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Abstract The strong epidemiologic and pathophysiologic
link between allergic rhinitis (AR) and asthma has led to the
concept of ‘united airways disease’ or ‘respiratory allergy’,
implying that allergy, in its widest sense, underlies this
clinical syndrome. Progression from AR to asthma is fre-
quent and part of the ‘atopic march’. Since pediatric immune
responses are more adaptable and therefore may be more
amenable to treatment, interventions at early childhood are
characterized by a higher chance to affect the natural history
of respiratory allergy. Although current treatments are quite
effective in alleviating respiratory allergy symptoms, it has
proven much more difficult to confirm any influence on the
progression of the disease. Much more promising is the field
of specific allergen immunotherapy, where current evi-
dence, although not yet of ideal robustness, points towards a
disease-modifying effect. In addition, newer or emerging,
possibly more effective or more targeted interventions are
promising in the preventive sense.

1 Introduction

The anatomic and functional relationship between upper
(nasal cavities/paranasal sinuses) and lower (bronchi/bron-
chioles) airways has been the object of great interest in
epidemiologic and pathophysiologic studies. Knowledge of
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respiratory diseases affecting both the nose and the lungs
has helped us understand and regard these two parts of the
respiratory system as a unique entity. These observations
have been particularly studied in allergic respiratory dis-
eases [1], i.e. allergic rhinitis (AR) and asthma, and terms
proposed to represent this unity are: “one airway, one dis-
ease” [2], “allergic rhinobronchitis” [3], and “united air-
ways disease” [4]. Taking into consideration differences
between upper and lower airway physiology and pathology,
another holistic approach comes under the term “chronic
allergic respiratory syndrome” [5] or “respiratory allergy”
[6], which implies that allergy in its broadest sense is the
major underlying pathophysiology. Progression from AR to
asthma can occur and is described as the “allergic” or
“atopic march”. Although AR usually precedes asthma (or
appears simultaneously) [4, 7, 8], the opposite can be
observed, often in preschoolers. In fact, in children, atopic
dermatitis usually represents the first step of the atopic
march, followed by allergic respiratory symptoms. The
purpose of this article is to review the evidence supporting
the link in pediatric respiratory allergy and discuss inter-
ventions that could prevent disease progression.

2 Allergic Rhinitis and Asthma Link

Several factors support the respiratory allergy concept
including common epidemiologic and pathophysiologic
characteristics, genetic links, as well as treatment outcomes
on both AR and asthma.

2.1 Epidemiologic Evidence

Wide variations in prevalence of pediatric AR and asthma
have been reported in epidemiologic studies. Despite these
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limitations, data from the current literature are indicative.
Some of these are recorded in Table 1.

In adults and adolescents, cross-sectional epidemiolog-
ical data have consistently shown that asthma and rhinitis
often coexist [1]. In concordance is the pediatric input.
Variation rates in ISAAC (International Study of Asthma
and Allergies in Childhood), the largest pediatric multi-
center cross-sectional study, were indeed striking
(Table 1), but significant correlations (r = 0.75, P <
0.0001) between the prevalence of asthma and AR symp-
toms in the 13- to 14-year-olds were noted [9, 10].
Recently, Chawes et al. [13] reported on COPSAC (the
Copenhagen Prospective Study on Asthma in Childhood),
in which 13 % of the 7-year-olds had doctor-diagnosed
(interview plus serum IgE) AR with an increased preva-
lence of asthma compared with the asymptomatic controls
(21 vs. 5 %; P < 0.002). Analyzing data from the Arizona
TCRS (Tucson Children’s Respiratory Study) birth cohort,
Wright et al. [14] noted that by the age of 6 years, 21 % of
the children had AR (rhinitis plus >1 positive Skin Prick
Test), and among the atopic children with physician-diag-
nosed AR the prevalence of asthma was 32 %. Retro-
spective studies also point towards the same data. During
1998-2001, a UK cohort study involving general practi-
tioner medical records of 6- to 15-year-olds showed that
19.7 % of the asthmatic patients had AR [15]. Similarly, in
the Norway National Database, 26.8 % of the children with
at least one hospital admission for asthma, over a 2-year
period, had a documented history of AR [16].

Longitudinal studies conducted in order to elucidate the
natural history of these two respiratory allergic diseases
revealed that AR usually precedes the onset of asthma. In
children, available data assessing the temporal relationship
between AR and asthma are less adequate. The population-
based birth cohort BAMSE (Barn/Children, Allergy/
Asthma, Milieu, Stockholm, Epidemiologic) study of
children born during 1994-1996 in Stockholm, Sweden,
revealed that 5.4 % of the 4-year-olds had AR, signifi-
cantly associated with asthma (17.3 %, P < 0.001) at the
age of 8 years [12]. In the TCRS [14], comparing children

who developed rhinitis by the first year of life with those
who developed it after, showed that by the age of 6 years it
was more probable for them to be physician-diagnosed
with AR (77 vs. 57 %, P < 0.00005) and twice as likely to
develop asthma (23 vs. 13 %, P < 0.005). The association
between childhood AR and asthma later in life was
examined in the 37-year Tasmanian Asthma Study [17].
Childhood AR increased the likelihood of new-onset
asthma in and after childhood 2- to 7-fold and the likeli-
hood of having persisting asthma from childhood into
middle-age 3-fold.

In fact, it has been suggested that allergic (or not)
rhinitis might itself be an independent risk factor for
asthma [1, 5]. However, although the link is well-estab-
lished, a causal relationship is not and it is possible that
AR and asthma are both manifestations of an underlying
systemic allergic tendency [18]. In any case, the associa-
tion between these two conditions renders children with
AR to be mandatory assessed for asthma and vice versa
[19, 20].

2.2 Pathophysiologic Evidence

The common AR and asthma immunopathology and im-
munopathophysiology has been shown in a number of
studies and several mechanisms have been held responsible
for this interaction: the respiratory (unprotected lower air-
ways due to reduced filter and air-conditioning function of
the nose), neural (nasobronchial reflex), and circulatory
pathway [21]. The latter, concerning the systemic dissem-
ination of inflammation, is considered the most relevant
factor.

As both AR and asthma are inflammatory diseases with
common triggers, they also have similar inflammatory
mechanisms mediated by various cell types. Several
mediators, the locally and systemically produced IgE and
the systemic cross-talk with the bone marrow [22], all
compose a common linking ground. This unifying concept
has also been supported by studies involving allergen
provocations: allergen-induced inflammatory infiltration

Table 1 Cross-sectional epidemiologic data on allergic rhinitis and asthma prevalence

Study Year conducted Number of Age of subjects AR (%) Asthma (%)
subjects included (in years)

ISAAC [9] Mid 1990s 257,800 6-7 0.8-14.9 4.1-32.1
ISAAC [9] Mid 1990s 463,801 13-14 1.4-39.7 2.1-32.2
SCARPOL [11] 1992 988 5-7 5 8.8
SCARPOL [11] 2001 1,274 5-7 4.6 7.4
BAMSE [12] 1998-2000 2,024 4 54 7.5
BAMSE [12] 2002-2004 2,024 8 14 7.3

AR allergic rhinitis, BAMSE Barn/Children, Allergy/Asthma, Milieu, Stockholm, Epidemiologic, ISAAC International Study of Asthma and
Allergies in Childhood, SCARPOL Swiss Surveillance Programme on Childhood Allergy and Respiratory symptoms with respect to Air Pollution
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and mediator’s mobility doesn’t differ between nasal and
bronchial fluids or nasal and bronchial mucosa [5].
Braunstahl et al. [23] found a significant increase in nasal
and bronchial epithelium eosinophils 24 h after nasal
allergen provocation in non-asthmatics with seasonal AR,
directly related to the expression of adhesion molecules.
Blood eosinophils and interleukin (IL)-5 were also raised.
This bidirectional cross-talk was evident when the same
authors confirmed nasal inflammatory response after seg-
mental bronchial allergen provocation in non-asthmatics
with AR [24, 25]. Typical early- and late-phase responses
are also essential common features between AR and
asthma [5].

Some studies simultaneously performed in both the nose
and the bronchi have shown that the extent of inflammation
may vary [26]. Intrinsic differences between nasal and
bronchial mucosa may be responsible for the less impres-
sive evidence for tissue remodeling in AR [5]. Similarities
and differences between the nasal and bronchial inflam-
matory mucosa are summarized in Table 2.

Non-asthmatic children with AR often have increased
bronchial hyper-responsiveness (BHR) to methacholine,
adenosine [27], or histamine, exercise or bronchial chal-
lenge [28], especially during and slightly after pollen sea-
son. Indeed, Cuttitta et al. [29] evaluated the prevalence of
BHR in children with AR by methacholine bronchial
challenge: non-asthmatics displayed a high prevalence of
BHR, significantly associated with persistent AR. In con-
cordance, a recent systematic review reporting on the
influence of AR on exhaled nitric oxide (eNO) values, a
non-invasive marker of lower airway inflammation, con-
cluded that it was higher in children with AR than in
children with non-AR, without rhinitis, or atopic children
[30].

The above-mentioned studies demonstrate that AR is not
just a local disease but that the entire respiratory tract is
involved, even in the absence of clinical asthma [21].

2.3 Genetic Link

A number of genome-wide association studies have revealed
that different allergic diseases share overlapping suscepti-
bility loci. The C11orf30/LRRC32 region on chromosome
11q13.5 is associated with atopic dermatitis, asthma, and AR
[31]. These overlapping loci could play an important role in
the allergic march but further studies are needed to clarify
the mechanisms underlying this phenomenon.

2.4 Therapeutic Link

Studies regarding therapeutic aspects of AR and asthma
indicate that treatments targeting either of them may alle-
viate the coexisting condition [16, 32]. There are strong
indications from observational data that treating co-morbid
AR may result in better asthma outcomes in terms of
asthma symptoms, emergency department visits and hos-
pitalizations, and lower overall costs [33].

3 From Allergic Rhinitis to Asthma:
Can it be Prevented?

Data indicating a link between AR and asthma and longi-
tudinal studies on the association of childhood AR and
asthma later in life are compelling. The hypothesis that AR
might itself be an asthma risk factor is of particular interest
and clinical implications are obvious; one could speculate
that asthma burden in later life might be reduced by more
focused treatment of AR in early life. Pediatric immune
responses are more adaptable and therefore may be more
amenable to treatment. Thus, early childhood offers a
window of opportunity for interventions with a higher
chance to affect the natural history of respiratory allergy
[34]. Inevitably, the important question that rises is whe-
ther the current treatment choices available for AR could

Table 2 Similarities and
differences between the nasal

Nasal mucosa

Bronchial mucosa

and bronchial inflammatory
mucosa

Structural changes

No evidence of vascular remodeling
Minimal collagen and fibrous deposition

No smooth muscles

Minimal epithelial damage

Extended epithelial damage
Proliferation of blood vessels

Subepithelial fibrosis from deposition of
collagen and proteoglycans under the
basement membrane

Airway smooth muscle hypertrophy and

hyperplasia
Cytology
Eosinophils Increased Increased
Neutrophils Low numbers Increased in severe asthma
T-cells CD4+ increased CD4+ increased
CD68 Possibly increased numbers Often increased numbers
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be characterized as disease modifying, capable of pre-
venting the evolution of AR to asthma.

Management of AR in children tends to follow the same
rationale as that in adults and includes avoidance of relevant
allergens, pharmacotherapy, and specific immunotherapy.

3.1 Allergen Avoidance

Attempts to prevent exacerbations and treat AR by allergen
avoidance have produced conflicting results. Outdoor
allergens, such as pollen, cannot be completely avoided.
Few studies have investigated the effectiveness of avoid-
ance measures of indoor allergens on AR. On the whole the
studies have been small and with methodologic challenges,
making it difficult to offer any definitive recommendations
on the role, if any, of house dust mite (HDM) avoidance
measures in particular. The results of these studies have
been assessed by a recent systematic review [35] con-
cluding that interventions that achieve substantial reduc-
tions in HDM load may offer some benefit in reducing
rhinitis symptoms. As far as cat dander prevention out-
comes, a study on adults with asthma and/or AR indicated
that the combination of a HEPA (high-efficiency particu-
late air) room air-cleaner, mattress and pillow covers, and
bedroom cat exclusion did reduce airborne cat-allergen
levels, but had no effect on disease activity for any
parameter studied [36]. On the contrary, another small
study found that cat-allergen load decrease had a signifi-
cant effect on AR symptoms [37]. In conclusion, although
the general consensus is that allergen avoidance should
lead to symptom improvement, there is little evidence to
support this through the use of physical or chemical
methods and there is no evidence to support a possible
secondary prevention effect on asthma development in AR
subjects. Nevertheless, it is still conceivable that long-term
avoidance of an allergenic/inflammatory trigger, in sensi-
tized individuals, may be able to reduce long-term out-
comes, also taking into account the possible additive
effects of persistent inflammation. The key issue in this
reasoning is whether effective allergen avoidance measures
can be achieved. In this respect, intensive avoidance, long-
term studies are awaited.

3.2 Pharmacotherapy

Early pharmacologic interventions are another option for
controlling disease severity, reducing inflammation, and
for consideration as a potential “allergic march-halting”
strategy. The main pharmacologic approach for pediatric
AR includes non-sedating antihistamines (mainly oral),
topical nasal glucocorticosteroids, and an oral leukotriene
receptor antagonist (LTRA).
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Oral H;-antihistamines (H;-receptor inverse agonists)
represent the first-line treatment for AR [1]. Their addi-
tional anti-inflammatory effect in nasal allergic inflamma-
tion has emerged in a number of studies: in children
terfenadine [38] and cetirizine [39] reduced inflammatory
cell infiltrate and intercellular adhesion molecule (ICAM)-
1 expression on nasal epithelial cells, fexofenadine mod-
ulated the expression of leukocyte function-associated
antigen (LFA)-1 and ICAM-1 on eosinophils [40], induced
eosinophil-apoptosis [40] and attenuated eosinophil-medi-
ated release of IL-8, granulocyte-macrophage colony-
stimulating factor (GM-CSF), and soluble ICAM-1 from
nasal epithelial cells [41]. Although histamine is a proven
asthma mediator, H;-antihistamines have rather inconsis-
tent effects in asthma challenge models, BHR, and symp-
toms of perennial and seasonal asthma. Studies indicate
that cetirizine [42] and loratadine (plus pseudoephedrine)
[43] in recommended doses exert beneficial effects on
seasonal AR patients with mild asthma symptoms. In an
older meta-analysis of studies involving antihistamine use
in persistent adult asthma, the beneficial effects noticed
were found to be out-weighed by adverse effects [44].
Some H;-antihistamines have demonstrated anti-inflam-
matory properties in the bronchial mucosa. Indeed, in a
study of allergic untreated asthmatics who were allergen-
inhalation challenged, Rédier et al. [45] observed lower
bronchoalveolar lavage inflammatory (mainly eosinophils)
cell numbers in the cetirizine versus the placebo pretreated.
No significant clinical modification in the allergen inhala-
tion-challenge test was observed. Even though the bron-
chodilator and bronchoprotective H;-antihistamine effects
are inconsistent, promising preliminary evidence on
delaying the onset of infant asthma have emerged. These
outcomes derive from randomized, double-blind, placebo-
controlled studies of 1-3 years’ duration, based on the
administration of cetirizine [46] or ketotifen [47, 48] to
infants at high risk of asthma development. It is, therefore,
tempting to speculate that inhibiting the upregulation of
adhesion molecules may prevent inflammatory cell
migration into the airway and thereby may retard or even
prevent the development of asthma [49]. Unfortunately,
these findings were not confirmed in a similar levocetiri-
zine study [50]. In conclusion, H;-antihistamines only
appear to contribute to the relief of mild seasonal asthma
symptoms in patients with concurrent AR. Taking into
consideration the important “systemic inflammatory dis-
semination” link in respiratory allergy, the fact that some
H;-antihistamines have proven additional anti-inflamma-
tory effects, and the above-mentioned intriguing, but not
confirmed, prevention findings, one can speculate that
well-designed studies, possibly with new molecules, still
hold promise as secondary asthma prevention measures in
children with ‘early’ diagnosed AR.
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Meanwhile, recent antihistamine research has focused
on Hy-antagonists; the Hy-receptor seems important for the
chemoattraction of immunologically relevant cells (eosin-
ophils, mast cells, neutrophils, T-cells, dendritic cells) [51],
making Hy-antihistamines promising in potentially modu-
lating the pro-allergic function of these cells [52, 53].

Glucocorticosteroids are the most effective drugs when
administered topically in the nose and the bronchi for the
treatment of AR and asthma, respectively. Intranasal cor-
ticosteroids are more effective than antihistamines and the
use of new, selective formulations with less bioavailability
is not associated with growth retardation or other signifi-
cant systemic side effects in children [54-56]. AR treat-
ment using corticosteroids was found to improve asthma at
best moderately, in some but not all studies. Reviews [57,
58] of the corresponding literature point out a non-signif-
icant tendency in asthma symptom and forced expiratory
volume in 1 second (FEV,) improvement. The findings on
BHR are inconsistent as well. Ozturk et al. [59] reported
that triamcinolone nasal spray blocked methacholine BHR
increase after high-load natural pollen exposure in children
with seasonal AR. On the contrary, Thio et al. [60] found
no BHR effects of intranasal fluticasone and beclometha-
sone in children and young adults with seasonal AR and
mild asthma. Yet, corticosteroid treatment of concomitant
AR in asthmatics is associated with significant risk-
reduction in asthma emergency room visits and hospital-
izations [61]. Watson et al. [62], exploring the effect in the
lower airways of treating AR with intranasal corticoste-
roids, showed that less than 2 % was deposited in the chest
area. Since intranasal corticosteroids have not been shown
to result in significant deposition to the lungs, the reduction
in asthma symptoms may be related to improvements in
nasal function rather than any direct effects of the medi-
cation on the lower airway [63]. Meanwhile, studies in
children and adolescents demonstrate an efficient control
on AR and asthma symptoms by simultaneous treatment
with intranasally inhaled corticosteroids (budesonide [64],
beclomethasone [65], fluticasone [66, 67]). Less is known
about the effects on nasal disease of inhaled (intrabron-
chial) corticosteroid treatment [1]. In adults with seasonal
AR without asthma, a study [68] examining the effects of
inhaled budesonide on their AR concluded that in addition
to nasal symptoms it also ameliorated the seasonal increase
in blood and nasal eosinophils, and eosinophil cationic
protein nasal lavage levels. If the systemic and nasal
treatment effects in this study are due to pulmonary
absorption of budesonide [68], these data suggest that
inhibition of allergic eosinophilia could be interpreted
towards an inhibition of the allergic march. Still, one can’t
disregard discouraging study outcomes pointing out that
early use of inhaled corticosteroids for wheezing pre-
schoolers had no effect on the natural history of asthma/

wheeze later in childhood, and did not prevent lung func-
tion decline or reduce airway reactivity [69-71]. These
findings don’t provide support for a disease-modifying
effect of inhaled corticosteroids after the treatment is dis-
continued. The fact that such medications need to be
administered for long periods of time makes potential side
effects a major disadvantage. The same stands for the use
of per os corticosteroids and should be pointed out that,
although short courses of prednisolone are occasionally
administered in poorly controlled pediatric AR, the few
corresponding studies in adult seasonal AR implicate
effectiveness only in high (30 mg/day) doses [72].

Recently, a novel therapeutic intranasal combined for-
mulation of azelastine and fluticasone propionate has
demonstrated superiority over the sole administration of
these agents in seasonal AR [73]. This high efficacy is
auspicious as a potential “allergic march-halting” inter-
vention but more studies are awaited.

Montelukast, an LTRA initially developed as a treatment
for asthma, has also found use in AR. Systematic reviews
and meta-analyses of randomized controlled trials on the
effectiveness of LTRA, mainly in adults with seasonal AR,
concluded that montelukast is modestly better than placebo,
as effective as antihistamines, but less effective than nasal
corticosteroids in improving symptoms and quality of life
[74-76]. In combination with antihistamines (loratadine,
cetirizine, or fexofenadine), montelukast has generally
resulted in higher efficacy than when these agents were used
alone [75-77]. A randomized, double-blind placebo-con-
trolled study in children with seasonal AR reported that
montelukast provides substantial improvement in symp-
toms and peripheral eosinophil counts; however, it didn’t
show a significant effect on eNO levels [78]. Besides this
small but favorable study, the rest of the literature’s end-
points are primarily on individual upper respiratory symp-
tom scores and less on objective measures of the severity of
concomitant asthma [76]. In one of the few double-blind,
placebo-controlled, parallel-group multicenter studies on
children with seasonal allergen sensitivity, montelukast
over a 3-week treatment during the allergy season didn’t
significantly improve FEV; [79]. Taking into account the
modest effects, as well as the negative results on the natural
history of wheeze [80], the chances for montelukast to
prevent the development of asthma in children with AR,
although not evaluated, appear not very high.

3.3 Allergen-Specific Immunotherapy

Allergen-specific immunotherapy (SIT) is an important
treatment modality and has been positioned as the only one
that may alter the natural course of an allergic disease [34].
Currently, as far as AR is concerned, SIT is indicated in
moderate/severe AR that doesn’t respond to conventional
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pharmacotherapy and allergen avoidance measures [81].
Scientific evidence of the efficacy of subcutaneous immu-
notherapy (SCIT) in AR have been demonstrated to a great
extent in adults. Due to the plasticity of the pediatric
immune system, the long-term benefit in children might be
expected to be even better [34]. In one open study [82—84]
in children with seasonal rhinoconjunctivitis, SCIT with
grass and/or birch standardized allergen extracts for
3 years showed long-term (>7 years) clinical effects and a
preventive effect on asthma development. These possible
protective and disease-modifying effects of SCIT indicate
it may be favorable to start early in the disease process,
even in children with well-controlled allergic symptoms
[34]. However, this is yet to be substantiated. Regarding
sublingual immunotherapy, some randomized controlled
open trials in children have also suggested a preventive
asthma effect [85-87]. As the quality of pediatric evidence
in this area is not optimal, there is a need for well-designed,
double-blind, placebo-controlled studies to assess the long-
term immunotherapy effects in childhood [88]. The ongo-
ing GAP (Grazax Asthma Prevention) trial represents the
first double-blind, placebo-controlled randomized study
aiming to assess the preventive effect of SIT on asthma
development [89]. Last but not least, it must be kept in
mind that the mechanisms leading to the disease-modifying
effect, as well as the characteristics of patients particularly
responsive to treatment, remain unclear.

3.4 Other Interventions

Over the last decades, the greater understanding of the
pathogenesis of allergic diseases has led to the develop-
ment of a number of novel targeted therapeutic approaches
using biologicals. Among these, omalizumab, a humanized
monoclonal antibody that binds circulating IgE and pre-
vents its attachment to high-affinity IgE receptors, is the
most extensively studied agent approved for the treatment
of severe uncontrolled asthma with perennial sensitiza-
tions. However, a growing number of reports indicate its
effectiveness in seasonal and perennial AR in adults/ado-
lescents [90-94] and children [95-99]. Targeting the early
phase of the allergic cascade could prove a significant
allergic march-preventing treatment. The long-term effects
of omalizumab are unknown, although there are reported
observations of persisting efficacy [100, 101]. The high
cost and some rare side effects [102] could be drawbacks.

The characteristic eosinophilic inflammatory response in
AR could be approached by other novel, but yet off-label,
biologicals. Mepolizumab, which blocks the binding of IL-5
to eosinophils, has shown a beneficial effect on severe
eosinophilic asthma [103, 104], hypereosinophilic syndrome
[105], and severe eosinophilic polyposis [106] in adults.
Pitrakinra, a recombinant IL-4 variant that competitively
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binds the IL-4Ra receptor, inhibiting the binding of both IL-
4 and IL-13, substantially diminished asthma symptoms
during the late-phase asthmatic response after allergen
challenge [107]. Studies of efficacy versus safety are ongo-
ing; however, even if these two biologicals get approved in
adults, evidence-based authorization for children should not
be expected soon.

Another experimental approach in AR treatment is
through the administration of probiotics. Some controlled
trials reported overall positive results with the administra-
tion of lactobacillus in children with AR [108, 109], and a
small study reported clinical and anti-inflammatory effects
provided by Bacillus clausii [110]. Data showing that
probiotic supplementation modulates immune responses in
AR and may potentially alleviate the AR symptom severity
[111] are encouraging, but their primary preventive effect
on atopic diseases, probably by enhancing the T helper
type 1 (THI) response, is still unconfirmed [112].

4 Conclusion

There is currently little proof that allergen avoidance or
pharmacotherapy may be able to affect the long-term nat-
ural history of respiratory allergy. Nevertheless, there is
still scope for identification of responsive phenotypes,
longer-term studies, and/or more intensive/focused thera-
peutic interventions, which may result in clinically relevant
preventive effects. Furthermore, short- to medium-term
effects on asthma outcomes may be achievable through AR
treatments. Much more promising is the field of SIT, where
current evidence, although not yet of ideal robustness,
point towards a disease-modifying effect. Controlled
studies, some already underway, are needed to describe this
effect in detail. Finally, specific targeting of allergy
mediators through biologicals is currently taking its first
steps towards the clinic, initially targeting symptoms, but
eventually expected to be evaluated in long-term studies.

Acknowledgments No sources of funding were used in the prepa-
ration of this manuscript.

Conflicts of interest O.A. Tsilochristou, N. Douladiris, and M.
Makris declare no conflict of interest. N.G. Papadopoulos has
received payment for consultancy from ABBOTT, Novartis, Mena-
rini; for lectures from MSD, URIACH, GSK, ALLERGOPHARMA,
Stallergenes, MEDA; for development of educational presentations
from MSD, URIACH, MEDA; and grants from Nestle, MSD.

References

1. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens W1J, Togias
A, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) 2008
update (in collaboration with the World Health Organization,



Pediatric Allergic March

10.

11.

12.

13.

14.

15.

17.

18.

19.

GA(2)LEN and AllerGen). Allergy. 2008;63(Suppl 86):8—160.
doi:10.1111/5.1398-9995.2007.01620.x.

. Grossman J. One airway, one disease. Chest. 1997;111(2 Suppl):

11S-6S.

. Simons FE. Allergic rhinobronchitis: the asthma-allergic rhinitis

link. J Allergy Clin Immunol. 1999;104(3 Pt 1):534—40.

. Passalacqua G, Ciprandi G, Canonica GW. The nose-lung

interaction in allergic rhinitis and asthma: united airways dis-
ease. Curr Opin Allergy Clin Immunol. 2001;1(1):7-13.

. Togias A. Rhinitis and asthma: evidence for respiratory system

integration. J Allergy Clin Immunol. 2003;111(6):1171-83 quiz
84.

. Papadopoulos NG, Borres M, Gern J, Nieto A. New visions in

respiratory allergy (asthma and allergic rhinitis): an iPAC sum-
mary and future trends. Pediatr Allergy Immunol. 2008;19(Suppl
19):51-9. doi:10.1111/j.1399-3038.2008.00767 .x.

. Leynaert B, Neukirch C, Kony S, Guenegou A, Bousquet J,

Aubier M, et al. Association between asthma and rhinitis
according to atopic sensitization in a population-based study.
J Allergy Clin Immunol. 2004;113(1):86-93. doi:10.1016/j.jaci.
2003.10.010.

. Pedersen PA, Weeke ER. Asthma and allergic rhinitis in the

same patients. Allergy. 1983;38(1):25-9.

. Worldwide variation in prevalence of symptoms of asthma,

allergic rhinoconjunctivitis, and atopic eczema: ISAAC. The
International Study of Asthma and Allergies in Childhood
(ISAAC) Steering Committee. Lancet. 1998;351(9111):1225-32.
Worldwide variations in the prevalence of asthma symptoms:
the International Study of Asthma and Allergies in Childhood
(ISAACQC). Eur Respir J. 1998;12(2):315-35.

Grize L, Gassner M, Wuthrich B, Bringolf-Isler B, Takken-Sahli
K, Sennhauser FH, et al. Trends in prevalence of asthma,
allergic rhinitis and atopic dermatitis in 5-7-year old Swiss
children from 1992 to 2001. Allergy. 2006;61(5):556-62.
doi:10.1111/5.1398-9995.2006.01030.x.

Westman M, Stjarne P, Asarnoj A, Kull I, van Hage M,
Wickman M, et al. Natural course and comorbidities of allergic
and nonallergic rhinitis in children. J Allergy Clin Immunol.
2012;129(2):403-8. doi:10.1016/j.jaci.2011.09.036.

Chawes BL, Bonnelykke K, Kreiner-Moller E, Bisgaard H.
Children with allergic and nonallergic rhinitis have a similar risk
of asthma. J Allergy Clin Immunol. 2010;126(3):567-73 el-8.
doi:10.1016/j.jaci.2010.06.026.

Wright AL, Holberg CJ, Martinez FD, Halonen M, Morgan W,
Taussig LM. Epidemiology of physician-diagnosed allergic
rhinitis in childhood. Pediatrics. 1994;94(6 Pt 1):895-901.
Thomas M, Kocevar VS, Zhang Q, Yin DD, Price D. Asthma-
related health care resource use among asthmatic children with
and without concomitant allergic rhinitis. Pediatrics.
2005;115(1):129-34. doi:10.1542/peds.2004-0067.

. Sazonov Kocevar V, Thomas J 3rd, Jonsson L, Valovirta E,

Kristensen F, Yin DD, et al. Association between allergic rhi-
nitis and hospital resource use among asthmatic children in
Norway. Allergy. 2005;60(3):338-42. doi:10.1111/1.1398-9995.
2005.00712.x.

Burgess JA, Walters EH, Byrnes GB, Matheson MC, Jenkins
MA, Wharton CL, et al. Childhood allergic rhinitis predicts
asthma incidence and persistence to middle age: a longitudinal
study. J Allergy Clin Immunol. 2007;120(4):863-9. doi:10.
1016/j.jaci.2007.07.020.

Van Cauwenberge P, Watelet JB, Van Zele T, Wang DY,
Toskala E, Durham S, et al. Does rhinitis lead to asthma? Rhi-
nology. 2007;45(2):112-21.

Georgalas C, Terreehorst I, Fokkens W. Current management of
allergic rhinitis in children. Pediatr Allergy Immunol. 2010;21(1
Pt 2):e119-26. doi:10.1111/§.1399-3038.2009.00934..x.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Caimmi D, Marseglia A, Pieri G, Benzo S, Bosa L, Caimmi S.
Nose and lungs: one way, one disease. Ital J Pediatr. 2012;38:60.
doi:10.1186/1824-7288-38-60.

Braunstahl GJ. The unified immune system: respiratory tract-
nasobronchial interaction mechanisms in allergic airway dis-
ease. J Allergy Clin Immunol. 2005;115(1):142-8. doi:10.1016/
j-jaci.2004.10.041.

Denburg JA, Keith PK. Eosinophil progenitors in airway dis-
eases: clinical implications. Chest. 2008;134(5):1037-43.
doi:10.1378/chest.08-0485.

Braunstahl GJ, Overbeek SE, Kleinjan A, Prins JB, Hoogsteden
HC, Fokkens WJ. Nasal allergen provocation induces adhesion
molecule expression and tissue eosinophilia in upper and lower
airways. J Allergy Clin Immunol. 2001;107(3):469-76. doi:10.
1067/mai.2001.113046.

Braunstahl GJ, Kleinjan A, Overbeek SE, Prins JB, Hoogsteden
HC, Fokkens WIJ. Segmental bronchial provocation induces
nasal inflammation in allergic rhinitis patients. Am J Respir Crit
Care Med. 2000;161(6):2051-7. doi:10.1164/ajrccm.161.6.
9906121.

Braunstahl GJ, Overbeek SE, Fokkens WJ, Kleinjan A, McEuen
AR, Walls AF, et al. Segmental bronchoprovocation in allergic
rhinitis patients affects mast cell and basophil numbers in nasal
and bronchial mucosa. Am J Respir Crit Care Med. 2001;164(5):
858-65. doi:10.1164/ajrccm.164.5.2006082.

Chanez P, Vignola AM, Vic P, Guddo F, Bonsignore G, Godard
P, et al. Comparison between nasal and bronchial inflammation
in asthmatic and control subjects. Am J Respir Crit Care Med.
1999;159(2):588-95. doi:10.1164/ajrccm.159.2.9801022.

Suh DI, Lee JK, Kim JT, Min YG, Koh YY. Bronchial hyper-
responsiveness in preschool children with allergic rhinitis. Am J
Rhinol Allergy. 2011;25(5):¢186-90. doi:10.2500/ajra.2011.25.
3685.

Choi SH, Yoo Y, Yu J, Rhee CS, Min YG, Koh YY. Bronchial
hyperresponsiveness in young children with allergic rhinitis and
its risk factors. Allergy. 2007;62(9):1051-6. doi:10.1111/j.1398-
9995.2007.01403.x.

Cuttitta G, Cibella F, La Grutta S, Hopps MR, Bucchieri S,
Passalacqua G, et al. Non-specific bronchial hyper-responsive-
ness in children with allergic rhinitis: relationship with the
atopic status. Pediatr Allergy Immunol. 2003;14(6):458-63.
Linhares D, Jacinto T, Pereira AM, Fonseca JA. Effects of atopy
and rhinitis on exhaled nitric oxide values—a systematic review.
Clin Transl Allergy. 2011;1(1):8. doi:10.1186/2045-7022-1-8.
Tamari M, Tanaka S, Hirota T. Genome-wide association
studies of allergic diseases. Allergol Int. 2013;62(1):21-8.
doi:10.2332/allergolint.13-RAI-0539.

Humbert M, Boulet LP, Niven RM, Panahloo Z, Blogg M, Ayre
G. Omalizumab therapy: patients who achieve greatest benefit
for their asthma experience greatest benefit for rhinitis. Allergy.
2009;64(1):81—4. doi:10.1111/j.1398-9995.2008.01846.x.
Thomas M. Allergic rhinitis: evidence for impact on asthma.
BMC Pulm Med. 2006;6(Suppl 1):S4. doi:10.1186/1471-2466-
6-S1-S4.

Calderon MA, Gerth van Wijk R, Eichler I, Matricardi PM,
Varga EM, Kopp MV, et al. Perspectives on allergen-specific
immunotherapy in childhood: an EAACI position statement.
Pediatr Allergy Immunol. 2012;23(4):300-6. doi:10.1111/j.
1399-3038.2012.01313.x.

Nurmatov U, van Schayck CP, Hurwitz B, Sheikh A. House dust
mite avoidance measures for perennial allergic rhinitis: an
updated Cochrane systematic review. Allergy. 2012;67(2):158—
65. doi:10.1111/§.1398-9995.2011.02752.x.

Wood RA, Johnson EF, Van Natta ML, Chen PH, Eggleston PA.
A placebo-controlled trial of a HEPA air cleaner in the treatment
of cat allergy. Am J Respir Crit Care Med. 1998;158(1):115-20.

A\ Adis


http://dx.doi.org/10.1111/j.1398-9995.2007.01620.x
http://dx.doi.org/10.1111/j.1399-3038.2008.00767.x
http://dx.doi.org/10.1016/j.jaci.2003.10.010
http://dx.doi.org/10.1016/j.jaci.2003.10.010
http://dx.doi.org/10.1111/j.1398-9995.2006.01030.x
http://dx.doi.org/10.1016/j.jaci.2011.09.036
http://dx.doi.org/10.1016/j.jaci.2010.06.026
http://dx.doi.org/10.1542/peds.2004-0067
http://dx.doi.org/10.1111/j.1398-9995.2005.00712.x
http://dx.doi.org/10.1111/j.1398-9995.2005.00712.x
http://dx.doi.org/10.1016/j.jaci.2007.07.020
http://dx.doi.org/10.1016/j.jaci.2007.07.020
http://dx.doi.org/10.1111/j.1399-3038.2009.00934.x
http://dx.doi.org/10.1186/1824-7288-38-60
http://dx.doi.org/10.1016/j.jaci.2004.10.041
http://dx.doi.org/10.1016/j.jaci.2004.10.041
http://dx.doi.org/10.1378/chest.08-0485
http://dx.doi.org/10.1067/mai.2001.113046
http://dx.doi.org/10.1067/mai.2001.113046
http://dx.doi.org/10.1164/ajrccm.161.6.9906121
http://dx.doi.org/10.1164/ajrccm.161.6.9906121
http://dx.doi.org/10.1164/ajrccm.164.5.2006082
http://dx.doi.org/10.1164/ajrccm.159.2.9801022
http://dx.doi.org/10.2500/ajra.2011.25.3685
http://dx.doi.org/10.2500/ajra.2011.25.3685
http://dx.doi.org/10.1111/j.1398-9995.2007.01403.x
http://dx.doi.org/10.1111/j.1398-9995.2007.01403.x
http://dx.doi.org/10.1186/2045-7022-1-8
http://dx.doi.org/10.2332/allergolint.13-RAI-0539
http://dx.doi.org/10.1111/j.1398-9995.2008.01846.x
http://dx.doi.org/10.1186/1471-2466-6-S1-S4
http://dx.doi.org/10.1186/1471-2466-6-S1-S4
http://dx.doi.org/10.1111/j.1399-3038.2012.01313.x
http://dx.doi.org/10.1111/j.1399-3038.2012.01313.x
http://dx.doi.org/10.1111/j.1398-9995.2011.02752.x

0. A. Tsilochristou et al.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Bjornsdottir US, Jakobinudottir S, Runarsdottir V, Juliusson S.
The effect of reducing levels of cat allergen (Fel d 1) on clinical
symptoms in patients with cat allergy. Ann Allergy Asthma
Immunol. 2003;91(2):189-94.

Ciprandi G, Ricca V, Tosca M, Landi M, Passalacqua G, Can-
onica GW. Continuous antihistamine treatment controls allergic
inflammation and reduces respiratory morbidity in children with
mite allergy. Allergy. 1999;54(4):358-65.

Ciprandi G, Tosca M, Ricca V, Passalacqua G, Riccio AM,
Bagnasco M, et al. Cetirizine treatment of rhinitis in children
with pollen allergy: evidence of its antiallergic activity. Clin
Exp Allergy. 1997;27(10):1160-6.

Vancheri C, Mastruzzo C, Tomaselli V, Bellistri G, Pistorio MP,
Greco LR, et al. The effect of fexofenadine on expression of
intercellular adhesion molecule 1 and induction of apoptosis on
peripheral eosinophils. Allergy Asthma Proc. 2005;26(4):292-8.
Abdelaziz MM, Devalia JL, Khair OA, Bayram H, Prior AJ,
Davies RJ. Effect of fexofenadine on eosinophil-induced chan-
ges in epithelial permeability and cytokine release from nasal
epithelial cells of patients with seasonal allergic rhinitis.
J Allergy Clin Immunol. 1998;101(3):410-20. doi:10.1016/
S0091-6749(98)70256-8.

Grant JA, Nicodemus CF, Findlay SR, Glovsky MM, Grossman
J, Kaiser H, et al. Cetirizine in patients with seasonal rhinitis and
concomitant asthma: prospective, randomized, placebo-con-
trolled trial. J Allergy Clin Immunol. 1995;95(5 Pt 1):923-32.
Corren J, Harris AG, Aaronson D, Beaucher W, Berkowitz R,
Bronsky 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(6 Pt 1):781-8.

Van Ganse E, Kaufman L, Derde MP, Yernault JC, Delaunois L,
Vincken W. Effects of antihistamines in adult asthma: a meta-
analysis of clinical trials. Eur Respir J. 1997;10(10):2216-24.
Rédier H, Chanez P, De Vos C, Rifai N, Clauzel AM, Michel FB,
et al. Inhibitory effect of cetirizine on the bronchial eosinophil
recruitment induced by allergen inhalation challenge in allergic
patients with asthma. J Allergy Clin Immunol. 1992;90(2):215-24.
Warner JO. A double-blinded, randomized, placebo-controlled
trial of cetirizine in preventing the onset of asthma in children
with atopic dermatitis: 18 months’ treatment and 18 months’
posttreatment follow-up. J Allergy Clin Immunol. 2001;108(6):
929-37. doi:10.1067/mai.2001.120015.

Tikura Y, Naspitz CK, Mikawa H, Talaricoficho S, Baba M, Sole
D, et al. Prevention of asthma by ketotifen in infants with atopic
dermatitis. Ann Allergy. 1992;68(3):233-6.

Bustos GJ, Bustos D, Romero O. Prevention of asthma with
ketotifen in preasthmatic children: a three-year follow-up study.
Clin Exp Allergy. 1995;25(6):568-73.

Warner JO. Future aspects of pharmacological treatment to
inhibit the allergic march. Pediatr Allergy Immunol. 2001;12
(Suppl 14):102-7.

Simons FE. Safety of levocetirizine treatment in young atopic
children: an 18-month study. Pediatr Allergy Immunol.
2007;18(6):535-42. doi:10.1111/1.1399-3038.2007.00558.x.
O’Mahony L, Akdis M, Akdis CA. Regulation of the immune
response and inflammation by histamine and histamine recep-
tors. J Allergy Clin Immunol. 2011;128(6):1153-62. doi:10.
1016/j.jaci.2011.06.051.

Gibbs BF, Levi-Schaffer F. H(4) receptors in mast cells and
basophils: a new therapeutic target for allergy? Front Biosci.
2012;17:430-7.

Shiraishi Y, Jia Y, Domenico J, Joetham A, Karasuyama H, Takeda
K, etal. Sequential engagement of FceRI on mast cells and basophil
histamine H(4) receptor and FceRI in allergic rhinitis. J Immunol.
2013;190(2):539-48. doi:10.4049/jimmunol.1202049.

A\ Adis

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

. Murphy K, Uryniak T, Simpson B, O’Dowd L. Growth velocity

in children with perennial allergic rhinitis treated with budeso-
nide aqueous nasal spray. Ann Allergy Asthma Immunol.
2006;96(5):723-30. doi:10.1016/S1081-1206(10)61072-1.
Allen DB, Meltzer EO, Lemanske RF Jr, Philpot EE, Faris MA,
Kral KM, et al. No growth suppression in children treated with
the maximum recommended dose of fluticasone propionate
aqueous nasal spray for one year. Allergy Asthma Proc.
2002;23(6):407-13.

Schenkel EJ, Skoner DP, Bronsky EA, Miller SD, Pearlman DS,
Rooklin A, et al. Absence of growth retardation in children with
perennial allergic rhinitis after one year of treatment with mo-
metasone furoate aqueous nasal spray. Pediatrics. 2000;105(2):E22.
Taramarcaz P, Gibson PG. The effectiveness of intranasal cor-
ticosteroids in combined allergic rhinitis and asthma syndrome.
Clin Exp Allergy. 2004;34(12):1883-9. doi:10.1111/j.1365-
2222.2004.02130.x.

Lohia S, Schlosser RJ, Soler ZM. Impact of intranasal cortico-
steroids on asthma outcomes in allergic rhinitis: a meta-analysis.
Allergy. 2013;68(5):569-79. doi:10.1111/all.12124.

Ozturk F, Turktas I, Asal K, Ileri F, Munevver Pinar N. Effect of
intranasal triamcinolone acetonide on bronchial hyper-respon-
siveness in children with seasonal allergic rhinitis and compar-
ison of perceptional nasal obstruction with acoustic rhinometric
assessment. Int J Pediatr Otorhinolaryngol. 2004;68(8):1007—-15.
doi:10.1016/j.ijporl.2004.03.006.

Thio BJ, Slingerland GL, Fredriks AM, Nagelkerke AF, Sche-
eren RA, Neijens HJ, et al. Influence of intranasal steroids
during the grass pollen season on bronchial responsiveness in
children and young adults with asthma and hay fever. Thorax.
2000;55(10):826-32.

Adams RJ, Fuhlbrigge AL, Finkelstein JA, Weiss ST. Intranasal
steroids and the risk of emergency department visits for asthma.
J Allergy Clin Immunol. 2002;109(4):636—-42.

Watson WT, Becker AB, Simons FE. Treatment of allergic
rhinitis with intranasal corticosteroids in patients with mild
asthma: effect on lower airway responsiveness. J Allergy Clin
Immunol. 1993;91(1 Pt 1):97-101.

Corren J. The impact of allergic rhinitis on bronchial asthma.
J Allergy Clin Immunol. 1998;101(2 Pt 2):S352-6.

Pedersen W, Hjuler I, Bisgaard H, Mygind N. Nasal inhalation
of budesonide from a spacer in children with perennial rhinitis
and asthma. Allergy. 1998;53(4):383-7.

Camargos PA, Rodrigues ME, Lasmar LM. Simultaneous
treatment of asthma and allergic rhinitis. Pediatr Pulmonol.
2004;38(3):186-92. doi:10.1002/ppul.20084.

Camargos P, Ibiapina C, Lasmar L, Cruz AA. Obtaining con-
comitant control of allergic rhinitis and asthma with a nasally
inhaled corticosteroid. Allergy. 2007;62(3):310-6. doi:10.1111/
j-1398-9995.2007.01241 .x.

Ribeiro de Andrade C, Chatkin JM, Fiterman J, Scaglia N,
Camargos PA. Unified disease, unified management: treating
allergic rhinitis and asthma with nasally inhaled corticosteroid.
Respir Med. 2010;104(10):1577-80. doi:10.1016/j.rmed.2010.
06.021.

Greiff L, Andersson M, Svensson C, Linden M, Wollmer P,
Brattsand R, et al. Effects of orally inhaled budesonide in sea-
sonal allergic rhinitis. Eur Respir J. 1998;11(6):1268-73.
Murray CS, Woodcock A, Langley SJ, Morris J, Custovic A.
Secondary prevention of asthma by the use of Inhaled Flutica-
sone propionate in Wheezy INfants (IFWIN): double-blind,
randomised, controlled study. Lancet. 2006;368(9537):754-62.
doi:10.1016/S0140-6736(06)69285-4.

Guilbert TW, Morgan WIJ, Zeiger RS, Mauger DT, Boehmer SJ,
Szefler SJ, et al. Long-term inhaled corticosteroids in preschool


http://dx.doi.org/10.1016/S0091-6749(98)70256-8
http://dx.doi.org/10.1016/S0091-6749(98)70256-8
http://dx.doi.org/10.1067/mai.2001.120015
http://dx.doi.org/10.1111/j.1399-3038.2007.00558.x
http://dx.doi.org/10.1016/j.jaci.2011.06.051
http://dx.doi.org/10.1016/j.jaci.2011.06.051
http://dx.doi.org/10.4049/jimmunol.1202049
http://dx.doi.org/10.1016/S1081-1206(10)61072-1
http://dx.doi.org/10.1111/j.1365-2222.2004.02130.x
http://dx.doi.org/10.1111/j.1365-2222.2004.02130.x
http://dx.doi.org/10.1111/all.12124
http://dx.doi.org/10.1016/j.ijporl.2004.03.006
http://dx.doi.org/10.1002/ppul.20084
http://dx.doi.org/10.1111/j.1398-9995.2007.01241.x
http://dx.doi.org/10.1111/j.1398-9995.2007.01241.x
http://dx.doi.org/10.1016/j.rmed.2010.06.021
http://dx.doi.org/10.1016/j.rmed.2010.06.021
http://dx.doi.org/10.1016/S0140-6736(06)69285-4

Pediatric Allergic March

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

children at high risk for asthma. N Engl J Med. 2006;354
(19):1985-97. doi:10.1056/NEJMoa051378.

Bisgaard H, Hermansen MN, Loland L, Halkjaer LB, Buchvald
F. Intermittent inhaled corticosteroids in infants with episodic
wheezing. N Engl J Med. 2006;354(19):1998-2005. doi:10.
1056/NEJM0a054692.

Mygind N, Laursen LC, Dahl M. Systemic corticosteroid
treatment for seasonal allergic rhinitis: a common but poorly
documented therapy. Allergy. 2000;55(1):11-5.

Carr W, Bernstein J, Lieberman P, Meltzer E, Bachert C, Price
D, et al. A novel intranasal therapy of azelastine with fluticasone
for the treatment of allergic rhinitis. J Allergy Clin Immunol.
2012;129(5):1282-9 e10. doi:10.1016/j.jaci.2012.01.077.
Wilson AM, O’Byrne PM, Parameswaran K. Leukotriene
receptor antagonists for allergic rhinitis: a systematic review and
meta-analysis. Am J Med. 2004;116(5):338-44. doi:10.1016/j.
amjmed.2003.10.030.

Rodrigo GJ, Yanez A. The role of antileukotriene therapy in
seasonal allergic rhinitis: a systematic review of randomized
trials. Ann Allergy Asthma Immunol. 2006;96(6):779-86.
doi:10.1016/S1081-1206(10)61339-7.

Nayak A, Langdon RB. Montelukast in the treatment of allergic
rhinitis: an evidence-based review. Drugs. 2007;67(6):887-901.
Li AM, Abdullah VJ, Tsen CS, Au CT, Lam HS, So HK, et al.
Leukotriene receptor antagonist in the treatment of childhood
allergic rhinitis—a randomized placebo-controlled study. Pedi-
atr Pulmonol. 2009;44(11):1085-92. doi:10.1002/ppul.21102.
Razi C, Bakirtas A, Harmanci K, Turktas I, Erbas D. Effect of
montelukast on symptoms and exhaled nitric oxide levels in 7-
to 14-year-old children with seasonal allergic rhinitis. Ann
Allergy Asthma Immunol. 2006;97(6):767-74. doi:10.1016/
S1081-1206(10)60968-4.

Papadopoulos NG, Philip G, Giezek H, Watkins M, Smugar SS,
Polos PG. The efficacy of montelukast during the allergy season
in pediatric patients with persistent asthma and seasonal aero-
allergen sensitivity. J Asthma. 2009;46(4):413-20. doi:10.1080/
02770900902847727.

Bisgaard H, Flores-Nunez A, Goh A, Azimi P, Halkas A, Malice
MP, et al. Study of montelukast for the treatment of respiratory
symptoms of post-respiratory syncytial virus bronchiolitis in
children. Am J Respir Crit Care Med. 2008;178(8):854—60.
doi:10.1164/rccm.200706-9100C.

Walker SM, Durham SR, Till SJ, Roberts G, Corrigan CJ, Leech
SC, et al. Immunotherapy for allergic rhinitis. Clin Exp Allergy.
2011;41(9):1177-200. doi:10.1111/j.1365-2222.2011.03794.x.
Jacobsen L, Niggemann B, Dreborg S, Ferdousi HA, Halken S,
Host A, et al. Specific immunotherapy has long-term preventive
effect of seasonal and perennial asthma: 10-year follow-up on
the PAT study. Allergy. 2007;62(8):943-8. doi:10.1111/j.1398-
9995.2007.01451 ..

Niggemann B, Jacobsen L, Dreborg S, Ferdousi HA, Halken S, Host
A, et al. Five-year follow-up on the PAT study: specific immuno-
therapy and long-term prevention of asthma in children. Allergy.
2006;61(7):855-9. doi:10.1111/5.1398-9995.2006.01068 .x.

Moller C, Dreborg S, Ferdousi HA, Halken S, Host A, Jacobsen
L, et al. Pollen immunotherapy reduces the development of
asthma in children with seasonal rhinoconjunctivitis (the PAT-
study). J Allergy Clin Immunol. 2002;109(2):251-6.

Di Rienzo V, Marcucci F, Puccinelli P, Parmiani S, Frati F,
Sensi L, et al. Long-lasting effect of sublingual immunotherapy
in children with asthma due to house dust mite: a 10-year pro-
spective study. Clin Exp Allergy. 2003;33(2):206-10.
Novembre E, Galli E, Landi F, Caffarelli C, Pifferi M, De Marco E,
et al. Coseasonal sublingual immunotherapy reduces the develop-
ment of asthma in children with allergic rhinoconjunctivitis.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

J Allergy Clin Immunol. 2004;114(4):851-7. doi:10.1016/j.jaci.
2004.07.012.

Olaguibel JM, Alvarez Puebla MIJ. Efficacy of sublingual
allergen vaccination for respiratory allergy in children. Con-
clusions from one meta-analysis. J Investig Allergol Clin
Immunol. 2005;15(1):9-16.

Papadopoulos NG, Agache I, Bavbek S, Bilo BM, Braido F,
Cardona V, et al. Research needs in allergy: an EAACI position
paper, in collaboration with EFA. Clin Transl Allergy. 2012;2
(1):21. doi:10.1186/2045-7022-2-21.

Valovirta E, Berstad AK, de Blic J, Bufe A, Eng P, Halken S,
et al. Design and recruitment for the GAP trial, investigating the
preventive effect on asthma development of an SQ-standardized
grass allergy immunotherapy tablet in children with grass pol-
len-induced allergic rhinoconjunctivitis. Clin Ther. 2011;33(10):
1537-46. doi:10.1016/j.clinthera.2011.09.013.

Okubo K, Ogino S, Nagakura T, Ishikawa T. Omalizumab is
effective and safe in the treatment of Japanese cedar pollen-
induced seasonal allergic rhinitis. Allergol Int. 2006;55(4):
379-86. doi:10.2332/allergolint.55.379.

Casale TB, Condemi J, LaForce C, Nayak A, Rowe M, Watrous
M, et al. Effect of omalizumab on symptoms of seasonal allergic
rhinitis: a randomized controlled trial. JAMA. 2001;286(23):
2956-67.

Nayak A, Casale T, Miller SD, Condemi J, McAlary M, Fowler-
Taylor A, et al. Tolerability of retreatment with omalizumab, a
recombinant humanized monoclonal anti-IgE antibody, during a
second ragweed pollen season in patients with seasonal allergic
rhinitis. Allergy Asthma Proc. 2003;24(5):323-9.

Adelroth E, Rak S, Haahtela T, Aasand G, Rosenhall L,
Zetterstrom O, et al. Recombinant humanized mAb-E25, an
anti-IgE mAb, in birch pollen-induced seasonal allergic rhinitis.
J Allergy Clin Immunol. 2000;106(2):253-9. doi:10.1067/mai.
2000.108310.

Chervinsky P, Casale T, Townley R, Tripathy I, Hedgecock S,
Fowler-Taylor A, et al. Omalizumab, an anti-IgE antibody, in
the treatment of adults and adolescents with perennial allergic
rhinitis. Ann Allergy Asthma Immunol. 2003;91(2):160-7.
doi:10.1016/S1081-1206(10)62171-0.

Kuehr J, Brauburger J, Zielen S, Schauer U, Kamin W, Von
Berg A, et al. Efficacy of combination treatment with anti-IgE
plus specific immunotherapy in polysensitized children and
adolescents with seasonal allergic rhinitis. J Allergy Clin
Immunol. 2002;109(2):274-80.

Rolinck-Werninghaus C, Hamelmann E, Keil T, Kulig M, Koetz
K, Gerstner B, et al. The co-seasonal application of anti-IgE
after preseasonal specific immunotherapy decreases ocular and
nasal symptom scores and rescue medication use in grass pollen
allergic children. Allergy. 2004;59(9):973-9. doi:10.1111/j.
1398-9995.2004.00552.x.

Kopp MV, Stenglein S, Kamin W, Friedrichs F, von Berg A,
Zielen S, et al. Omalizumab (Xolair) in children with seasonal
allergic rhinitis: leukotriene release as a potential in vitro
parameter to monitor therapeutic effects. Pediatr Allergy
Immunol. 2007;18(6):523-7. doi:10.1111/j.1399-3038.2007.
00557.x.

Kopp MV, Brauburger J, Riedinger F, Beischer D, Thorst G,
Kamin W, et al. The effect of anti-IgE treatment on in vitro
leukotriene release in children with seasonal allergic rhinitis.
J Allergy Clin Immunol. 2002;110(5):728-35.

Bez C, Schubert R, Kopp M, Ersfeld Y, Rosewich M, Kuehr J,
et al. Effect of anti-immunoglobulin E on nasal inflammation in
patients with seasonal allergic rhinoconjunctivitis. Clin Exp
Allergy. 2004;34(7):1079-85. doi:10.1111/j.1365-2222.2004.
01998.x.

A\ Adis


http://dx.doi.org/10.1056/NEJMoa051378
http://dx.doi.org/10.1056/NEJMoa054692
http://dx.doi.org/10.1056/NEJMoa054692
http://dx.doi.org/10.1016/j.jaci.2012.01.077
http://dx.doi.org/10.1016/j.amjmed.2003.10.030
http://dx.doi.org/10.1016/j.amjmed.2003.10.030
http://dx.doi.org/10.1016/S1081-1206(10)61339-7
http://dx.doi.org/10.1002/ppul.21102
http://dx.doi.org/10.1016/S1081-1206(10)60968-4
http://dx.doi.org/10.1016/S1081-1206(10)60968-4
http://dx.doi.org/10.1080/02770900902847727
http://dx.doi.org/10.1080/02770900902847727
http://dx.doi.org/10.1164/rccm.200706-910OC
http://dx.doi.org/10.1111/j.1365-2222.2011.03794.x
http://dx.doi.org/10.1111/j.1398-9995.2007.01451.x
http://dx.doi.org/10.1111/j.1398-9995.2007.01451.x
http://dx.doi.org/10.1111/j.1398-9995.2006.01068.x
http://dx.doi.org/10.1016/j.jaci.2004.07.012
http://dx.doi.org/10.1016/j.jaci.2004.07.012
http://dx.doi.org/10.1186/2045-7022-2-21
http://dx.doi.org/10.1016/j.clinthera.2011.09.013
http://dx.doi.org/10.2332/allergolint.55.379
http://dx.doi.org/10.1067/mai.2000.108310
http://dx.doi.org/10.1067/mai.2000.108310
http://dx.doi.org/10.1016/S1081-1206(10)62171-0
http://dx.doi.org/10.1111/j.1398-9995.2004.00552.x
http://dx.doi.org/10.1111/j.1398-9995.2004.00552.x
http://dx.doi.org/10.1111/j.1399-3038.2007.00557.x
http://dx.doi.org/10.1111/j.1399-3038.2007.00557.x
http://dx.doi.org/10.1111/j.1365-2222.2004.01998.x
http://dx.doi.org/10.1111/j.1365-2222.2004.01998.x

0. A. Tsilochristou et al.

100.

101.

102.

103.

104.

105.

106.

Pace E, Ferraro M, Bruno A, Chiappara G, Bousquet J, Gjo-
markaj M. Clinical benefits of 7 years of treatment with oma-
lizumab in severe uncontrolled asthmatics. J Asthma.
2011;48(4):387-92. doi:10.3109/02770903.2011.561512.

Nopp A, Johansson SG, Ankerst J, Palmqvist M, Oman H. CD-
sens and clinical changes during withdrawal of Xolair after 6
years of treatment. Allergy. 2007;62(10):1175-81. doi:10.1111/
j-1398-9995.2007.01476.x.

Cox LS. How safe are the biologicals in treating asthma and
rhinitis? Allergy Asthma Clin Immunol. 2009;5(1):4. doi:10.
1186/1710-1492-5-4.

Robinson DS. Mepolizumab for severe eosinophilic asthma.
Expert Rev Respir Med. 2013;7(1):13-7. doi:10.1586/ers.12.84.
Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, Keene ON,
et al. Mepolizumab for severe eosinophilic asthma (DREAM): a
multicentre, double-blind, placebo-controlled trial. Lancet.
2012;380(9842):651-9. doi:10.1016/S0140-6736(12)60988-X.
Garrett JK, Jameson SC, Thomson B, Collins MH, Wagoner LE,
Freese DK, et al. Anti-interleukin-5 (mepolizumab) therapy for
hypereosinophilic syndromes. J Allergy Clin Immunol. 2004;
113(1):115-9. doi:10.1016/j.jaci.2003.10.049.

Gevaert P, Van Bruaene N, Cattaert T, Van Steen K, Van Zele
T, Acke F et al. Mepolizumab, a humanized anti-IL-5 mAb, as a
treatment option for severe nasal polyposis. J Allergy Clin
Immunol. 2011;128(5):989-95 el-8. doi:10.1016/j.jaci.2011.07.
056.

A\ Adis

107.

108.

109.

110.

111.

112.

Wenzel S, Wilbraham D, Fuller R, Getz EB, Longphre M. Effect
of an interleukin-4 variant on late phase asthmatic response to
allergen challenge in asthmatic patients: results of two phase 2a
studies. Lancet. 2007;370(9596):1422-31. doi:10.1016/S0140-
6736(07)61600-6.

Giovannini M, Agostoni C, Riva E, Salvini F, Ruscitto A,
Zuccotti GV, et al. A randomized prospective double blind
controlled trial on effects of long-term consumption of fer-
mented milk containing Lactobacillus casei in pre-school chil-
dren with allergic asthma and/or rhinitis. Pediatr Res.
2007;62(2):215-20. doi:10.1203/PDR.0b013e3180a76d94.
Peng GC, Hsu CH. The efficacy and safety of heat-killed Lac-
tobacillus paracasei for treatment of perennial allergic rhinitis
induced by house-dust mite. Pediatr Allergy Immunol.
2005;16(5):433-8. doi:10.1111/j.1399-3038.2005.00284..x.
Ciprandi G, Vizzaccaro A, Cirillo I, Tosca MA. Bacillus clausii
effects in children with allergic rhinitis. Allergy. 2005;60(5):
702-3. doi:10.1111/j.1398-9995.2005.00722.x.

Ivory K, Chambers SJ, Pin C, Prieto E, Arques JL, Nicoletti C.
Oral delivery of Lactobacillus casei Shirota modifies allergen-
induced immune responses in allergic rhinitis. Clin Exp Allergy.
2008;38(8):1282-9. doi:10.1111/].1365-2222.2008.03025.x.
Boyle RJ, Bath-Hextall FJ, Leonardi-Bee J, Murrell DF, Tang
ML. Probiotics for the treatment of eczema: a systematic review.
Clin Exp Allergy. 2009;39(8):1117-27. doi:10.1111/j.1365-
2222.2009.03305.x.


http://dx.doi.org/10.3109/02770903.2011.561512
http://dx.doi.org/10.1111/j.1398-9995.2007.01476.x
http://dx.doi.org/10.1111/j.1398-9995.2007.01476.x
http://dx.doi.org/10.1186/1710-1492-5-4
http://dx.doi.org/10.1186/1710-1492-5-4
http://dx.doi.org/10.1586/ers.12.84
http://dx.doi.org/10.1016/S0140-6736(12)60988-X
http://dx.doi.org/10.1016/j.jaci.2003.10.049
http://dx.doi.org/10.1016/j.jaci.2011.07.056
http://dx.doi.org/10.1016/j.jaci.2011.07.056
http://dx.doi.org/10.1016/S0140-6736(07)61600-6
http://dx.doi.org/10.1016/S0140-6736(07)61600-6
http://dx.doi.org/10.1203/PDR.0b013e3180a76d94
http://dx.doi.org/10.1111/j.1399-3038.2005.00284.x
http://dx.doi.org/10.1111/j.1398-9995.2005.00722.x
http://dx.doi.org/10.1111/j.1365-2222.2008.03025.x
http://dx.doi.org/10.1111/j.1365-2222.2009.03305.x
http://dx.doi.org/10.1111/j.1365-2222.2009.03305.x

	Pediatric Allergic Rhinitis and Asthma: Can the March be Halted?
	Abstract
	Introduction
	Allergic Rhinitis and Asthma Link
	Epidemiologic Evidence
	Pathophysiologic Evidence
	Genetic Link
	Therapeutic Link

	From Allergic Rhinitis to Asthma: Can it be Prevented?
	Allergen Avoidance
	Pharmacotherapy
	Allergen-Specific Immunotherapy
	Other Interventions

	Conclusion
	Acknowledgments
	References


