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Allergic rhinitis and asthma are linked by epidemiologic, histo-
logic, physiologic, and immunopathologic characteristics and
by a common therapeutic approach. Epidemiologically, the
disorders often coexist. Histologically, the upper and lower air-
ways are lined, and linked, by the respiratory epithelium.
Physiologically, they may be linked by the nasobronchial
reflex. Pathologically, they are linked by similar early- and
late-phase allergic responses throughout the airways and by
the systemic immunologic response to airborne allergens.
Uncontrolled allergic rhinitis may be associated with worsen-
ing of coexisting asthma, and optimal treatment of allergic
rhinitis may improve coexisting asthma. The key to managing
both disorders is prevention and relief of chronic allergic
inflammation in both the upper and lower airways. The simi-
larities between allergic rhinitis and asthma outweigh the dif-
ferences. To facilitate appropriate recognition and treatment of
the common inflammatory process throughout the airways,
consideration should be given to introducing the new term
“allergic rhinobronchitis.” (J Allergy Clin Immunol
1999;104:534-40.)
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Although the clinical association of allergic rhinitis
and asthma has been recognized for centuries,1 along
with specialization in medicine and increased use of
inhaled medications targeted to either the upper airway
or the lower airway, there has been an increased focus on
allergic rhinitis and asthma as separate disease entities. It
is now time to address this situation. Introduction of a
new term, allergic rhinobronchitis, might facilitate recog-
nition of the concept of chronic allergic inflammation
throughout the airways, and at the very least, might
remind physicians who focus primarily on the lower air-
ways to consider the importance of the upper airways,
and vice versa. A precedent exists in that croup infec-
tion–induced inflammation common to both the upper
and lower airways is described as acute laryngotracheo-
bronchitis.2

Patients may come to a physician because of either
allergic rhinitis or asthma, or both. One disorder often
predominates, and the other may remain undiagnosed
unless the physician actively determines whether it is pre-
sent. This obviously involves asking pertinent questions,
examining the chest, and performing spirometry before
and after bronchodilator in patients with allergic rhinitis,
and asking pertinent questions, examining the nose, and
searching for eosinophils in the nasal secretions or
mucosa in patients with asthma. Physicians who care for
children, adolescents, and young adults and those who
care for adults with occupational airways disease or
aspirin-induced airways disease are more likely than other
physicians to see patients who have overt clinical mani-
festations of both allergic rhinitis and asthma and may
accept the concept of allergic rhinobronchitis more readi-
ly than others.

Whether allergic rhinitis and asthma develop sequen-
tially or concurrently, once established they often have
similar natural histories and similar seasonal exacerba-
tions. They also have similar provoking factors, although
pollen allergy is more clearly associated with rhinitis
than with asthma and some nonspecific provoking fac-
tors such as cold, dry air are more clearly associated with
asthma than with rhinitis. The clinical observation that
allergic rhinitis often precedes asthma3 and that asthmat-
ic patients with severe allergic rhinitis tend to have worse
asthma than those with mild allergic rhinitis4 have been
confirmed in epidemiologic studies.

Sinusitis also commonly coexists with asthma and
may eventually be recognized as part of the allergic rhi-
nobronchitis syndrome. Despite the strong clinical asso-
ciation between severe chronic sinusitis and asthma,5

however, there is considerably less published epidemio-
logic, physiologic, immunopathologic, or therapeutic
evidence supporting the link than there is for allergic
rhinitis and asthma, a current challenge for generation of
hypotheses and clinical investigations.

EPIDEMIOLOGY

In early epidemiologic studies up to 40% of patients
with allergic rhinitis were reported to have asthma, and
30% to 80% of asthmatic patients were reported to have
allergic rhinitis.6 These percentages are probably under-
estimates because in recent studies in which asthmatic
patients were interviewed in a standardized fashion by
using questionnaires with improved sensitivity the preva-
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lence of allergic rhinitis was found to be higher. For
example, in a study in which 475 adults and adolescents
with asthma were interviewed regarding the recurrence
of one or more nasal symptoms (congestion, rhinorrhea,
sneezing, pruritus) in the same temporal pattern every
year, rhinitis was found in 98.9% of allergic subjects with
asthma and in 78.4% of nonallergic subjects with asthma.
The investigators concluded that a “chronic allergic total
airway disease syndrome” exists.7

EMBRYOLOGY AND HISTOLOGY

The chronology of the embryologic development of
the upper and lower airways is similar, beginning during
the fourth week of gestation and continuing for years
after birth, with the nose developing from the nasal pla-
codes and the nasal prominences, and the larynx, trachea,
bronchi, and lungs developing from the laryngotracheal
groove in the ventral wall of the primitive pharynx8

(Table I).
Keratinized and nonkeratinized stratified squamous

epithelium and transitional epithelium are found in the
nasal vestibule. The remainder of the airways, including
the nasal fossa, the nasopharynx, and the lower airways,
is lined with respiratory epithelium, which consists of
ciliated pseudostratified columnar epithelium with goblet
cells. This epithelium gradually loses height, goblet cells,
and cilia as it approaches the alveolar ducts. The lamina
propria of the nasal fossa, but not the rest of the airways,
is characterized by venous sinusoids. The presence of
skeletal muscle in the nasopharynx and larynx contrasts
markedly with the prominent role of smooth muscle in
the trachea, bronchi, and bronchioles9 (Table I).

PHYSIOLOGY

Nasal challenge with environmental stimuli such as
cold air inhalation leads to bronchoconstriction. This
response can be abolished by suppression of the afferent
arc of the nasopulmonary reflex with local anesthesia or
by suppression of the efferent reflex arc with a choliner-
gic antagonist.10 Nasal challenge with chemical stimuli
such as histamine or methacholine also leads to bron-
choconstriction; however, the possibility of systemic
absorption from the nasal mucosa contributing to the
bronchoconstriction has been difficult to rule out.11

Many patients with allergic rhinitis who have no per-
ceived asthma symptoms have bronchial hyperrespon-
siveness to natural stimuli such as exercise or to bronchial
challenge with chemical stimuli such as histamine and
methacholine,12 especially during allergic rhinitis exacer-
bations. The proportion of these patients who will be
eventually diagnosed with asthma is unknown, and only
prospective longitudinal studies lasting many years will
provide this information. In a study in which upper and
lower airway responsiveness was explored concurrently,
bronchial challenge with histamine was given to subjects
with allergic rhinitis or some other upper airway disorder
who had persistent cough and other asthma-like symp-
toms but a normal chest examination and normal spirom-
etry. Extrathoracic airway hyperresponsiveness alone was
found in 26.5% of the subjects and combined extratho-
racic airway and bronchial hyperresponsiveness was
found in 40.6% (Fig 1).13

In practical terms, a patient with complete nasal
blockage resulting from severe allergic rhinitis must
resort to mouth breathing, and this may adversely affect

TABLE I. Allergic rhinitis and asthma: links and differences

Links Differences

Epidemiology Coexistence, natural history, triggers, —
seasonal exacerbations

Embryology/histology Chronology —
Respiratory epithelium: Keratinized and nonkeratinized stratified squa-
posteriorly from the septum mous epithelium in nasal vestibule. Venous sinu-
and lateral walls of the fossa to soids in lamina propria of nasal fossa. Cartilage
the nasopharynx, larynx, trachea, is found from nasal fossa to bronchi only. No
bronchi and bronchioles muscle in nasal cavity, skeletal muscle in

nasopharynx and larynx, smooth muscle in 
lower airway

Physiology Nasal and bronchial hyperresponsiveness Objective tests for obstruction and nasal hyper-
to environmental and chemical stimuli. responsiveness in allergic rhinitis are not widely
Nasobronchial reflex, especially from used, in contrast to pulmonary function tests and
environmental stimuli tests for bronchial hyperresponsiveness in asthma

Immunopathology Type I and type IVa2 allergic responses Nasal immunopathologic response can be more
occur in both the upper and lower airways. readily monitored, at least for presence of eo-
There is a systemic immune response to sinophils, than lower airway immunopathologic
airborne allergens. response

Therapeutics* Prevention/relief of allergic rhinitis and Vasoconstrictor effects of α-adrenergics in upper
asthma symptoms with control of airborne airway; bronchodilator effects of β-adrenergics
allergens, medications, and, in selected in lower airway
patients, immunotherapy

*Most interventions have been studied separately in the upper and lower airways but, in fact, have similar effects throughout the airways.
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the lower airways because of lack of nasal “air-condi-
tioning” and warming, humidification, and filtration of
inspired air. Direct linkage of the upper and lower air-
ways by postnasal drip of upper airway contents into the
lower airway, although known to occur in individuals
with suppressed consciousness, has not been convincing-
ly documented in healthy individuals or in those with
rhinitis or sinusitis.14

The upper airway is the primary site of the initial
encounter between airborne allergens and the human
body. During processing on the upper respiratory tract
mucosa, the allergenic activity of pollens and possibly of
other allergens may be enhanced (Fig 2).15

IMMUNOPATHOLOGY

Allergic rhinitis is characterized by integrity of the
respiratory epithelium and by lack of basement mem-
brane thickening; in asthma epithelial fragility and
subepithelial collagen deposition may be found.16,17

Apart from these differences in immunopathology, both
disorders are characterized by a similar early allergic
response and by similar chronic allergic inflammation of
the epithelium and submucosa as evidenced by a pre-
dominance of eosinophils, mast cells, and basophils. The
underlying pathologic processes, type I (immediate-type,
IgE-dependent hypersensitivity) and type IVa2 (chronic
allergic inflammation or cell-mediated eosinophilic
hypersensitivity in the revised Gell and Coombs classifi-
cation),18 are similar in the upper and lower airways.
These processes involve the respiratory epithelial cells,
Langerhans cells, dendritic cells and other antigen-pre-

senting cells; recruitment and activation of CD4+ helper
cells with the Th2-type phenotype; and the effector cells:
eosinophils, basophils, and mast cells. IgE plays a promi-
nent role. There is increased expression of cytokines such
as IL-4 and IL-13, which are important in local IgE pro-
duction and in mast cell and basophil allergic respon-
siveness, and IL-5, which has eosinophil modifying
properties, as well as GM-CSF, RANTES, and IL-3. Pre-
formed mediators of inflammation such as histamine,
tryptase, kinase or other proteases, newly generated
mediators such as leukotrienes, PGs, and platelet-activat-
ing factor, and neurotransmitters are similar in the upper
and lower airways, although their effects may differ in
the different target organs.

In addition, allergic rhinitis and asthma are unified by
a systemic immunologic response to airborne allergens.
At a practical level, this is evident in the frequent find-
ing of eosinophilia in peripheral blood as well as in
nasal secretions and sputum. It is also evident in the
antigen-specific responses of allergic subjects’ PBMCs,
resulting in increased IL-4 production and reduced IFN-
γ production compared with PBMCs from healthy con-
trol subjects (Fig 3).19 Although these cells play an
important role in attracting, priming, and activating
other cell types, little is known about their trafficking
from the blood to the respiratory tract and vice versa.
Furthermore, in patients with allergic rhinitis, asthma,
and other atopic diseases, IgE receptor–positive inflam-
matory cells (eosinophils, basophils, and mast cells) are
derived from a common progenitor in the bone marrow,
move to the systemic circulation, and are recruited to
sites of mucosal inflammation.20 Seasonal fluctuations

FIG 1. Extrathoracic airway dysfunction, including rhinitis, may account for and sustain asthma-like symp-
toms. A total of 441 consecutive subjects with cough and other asthma-like symptoms, but no history of asth-
ma and normal pulmonary function tests, had a histamine bronchial challenge test; 21.8% of them had no air-
way hyperresponsiveness, 26.5% had extrathoracic airway hyperresponsiveness, 11.1% had bronchial hyper-
responsiveness, and 40.6% had both extrathoracic airway and bronchial hyperresponsiveness. (Modified
from Bucca C, Rolla G, Brussino L, DeRose V, Bugiani M. Are asthma-like symptoms due to bronchial or
extrathoracic airway dysfunction? Lancet 1995;346:791-5.)
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of progenitor cells in peripheral blood have been docu-
mented.

Improved understanding of the integration of the sys-
temic and local immunologic responses in the upper and
lower airways is needed. The presence of the systemic
response, and of multiorgan disease, has made it difficult
to depend absolutely on peripheral blood markers such as
eosinophil-, mast cell–, or neutrophil-derived substances;
T cells; cytokines or adhesion molecules; or exhaled
nitric oxide as hallmarks of inflammation in the lower
airways.21

TREATMENT

Allergic rhinitis and asthma are generally studied as
separate disorders and treated as separate disorders, as
reflected in current guidelines for the diagnosis and man-
agement of each disorder.22,23

Avoidance of environmental allergens and

immunotherapy

Avoidance of airborne allergens and, in some patients,
immunotherapy with these allergens likely benefits the
entire airway, although few studies have been concerned
with both allergic rhinitis and asthma.24,25 Whether aller-
gen avoidance and immunotherapy are effective because
they prevent or relieve the early and late allergic respons-
es in the upper and lower airways, or because they down-
regulate the systemic allergic response, or both, is not
entirely clear at this time.

FIG 2. Nasal secretions may increase the allergenic activity of inhaled antigens. Two isoforms of a major Tim-
othy grass allergen, Phl p5, were expressed in Escherichia coli, purified, and converted to stable, low-molec-
ular-weight 10 to 20-kd peptides. In the presence of nasal secretions obtained from healthy subjects and from
patients with allergic rhinitis, these recombinant allergens produced larger skin wheals (ie, had increased bio-
logic activity) compared with allergen alone. (Modified from Bufe A, Gehlhar K, Schramm G, Schlaak M, Beck-
er W-M. Allergenic activity of a major grass pollen allergen is elevated in the presence of nasal secretion. Am
J Respir Crit Care Med 1998;157:1269-76.)

FIG 3. Allergic subjects have a systemic response to allergen. Pri-
mary cultures of fresh PBMCs from grass pollen–sensitive
patients and nonallergic control subjects were stimulated with
different grass pollen concentrations in the absence of exogenous
cytokines or polyclonal activators. In allergic subjects mean IL-4
production was 13 pg/mL compared with less than 1 pg/mL in
control subjects (P < .000001) and IFN-γ was lower (P = .008), pro-
viding direct evidence for an imbalance in both IL-4 and IFN-γ pro-
duction. A ratio of 1.0 (dashed line) reflects balanced IFN-γ/IL-4
production. (Modified from Imada M, Simons FER, Jay FT, Hay-
Glass KT. Allergen-stimulated interleukin-4 and interferon-
gamma production in primary culture: responses of allergic sub-
jects and normal controls. Immunology 1995;85:373-88.)
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Pharmacology

The only major difference between the pharmacologic
treatments for allergic rhinitis and asthma relates to dif-
ferences in adrenergic control in the upper and lower air-
ways, with α-adrenergic agonists acting as vasoconstric-
tors in allergic rhinitis and β2-adrenergic agonists acting
as bronchodilators in asthma26 (Table I).

During the past few decades the focus has been on
administration of medications such as glucocorticoids in
high concentrations directly to receptor sites in the target
organ to minimize systemic absorption of the medication
and to reduce or eliminate potential adverse effects. This
approach has been extremely successful in reducing mor-
bidity but also has had the unanticipated effect of rein-
forcing the artificial distinction between allergic rhinitis
and asthma as separate disorders. With use of exquisite-
ly sensitive gas chromatography–mass spectroscopy
assays, it is possible to measure glucocorticoid concen-
trations in plasma after intranasal or oral inhalation,27

and evidence for at least some systemic effect of many
intranasally or orally inhaled glucocorticoids is mount-
ing.

In the initial studies in which an intranasal glucocorti-
coid was found to reduce nasal symptoms significantly
and concurrently to reduce asthma symptoms or decrease
bronchial hyperresponsiveness significantly, the possibil-
ity of intrapulmonary deposition of the intranasally
administered medication could not be ruled out. In later
placebo-controlled, double-blind studies this concern
was addressed and satisfactory evidence was obtained

that intranasal solutions not only decreased nasal symp-
toms but also improved asthma symptoms, pulmonary
function test results, and bronchial hyperresponsiveness
without entering the lower airways (Fig 4).28,29 In one
study beclomethasone dipropionate aqueous solution
labeled with technetium 99 was placed in the anterior
nares of volunteers, after which radionucleotide scan
revealed 63% of radioactivity over the abdomen, 35%
over the nasopharynx, and only 2% over the chest.28 In
another study the subjects inhaled to total lung capacity
before the beclomethasone dipropionate solution was
introduced intranasally; in addition, laser analysis of the
size of the particles in the nasal solution revealed a mean
diameter of 30 µm, making it unlikely that much
beclomethasone dipropionate reached the lower air-
ways.29 The lower airway effects of intranasal glucocor-
ticoids are small, consistent, and probably dose depen-
dent because they are not found when low doses are
administered.30 The same dose of glucocorticoid may
provide more protection against bronchial hyperrespon-
siveness when administered intranasally than when
administered directly into the lower airways.31

FIG 4. Treatment of allergic rhinitis indirectly improves asthma
symptoms and decreases bronchial hyperreactivity. In a double-
blind cross-over study, children were treated with intranasal
aqueous beclomethasone dipropionate (BDP) or placebo, each
given for 4 weeks. Compared with placebo treatment, after
beclomethasone dipropionate treatment, although peak expirato-
ry flows did not differ, rhinitis and asthma symptom scores were
lower and bronchial hyperresponsiveness to methacholine
improved significantly (shown). (Modified from Watson WTA,
Becker AB, Simons FER. Treatment of allergic rhinitis with
intranasal corticosteroids in patients with mild asthma: effect on
lower airway responsiveness. J Allergy Clin Immunol 1993;91:97-
101.)

FIG 5. Treating subclinical asthma with an orally inhaled gluco-
corticoid may improve allergic rhinitis. In a placebo-controlled,
double-blind, parallel-group 7-week study during the birch pollen
season, patients with allergic rhinitis and bronchial hyperrespon-
siveness to methacholine, but no clinical asthma, orally inhaled
budesonide 600 µg twice daily by Turbuhaler dry-powder inhaler
(Astra). Budesonide prevented seasonal development of
increased bronchoconstrictor responsiveness to methacholine (P
< .05), and also reduced nasal symptoms (shown), nasal brush
eosinophils, nasal lavage fluid eosinophilic cationic protein, and
peripheral blood eosinophilia. The mechanism for its significant
anti-inflammatory effects throughout the entire airway, including
the nasal mucosa, which was not exposed topically to it, could be
either systemic absorption or communication between the lower
airways and the bone marrow involving cytokines such as IL-5
and GM-CSF and chemokines such as eotaxin or unselected air-
ways migration of T lymphocytes. (Modified from Greiff L, Ander-
sson M, Svensson C, Linden M, Wollmer P, Brattsand R, et al.
Effects of orally inhaled budesonide in seasonal allergic rhinitis.
Eur Respir J 1998;11:1268-74.)
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In contrast to the above, orally inhaled glucocorticoids
not only have anti-inflammatory effects in the lower air-
ways as expected but also in the nasal mucosa that has
not been exposed topically to them (Fig 5).32

Currently available classes of oral medications are
generally used in either allergic rhinitis or asthma, and
their potential has seldom been fully explored in both
disorders. For example, theophylline, used for more than
6 decades in the treatment of asthma, is not generally
considered to be useful in allergic rhinitis treatment,
although it has been documented to prevent symptoms of
allergic rhinitis.33 Conversely, although H1-receptor
antagonists have a well-established role in the treatment
of allergic rhinitis, they are generally considered to be
ineffective in asthma treatment unless given in high and
potentially unsafe doses. Recently, however, in doses
ordinarily used for seasonal allergic rhinitis, they have
been reported to improve coexisting mild seasonal asth-
ma symptoms and improve pulmonary function (Fig 6).34

Signaling a new trend, the role of cysteinyl leukotriene
modifiers, defined initially in asthma, is now also being
investigated in allergic rhinitis.35

SUMMARY

The new term allergic rhinobronchitis accurately
describes chronic allergic inflammation throughout the
airways of patients with concurrent allergic rhinitis and
asthma. Although perhaps an oversimplification, it is
introduced with the hope that physicians who never fail
to examine the chest will also remember to examine the
nose and that those who routinely examine the nose will
not neglect the chest. Rhinitis with partial or complete
upper airways obstruction may contribute significantly to
asthma symptoms, and uncontrolled allergic rhinitis may
lead to worsening of coexisting asthma. The key to man-
agement of both disorders lies in addressing the common
immunopathologic mechanisms and in preventing and
relieving chronic allergic inflammation, not only with
appropriate pharmacologic treatment but also by recom-
mending allergen avoidance and, in selected patients,
specific immunotherapy.

Additional well-controlled objective studies are need-
ed to clarify the therapeutic links between allergic rhini-
tis and asthma and to elucidate the mechanisms underly-
ing the physiologic and immunopathologic links between
the two disorders.

REFERENCES

1. Simons FER. Ancestors of allergy. New York: Global Medical Commu-
nications; 1994.

2. Gerrand M, Joseph M, Baker AS. Infections of the upper respiratory
tract. In: Fauci AS, Braunwald E, Isselbacher KJ, Wilson JD, Martin JB,
Kapser DL, et al, editors. Harrison’s principles of internal medicine. 15th
ed. New York: McGraw-Hill; 1998. p 179-83.

3. Settipane RJ, Hagy GW, Settipane GA. Long-term risk factors for devel-
oping asthma and allergic rhinitis: a 23-year follow-up study of college
students. Allergy Proc 1994;15:21-5.

4. Huse DM, Hartz SC, Russel MW, Piercey G, Weiss S. Allergic rhinitis
may worsen asthma symptoms in children: the international asthma

outcomes registry [abstract]. Am J Respir Crit Care Med
1996;153:A860.

5. Newman LJ, Platts-Mills TAE, Phillips D, Hazen KC, Gross CW. Chron-
ic sinusitis. Relationship of computed tomographic findings to allergy,
asthma, and eosinophilia. JAMA 199 4;271:363-7.

6. Smith JM. Epidemiology and natural history of asthma, allergic rhinitis,
and atopic dermatitis (eczema). In: Middleton E Jr, Reed CE, Ellis EF,
Adkinson NF Jr, Yunginger JW, editors. Allergy principles and practice.
3rd ed. St Louis: CV Mosby; 1988. p 891-929.

7. Kapsali T, Horowitz E, Diemer F, Togias A. Rhinitis is ubiquitous in
allergic asthmatics [abstract]. J Allergy Clin Immunol 1997;99:S138.

8. Moore KL, Persaud TVN. Before we are born. In: Moore KL, Persaud
TVN, editors. Essentials of embryology and birth defects. 4th ed.
Philadelphia: WB Saunders; 1993. p 153-79, 180-7.

9. Paulsen DF. Respiratory system. In: Paulsen DF, editor. Basic histology.
2nd ed. Englewood Cliffs (NJ): Prentice Hall; 1993. p 246-54.

10. Fontanari P, Burnet H, Zattara-Hartmann MC, Jammes Y. Changes in air-
way resistance induced by nasal inhalation of cold dry, dry, or moist air
in normal individuals. J Appl Physiol 1996;81:1739-43.

11. Littell NT, Carlisle CC, Millman RP, Braman SS. Changes in airway resis-
tance following nasal provocation. Am Rev Respir Dis 1990;141:580-3.

12. Ramsdale EH, Morris MM, Roberts RS, Hargreave FE. Asymptomatic
bronchial hyperresponsiveness in rhinitis. J Allergy Clin Immunol
1985;75:573-7.

13. Bucca C, Rolla G, Brussino L, DeRose V, Bugiani M. Are asthma-like
symptoms due to bronchial or extrathoracic airway dysfunction? Lancet
1995;346:791-5.

14. Bardin PG, Van Heerden BB, Joubert JR. Absence of pulmonary aspira-
tion of sinus contents in patients with asthma and sinusitis. J Allergy Clin
Immunol 1990;86:82-8.

15. Bufe A, Gehlhar K, Schramm G, Schlaak M, Becker W-M. Allergenic
activity of a major grass pollen allergen is elevated in the presence of
nasal secretion. Am J Respir Crit Care Med 1998;157:1269-76.

16. Devalia JL, Bayram H, Rusznak C, Calderon M, Sapsford RJ, Abdelaziz

FIG 6. In allergic rhinitis and mild seasonal asthma “usual” rhini-
tis doses of orally administered H1-antagonist decrease asthma
symptoms as well as rhinitis symptoms. In a 6-week randomized,
double-blind, placebo-controlled study of 193 subjects during the
fall allergy season, loratadine 5 mg and pseudoephedrine 120 mg
twice daily significantly decreased nasal symptoms, asthma
symptoms (cough, morning wheeze, dyspnea, and chest tight-
ness), significantly improved morning and evening peak expira-
tory flows, increased FEV1, and improved asthma-related quality
of life. Morning peak expiratory flow is shown. (Modified from
Corren J, Harris AG, Aaronson D, Beaucher W, Berkowitz R, Bron-
sky E, et al. Efficacy and safety of loratadine plus pseu-
doephedrine in patients with seasonal allergic rhinitis and mild
asthma. J Allergy Clin Immunol 1997;100:781-8.)



540 Simons J ALLERGY CLIN IMMUNOL

SEPTEMBER 1999

MA, et al. Mechanisms of pollution-induced airway disease: in vitro
studies in the upper and lower airways. Allergy 1997;52(38 Suppl):45-51.

17. Ohashi Y, Motojima S, Fukuda T, Makino S. Airway hyperresponsive-
ness, increased intracellular spaces of bronchial epithelium, and
increased infiltration of eosinophils and lymphocytes in bronchial
mucosa in asthma. Am Rev Respir Dis 1992;145:1469-76.

18. Kay AB. Concepts of allergy and hypersensitivity. In: Kay AB, ed. Aller-
gy and Allergic Diseases. Oxford, UK: Blackwell Science Ltd., 1997:23-
35.

19. Imada M, Simons FER, Jay FT, HayGlass KT. Antigen mediated and
polyclonal stimulation of human cytokine production elicit qualitatively
different patterns of cytokine gene expression. Int Immunol 1995;7:229-
37.

20. Denburg JA, Inman MD, Sehmi R, Uno M, O’Byrne PM. Hemopoietic
mechanisms in allergic airway inflammation. Int Arch Allergy Immunol
1998;117:155-9.

21. Bousquet J, Corrigan CJ, Venge P. Peripheral blood markers: evaluation
of inflammation in asthma. Eur Respir J 1998;11(26 Suppl):42-8s.

22. National Institutes of Health. Expert panel report 2, guidelines for the
diagnosis and management of asthma: clinical practice guidelines.
Bethesda (MD): National Heart, Lung, and Blood Institute; 1997. NIH
Publication No.: 97-4051.

23. International Rhinitis Management Working Group. International con-
sensus report on the diagnosis and management of rhinitis. Allergy
1994;49(19 Suppl):1-34.

24. Wood RA, Johnson EF, Van Natta ML, Chen PH, Eggleston PA. A place-
bo-controlled trial of a HEPA air cleaner in the treatment of cat allergy.
Am J Respir Crit Care Med 1998;158:115-20.

25. Nelson HS. Immunotherapy for inhalant allergens. In: Middleton E Jr,
Reed CE, Ellis EF, Adkinson NF Jr, Yunginger JW, Busse WW, editors.
Allergy principles and practice. 5th ed. St Louis: Mosby; 1998. p 1050-
62.

26. Hoffman BB, Lefkowitz RJ. Catecholamines, sympathomimetic drugs,
and adrenergic receptor antagonists. In: Hardman JG, Limbird LE, Moli-
noff PB, Ruddon RW, Gilman AG, eds. Goodman and Gilman’s The

Pharmacological Basis of Therapeutics. 9th Ed. New York: McGraw-Hill
Companies, Inc., 1996:204-9.

27. Derendorf H. Pharmacokinetic and pharmacodynamic properties of
inhaled corticosteroids in relation to efficacy and safety. Respir Med
1997;91(A Suppl):22-8.

28. Watson WTA, Becker AB, Simons FER. Treatment of allergic rhinitis
with intranasal corticosteroids in patients with mild asthma: effect on
lower airway responsiveness. J Allergy Clin Immunol 1993;91:97-101.

29. Corren J, Adinoff AD, Buchmeier AD, Irvin CG. Nasal beclomethasone
prevents the seasonal increase in bronchial responsiveness in patients
with allergic rhinitis and asthma. J Allergy Clin Immunol 1992;90:250-
6.

30. Pelucchi A, Chiapparino A, Mastropasqua B, Marazzini L, Hernandez A,
Foresi A. Effect of intranasal azelastine and beclomethasone dipropionate
on nasal symptoms, nasal cytology, and bronchial responsiveness to
methacholine in allergic rhinitis in response to grass pollens. J Allergy
Clin Immunol 1995;95:515-23.

31. Aubier M, Levy J, Clerici C, Neukirch F, Herman D. Different effects of
nasal and bronchial glucocorticosteroid administration on bronchial
hyperresponsiveness in patients with allergic rhinitis. Am Rev Respir Dis
1992;146:122-6.

32. Greiff L, Andersson M, Svensson C, Linden M, Wollmer P, Brattsand R,
et al. Effects of orally inhaled budesonide in seasonal allergic rhinitis.
Eur Respir J 1998;11:1268-74.

33. Naclerio RM, Bartenfelder D, Proud D, Togias AG, Meyers DA, Kagey-
Sobotka A, et al. Theophylline reduces the response to nasal challenge
with antigen. Am J Med 1985;79:43-7.

34. Corren J, Harris AG, Aaronson D, Beaucher W, Berkowitz R, Bronsky E,
et al. Efficacy and safety of loratadine plus pseudoephedrine in patients
with seasonal allergic rhinitis and mild asthma. J Allergy Clin Immunol
1997;100:781-8.

35. Lipworth BJ. Leukotriene-receptor antagonists. Lancet 1999;353:57-62.

The number of references in a Rostrum article is limited, and it
is therefore possible to highlight only a few relevant human studies.


