e.g. prednisolone, 
starting dose 20-40 mg/day) or as a depot-injection (e.g. 
methylprednisolone 40-80 mg/injection) (2282). 

8-2-5-2- Efficacy and safety 
Systemic glucocorticosteroids exert their action on a 

broad spectrum of inflammatory 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 showed 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 100 mg of prednisolone and that continuous release 
during the day will suppress the HPA 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 tissue atrophy. 

The intranasal administration of depot injections into 
swollen nasal turbinates and polyps should be avoided, 
since serious adverse events (blindness) have been reported. 

Since the risk of adverse effects from systemi_c gluco
corticosteroids largely depends upon the duration of 
treatment, only infrequent short-term courses should be 
prescribed in rhinitis. 

8-2-5-3- Contraindications 
Contraindications to systemic glucocorticosteroids are 

glaucoma, herpes keratitis, diabetes mellitus, psycholog
ical instability, osteoporosis, severe hypertension, tuber
culosis and other chronic infections. 

8-2-5-4- Recommendations 
Systemic glucocorticosteroids are never the first line 

of treatment for allergic rhinitis. They can be used as a 
last resort of treatment when other treatments are inef
fective. Oral glucocorticosteroids have the advantage 
over depot injections that treatment adjustments can fol
low the pollen count. Systemic glucocorticosteroids, in 
contrast to intranasal treatment, reach all parts of the 
nose and the paranasal sinuses, therefore short courses in 
patients with severe perennial rhinitis or nasal polyposis 
can be helpful. 

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 chromones used in the treatment of 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 IgE (2289). 

• Disodium cromoglycate inhibits nasal connective tis
sue mast cells (2290). However, most nasal basophils 
resemble blood basophils and DSCG does not inhibit 
the de-granulation of these cells (2291). 

• A blockage of the Cl· 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 lgE synthesis (2295). 

• Nedocromil sodium has been shown in vitro to inhibit 
the activation of neutrophils, eosinophils, monocytes, 
macrophages and mast cells (2296-2301). 

• A "local anaesthetic" effect has also been hypothe
sised as an inhibitory effect on sensory 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
cate reduces mucosa! eosinophil numbers in nasal scrap
ings from patients with seasonal allergic rhinitis (2304). 

In regards to pharmacokinetics, DSCG or nedocrornil 
are virtually not absorbed through mucosal surfaces. Fur
thermore, the swallowed portion is poorly absorbed from 
the gastrointestinal tract and is excreted in the faeces. 

8-2-6-2- Efficacy and safety 
8-2-6-2-1- Nasal administration 

• In double-blind, placebo-controlled trials, DSCG 4 
times daily has been shown to be effective in the treat
ment or prophylaxis of seasonal allergic rhinitis in some 
(1284, 2305-2311) but not all studies (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, rhinorrhea and nasal itch
ing are usually better controlled than nasal obstruction 
(2304). 

• Disodium cromoglycate is usually ineffective in non
allergic, non-infectious rhinitis (88). 

• Although one study (not placebo-controlled) showed 
an equivalent efficacy of DSCG versus terfenadine 
(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 efficacy of nedocromil was also 
demonstrated (2323). 

• The combined therapy of nedocromil and astemizole 
appeared more effective than the HI -antihistamine 
alone (2324). 
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• It was interesting to note that the efficacy of 
nedocromil was rapid (2321). 

• 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 found to be effective in 

most (2325-2330) but not all studies (2331). 
• Disodium cromoglycate is usually less effective than 

ocular formulations of H 1-antihistamines (2079, 2081, 
2085, 2332). 

• Disodium cromoglycate may be administered as sin
gle dose units (2333) and this formulation is very con
venient for patients with intermittent symptoms. 

• Disodium cromoglycate eye drops are also effective in 
vernal keratoconjunctivitis but the efficacy is modest 
(2334). 

• Ocular DSCG needs a four times daily administration. 
• Regular administration appears to be more effective 

than a pm schedule (2335). 
• Nedocromil sodium administered BID was found to 

be safe and effective in seasonal allergic conjunctivitis 
(2336-2341) 

• and also in vernal keratoconjunctivitis (2342-2344). 
• Efficacy was also found in the treatment of seasonal 

allergic conjunctivitis in children (2345). 
• The comparison between intranasal levocabastine and 

nedocromil sodium was only carried out in a challenge 
model (2346). No randomised controlled study during 
the pollen season has been carried out. 

• Both DSCG and nedocromil sodium are safe. 

8-2-6-3- Recommendations 
• In placebo-controlled trials, DSCG 4 times daily has 

been shown to be effective in allergic rhinitis and con
junctivitis, although less effective than HI-antihistamines 
or intranasal glucocorticosteroids. 

• Nedocromil sodium has also been shown to be effec
tive in allergic rhinitis and conjunctivitis and has the 
advantage of a BID dosing regimen. 

• 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. 
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). In 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 less well tolerated. It may have 
some efficacy on nasal obstruction (2349). 

8.-2-7- Decongestants 
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8-2-7-1- Mechanism of action and rationale 
. Decongestant (vasoconstrictor) drugs cause vasocon

striction by their action on a -adrenergic receptors 
(2350). Decongestants available for clinical use include: 
• al-adrenergic agonists (e.g. phenylephrine) (2351, 2352), 
• a2-adrenergic agonists (e.g. oxymetazoline, xylo

metazoline, naphazoline) (2351, 2353-2357), 
• noradrenaline releasers (e.g. ephedrine, pseudoephed

rine, amphetamines) (2358), 
• drugs preventing the re-uptake of noradrenaline (e.g. 

cocaine, tricyclic antidepressants, phenylpropanolamine) 
(2359). 
These may be administered intranasally or orally. 

8-2-7-2- Efficacy 
8-2-7-2-1- lntranasal decongestants 

• In the short term, they are very 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 rhinorrhea. 

• They can also be used for prophylaxis before air trav
el to lessen the likelihood of nasal, middle ear or sinus 
problems and to improve nasal patency prior to the 
administration of other intranasal medications. 

• Following intranasal administration, local vasocon
striction occurs within 10 minutes, irrespective of the 
drug used. 

• The effect lasts for less than 1 hour for epinephrine. 
• The long-lasting effect of oxymetazoline (up to 8-12 

hours) and xylometazoline may be explained by their 
slow mucosa! clearance due to a decreased mucosa! 
blood flow (2354). 

8-2-7-2-2- Oral decongestants 
• Oral vasoconstrictors such as ephedrine, phenyl

ephrine, phenylpropanolamine and especially pseu
doephedrine are commonly used oral nasal deconges
tants (2360-2362). 

• They can be prescribed for both short and long-term 
use, although they are usually prescribed short-term to 
give fast acting relief. 

• Generally, they have a weaker effect on obstruction 
than the intranasal decongestants, but they do not 
cause rebound vasodilatation. 

• Vasoconstrictor agents do not improve other symp
toms of rhinitis. 

• Following oral administration, nasal decongestion 
occurs within 30 minutes and persists for up to 6 hours 
with liquid or regular tablet preparations. It persists for 
up to 8-24 hours with sustained release formulations. 

• Phenylephrine is probably the least effective because 
of extensive first-pass metabolism (2363). 

• Oral decongestants are used in the treatment of aller
gic rhinitis (2364) and viral upper respiratory tract 
infections (2365-2367). They are 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, dryness 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 morphological alterations. Decreasing 
responsiveness (tolerance) and rebound congestion 
characterised by chronic swelling rarely occur when 
these agents are prescribed for less than 10 days or so. 

• A prolonged use (> 10 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 
modem vasoconstrictors such as oxy- and xylometa
zoline, the risk of developing rhinitis medicamentosa 
has been considered to be small (2370). 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 
the treatment of rhinitis medicamentosa and treatment 
has rarely been objectively evaluated. Fluticasone pro
pionate is more effective and has a faster onset of 
action than placebo in the treatment of rhinitis 
medicamentosa (2371). An adequate treatment of 
these patients consists of a combination of vasocon
strictor withdrawal and intranasal glucocorticosteroid 
to alleviate the withdrawal process. 

• Moreover, benzlakonium chloride, which is often used 
as a preservative, induces intranasal side effects 
(1662). 

8-2-7-3-2- Systemic side effects 
• Systemic side effects are not uncommon with these 

oral drugs and include irritability, dizziness, 
headaches, tremor and insomnia. 

• Tachycardia (2372), especially in susceptible subjects 
such as pregnant women (2373), and hypertension 
(2374, 2375) may occur, as well as some less common 
effe~ts 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 hyperthyroidism and elder
ly men with urinary retention due to prostate enlarge
ment are also at risk with oral sympathomimetic 
decongestants. 

• These agents should also be used with caution in preg
nant women, as the medication will be transferred to 
the foetus via the systemic circulation. 

8-2-7-4- Recommendations 
• In general, because of the risk of rhinitis medicamen

tosa, the use of intranasal decongestants should be 
limited to a duration of less than 10 days (2377). 
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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 range 
between therapeutic and toxic doses (40). 

• Furthermore, it is advised not to prescribe pseu
doephedrine to patients over 60 years of age, to preg
nant women (2378) and, in general, to patients suffer
ing from hypertension, cardiopathy, hyperthyroidism, 
prostatic hypertrophy, glaucoma and psychiatric disor
ders as well as to those taking ~-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 are commonly prescribed. 
The aims of these combinations are also to improve 
nasal obstruction which changes minimally when 
using HI-antihistamines alone. 

• However, the pharmacokinetics of the two drugs in the 
combination are not similar and these drugs are often 
administered BID. 

• The combination bears all the side effects of H !
antihistamines and vasoconstrictors, and food intake 
may alter the pharmacokinetics (2379). 

• Although major HI-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 number of double
blind, placebo-controlled studies document the clini
cally relevant superiority of the combination over Hl 
antihistamines alone. 

• There is, however, a study in asthma showing that 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 short. 

8-2-8- Topical anti-cholinergics 

8-2-8-1- Mechanism of action 
Parasympathetic fibres originate in the superior saliva

tory nucleus of the brainstem and relay in the 
sphenopalatine ganglion before distributing to the nasal 
glands and blood vessels (2395, 2396). Parasympathetic 
stimulation causes a watery secretion, mediated by the 
classical autonomic transmitter acetylcholine, and a 
vasodilatation of blood vessels serving the glands. The 
muscarinic receptors of the sero-mucinous glands can be 
blocked by the anticholinergic drug ipratropium bromide 
(2397, 2398), which is commercially available in several 
countries as a nasal spray (pressurised aerosol or aqueous 
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pump spray). The recommended daily dose ranges 
between 120 and 320 µg given in 3 to 6 administrations 
(2399, 2400). 

8-2-8-2- Efficacy 
• Intranasally applied atropine was shown to reduce rhi

norrhea in patients with rhinitis (2401). 
• lpratropium bromide, a quaternary derivative of iso

propy l noratropine, is poorly absorbed by the nasal 
mucosa because of a low lipid solubility and it does 
not cross the blood-brain barrier (2398). lpratropium 
can be used as a isotonic aqueous nasal spray pump 
(2402, 2403). 

• Randomised controlled trials have shown that ipra
tropium bromide is effective in controlling watery 
nasal discharge, but it does not affect sneezing or nasal 
obstruction in perennial allergic and non-allergic 
(vasomotor) rhinitis (2400, 2402-2410). 

• It is also effective in the common cold (2411), in gus
tatory rhinitis 

• and rhinitis in elderly people (2412). 
• A single dose of 42 µg per nostril reduces the secretion 

for 3 hours due to methacholine stimulation. 168 µg 
doubles the effect (48% reduction) and its duration in 
perennial non-allergic rhinitics (2408, 2413). 

• The onset of action is fast (15 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 bromide 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 rhinorrhea (2416). 

8-2-8-3- Safety 
• Topical side effects, due to the anti-cholinergic action, 

are uncommon and usually dose-dependant in their 
severity. Nasal dryness, irritation and burning are the 
most prominent effects, followed by a stuffy nose, dry 
mouth and headache (2399, 2407, 2414). Olfaction, 
ciliary beat frequency and the clinical appearance 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 µg/day (2417). 

8-2-8-4- Recommendations 
• Studies performed in perennial allergic rhinitis 

demonstrated that ipratropium bromide only improves 
nasal hyper-secretion. 

• No data are available for seasonal rhinitis. 
• Since patients with perennial rhinitis usually suffer also 

from nasal congestion, itching and sneezing, 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 primary symptom. 

• Its use in combination with an intranasal glucocorti
costeroid or an HI-antihistamine may be considered in 
patients where rhinorrhea is the predominant symp
tom, or in patients with rhinorrhea who are not fully 
responsive to other therapies. 

• Moreover, ipratropium may be used in patients with or 
without allergic rhinitis who suffer from rhinorrhea 
when in contact with cold air. 

• In elderly patients, ipratropium may be of interest in 
the treatment 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 obstruction. Drugs acting against CysLT may there
fore be important in the treatment of allergic rhinitis either 
alone or combined with HI-antihistamines since these drugs 
are poorly effective in nasal obstruction (2418). 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 acute seasonal allergic rhinitis during a 
two-day study in a park exposure (2420). Nasal conges
tion improved more than sneezing and rhinorrhea. In 
another study, 33 patients with seasonal allergic rhinitis 
were enrolled in a randomised double-blind study to 
treatments with oral zafirlukast (20 mg twice a day), 
intranasal beclomethasone dipropionate (200 µg 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 beclomethasone 
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 beclomethasone group. These results were 
obtained with a limited number of patients and do not 
support the clinical efficacy of regular treatment with an 
oral antileukotriene in seasonal allergic rhinitis. More 
data are needed. 

In seasonal allergic rhinitis, tp.e combination of a 
CysLT receptor antagonist, montelukast and loratadine 
showed that symptoms of rhinitis and conjunctivitis were 
more effectively treated with the combination of these 
drugs as opposed to any one of them alone or with the 
placebo (2422). 

It 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. In the first 
controlled study published so far, the 5-LO inhibitor Zileu
ton notably diminished nasal dysfunction in these patients 
(2423). It also caused a remarkable return of sense of 
smell, less rhinorrhea and higher nasal inspiratory flows. 
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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 drugs display anti-allergic 
properties in vitro and in animal moi;lels 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 
controlled 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 randomised double-blind 
trial with 164 patients, the effectiveness of homeopathi
cally prepared Galphimia dilution 10-6 and a placebo 
was investigated 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 Luffa operculata, Gal
phimia glauca, 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 
Acupuncture has been proposed in some studies 

(2431-2434) but the only study 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 potential adverse effects and drug interactions 
(2438-2440). Traditional medicine is used in many 
patients to treat the symptoms of allergic and non
allergic rhinitis. Most of the studies are uncontrolled and 
no data are reported in the Medline from controlled stud
ies. Mao-bushi-saishin-to, a Chinese blended medicine, 
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was examined in a controlled (but not-placebo) study and 
found to reduce nasal obstruction in patients with Japan
ese cedar pollen allergy (2441). 

Ayurvedic medicine is used (2442) to treat asthma and 
rhinitis (2443, 2444). There 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 alternative therapies are offered 

including balneology, Kneipp therapy, microbiological 
therapy, fasting, excretion therapy, different oxygen thera
pies, hydro-colon, urine therapy, own-blood therapy, Bach 
therapy, orthomolecular therapy, order therapy, environ
mental medicine, anthroposophy, neural therapy, elec
troaccupuncture according to Voll and similar therapies, 
nasal reflex therapy, reflex-zone massage, manual therapy, 
massage, lymph drainage, aromatherapy, thermotherapy, 
bioresonance, kinesiology, hopi candles and 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 therapy claims to improve the condition of 
patients with atopic disease. However, a conventional, 
double-blind, placebo-controlled study in hospitalised 
children with atopic dermatitis did not find this treatment 
to be effective (2446). No controlled studies have been 
carried out in rhinitis. 

8-2-11-6- Yoga 
Yoga may improve breathing but even in asthma, no 

clear efficacy was demonstrated (2447). In allergic rhini
tis, there is no controlled study supporting its use. 

8-2-11-7 - Recommendations 
None of the methods used in alternative medicine can 

be supported scientifically to be clinically effective. The 
public should be warned 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 with 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 to the treatment of aller
gic disease itself, it should only be used in certain condi
tions such as turbinate hypertrophy, cartilaginous or bony 
obstruction of the nasal airways or secondary and inde
pendent sinus disease. In patients who suffer from peren
nial allergic or non-allergic rhinitis for many years, a 
severe drug-resistant hypertrophy of the inferior 
turbinates 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 mucosa! 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 instruments has been created to 
allow for more precise and less traumatic surgery. Laser 
surgery (2451) may also be used. Vidian 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 surgery 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 independently developing chronic sinusi

tis (2453, 2454), 
• different forms of nasal unilateral polyposis (choanal 

polyp, solitary polyp, allergic fungal sinusitis) or ther
apy-resistant bilateral nasal polyposis (1361, 2455), 

• fungal sinus disease (mycetoma, invasive forms) or 
other pathologies unrelated to allergy (cerebra-spinal 
fluid leak, inverted papilloma, benign and malignant 
tumours, Wegener's disease, etc.). 

8-2-15-Aspirin intolerance 

8-2-15-1- Avoidance of aspirin and other NSAID 
In order to prevent life-threatening reactions, patients 

with aspirin-intolerant rhinitis/asthma 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 important. The patient should obtain a 
list of drugs that are contraindicated, preferably with 
both the generic and trade names. If 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 use of nimesulide, a COX-2 inhibitor, was studied 
in patients with aspirin and non-steroidal anti-inflammatory 
drug intolerance and it was found that this COX-2 
inhibitor induced less reactions than aspirin itself (2461). 

In patients with aspirin-sensitive eosinophilic rhinitis, 
intranasal fluticasone is a powerful and effective treat
ment (2462). 

8-2-15-2- Induction of aspirin tolerance 
In aspirin-intolerant patients suffering from rhinosi

nusitis and asthma, a state of aspirin tolerance can be 
induced and maintained by aspirin desensitisation. Small 
incremental oral doses of aspirin are ingested over the 
course of 2 to 3 days until 400 to 650 mg of aspirin is tol-
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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 refractory period of 2 to 5 
days, during which aspirin and other COX inhibitors can 
be taken with impunity. However, stopping the treatment 
for longer may be dangerous since new administrations of 
aspirin or another NSAID can induce symptoms as severe 
as before tolerance. This 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 vascular 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 chronic respiratory symp
toms and signs, especially in the nose (148, 2463, 2464). 
The ideal candidate for this treatment may be a patient 
with aspirin-induced asthma who has just completed 
sinus/polyp surgery. Aspirin desensitisation treatment 
was shown to delay the recurrence of nasal polyp forma
tion by an average of 6 years. 

The mechanism of aspirin desensitisation in patients 
with aspirin-induced asthma is only partially understood. 
It may lead to a reduction of airway responsiveness to 
LTE4 because of the down regulation of CysLT receptors, 
which reduces receptor responsiveness to the same bur
den of CysLT. At acute desensitisation, urinary LT levels 
are the same as baseline levels and are therefore clearly 
available for the stimulation of CysLT receptors. Patients 
maintained for months in a state of aspirin desensitisa
tion still respond to oral aspirin challenge with a rise in 
LTE

4 
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 gradually 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 irnmunotherapy was introduced in 1911 
by Noon and Freeman to treat "pollinosis" or allergic rhini
tis (1301). There is good evidence that immunotherapy 
using inhalant allergens to treat 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 Strategy 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 reports 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 
from studies of allergic mechanisms, such as the impor
tance of Thl and Th2 cells, cytokine regulation of the 
immune 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 immunological diseases. This is especially true for 
autoimmune diseases such as juvenile diabetes mellitus and 
multiple sclerosis. Thus, the concepts utilised and the sci
entific data which support the use of allergen immunother
apy to treat allergic diseases are now being scientifically 
applied to other immunological diseases, The recent WHO 
position paper has therefore been entitled "Allergen 
Immunotherapy, Therapeutic Vaccines for Allergic Dis
eases" to indicate that vaccines (allergen extracts) which 
modify or down regulate the immune response for allergic 
diseases are part of this broad based category of therapies 
developed to treat other immunological diseases (2466). 

8-3-2- Treatment strategy 

The treatment strategy of allergic rhinitis implies 
symptom reduction by drugs and attempts to interfere in 
the inflammatory cascade by anti-inflammatory drugs or 
specific immunotherapy. The relative advantage of these 
two different interventions 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 further 
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 time 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 of allergic disease and the 
need for anti-allergic drugs, consequently improving the 
quality of life for allergic patients (2473). 

A significant proportion of rhinitis 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 IgE-mediated inflammation should therefore be 
seen as a multi-organ disease and specific immunothera
PY should be based on the allergen sensitisation rather 
than on the specific disease (2466). 
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In 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 rhinoconjunctivitis (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, standardised 
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 are 
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 are used. Among them are the following: 
• IU (international unit), 
• AU (allergy unit), 
• BAU (biological allergy unit), 
• BU (biological unit), 
• IR (index ofreactivity), 
• TU (therapeutic unit). 

In the European Pharmacopeia, allergen preparations 
for specific immunotherapy include (2476): 
• unmodified vaccines, 
• vaccines modified chemically (e,g, formaldehyde 

allergoids), 
• vaccines modified by adsorption onto different carri

ers (so-called depot-vaccines). 

Modified and depot vaccines have been developed to 
make specific immunotherapy more effective and to 
reduce the risk of side effects. · 

Allergen vaccines should be marketed only if their 
potency, composition and stability have been document
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 
mite 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 (24 79). The mechanisms of specific 
immunotherapy are complex (2480, 2481) and may dif-
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fer depending on the allergen (venoms or inhalant aller
gens) and the route of immunisation. 
• Early studies focused on immunoglobulin levels (lgE, 

IgG 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 confirm this hypothesis. 

• Newer studies suggest that specific immunotherapy 
acts by modifying T-cell responses either by immune 
deviation (increase in Th0/Thl), by T-cell anergy 
(decrease in Th2(Th0) or, more likely, by both (2486-
2489). The role of IL-10 may be of importance (2490). 

• Systemic and local increases in cos+ cells have also 
been observed (2491). 

• Specific immunotherapy also reduces inflammatory 
cell recruitment and activation as well as mediator 
secretion (2492-2495). 

• The mechanisms of local immunotherapy are still 
unclear, but a systemic effect is likely since serum 
immunoglobulin changes can be seen. The role of this 
form of treatment on the Thl(Th2 cytokine network 
needs further studies (2496). 

8-3-5- Clinical efficacy 

8-3-5-1- Subcutaneous immunotherapy 
Irnmunotherapy 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). It 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 µg 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 difficulty. 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 irnmunotherapy should be continued. 

The efficacy of subcutaneous specific immunotherapy 
has been documented in most double-blind, placebo
controlled studies 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), 
• cat. Many studies found that bronchial symptoms 

improve during cat specific immunotherapy (2536-
2541), but 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). There 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). 

In 43 placebo-controlled, double-blind studies, subcuta
neous specific immunotherapy was compared with place
bo treatment. lrnmunotherapy 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 carried out in allergic 
rhinitis (and often 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 immunotherapy 
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 carried 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 irnmuno-ther
apy was found to be slightly less effective than subcuta
neous specific irnmunotherapy, but still showed a clinically 
relevant efficacy (2570). However, new data are pending 
and no firm conclusion concerning the relative efficacy of 
both forms can be drawn before the results of these studies. 

8-3-5-4- Oral immunotherapy 
The efficacy of oral specific immunotherapy 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 serious anaphylactic 
reactions is lower in rhinitis patients than in asthma 
patients (2466, 2579, 2580). 
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In a recent review (2543), approximately 20% of the 
studies on immunotherapy efficacy did not provide 
information about side effects. In about 20% of the stud
ies, no systemic side effects were reported. In all the 
studies, the mean frequency of systemic side effects was 
14%, 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 an~ 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 incorrect administration of allergen vaccine). 

In one study with sublingual specific immunotherapy, 
some serious systemic side effects (asthma, urticaria and 
gastrointestinal 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 procedure appeared to be well tolerated in children 
(2584). 

Since local specific immunotherapy is self-administered 
at home, patients should be informed of the potential 
risks of a systemic reaction and how to treat such a reac
tion should it occur (2466). 

8-3-7- lmmunotherapy alters the natural 
course of allergic disease and may prevent 
asthma 

Although drugs are highly effective and usually well 
tolerated, they only represent symptomatic treatment. 
Specific immunotherapy is the only treatment that may 
alter the natural course of the disease (2466). 

Long-term efficacy of specific immunotherapy after it 
has been stopped has been shown for sub-cutaneous spe
cific immunotherapy (2585-2589). In one study (2589), 
under double-blind, placebo-controlled conditions, 3-4 
years of grass pollen immunotherapy remained effective 
for at least 3 years after the discontinuation of the injec
tions. In both the group 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 confirm prolonged clinical ben
efit and provide evidence of decreased immunological 
reactivity for at least 3 years after the discontinuation of 
imrnunotherapy for pollen-induced seasonal allergic rhini
tis. In the study concerning ragweed-sensitive patients by 
Naclerio et al. (2588), the discontinuation of immunother
apy was accompanied by a partial recrudescence 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 immunotherapy needs to be prescribed by specialists 
and administered by physicians trained to manage systemic 
reactions if anaphylaxis occurs. 

Patients with multiple sensitivities may not benefit from 
specific immunotherapy as much as patients with a single 
sensitivity. More data are necessary. 

Patients with non-allergic triggers wilJ not benefit from 
specific immunotherapy. 

Specific immunotherapy is more effective in children and 
young adults than in later life. 

It is essential, for safety reasons, that patients should be 

asymptomatic at the time of the injections because lethal 
adverse reactions are more often found in asthma patients 
with severe airways obstruction. 

FEY 1 with pharmacological treatment should reach at least 
70% of the predicted values, for both efficacy and safety 
reasons. 

From (35) 

diate allergen-induced responses, even though there was a 
continued suppression of symptoms. In 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 years (2587). Long-term efficacy still has to be docu
mented for local specific imrnunotherapy (2590). 

Specific immunotherapy is used to improve the symp
toms of allergic diseases but it may have a preventive effi
cacy. Allergic sensitisation usually begins early in life and 
symptoms often start within the first decade. It has been 
shown that specific immunotherapy is less effective in 
older patients than in children. In addition, inflammation 
and remodelling of the airways in asthma indicates a poor 
prognosis for effective treatment with specific immuno
therapy (2591). Moreover, if specific immunotherapy is 
used as preventive treatment, it should be started as soon as 
allergy has been diagnosed (2472). 

To determine whether specific immunotherapy with 
standardised allergen vaccines could prevent the develop
ment of new sensitisations over a 3 year follow-up survey, 
a prospective non-randomised study was carried out in a 
population of asthmatic children aged under 6 years whose 
only allergic sensitivity was to house dust mites (2592). In 
this study, 22 children who were monosensitised to house 
dust mites and who were receiving specific immunothera
py with standardised allergen vaccines were compared 
with 22 children of the same age who were monosensi
tised to house dust mites and who were taken as controls. 
Approximately 45% of the children receiving specific 
immunotherapy did not develop new sensitivities com
pared to none in the control group. This study suggested 
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TABLE 19: Considerations for initiating immunother

apy. From the WHO Position Paper on Allergen Vac

cines 

1- Presence of a demonstrated JgE-mediated disease: 
- positive skin tests and/or serum specific lgE 

2- Documentation that specific sensitivity is involved in 
symptoms: 
- exposure to the allergen(s) determined by allergy testing 
related to appearance of symptoms 
-.if required, allergen challenge with the relevant 
allergen(s) 

3- Characterisation of other triggers that may be involved in 
symptoms 

4- Severity and duration of symptoms: 
- subjective 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 with ~-blocker 
- other immunological disease 
- inability of patients to comply 

8- Sociological factors: 
- cost 
- occupation of candidate 
- impaired quality of life despite adequate pharmacological 
treatment 

9- Objective evidence of efficacy of immunotherapy for the 
selected patient (availability of controlled clinical studies) 

Adapted from Bousquet J, Lockey R, Malling H. WHO position paper. 
Allergen Immunothcrapy: therapeutic vaccines for allergic diseases. Aller
gy l 998;53(suppl 54). With permission from Blackwell Science Ltd. 

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 different allergens showed that 28% of children 
receiving specific 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. 

It 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 be 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, pharmacother
apy and immunotherapy. Certain factors must be consid
ered before beginning immunotherapy (2466): 
• demonstration that the disease is due to an- lgE

mediated allergy (Table 19), 
• determination 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 duration of each form of treatment, 
• risk incurred from the allergic diseases and the various 

forms of treatment. 
• finaUy, assessment of the patient's attitude to treating 

symptoms versus trying to interfere with the patho
physiology of the disease, and discussion with the 
patient of treatment 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 artifi,cial separation has led to unresolved questions 
(2596, 2597), possibly because the IgE-mediated reac
tion has not been considered as a multiple organ involve
ment. It is therefore important to consider specific 
immunotherapy based on 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 
the duration of the disease, implying that attempts to 
interfere with the natural course of the 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 drug 
treatment 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 benefits 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 after the age of 5 
years (1461, 2466, 2468). 

8-3-8-2- Subcutaneous immunotherapy 
Injection specific immunotherapy is indicated (2466): 

• in carefully selected patients with rhinitis, conjunctivi
tis and/or asthma caused by pollen, house dust mite or 
cat allergy. lmmunotherapy is indicated when asthma 
during the pollen seas.on complicates rhinoconjunc
tivitis. British guidelines on immunotherapy state that 
patients with chronic asthma should not receive 
immunotherapy (2470), but this is the only country 
with such a recommendation. 

• in patients in whom HI-antihistamines and intranasal 
pharmacotherapy insufficiently control symptoms, 

• in patients who do not wish to be on pharmacotherapy, 
• in patients in whom pharmacotherapy produces unde

sirable side effects, 
• in patients who do not want to receive long-term 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 

pharmacotherapy, 
• patients who have presented with systemic reactions 

during injection specific immunotherapy, 
• patients showing poor compliance with or refusal to 

injections. 

However, the dose of vaccine should be far higher than 
for subcutaneous immunotherapy 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 effects reported in 
one paper, sublingual specific immunotherapy was not 
recommended in children. Several other papers have 
now been published and pharmacosurveillance data 
have shown that sublingual 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 uncontrolled by pharmacotherapy 

and/or patients with irreversible airways obstruction 
(FEV1 is consistently under 70% of predicted values 
after adequate pharmacological 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 of 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 patients 
with rhinitis predominantly induced by dominating 
allergens. 

• Immunotherapy should be initiated early in the disease 
process to reduce the risk of side effects and to prevent 
the further development of severe disease. Arguments 
for specific immunotherapy are: 
• Insufficient response to conventional pharmacotherapy, 
• side effects from drugs 
• rejection of drug treatment. 

• Injection (subcutaneous) specific immunotherapy 
may be used in severe or prolonged allergic rhinitis 
(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, 
pharmacotherapy (2598) and specific immunotherapy. 

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 HI
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. 

It is apparent from the review on allergen avoidance 
that little has been formally undertaken to assess the ben
efits of this in allergic rhinitis, particularly perennial 
allergic rhinitis associated with sensitisation to indoor 
allergens. The widespread benefit of such an approach is 
appealing and warrants the initial cost if proven to be 
helpful, whereas such an initiative purely 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 a:lso 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, Novartis Pharma AG 
and Tanox Biosystems, have focused their efforts 
towards the strategy of anti-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 the treatment of rhinitis 
and asthma. 

A monoclonal antibody was raised against the Ce3 
domain of IgE molecules (MAEl 1). This region of the 
IgE molecule is involved in the binding of IgE to its 
receptors (FceRI). The complexing of free IgE with 
MAEl 1 prior to the linking with FceRI prevents cross
linking of receptors (via antigen). It also prevents acti
vation of mast cells and basophils (2599). MAE11 
binds only to free IgE and not to FceRI bound IgE. 
Thus, MAEl 1 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. MAEl 1 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 FceRI expression on basophils and 
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mast cells is regulated by levels of circulating IgE anti
bodies. Treatment with the anti-IgE MAb decreased 
free IgE levels to 1 % of pre-treatment levels and also 
resulted in a marked down-regulation of FceRI on 
basophils (2602). This effect is reversible in vitro and in 
vivo (2603). 

Another chimeric anti-IgE antibody has been raised 
and was found to have similar properties in animals 
(2604, 2605). 

A study was carried out using rhu-Mab-E25 mAb 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%. 
Other data are therefore needed using the proper dose. 
The efficacy, pharmacodynamics and pharmacokinetics 
of CGP 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 
study, 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 confirmed 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 critical since these diseases are rarely 
lethal. Short-term safety was examined in three studies. 
CGP 51901 was well tolerated and only one subject had 
a weak antibody response against the mAb (2612). Rhu
MAb-E25 has been administered to over 3,000 patients 
for periods of up to one year and no serious adverse event 
has occurred. 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 studies. 

8-4-1-2- Inhibition of eosinophjlic inflammation 
Many novel treatments for asthma are based on an 

inhibition of eosinophil development or tissue recruit
ment. Such approaches include: 
• monoclonal antibodies against IL-5 (2613, 2614), 
• soluble IL-4 receptors (2615), 
• inhibitors of chemokines such as RANTES and eotax

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 inhibitors 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 
eosinophil recruitment, there is little evidence to link 
eosinophil recruitment 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 rhinitis. 

8-4-1-3- Inhibition of allergic inflammation 
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. The 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 of T-cell activa
tion are under 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: 
• recombinant allergens (2625, 2626), 
• peptide vaccines (2627-2629), 
• the use of IL-12 as an ad juvant with specific 

immunotherapy, 
• bacterial or mycobacterial products to stimulate Thl 

response (2630-2632) 
• 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 
seaso_nal allergic disease. Any treatment for allergic 
rhinitis alone will have to measure up to intranasal glu
cocorticosteroids or HI-antihistamines. New HI-antihis
tamines may be produced since the Hl-receptor has 
recently been cloned and 3D structures have been 
deduced (1686). 

Glucocorticosteroids are the most effective anti
inflammatory treatment for asthma and rhinitis but more 
effective or safer products are needed (2636). Dissociated 
glucocorticosteroids may be of interest (2637). There may 
well be differences in systemic bioavailability between 
different intranasal glucocorticosteroid preparations. 

One area currently under evaluation is the role of 
leukotriene receptor antagonists, 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 are 
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 pharmaco
logical intervention will help clarify is that of the role of 
neuropeptides 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 fibres and may destroy cells of the c-afferent (2642) 
or deplete neuropeptides (81). Intranasal capsaicin was 
shown to be an effective treatment when used for up to 9 
months in patients with non-allergic rhinitis (954, 1613). 

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 traditional narrative 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 (2643). 

Increasing attention should be being paid to the 
methodology of guideline development and 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 an increasingly impor
tant concept which may become a new paradigm in med
icine (2644). It is the ability to track down, critically 
appraise (for its validity and usefulness) and incorporate 
the information obtained from randomised trials in order 
to establish the clinical bases for diagnosis, prognosis 
and therapeutics (41). The increasing influence of EBM 
is due partly to the work of the Cochrane Collaboration. 
The importance of this collaboration needs to be stressed 
even though it has lead to some criticisms (2645-2648). 

Evidence-based medicine is attractive in its simplicity 
and few would argue with the philosophical concept. The 
reality of its application in primary care may however be 
rather different. It may be difficult to interpret evidence 
when it is available and to apply this evidence during 
consultation. Systematic reviews, which neither 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: 

Ia: evidence for meta-analysis of randomised controlled trials 

lb: evidence from at least one randomised controlled trial 

Ila: evidence from at least one controlled study without ran-
domisation 

lib: evidence from at least one other type of quasi
experimental study 

III: evidence from non-experimental descriptive studies, such 
as comparative studies, correlation studies and case
control studies 

IV: evidence from expert committee reports or opinions or 
clinical experience of respected authorities, or both 

Strength of recommendations: 

A: directly based on category I evidence 

B: directly based on category II evidence or extrapolated 
recommendation from category I evidence 

C: directly based on category III evidence or extrapolated 
recommendation from category I or II evidence 

D: directly based on category IV evidence or extrapolated 
recommendation from category I, II or III evidence 

From BMJ \999;318:593-6, with pennission from the BMJ Publishing 
Group. 

ences underlying recommendations explicit, offer inter
mediate rigour recommendations (2643). Moreover, very 
few meta-analyses are available for the management 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. Every 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, this initial primary care visit is 
essential. Guidelines for the primary care physician in 
diagnosing and treating rhinitis as well as in referring 
patients to allergy specialists were described (2652). 

8-5-2.- Development of guidelines for rhinitis 

The 1994 guidelines (1) 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. 

In 1999, the EAACI proposed new guidelines (3) and, 
unlike the 1994 guidelines (1), not only mild and moder
ate cases are considered but also severe ones. These 
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guidelines are consequently also aimed at the general 
practitioner and the specialist. There are general remarks 
about "how to interpret" 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 1999. 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 et al. (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 most interventions, placebo-controlled studies are 

available, 
• there is evidence that neither physician nor patient can 

easily distinguish between an effective and an ineffec
tive procedure for allergic disease without performing 
a proper trial (2654). Although these considerations 
were issued for allergen specific immunotherapy, 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 Ia 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. 

• In Table 21, 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 lb using double-blind, 

placebo-controlled studies 
• lb DB: level of evidence lb using double-blind 

studies. 
• The strength of recommendation from A to D was 

based on Table 20 with a slight modification (Table 
22): 
• A: for meta-analyses (Ia) and for double-blind, 

placebo-controlled lb studies 
• A*: for double-blind lb studies. 

8-5-2-1- Definition of terms 
It is necessary to define "intermittent", "persistent", 

"mild" and also "moderate-severe" (Table 1 ). 
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TABLE 21: Level of evidence of different interventions in allergic rhinitis: Category of e v idence 

level of seasonal perennial perennial 

intervention evidence seasonal adults children adults children 

Allergen avoidance 

house dust mites IV 1641, 1643, 

cats, dogs IV 1648 

cockroaches IV 1649, 1650. 

outdoor allergens IV 
latex IV 1651-55. 

HI-antihistamine 

oral lb, DB-PC 1679, 1689, 1691, 1692, 1693, 1893, 1902, 1690, 1845, 1896, 1897 

1699, 1816, 1834, 1835, 1843, 1903, 2024 1847, 1872, 

1844, 1847, 1848, 1871, 1889, 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 lb, DB-PC 2055,2057-61, 2065, 2066,2068,2073. 2055, 2058-60. 2067, 2068. 2067, 2070. 

intra-ocular Ib, DB-PC 2074,2075, 2080,2081. 2075, 2076. 

Glucocorticosteroid Ib, 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 Ib, DB-PC 2284 

IM lb, DB-PC 2282 

Chromone 

intranasal Ib, DB-PC 1284, 1366, 2305-13, 2305, 2307-09, 2314-18 

2319-22, 2655. 2312, 2313, 2656-59. 

2319-23, 2325 

intra-ocular lb, DB-PC 2326-29, 2331, 2333 2327, 2328,2330 2329 

2336-41, 2660, 2661 2336, 2337,2340 

2341, 2345,2660 

NAAGA intranasal Ib, DB-PC 2348 

Decongestant 

intranasal no data 

oral no data 

Oral decongestant + lb, DB-PC 2380-82, 2386, 2388, 2380, 2386, 2388, 2384 

HJ-antihistamine 2389, 2391,2393 2390 

Anti-cholinergic intranasal Ib, DB-PC 2410 2410 

CysLT antagonist Ib, DB-PC 2422 

CysLT antagonist + lb, DB-PC 2422 

HI-antihistamine 

Anti-allergic drugs Ib, DB-PC 2424 

Homeopathy Ib, DB 2428 

Acupuncture no data 

Chiropractic medicine no data 

Phytotherapy no data 

Other alternative medicine no data 

Antibiotics no data 

Specific immunotherapy 

subcutaneous 

asthma la 2544 2544 2544 2544 

subcutaneous rhinitis Ib, DB-PC 2475,2479,2485, 2493, 2485, 2493 1609, 2530-35. 1609, 2533, 

+ conjunctivitis 2495, 2499, 2501 -29 2501-04. 2664. 

intranasal rhinitis lb, DB-PC 2545-59 2665 2561 

+ conjunctivitis 

sublingual rhinitis Ib, DB-PC 2560, 2562, 2563, 2566-69. 2563, 2566, 2571, 2572 

+ conjunctivitis 2583. 
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TABLE 22: Level of evidence of different interventions in allergic rhinitis: Strength of recommendation 
intervention seasonal adults seasonal children perennial adults perennial children 

Allergen avoidance 
house dust mites D D 
cats, dogs D D 
cockroaches D D 
outdoor allergens D D 
latex D 

Hl-antihistamines 
oral A A A A 
intranasal A A A A 
intra-ocular A A 

Glucocorticosteroid 
intranasal A A A A 
oral A 
IM A 

Chromones 
intranasal A A A 
intra-ocular A A A 

NAAGA intranasal (a) A 
Decongestant 

intranasal 
oral 

Oral decongestant+ HI-antihistamine A A A 
Anti-cholinergic intranasal A A 
CysLT antagonist A 
CysLT antagonist + HI -antihistamine A 
Anti-allergic drugs (a) A 
Homeopathy (a) A* 
Acupuncture 
Chiropractic medicine 
Phytotherapy 
Other alternative medicine 
Antibiotics 
Specific immunotherapy 

subcutaneous 
asthma A A A A 

subcutaneous 
rhinitis + conjunctivitis A A A A 

intranasal (b) 
rhinitis+ conjunctivitis A A A 

sublingual (b) 
rhinitis + conjunctivitis A A A 

A: lb DB-PC: level of evidence lb with double-blind, placebo-controlled studies. 
A•: lb DB: level of evidence lb with double-blind studies. 
a: Based on a single study. More data are needed. 
b: Recommendation only applied to high-dose vaccine. 

8-5-2-2- Availability of treatment 
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 treatment 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 affordable to 
the patient (on health insurance). 

8-5-3- The management of allergic rhinitis 

8-5-3-1- Pharmacological management of rhinitis 
8-5-3-1 -1- Mild intermittent disease ( conjunctivitis 

not considered) 
Options (not in preferred order) are: 

• oral or intranasal HI-antihistamines, 
• intranasal decongestants (for less than 10 days and not 

to be repeated more than twice a month), 
• oral decongestants (not usually recommended in children), 
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8-5-3-1-2- Moderate/severe intermittent disease (con
junctivitis not considered) 
• Options (not in preferred order) are: 

• oral or intranasal HI -antihistamines, 
• oral HI-antihistamines and decongestants, 
• intranasal glucocorticosteroids. The efficacy of 

short and repetitive courses has not been demon
strated by published 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 (conjunctivitis not 

considered) 
Options (not in preferred order) are: 

• oral or intranasal HI-antihistamines, 
• oral HI -antihistamines and decongestants, 
• intranasal glucocorticosteroids, 
• (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. 

• A stepwise approach is proposed. 
• The patient should 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). In the case of perennial aller
gy, symptoms may reoccur and a long-term treat
ment may be needed. In the case of seasonal allergy, 
a shorter course of treatment is required depending 
on the pollen season. 

• The patient has persistent mild symptoms and he 
(she) is under HI-antihistamines or chromones: 
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 not considered) 
1- A stepwise approach is proposed. 
2- It is advised to use intranasal glucocorticosteroids as a 

first-line treatment. 
3- If the nose is very blocked: 

• a short course (e.g. one to two weeks) of oral gluco
corticosteroids may be added 

• alternatively, 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: 
• inadequate compliance, 
• patient (or doctor) misunderstanding 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), 
• double the dose of intranasal glucocortico

steroids if the major symptom is blockage, 
• add: 

• HI-antihistamines if the major symptoms are 
sneezing, itching or rhinorrhea, 

• ipratropium bromide if the major symptom is rhi
norrhea, 

• oral HI -antihistamine and decongestant. 
• If the patient does improve, a step down approach 

should be used (mild persistent disease). 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- Referral to a specialist may be considered: 
• if the treatment is not fully effective, 
• if the duration 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 HI-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 carried out. 

8-5-3-3- Preventive treatment 
8-5-3-3-1-Avoidance of allergen and trigger factors 
Although there is no definite demonstration that aller-

gen avoidance measures are effective in the treatment of 
rhinitis, it is indicated when possible. 

8-5-3-3-2-Allergen specific immunotherapy 
Specific immunotherapy has a place in patients who 

have a demonstrable lgE mediated disease and who 
either have a long duration of symptoms or in whom 
pharmacotherapy is not effective or induces side effects. 

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 (1) and asthma (36). It seems that this 
form 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
s·olved issues (2596, 2597) possibly because the allergen
induced IgE-mediated reaction has not been considered 
to be a multi-organ disease. It is therefore important 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 drug is administered 
directly into the target organ (see chapter 8-2-1) (1, 36). 
Moreover, some drugs like cromoglycate or nedocromil 
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 drugs 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 treatment of rhinitis and asthma when used topically 
in the nose and bronchi. At large doses of inhaled gluco
corticosteroids, side effects have been reported (2172) 
whereas it appears that intranasal administration is safer 
(2171 ). One of the problems of dual administration 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 any further significant suppression 
of mean values. However, there were more individual 
abnormal 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 glucocortico
steroids was found to improve asthma moderately in some, 
but not all, studies (2666). Symptoms (2275, 2667) and 
pulmonary function tests (2667) Were improved and 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 treat
ment in patients with both asthma and rhinitis, especially 
when conventional inhaled therapy is associated with side 
effects. These data suggest that treating nasal inflamma
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 to be clarified. 

Less is known about the effects on nasal disease by 
inhaled (intra-bronchial) treatment with glucocortico
steroids. A study examined effects on nasal allergic dis
ease of inhaled budesonide (avoiding nasal deposition of 
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the drug) in patients with seasonal allergic rhinitis but 
without asthma (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- Orally 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, drugs 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, pulmonary function and 
quality of life in patients with seasonal allergic rhinitis 
and concomitant mild asthma (2393). Azelastine 8 mg is 
marketed in some countries for asthma. 

Leukotriene modifiers were shown to be effective in 
controlling the symptoms of mild to moderate asthma, and 
some limited studies have suggested that, in association 
with oral HI-antihistamines, they may be effective in the 
treatment of rhinitis. Anti-leukotrienes therefore have the 
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 HI-antihistamine pro
duces a predominant inhibition of allergen-induced early 
and late-phase airway obstruction in asthmatics (2676). 
This suggests an enhanced effect of anti-leukotrienes in 
asthma when associated with HI-antihistamines. 

Theophylline was found to reduce nasal inflammation 
(2677). It has also been observed that theophylline can 
reduce bronchial hyperresponsiveness in patients with 
allergic rhinitis (1273) but there are no controlled data 
concerning the therapeutic effect of this drug on nasal 
symptoms. 

Oral glucocorticosteroids are highly effective in the 
treatment of rhinitis and asthma b1,1t side effects are com
mon after long-term use. 

8-6- PAEDIATRIC ASPECTS 

Allergic rhinitis is part of the "allergic march" during 
childhood (2678). Positive skin prick tests and specific 
IgE antibodies to food allergens are most prevalent dur
ing the first and second years of life. However, specific 
IgE and positive skin prick tests to inhalant allergens 
develop after the second year of life as do the symptoms 
of allergic asthma and allergic rhirtoconjunctivitis 
(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 sinuses (ethmoid, maxillary, 
sphenoid and front~!) begin to develop during late fetal life 
and continue to develop for two decades after birth, They 
fo1m 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- Pharmacological treatment 

The principles of the treatment are the same as in 
adults, but special care has to be taken to avoid the side 
effects which are typical in this age group (3, 40), 
Dosages have to be adapted and some special considera
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 appropriate 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 
cognitive functions of pre-school and school children in 
relation to the general malaise caused by rhinitis and in 
relation to the antihistamine treatment (18), 

Oral glucocorticosteroids and depot-preparation 
should be avoided in the treatment of rhinitis in young 
children. Intranasal glucocorticosteroids are the most 
effective treatment of allergic rhinoconjunctivitis but the 
fear of systemic side effects, albeit rare, should always be 
considered in children. Modem intranasal glucocortico
steroids are much less absorbed (bioavailability <30%) 
and the minimal dose needed to control symptoms 
should be used. Intranasal glucocorticosteroids with high 
bioavailability such as betamethasone should not be used 
in children (2163). One special concern is the effect upon 
growth and growth velocity. A recent study found no 
short-term effect from intranasal budesonide and mome
tasone furoate (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 
glucocorticosteroid preparations have a clear effect on 
growth and growth velocity (2686), 

The use of Hl-antihistamines is important for the 
treatment of rhinitis in children. Classical oral Hl
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 Hl-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
mines, though they differ to some degree. Focus has been 
put upon the cognitive effect 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 Hl
antihistamines counteracts the feeling of malaise caused 
by allergic rhinitis and may improve learning ability in 
allergic rhinitis (18). Interactions with the cytochrome 
P450 may reduce the metabolism of the Hl-antihista
mines metabolised in the liver. Macrolide antibiotics, 
commonly used in children, may have this effect. 

The use of intranasal antihistamines like levocaba
stine, azelastine and antazoline has the benefit of almost 
no side effects. However, although there is a beneficial 
effect upon symptoms in the organ to which they are 
administered, they usually have little effect elsewhere. 
These drugs are useful in children with symptoms limit
ed to the nose or the eyes (2061). 

Disodium cromoglycate has been one of the common 
drugs used for allergic rhinoconjunctivitis in children. 
Both DSCG and nedocromil sodium were found more 
effective than placebo, but DSCG was found to be less 
effective than intranasal glucocorticosteroids or Hl
antihistamines, It is important to note that in children, 
these drugs 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 randomised 
double blind trials, DSCG has been demonstrated to be 
less effective than both intranasal levocabastine and 
intranasal glucocorticosteroids, 

Nasal saline drops or spray can help to clear the nose 
before eating or sleeping. The treatment of allergic rhini
tis in small children under the age of 4 again depends on 
allergen avoidance, but DSCG and oral HI -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 glucocorticosteroids may be used in 
children over the age of 5 years. 

8-6-3- The relationship between rhinitis and 
asthma 

Allergic rhinoconjunctivitis is often a precursor of 
bronchial asthma in children. Often, allergic rhinocon
junctivitis and asthma occur simultaneously in children. 
The treatment of allergic rhinoconjunctivitis with 
inhaled glucocorticosteroids may also improve asthma 
(25, 2690). It is not known whether an early anti
inflammatory treatment in allergic rhinitis may influ-
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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 
results 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 (1741, 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 Committee. 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 agonists are often 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
tions cross the placenta. The risk of malformation of the 
foetus represents a major fear. In studies concerning ter
atogenicity in animals, the apparent safety of medication 
in healthy adults or the chemical structure of a drug do 
not formally eliminate toxicity in a fretus. Moreover, 
these limited studies have been done only on small 
groups without long-term analysis. 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 fretus. 
Generally, treatment does not cause any problem (74, 
2378, 2693-2695). Moreover, there are differences in 
regulations between countries. 

8-7-2- Specific considerations 

With regard to anticholinergic agents, there is no exist
ing teratogenicity in animals. Atropine passes through 
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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 malformation·s), no abnormality 
has been found in humans. The increased risk of 
growth retardation in utero, in the case of prolonged 
systemic corticotherapy, seems to be 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 et al. (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 al. (2698) did not find any matemo
fretal side effects in 40 pregnant asthmatic women who 
were treated with beclomethasone. 

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 there are no prospec
tive studies available. Schatz and Zeiger (2693) propose 
the use of cromones as a first-line treatment for 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 the 
crossing of the placental barrier make the avoidance of 
their prescription necessary during pregnancy. Some 
first-generation antihistamines ( e.g. brompheniramine, 
promethazine, diphenhydramine and hydroxyzine) were 
shown to be teratogenic in animals (2700, 2701). A 
prospective matched-case control study of hydroxyzine 
and cetirizine was carried out in pregnancy and no side 
effects were found (2702). 

Concerning specific immunotherapy, Metzger et al. 
(2703) have proved its safety by a study in 121 pregnant 
women each receiving specific immunotherapy for aller
gic rhinitis. It is advisable, however, not to increase the 
dosage during pregnancy in order to avoid any possibili
ty of an anaphylactic accident. It is also advisable not to 
begin sp<ecific immunotherapy for allergic rhinitis during 
pregnancy (2466). 

8-8- THE ELDERLY 

With aging, multipie physiological changes occur in 
the connective tissue and vasculature of the nose which 
may predispose or contribute to chronic rhinitis (2704). 
The accurate differentiation between allergic and non
allergic causes of rhinitis requires skin testing or in vitro 
measures of specific lgE. Empirical treatment with 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). 



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 (37). 

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 trust with, and 
confidence in, the physician. It 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 comorbid 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. 



10- Prevention of rhinitis 

There is a general misconception that the same factors 
involved in the induction of allergy are also likely to incite 
disease once established. However, this is not necessarily 
the case. Thus, strategies for primary prevention or pro
phylaxis may be very different to those required for the 
management of established disease. Using the analogy of 
prophylaxis for tuberculosis, prevention can therefore be 
divided into primary, secondary and tertiary intervention: 
• Primary 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 sensitisation to allergens but not yet 
any evidence of disease in the upper respiratory tract. 

• Tertiary prophylaxis will be preventive strategies for 
the management of established allergic rhinitis. Most 
published work comes from tertiary 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. Indeed, allergen specific cellular 
responses can be identified as early as 20-22 weeks of 
gestation. As pregnancy is a Th-2 (allergy biased) phe
nomenon modulating the mother's immune response to 
foeto-paternal antigens (2708), it is perhaps not surpris
ing that a high percentage of newborns 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 introducing primary prophylaxis 
during pregnancy in high risk families. 

There is considerable concern that 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 evidence to suggest that high dose exposure 
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 (2710). 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 required. 

10-2- SECONDARY PREVENTION 

Much of the early efforts of allergen avoidance have 
focused on infant feeding and, in particular, an early 
avoidance of cow's milk protein and sometimes egg, fish 
and nuts. Most studies have commenced 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. How
ever, continued follow-up has shown a diminishing 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 
effort was not justified by the outcome (2712). Further
more, there is limited evidence that early dietary manipu
lation may be a risk 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, 
1618). However, recent studies suggest that, in contradis
tinction to what had previously been published, the avoid
ance of early cat exposure does not prevent allergy (2714, 
2715) and that early contact with cats and dogs may pre
vent allergy more effectively than avoidance (217). 

These controversial 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-1 non
allergy immune response; this approach may be promising. 
This might be achieved by high exposure to relevant aller
gens as opposed to normal low dose exposure. It may be 
facilitated by the utilisation of fusion proteins combining 
allergen and cytokines such as IL-12 which will induce a 
Th-I 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 8-1. 

S257 



11- Quality of life 

Quality of life (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. In the last decade, an increasing effort 
has been made to understand the socio-economic burden 
of rhinitis in terms 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 of life 
(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 mental functioning including vitality and the percep
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 questionnaires 
Generic questionnaires measure physical, mental and 

psycho social functions in all health conditions irrespective 
of the underlying disease and can be used in the general 
population. These include the Sickness Impact Profile, the 
Nottingham Health Profile and the Medical Outcomes Sur
vey Short Form 36 (SF 36). The SF36 has been used to 
characterise patients with perennial rhinitis (16, 109) and to 
evaluate the effects of a non-sedating HI-antihistamine on 
quality of life (1899). The advantage of generic instru
ments is that the burden of illness across different disorders 
and patient populations can be compared. The 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 (2718). 

11-1-1-2- Disease-specific questionnaires 
Specific instruments have been designed by asking 

patients what kind of problems they 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 instruments. 

Specific instruments for different age groups of patients 
with rhinitis have also been developed. The Rhinocon
junctivitis Quality of Life Questionnaire (RQLQ) (2717) 
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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 has been developed covering patients aged 12-
17 years (2720). This questionnaire is a slightly modified 
version of the adult version, as 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 glucocorticosteroids (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 results of studies 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 lesser extent, in 
patients suffering from seasonal allergic rhinitis (2730), 
suggesting that a prolonged allergen exposure was 
impairing QOL more than a seasonal exposure. Howev
er, although QOL questionnaires are 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 severe 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 
surgery 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 3I
item Rhinosinusitis Outcome Measure (RSOM-3I) 
(2735) have been introduced. 

The impact on social life of recurrent 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 parental quality of 
life (2736). 

11-1-4- Evolution of HRQL during 
interventions 

When using HRQL outcomes in clinical trials, the ques
tion arises as to whether a change in HRQL is clinically 
important. It has been shown that in QOL instruments 
which use 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, differences can be found. In a study 
evaluating the combined effect of glucocorticosteroids 
and HI-antihistamines, no differences were seen in terms 
of QOL between patients treated with HI-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 
chronic 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 primary 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 contribute to learning prob
lems during school hours either by direct interference or by 
nocturnal sleep loss resulting in daytime fatigue (19, 1426). 
Seasonal allergic rhinitis may be associated with a reduced 
ability to learn. Treatment with sedating HI-antihistamines 
will aggravate these problems, whereas treatment with non
sedating Hl -antihistamines will only partially reverse the 
limitations in learning (18, 2738). Recently, in an open sin
gle-blind study carried out over 6 months in 113 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 HI-antihistamines, work productivity is 
reduced even further (20). In the U.S., allergic rhinitis 
results in approximately 8I 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 work, 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 sedatlllg antihistamines are more likely to sustain 
occupational injuries (odds ratio 1.5). 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 56% of the patients with a diagnosis of occu
pational rhinitis continued to do the same job, 13% were 
doing a different 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 care costs justifies the increasing inter
est for cost-effectiveness studies. Not only the efficacy of 
treatment has to be demonstrated 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 difficult to incorporate the generic SF-36 or 
disease specific HRQL scores into cost-effectiveness 
analyses. To that purpose, utilities such as the Standard 
Gamble, Feeling Thermometer have been developed 
measuring the value that patients themselves place on 
their own health status. Alternatively, 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 incorporated into cost-effectiveness studies. 

Utility instruments are 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 com
paring medical treatment for rhinitis (2743). More 
research is however needed to validate this instrument. 

11-5- PERSPECTIVES FOR THE 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 moderate 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 not 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, there is 
a need for a specific instrument measuring QOL in patients 
with both asthma and rhinitis and, if appropriate, this ques
tionnaire may be used as a primary outcome variable in clin
ical trials. 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 been raised against the proliferation of instruments 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 "sharpening" 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. 



12-The social economic impact of 
asthma and rhinitis 

Asthma and rhinitis 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 long-term impact of a condition that often 
affects daily functioning. They are frequently required 
to make choices on how to re-allocate their personal and 
family resources---originally dedicated to daily needs 
such as food, clothing and 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 examining the economic impact of rhinitis also pro
vide compelling evidence of its substantial impact. 

12-1- THE IMPACT OF ASTHMA AND 
RHINITIS 

Asthma and allergic 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 are 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 (11,261,912, 2746). 

Tti_e global burden of these conditions is reflected in 
the use of health care resources and loss of productivity 
due to illness-related disability. Costs of illness studies 
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-medical losses as a consequence of the 
illness (indirect costs). Standard methods exist for placing 
an incremental economic value on direct medical care 
costs and indirect non-medical costs. Intangible costs, 
specifically 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 international costs of ill
ness studies for asthma (36, 2748-2755). Total costs of 
asthma vary notably, from a low of 433.5 million to a 
high of 6.4 billion annually 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 of these cost of illness studies is that emergency care 
and hospitalisation-generally thought to be avoidable 
events-are a large cost component of care. 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 burden associated with asthma morbid
ity cannot be overstated. It is estimated that childhood 
asthma accounts for over seven million days restricted to 
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 (2757). 
Asthma also affects family activities. Families with chil
dren who have asthma report that this illness influences 
a range of decisions concerning holidays, pets, furnish
ings, carpets, lifestyle and household spending (2758-
2760). Also, these studies clearly indicate how morbidi
ty associated with work loss due to the care of a child 
with asthma 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 
for 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 Africa suggests that expenditures per 
person affected with asthma may be as low as $10 US 
annually, which is far below that of other countries stud
ied to date (36). The results from this study suggest the 
importance of understanding the costs of illness in non
industrialised countries. 
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12-4-THE COSTS OF ILLNESS FOR RHINITIS 

The literature characterising 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 1994, 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 (21). It is interesting to 
note that only approximately five million of these persons 
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 
this condition with other conditions such as asthma (21). 

A study of the direct medical costs of illness for US 
children with and without asthma 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 upper 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 1.15 Billion$ including direct and 
indirect costs as well as OTC costs. The average annual 
expenditure 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 concomitant allergic rhinitis than for those 
with asthma alone, accounting for age and sex (32). 

12-5- SEARCHING FORTHE 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 alternative treatments on resources and costs of 
care. Costs of illness studies, such as those described above, 
provide information on the overall disease burden. Howev
er, other pharmacoeconomic 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 which 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 controlled research 
conditions. These studies often involve very select patient 
populations, making them efficient study designs but not 
very generalisable. Studies of clinical effectiveness 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). Improvements to the early studies of effectiveness 
have led to the "cost-effectiveness" study design. This type 
of study design provides information on the effectiveness 
of various interventions in relation to the efficiency of 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 treatment is more effective but also more 
costly. Third, is an uncertain situation where the treat
ment is less effective but less costly. In the fourth, called 
the dominant 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 
unnoticed in the areas of asthma and rhinitis (36, 2769). 
While the cost-effectiveness literature has so far princi
pally targeted asthma, well-designed pharrnacoeconornic 
studies on the treatment of rhinitis are likely to be forth
coming. To date, there are no clear dominant cost
effective treatment strategies for either asthma or rhinitis. 
However, there are studies to suggest that the use of 
inhaled glucocorticosteroids for persons with persistent 
asthma are reasonably cost-effective in comparison to 
using only rescue beta-agonist therapy. Yet, even these 
studies reflect only Europe and the U.S. Health econom
ic studies of asthma and rhinitis treatment do not exist for 
m~y 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 such 
as asthma and rhinitis, as well as communicable dis
eases, and must also consider needs for health promo
tion and disease prevention. 
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1Therefore, in order to reduce the global burden of 
asthma and rhinitis, it will be necessary to first identify 
the degree of community-specific disease burden, and 
then establish credible justification for the re-allocation 
of health care resources. The costs and benefits of 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 must 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 
treatment strategies 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 seek 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 care. It is essential to further understand 
the value of such non-traditional approaches in compari
son to allopathic care and its accompanying newer phar
macotherapeutic approaches. 

12-7- CONCLUSIONS 

Millions of persons suffer physical impairments, reduc
tions in quality of life and economic consequences associ
ated with asthma and rhinitis. Health economic studies 
have helped to characterise 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 increasing 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. 



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.
eases. 

• In these studies, the epidemiological definition of 
rhinitis should be refined. 

• Objective measures for assessing nasal obstruction 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 this 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 carried 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 children 
with rhinitis alone. It may be difficult to study 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 rhinitis and asthma? 
There are genes which are important for bronchial hyper
reactivity but we do not know whether the susceptibility 
gene polymorphism differs between patients with rhinitis 
alone and asthma. However, the characterisation of the 
phenotype should be very precise in these genetic studies. 
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At present, response to anti-allergic/asthmatic treat
ment is very heterogeneous and may be due, at least part
ly, to genetic polymorphism. It should be checked whether 
genetic polymorphism differs in rhinitis 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 an:d the 
bronchi of asthmatics, more data are needed to confirm 
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 

bronchi and vice-versa? 

13-6- IS THERE REMODELLING OF THE 
NOSE? 

Research is needed. 

13-7- INFLUENCE OF SINUSITIS AND 
POLYPOSIS ON ASTHMA 

Many papers have attempted to study the causal links 
between asthma, sinusitis and nasal polyposis. However, 
the methodology is extremely difficult and no firm con
clusion could be drawn from these studies except in 
aspirin sensitivity. Carefully designed prospective stud
ies are 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 function of the 
nose in protecting the lower airways from cold and dry 
air challenge. However, more data are needed to fully 
appreciate the links. 

13-9- CAN RHINITIS PREDICT ASTHMA 
EXACERBATIONS? 

It 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. However, we need 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 INFLUENCESTHE 
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 on safety. 
• it is not known whether the doses of inhaled cortico

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, although 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 

See "Prevention of allergy and asthma" initiatives. 



14- Recommendations for developing 
countries 

Nadia Ait-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 health action: 

14-1-1- Efficacy 

When considering an action (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 efficacy derived 
from clinical trials. The technical requirements of clini
cal trials are known-they should preferably be ran
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 tenns of diagnosis, 
it is essential that the test characteristics of the diagnos
tic intervention should be satisfactorily evaluated. This 
refers to the sensitivity (the test's ability to identify a high 
proportion of those who have the disease) and the speci
ficity (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 performed 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 perform well in large populations. For 
example, it is necessary to demonstrate that when a large 
group of patients is treated ( without the selection of 'eli
gible' subjects, as is often the case in clinical trials), the 
treatment actually produces results similar to those 
obtained in clinical trials. If a treatment is efficacious 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 necessary 
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 the 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 suffer from the disease? 

This is an issue frequently overlooked by clinicians. 
Even when an intervention 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 intervention. This is a major 
problem with many proposed activities. Feasibility may 
be jeopardised by a number of factors: 
• the treatment may not be available or may be too 

expensive, 
• there may be logistic difficulties in providing 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 health 
interventions) 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 to be 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 priorities 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 by which such actions 
should be initiated. When the problem is very 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. Use this consensus 
to propose a standardised approach to the intervention. 

• use this consensus to mount the process of creating 
evidence, namely clinical trials, followed by field tri
als, pilot projects and then economic evaluation. 

• when a public health action is initiated, commence the 
activities in such a way that the necessary infonnation 
for moaitoring implement.ation and operations- is built 
into the programme. This usually requires a standardised 
data collection procedure and a systematic evaluation. 

• establish a period of operations after which a systematic 
and critical evaluation is carried out. The evaluation 
should take account of the information routinely collect
ed in order to determine whether the established objec
tives are being met. 

• revise the policy, based on the critical evaluation. 
• repeat the whole procedure. 

By systematically defining, adopting, evaluating and revis
ing policy, it is possible to increase efficiency and cost bene
fit and to ensure that the application of the policy actually 
delivers the outcome it was designed to provide. lmpJemen
tation of public health policy without a systematic approach 
frequently leads to failure and a waste of investment 

14-2- STANDARDISED MANAGEMENT FOR 
INDIVIDUAL PRACTICE 

Allergic rhinitis 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 (154). These patients are often treat
ed incorrectly by general practitioners prescribing antibi
otics, and a lot of money is spent on inadequate care. For 
these reasons, a standardised management plan for aller
gic rht¢tis should be proposed to practitioners to pre
scribe the most effective treatment affordable for patients 
living in developing countries. 

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 diffi
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 consult for asthma symptoms, it 
would be useful to evaluate nasal symptoms. 

14-2-1-1- Questionnaire 
When a patient consults for chronic or recurrent nasal 

symptoms, a standardised questionnaire 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 
allergic 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 epidemiological 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 parts: 
• questions in the first part identify 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 part identify seasonal and occu
pational allergic rhinitis: 
-pollen sensitisation: 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 sensitisation to aspirin and/or non steroidal anti
inflammatory 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 beginning of the disease, 
symptoms may disappear totally during the weekend 
and holidays and reappear at work. In most of these 
cases, allergic rhinitis is associated with asthma. 

Finally, in most cases, a concise questionnaire is suffi
cient to identify allergic rhinitis, to determine 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 the country, these particular cases suspected by 
general practitioners should be referred to specialists for 
confirmation of diagnosis and specific management. 

A panel of specialists proposed a quantitative score 
(Annesi I, Didier A, Klosek Met al.). A diagnostic criteria 
score for allergic rhinitis (SFAR) was proposed: Develop
ment, hospital validation and population acceptability 
(submitted) for the diagnosis of allergjc rhinitis. 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 of the nostrils may reveal the 
principal signs of allergjc rhinitis: 
• signs of inflammation localised to the inferior 

turbinate which appears oedematous, 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. 

Resean:h for allergic rhinitis 

I. In the past 12 months, have you had a problem with sneezing or a runny or blocked nose when you HA VE NOT had a cold or 
the flu? 

2. If Yes: In the past 12 months, has this nose problem been accompanied by itchy, watery eyes? 

3. In which of the past 12 months did this 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 trigger 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 

1. In 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. In the past 12 months, have these nose problems been accompanied by sleep disturbance? 

3. In the past 12 months, how much has this nose problem interfered with your daily activities, and/or school, and/or work, and/or 
leisure, and/or sport? 

Not at all 
A little 

D 
D 

A moderate amount D 
A lot D 

Identification of seasonal and occupational allergic rhinitis 

1. Do you experience these symptoms every year only during a particular season and always during the same season? 
2. Do you 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? 

If Yes: Which tablets? 

* When the patient has other chronic respiratory symptoms, another questionnaire to research asthma will be applied before. The IUATLD standardised 
questionnaire is proposed in the IUATLD Asthma Guide (6). 

• polyps may be seen in some patients with partial 
obstruction of the nostrils, particularly for patients 
with sensitisation to aspirin. 
14-2-1-3- Classification 
Based on the severity of symptoms: 
The classification of severity proposed for industri

alised countries, based only on the severity of the symp
toms, can easily be applied in developing countries 
(Table 23). 

The three questions from the second part of the stan
dardised questionnaire proposed in Table 23 are suffi
cient to establish the severity of allergic rhinitis and clas
sify the disease. 

Identification of seasonal and Otcupational rhinitis: 
Three questions proposed in Table 23 may be helpful 

in particular cases of allergic rhinitis with specific sensi
tisation to pollen, aspirin and other NSAIDs, or to 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 mattresses and pillows in imper
meable covers. However, some of these measures are 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: Vidal 1999 

Price per 
Price FF Dose for Price per month US$ 

Brand name DCI Presentation (French Francs) adults day FF {US Dollars) 

HI-Antihistamines: first generation with sedative effects 
Polaramine Dexchlopheniramine Box of 30 tablets 8.90 1 to 2 tb/d 0.29- 0.58 1.3 -2.6 

maleate 30mg/tb 
Dimegan Brompherinamine Box of 20 tablets 19.70 4 to 6 tb/d 3.94 18 

4mg/tb 
Zaditen Ketotifen Box of 30 tablets 81.50 ltb/d 2.72 12.5 

2mg/tb 
Hl-Antihistaminies second generation with low or IJO sedative effects 

Zyrtec Cetirizine Box of 15 tablets 51 ltb/d 3.4 15.6 
Virlix Dichlorhydrate 10mg/tb 
Clarityne Loratadine Box of 15 tablets 46.5 ltb/d 3.1 14.25 

IOmg/tb 
Allergodil Azelastine Nasal solution 59 4p/d 1.97 9 

17ml 
Telfast Fexofenadine Box of 15 tb 49.90 ltb/d 3.33 15.3 

120mg/tb or 180 mg/tb 
Primalan Mequitazine Box of 14 tb 50.7 ltb/d 3.62 16.6 

IOmg/tb 
Tinsel Oxatomide Box of 30tb 44.30 2tb/d 2.95 13.5 

30mg/tb 
Other drugs 

Lomusol Cromoglycate Nasal solution 47.50 4to8p/d 2 to 4 9 to 18 
15ml 

Beconase Beclomethasone Nasal solution 51.50 4to8p/d 1 to 2 4.5 to 9 
200p 
50µg/p 

IDA Price 1999 
Average cost of a month's treatment with drugs from IDA : only two drugs are available: 
Dexchlorphenirnmine : 0.25 US$ and Beclomethasone aerosol for inhalation: 5 US$ 
IDA Price 1999 was in Euro In 1999: 1 EURO= I. 0391 US$ 
Vidal Price 1999 was in FF In 1999: 1 US$= 6.53 FF 

In the case of occupational disease, it will be necessary to 
remove the patient from the exposure at work. But in many 
cases, the patient will not accept this decision because he will 
lose his 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 most cases 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 for the effective manage
ment of the majority of allergic rhinitis patients: chlor
pheniramine (first generation oral HI-antihistamines) and 
nasal beclomethasone (intra-nasal corticosteroids). 

The rationale for this choice of drugs for developing 
countries is based upon 4 points: 
• 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). 

• Low cost drugs affordable for the majority of 
patients: With chlorpheniramine which is sedating, it 
is possible to have monthly treatment for only 1 or 2 

US $ (0.25 US $ if bought through IDA) and for 5 US 
$ with intra-nasal corticosteroids (Table 24). 

• Inclusion in the WHO essential list of drugs: These 
two drugs are on the WHO essential list of drugs. It is 
a very important step for countries to include drugs in 
their national essential drugs list. However, non
sedative antihistamines should also be included. 

• Decrease of 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 HI-antihistamines are more 
effective with no sedative effect, but they are not rec
ommended as first-line drugs in developing countries 
due to their high cost (9-20 US$ for one month's treat
ment). They are currently 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 required to 
identify these cases, 

• Specialists must prescribe allergen vaccines, 
• Immunotherapy must be administered by doctors 

because of possible side effects, 
• The cost of allergens and of personnel would be very 

high in some countries, 
• Immunotherapy 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 HI-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 
beclomethasone (300-400µg daily) will be prescribed. 
If needed, after a week of treatment, oral HI-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 µg) of intra-nasal corticosteroids will be 
sufficient. 

• Moderate-Severe persistent: A high dose of intra-nasal 
corticosteroids (equivalent to beclomethasone 300-
400 µg) will be prescribed. If symptoms are severe, 
add chlorpheniramine 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. 

In the case of co-morbidity with asthma, asthma man
agement is the priority. Asthma management for devel
oping countries was proposed in the IUA1LD Asthma 
Guide (2273). The affordability of inhaled steroids is 
very low in these countries (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: In addition to the 

standardised 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. In 
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 patients are all referred to specialised ser
vices, it will be useful to 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 for 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 majority of these cases suffer severe asthma 
and require rigorous treatment and strict follow-up. 
As a severe accident may occur if these patients 
take aspirin or other NSAIDs, it is particularly 
important to give them the list of drugs 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 
drugs. In the case of co-morbidity with asthma, it is use
ful to add rhinitis treatment to asthma treatment. 

A research programme will be necessary to determine 
the future need for public health action. 
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A.- Deve/.o.gmellt Process (12 uoillts): 

1.- Have you clearly defined the purpose of the guideline? (I point) 

[X]Yes 

]No 

]Can't Tell ("Can't tells" score O 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 the usefulness of the 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 of the guideline? (I point) 

[X]Yes 

]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 the process for the development of the guideline? ( I point) 

[X]Yes 

]No 

]Can't Tell 

(see 8-5) 

5.-Does lhe developmenl process of the guideline have a population-based focus? (I point) 

[X]Yes 

]No 

]Can't Tell 
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6.- Have you included a specific description of the literature review process and sources of evidence? (I point) 

[ ]Yes 

[X]No 

]Can't Tell 
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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, 

abstract, 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 apd two members of 

the panel. 

7.- Has the literature review process of your guideline been systematic and not biased? (2 points) 

[X]Yes 

]No 

]Can't Tell 

8- Have you considered economic information (cost-effectiveness, use ofr-esources ... ) in the review process? (1 point) 

[X]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 most updated and the highest quality available evidence? (3 points) 

[X]Yes 

]No 

]Can't Tell 
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B.- Quality of recomme11,dations (8 points): 

JO.- Have you developed valid recommendations (consistent with evidence findings)? (3 points) 

[X]Yes 

]No 

]Can't Tell 

(see 8-5) 

11.- Have you specified all important options and outcomes? (3 points) 

[X]Yes 

]No 

]Can't Tell 

(see 8-5) 

12.- Have you used an explicit and acceptable process to combine the relative value of different outcomes? (1 point) 

[X]Yes 

]No 

]Can't Tell 
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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 used a rational and acceptable approach lo integrate economic and clinical data? (1 point) 

[X]Yes 

]No 

]Can't Tell 

In the guideline, a special section on cost-effectiveness 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 parts of the world. 

C.- Implementation and dissemination (2 points): 

14,-Js your guideline locally adaptable? (1 point) 

[X]Yes 

]No 

]Can't Tell 

15.- Does your guideline include effective strategies for the dissemination and implementation to its target 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).· 

16.- Does the guideline allow later review (methods, sources properly documented)? (2 point) 

[X]Yes 

]No 

]Can't Tell 

17.- Does your guideline define indicators to monitor its impact? ( 1 point) 

[X]Yes (in process) 

]No 

]Can't Tell 

Overall, is the guideline valid according to the principles in Annex 1? 

[X]Yes, excellent, 20 points or more 

]Yes, satisfactory, 16 points or more 

]No, less than 16 points 

]Not acceptable, 16 points or more but contrary to WHO's principles (see Annex 1) 
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]Can't Tell, lack of information to judge essential aspects (more than five can't tells and the rest of the answers yes)--Go back and 

check it again--

Internally for WHO-NCM, if we want to answer the question: "Am I doing an evidence-based guideline or not?", check questions 1, 2, 3, 6, 

7, 9, 10, 11 . 

[X] If all answers are Yes: evidence-based guideline according to WHO-NCM criteria. 



List of abbreviations 
AA: arachidonic acid 
AAAAI: American Academy of Allergy, Asthma and 

Immunology 
AIANE: European Network on Aspirin-Induced Asthma 
AOM: acute otitis media 
APC: antigen presenting cell 
AQLQ questionnaire: asthma quality of life questionnaire 
ATS: American Thoracic Society 
CCR: CC chemokine receptor 
CD: cluster of differentiation 
CD23 (FceRII): low affinity receptor for IgE 
CORP: calcitonin gene-related peptide 
CNS: central nervous system 
COX: cyclooxygenase 
Cys-LT: cysteinyl leukotrienes 
CXCR: CXC chemokine receptor 
OSCO: disodium cromoglycate 
EAACI: European Academy of Allergy and Clinical 

Immunology 
ECP: eosinophil cationic protein 
FcERI: high affinity receptor for IgE 
FceRII: low affinity receptor for IgE (CD23) 
ECRHS: European Community Respiratory Health Survey 
EON: eosinophil derived ncurotoxin 
FEY 1: forced expiratory volume in I second 
FVC: forced vital capacity 
FLAP: 5-lipoxygenase (LO) activating protein 
GM-CSF: granulocyte, monocyte colony stimulating factor 
GR: glucocorticosteroid receptor 
ORE: glucocorticosteroid receptor responsive element 
HOM: house dust mite 
HPA axis: hypothalamic-pituitary-adrenal axis 
HETE: hydroxyeicosatetraenoic acid 
HPETE: hydroperoxyeicosatetraenoic acid 
HRQLQ: Health related quality of life 
ICAM-1: intra-cellular adhesion molecule I 
IFN-y: interferon-y 
IL-: interleukin-
ISAAC: International Study on Asthma and Allergy in Childhood 
LFA-1 : Leukocyte function antigen-I 
LO: lipoxygenase 
LPR: late-phase reaction 
LTC4: leukotriene C4 
LTD4: leukotriene D4 
LX: lipoxin 
mAb: monoclonal antibody 
MBP: major basic protein 
MIP-1: macrophage inhibitory protein 

mRNA: messenger ribonucleic acid 
NANC: non-adrenergic, non-cholinergic 
NAR: nasal airway resistance 
NARES: non-allergic rhinitis with eosinophilic syndrome 
NF-KB: nuclear factor-KB 
NGF: nerve growth factor 
NHANES II: second National Health and Nutrition 

Examination Survey (U.S.A.) 
NK: neurokinin (A or B) 
NO: nitric oxide 
NO2: nitrogen dioxide 
NPY: neuropeptide Y 
OME: otitis media with effusion 
PD20FEV I: provocative dose inducing a decrease of 20% in 

FEV1 
PEF: peak expiratory flow 
PEFR: peak expiratory flow rate 
PGD2: prostaglandin D2 
PLAf phospholipase A2 

OR: odds ratio 
POOF: platelet derived growth factor 
PG: prostaglandin 
PM I 0: particulate matter less than IO µm 
PRIST: paper radio-immunosorbent test 
QOL: quality of life 
QTc: QT interval 
RAST: radio-allergo-sorbent test 
RQLQ questionnaire: rhinoconjunctivitis quality of life 

questionnaire 
Rhu-MAb-E25 mAb: monoclonal anti-IgE antibody 
RSV: respiratory syncytial virus 
SAPALDIA: Swiss Study on Air Pollution and Lung Diseases in 

Adults 
SCARPOL: Swiss Study on Childhood Allergy and Respiratory 

Symptoms with Respect to Air Pollution, Climate and 
Pollen 

SCF: stem cell factor 
SP: substance P 
SRSA: slow reacting substance of anaphylaxis 
SIT: specific immunotherapy 
SO2: sulfur dioxide 
TNF-a: tumor necrosis factor-a 
TGF-l3: transforming growth factor l3 
TX: thromboxane 
VCAM-1: vascular cellular adhesion molecule 1 
VIP: vaso-intestinal peptide 
VLA-4: very late antigen 4 
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