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A single nasal allergen challenge increases induced sputum inflammatory markers
in non-asthmatic subjects with seasonal allergic rhinitis: correlation with plasma

interleukin-5
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Background

Summary

Background Seasonal allergic rhinitis (SAR) is a risk factor for asthma in affected individuals.
Nasal allergic inflammation enhances bone-marrow eosinophil production, mainly via IL-5, and
rhinitis patients have increased airway inflammation during the pollen season.

Objective To assess the impact of nasal allergy on sputum inflammatory markers.

Methods In an open-labelled, randomized, placebo-controlled cross-over study with 16 non-
asthmatic SAR patients (median age 25 years, 56% males), the effect of a single nasal allergen
challenge performed out of season on induced sputum inflammatory parameters was evaluated.
SAR patients were identified by history, skin-prick test and specific IgE. All patients had normal
lung function/bronchial hyper-responsiveness out of season and a negative asthma/wheezing history.
Sputum cells and supernatant levels of ECP, sSICAM, IL-5 and IL-10, and plasma levels of IL-5 and
ECP, were measured before and 24 h after nasal allergen challenge. After a washout period of at least
4 weeks, the procedure was repeated with placebo challenge (diluent).

Results Nasal allergen challenge led to an increase in sputum ECP (pre=60 + 12,
post=212 + 63 pug/L, P=0.02 vs. placebo), and sSICAM (4.8 + 2.7 to 6.5 + 2.9ng/mL, P=0.02
vs. placebo), whereas IL-10 decreased after provocation (44 4+ 11 to 29 4+ 6 pg/mL, P=0.06 vs.
placebo). Sputum IL-5 was undetectable in all patients. The absolute number of blood and sputum
eosinophils did not change significantly after allergen or placebo challenge (P > 0.07, both compari-
sons). Plasma levels of IL-5 increased after allergen challenge (8.7 4+ 2.9 to 14.5 4+ 3.9 pg/mL,
P=0.001), and the increase in plasma IL-5 was positively correlated with the rise in sputum ECP
in a subgroup of ‘responders’ (n=12, r=0.71, P=0.01).

Conclusions A single nasal allergen challenge in SAR patients increased markers of allergic inflam-
mation in the lower respiratory tract, possibly via pronounced activation of inflammatory cells
through circulating immediate-type reaction cytokines like IL-5. These findings may provide add-
itional explanatory data for the high susceptibility of SAR patients to incident asthma.

Keywords asthma, induced sputum, nasal allergen challenge, rhinitis
Submitted 24 April 2002, revised 25 November 2002, accepted 2 January 2003

are present even in patients with sole seasonal allergic rhinitis
(SAR) due to pollen sensitization. Methacholine responses con-
sistently increase during the pollen season, and numbers of

Bronchial asthma is characterized by a predominant eosinophi-
lic inflammation of the lower respiratory tract [1]. Allergy is the
one most common cause for asthma, and affected patients
frequently suffer from coincident allergic rhinitis. However,
allergic rhinitis itself may predispose for incident asthma, as
epidemiologic data suggest that as much as 30 to 80% of pa-
tients with allergic rhinitis occasionally develop asthma [2].
Increased bronchial hyper-reactivity and airway inflammation
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eosinophils and related mediators, e.g. eosinophilic cationic
protein (ECP), are increased in the airways of affected patients
[3,4]. However, the underlying mechanisms leading to these
seasonal changes are not completely understood. On the one
hand, nasal congestion due to rhinitis decreases nasal airflow,
thus leading to increased mouth breathing and possibly higher
penetration of airborne allergens to the lung. On the other hand,
it has been repeatedly demonstrated that the induction of local
allergic inflammation (e.g. after bronchial or nasal allergen
challenge) leads to an increased trafficking of eosinophils and
progenitor cells from the bone marrow to the peripheral blood
and sites of inflammation, mainly due to systemic effects of
immediate-reaction cytokines like IL-5 [5, 6]. IL-5 is a cytokine

475



476 K. M. Beeh et al.

highly specific for eosinophils, leading to activation, increased
maturation, chemotaxis and migration of these cells into sites of
inflammation [7].

Homing of eosinophils also involves increased expression of
adhesion promoting molecules, e.g. intercellular adhesion mol-
ecule (ICAM)-1 [8], and data from human studies have shown
that inhalation of IL-5 leads to an increase of soluble ICAM
(sICAM) in the lower respiratory tract [9]. Moreover, allergen
inhalation increases sSICAM in bronchoalveolar lavage [10],
and nasal allergen exposure leads to increased mucosal expres-
sion of ICAM-1 [11].

IL-10 is a Th2-cytokine with a wide range of anti-
inflammatory properties. In allergy, IL-10 is crucial for the
termination and resolution of allergic inflammatory processes,
and failure to elicit an appropriate response of IL-10 is associ-
ated with more severe allergic disease [12].

Although several authors have investigated the effect of nat-
ural nasal pollen exposure on BAL or sputum parameters,
exhaled nitric oxide or bronchial hyper-responsiveness, these
approaches did not fully preclude the possibility of simultan-
eous allergen exposure to the lower respiratory tract. Hence, the
observed increase in lower airway inflammation in these studies
may as well reflect local exposure to low-grade allergen concen-
trations leading to airway inflammation.

With this background, the present study was designed to
address the question of whether nasal allergic inflammation
induced by allergen challenge is also able to provoke changes
in constituents of the lower respiratory tract recovered by in-
duced sputum, either by an increase of sputum inflammatory
cells, or mediators and cytokines associated with allergic in-
flammation, in particular eosinophilic cationic protein (ECP),
IL-5, IL-10 and SICAM. Sputum parameters were further com-
pared with peripheral blood markers to investigate a possible
systemic cross-talk between the nose and the lung.

Methods

Patients

The study population consisted of 16 patients (nine males,
median age 25years, range 22 to 33 years) with a history of
allergic rhinitis due to grass or birch pollen. The diagnosis was
confirmed by positive skin prick test and positive (RAST
class = 2) specific IgE-antibodies, assessed by CAP-FEIA Im-
munoassay (Pharmacia, Freiburg, Germany). All patients were
non-smokers, had a negative history of any asthmatic symp-
toms, e.g. wheezing or cough during pollen seasons, and lacked
other active allergic or respiratory diseases, such as acute or
chronic rhinitis, respiratory infection or atopic dermatitis, at
the time of the investigation. None of the patients had active
perennial allergic rhinitis during the study.

Study design

The study was performed as an open-labelled, randomized,
placebo-controlled cross-over challenge trial, and consisted of
four visits. At baseline (November 2000), patients underwent
sputum induction and methacholine challenge, and blood
samples for determination of peripheral blood eosinophils,
IL-5 and ECP were drawn. Then, a nasal allergen/placebo
challenge was randomly performed using individual allergens

(birch or grass pollen) or diluent, as described in detail below.
Patients returned to the clinic 24h after the challenge for
induced sputum and repeated blood sampling. After a wash-
out-period of at least 4 weeks, the above-described procedures
except from methacholine challenge were repeated, and nasal
allergen/placebo challenge was performed in an individual
cross-over design. Throughout the whole study period, subjects
were not allowed to take any nasal or bronchial medication, e.g.
topical or systemic steroids, antihistamines, nasal or inhaled
cromones, decongestants, or non-steroidal anti-inflammatory
drugs.

The study design was approved by the local ethics committee.
All patients were informed about the purpose of the study and
gave informed written consent.

Methacholine challenge

For baseline characterization of patients, a methacholine chal-
lenge was performed to quantify non-specific bronchial hyper-
responsiveness out of season. The challenge was carried out
according to ATS guidelines [13] using a five-breath dosimeter
protocol (MEFAR nebulizer, Markos, Monza, Italy) with puri-
fied methacholine (Provocholine, Methapharm, Brantford,
Ontario, Canada).

Allergen challenge

Nasal allergen challenge was performed according to the
EAACI guidelines for allergen provocations [14]. Purified
grass pollen or birch allergen was obtained from ALK Scherax,
Hamburg, Germany, with 100 000 standard allergen units (SQ)
per ml in the stock solution. Before challenge, a spirometry was
performed. Bilateral nasal administration of allergen was then
started with a dose of 100 SQ units, and consequently increased
with 10-fold dose increments (1000 and 10 000 SQ, respectively)
until a clinical response was effectuated. A possible response
was evaluated within 15 min after allergen administration and
was regarded as positive when nasal itching, sneezing and hy-
persecretion occurred. Allergen was administered during
breath-hold, and patients were carefully advised to keep their
head in a forward prone position to avoid swallowing or aspir-
ation of allergen or nasal secretions to the lower respiratory
tract. In total, patients were monitored for 60 min after the last
dose of allergen for safety reasons, and were dismissed when
spirometry revealed no significant change in FEV, from base-
line (> 15% decrease). Placebo challenge was performed in the
same manner using allergen diluent (ALK Scherax).

Sputum induction

Sputum induction was performed according to a method previ-
ously described [15], with slight modifications [16]: patients
inhaled 4% hypertonic saline delivered by an ultrasonic nebu-
lizer device (UltraNeb 2000, DeVilbiss, West Midlands, UK)
for 15min. Patients were then told to rinse their mouth, blow
their nose and carefully cough sputum into a Petri dish using
forced expiratory manoeuvres. If the induction was well toler-
ated, the first portion of sputum was discarded, and the inhal-
ation procedure was repeated for another 15 min.

Sputum processing and counting

Sputum plugs were carefully separated from salivary secretions,
and closely examined by light microscopy to ascertain a least
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possible contamination of sputum with saliva and squamous
cells. An appropriate sample was then filled into a 1-mL Ep-
pendorf cup, weighed, and mixed with twice its volume of
dithiotreitol (DTT 0.1%, Calbiochem, Bad Soden, Germany).
Sputum was gently vortexed and placed into a water-bath at
37°C for 15min to allow homogenization of the sample, with
repeated mixing. Then, phosphate-buffered-saline (PBS, Gibco
Life, Paisley, Scotland) was added to achieve a 10-fold dilution
of the sample. Afterwards, samples were centrifuged at 400 g for
10 min. The supernatant was collected and immediately frozen
at —20°C for subsequent analysis, and the cell pellet was re-
suspended in 200 to 400 uL. PBS with 1% bovine serum albu-
mine (BSA, Sigma Chemicals, Heidelberg, Germany).
Twenty uL of cell suspension was added to SuL of trypan
blue, vortexed, and 10 uL of the solution then counted in a
Neubauer cell chamber. Viable cells were counted, and the
total cell count was calculated as cell count per ml sputum.
For cytospins, an adequate sample of the cell suspension was
added into a cytospin-tube to achieve a total number of 20 to
30000 cells per slide, spun for 5min, fixated and stained with
Hemacolor-staining (Merck, Darmstadt, Germany) to allow
differentiation of cells. Cytospin quality was regarded adequate
when contamination with squamous cells was less than 20%.
Four hundred non-squamous cells were then independently
counted by two blinded observers. Relative proportion of cell
types was counted as percentage of all non-squamous cells.

Measurement of inflammatory markers in plasma and
sputum supernatant

Sputum supernatant or plasma concentrations of IL-5, sSICAM
and IL-10 were measured by commercially available ELISAs
(sICAM, BenderMedSystems, Vienna, Austria; [L-10 and IL-5,
Pharmingen, Heidelberg, Germany) according to the manufac-
turer’s instructions. Plates were read at a wavelength of 540 nm
(IL-10 and sICAM) and 450 nm (IL-5), respectively. The lower
detection limits of the assays were 7.8 pg/mL (IL-10 and IL-5)
and 0.6 ng/mL (sICAM), respectively.

Sputum and plasma ECP were measured by a commercially
available enzyme assay (CAP-FEIA, Pharmacia, Freiburg,
Germany), with a lower detection limit of 2 pg/L.

In one patient, the amount of sputum supernatant was not
sufficient to perform all analyses. Therefore, data on sputum
ECP, sICAM and IL-10 following placebo challenge are de-
rived from only 15 patients.

Statistical analysis

Statistical analysis was performed using the STATA 5.0 inter-
cooled software package (Stata Corp., College Station, TX,
USA) for personal computers. Unless otherwise stated, data
are given as mean values with standard error of mean
(£ SEM), or median (range). The Kolmogorov-Smirnov Test
was used to test variables for normal distribution. Individual
pre/post differences for allergen and placebo challenge, and
mean differences between cross-over periods, were compared
by paired (pre/post differences) or unpaired (mean challenge
effect differences) non-parametric Wilcoxon-Mann—-Whitney
test. If applicable, pre/post comparison was performed by
paired t-test for normally or log normally distributed values.
Correlational analysis was performed using simple linear
regression analysis after log transformation of log normally
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distributed values. The relative change of selected parameters
after challenge was expressed as the ratio of post- to pre-
challenge value. Relative changes in sputum ECP, sputum
SICAM and plasma IL-5 were log normally distributed in the
study population and therefore log transformed for correl-
ational analysis. A P-value of less than 0.05 was considered
statistically significant.

Results

Patients

A summary of baseline characteristics of participating subjects
is given in Table 1. Allergen challenge was safe and well-
tolerated by all SAR patients. The majority of patients re-
sponded to the allergen dilution step containing 1000 SQ
allergen (14/16). Only two patients responded to the first aller-
gen dilution (100 SQ). No significant drop of FEV, was ob-
served in any patient 1 and 24 h after challenge, respectively.

Induced sputum cells

Baseline values for sputum cells were comparable before aller-
gen or placebo challenge (summary in Table 2). The overall
sputum cell count remained unchanged after allergen and pla-
cebo challenge. Sputum cell differentials, either expressed as
total cell number or relative proportion, also remained un-
changed after allergen challenge. There was a significant de-
crease in sputum lymphocytes after placebo challenge, whereas
macrophages, neutrophils and eosinophils were unaffected.

Sputum inflammatory markers

After allergen challenge, there was an increase in sputum ECP
and sICAM, that was also statistically significant over placebo-
induced changes (P = 0.02, both comparisons) (Figs 1 and 2). In
contrast, mean IL-10 levels decreased after allergen, but not
placebo challenge (difference between challenges P =0.06)
(Fig. 3). However, placebo baseline values for sputum ECP
and IL-10, but not sSICAM, differed significantly from allergen
baseline values (P =0.02, both comparisons). Due to the ran-
domized cross-over design, this was not assumed to represent a
carryover effect. Sputum IL-5 was below the detection limit of
the assay in all patients.

There was neither a correlation of changes in sputum ECP
with sputum sICAM, nor were changes in ECP and sICAM
correlated with changes in sputum IL-10. Finally, the increase
of sputum ECP after allergen challenge was not correlated with
baseline PC,q values (P > 0.5, all comparisons).

Peripheral blood eosinophils, plasma IL-5 and ECP

The percentage of peripheral blood eosinophils significantly
increased after allergen challenge, and there was also a clear

Table 1. Characteristics of subjects (n =16)

Age (years, median, range) 25 (22-33)
Sex (M/F) 9/7

FEV; (mean + SEM, %predicted) 104 + 4
PC,o methacholine (mg/mL, median, range) 8.5 (3.2-16)
Birch vs. grass sensitization (n) 9/7

Total IgE (kU/L, median, range) 140 (51-638)
RAST class (median, range) 3 (2-6)
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Table 2. Peripheral blood and sputum markers after nasal allergen/placebo challenge

Allergen Placebo
Pre- Post- Pre- Post-
Total sputum cells (x 106/mL) 3.77 £ 11 3.1+ 05 297 £ 045 26+0.8
Macrophages (x 106/mL) 259 + 0.7 1.9+ 0.27 2+03 1.4+ 0.29
Neutrophils (x 106/mL) 0.97 + 0.34 0.99 + 0.24 0.8 +0.17 1.2+ 0.57
Eosinophils (x 10%/mL) 0.014 + 0.007 0.093 + 0.049 0.011 + 0.007 0.031 + 0.018
Lymphocytes (x 10%/mL) 0.19 + 0.06 0.15 + 0.03 0.13 + 0.034 0.059 + 0.016*
Blood eosinophils (x 108/mL) 0.16 + 0.025 0.19 + 0.028§§ 0.17 + 0.03 0.17 + 0.02
Plasma ECP (pg/L) 2.71 £ 0.65 2.68 + 0.7 1.54 + 0.35 2.03 + 0.75
Plasma IL-5 (pg/mL) 8.7+29 14.5 + 3.9§ 82+23 82+26
Sputum ECP (ng/L) 60 + 12 212 4 63** 112 + 28 91 4+ 19
Sputum IL-5 (pg/mL) ND ND ND ND
Sputum sICAM (ng/mL) 48+ 2.7 6.5 + 2.9§§ 6.3+24 57+ 2.1
Sputum IL-10 (pg/mL) 44 + 11 29 + 6*** 23+7 33+8
*P=0.02; *P=0.004; ***P =0.05; §P=0.001; §§P =0.07; ND = not detectable.
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Fig. 1. Sputum ECP before/after allergen (a) or placebo (b) challenge. *Indicates P=0.004 vs. baseline and P =0.02 vs. changes after placebo.

trend indicating a rise of absolute blood eosinophils. Although
blood eosinophils remained unchanged after placebo, the dif-
ference between challenges was not statistically significant
(difference between challenges P=0.19). In contrast, plasma
IL-5 levels increased after allergen, but not placebo, challenge
(difference P =0.003, Fig. 4). Plasma ECP was generally low in
all subjects, and no significant increase in plasma ECP was
observed 24 h after allergen challenge. Further, there was no
correlation of changes in sputum ECP with plasma ECP, and no
correlation of sputum ECP with peripheral blood eosinophils.
However, a significant correlation of the relative increase in
sputum ECP, but not sputum sICAM, with changes in plasma
IL-5 was found, when only responders (ratio of post/pre sputum
ECP > 1, n=12) were analysed (Fig. 5).

Discussion

Seasonal allergic rhinitis (SAR) is a risk factor for incident
asthma in affected subjects. SAR patients have increased
inflammation in the lower respiratory tract during pollen expos-
ure, even in the absence of clinical asthma.

Most importantly, the present study shows, that an increase
in sputum markers of allergic inflammation occurs 24h
following a single nasal allergen challenge in rhinitis subjects.
This increase was not related to the amount of allergen adminis-
tered, as the majority of patients responded to the same dose-
step of 1000 SQ. Although the time-frame of 24 h after challenge
was primarily chosen for practical reasons, this choice is also
supported by several investigations studying inflammatory

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:475-482
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Fig. 2. Sputum sICAM before/after allergen (a) or placebo (b) challenge. *Indicates P =0.07 vs. baseline and P=0.02 vs. changes after placebo.
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Fig. 3. Sputum IL-10 before/after allergen (a) or placebo (b) challenge. *Indicates P =0.08 vs. baseline and P = 0.06 vs. changes after placebo.

responses after allergen exposure [11,17]. However, we were
fully aware that using a single endpoint would naturally limit
the likelihood of observing significant changes in parameters of
interest. Nevertheless, the findings of our study stand in line
with several investigations analysing cross-talk between the
nose and the lungs in allergy via direct pathophysiological
mechanisms or systemic responses: nasal exposure to cold air
can induce bronchoconstriction [18], and nasal provocation
with methacholine leads to an increase in airway resistance in
asthmatic subjects [19].

Treatment of the nose during pollen exposure in rhinitis
patients, e.g. with topical corticosteroids, is also able to improve

bronchial hyper-responsiveness [20,21]. Moreover, in a recent
study by Braunstahl et al. using a quite similar study design as
ours, there was an increased expression of adhesion molecules
(ICAM-1, VCAM-1 and ELAM-1) and a higher number of
eosinophils in bronchial biopsies from rhinitis subjects after
nasal allergen challenge [11]. Using a different approach, the
same authors have also demonstrated an increase in nasal mast
cells and inflammatory markers after segmental bronchial aller-
gen challenge [22]. Consistent with these observations, we have
demonstrated increases in sputum sICAM, the soluble form of
ICAM-1, and ECP after nasal allergen challenge. Although
there was no significant increase in the overall number of
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Fig. 5. Correlation of relative (post/pre value) increase in sputum ECP
and relative increase (post/pre value) in plasma IL-5 (n=12). r=0.71,
P=0.01.

sputum eosinophils, the marked increase in sputum ECP indi-
cates activation of these inflammatory cells in the lower respira-
tory tract following nasal challenge [23]. Adding to this, the
increase of sputum ECP was closely related to the rise in plasma
IL-5 in individual subjects.

Altogether, it appears reasonable that these findings result
from a systemic allergic response, mediated by IL-5, as IL-5 has
repeatedly been shown to activate and stimulate secretion of
ECP from eosinophils [5,7], and increase sputum levels of
sICAM after inhalation [9]. However, the direct mechanisms
and cells involved in the increase of sputum sICAM after aller-
gen challenge are far less clear, as there have been no correl-
ational studies comparing biopsies and sputum this far. In cell
culture, shedding of ICAM-1 is induced by various proinflam-
matory cytokines, e.g. TNF-o or IL-10a [24].

After allergen challenge, there was an increase in plasma
levels of IL-5 that was not related to changes of absolute

blood eosinophil numbers. The rise in plasma IL-5 is fully
consistent with other studies in allergic subjects, demonstrating
local increases of IL-5 mRNA and protein, as well as systemic
increases in plasma 6 to 24 h after allergen challenge [5]. In
contrast, there was no significant change in the absolute number
of peripheral blood eosinophils. Wood et al. have previously
reported that an increase of blood eosinophils was restricted to
subjects developing dual responses after allergen challenge,
whereas blood eosinophils from isolated early responders
remained unchanged [6]. Moreover, the authors of this study
assigned this observation to an increased response of bone-
marrow-derived eosinophil progenitors to circulating IL-5 in
dual asthmatic responders. As the subjects studied in our inves-
tigation were non-asthmatics, as indicated by absence of bron-
chial hyper-responsiveness, it appears very likely that the
observed rise in IL-5 without a parallel rise in blood eosinophils
reflects the essential conclusion derived from the paper stated
above. Moreover, the time-window of our study may have been
too narrow to observe changes in eosinophils.

There was also no change in overall plasma ECP concen-
trations in our study population. Nevertheless, plasma ECP
increased in 8/16 subjects, whereas the others remained un-
changed. In this regard, Kleinau et al. have studied plasma
ECP levels following bronchial allergen challenge in asthmatic
children [25]. Strikingly, they observed a large variety of re-
sponses, with early increases in plasma ECP after 1h, late
increases (24h post-challenge), or no changes at all. Thus,
possible changes in plasma ECP could have been missed at
least in some of our patients due to the study design.

Obviously, the diverging responses of respiratory and blood
compartment to increases in plasma IL-5 also raise the question
of whether eosinophils migrated to the bronchial vessels and
mucosa show a distinct phenotype compared with peripheral
blood. Bochner et al. have shown that the majority of eosino-
phils are transported in the bloodstream in a resting state, and
become activated at sites of inflammation, whereas only a small
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proportion of these cells is activated already in the bloodstream
[26,27]. Other authors have directly compared BAL and blood
eosinophils, demonstrating increased activation and adhesion
markers in BAL [28]. Hence, the sole increase of sputum, but
not plasma ECP, in our study could reflect a different eosinophil
phenotype and activation status. Finally, also neutrophils have
been shown to store ECP [29]. Unfortunately, we did not meas-
ure markers of neutrophil activation in our study, hence this
possible source of sputum ECP cannot be supported by specific
data.

Unfortunately, we were not able to assess and investigate the
relationship between sputum ECP and sputum IL-5, as IL-5
was not detectable in the sputum supernatant of our patients.
Kelly et al. have studied the validity of IL-5 measurement in
sputum, and found a poor recovery when supernatant spiked
with IL-5 was analysed by enzymatic immunoassay [30]. Re-
cently published data from the same author suggest that the
presence of sputum proteases significantly influences the detec-
tion of IL-5 [31]. Moreover, given the fact that sputum levels of
IL-5 reported by other authors are considerably low even in
asthmatics [32], the failure to detect IL-5 in our patients’ sputa
would be fully compliant with these observations. However,
owing to the impossibility to detect IL-5 in sputum, other
mediators activating eosinophils also have to be considered.

There was a significant decrease in sputum IL-10 in our study.
This is consistent with findings from other authors, who found a
decrease of IL-10 positive cells 24 h after bronchial allergen
challenge [17]. Moreover, Borish and colleagues have reported
an absence of measurable IL-10 protein at the time of the late
asthmatic reaction following segmental allergen challenge, and
have suggested that this decrease reflected an inhibition of
transcription [33]. Given the broad anti-inflammatory effects
of IL-10 and its ability to resolve allergic inflammation in vivo,
the findings of the present study support the hypothesis of an
impaired IL-10 secretion at sites of inflammation, even in non-
asthmatic patients with sole allergic rhinitis. In this context, IL-
10 could particularly counteract allergen-triggered mast cell
activation [34] and cytokine production [35]. With the common
genetic background of asthma and rhinitis in mind, polymorph-
isms associated with a decreased IL-10 response to allergic
stimuli, as reported in severe asthma [36], could also be a
common feature of atopic subjects in general.

Although the presented evidence strongly supports the con-
cept of a systemic cross-talk between nose and lungs, the possi-
bility of a contamination of lower airways with nasal secretion
through aspiration cannot be completely excluded. Neverthe-
less, the most diligent precautions were taken to avoid swallow-
ing or inhalation of allergen and nasal secretions during and
after challenge by the subjects. Patients were instructed not to
swallow during nasal challenge and held their head in a forward
prone position. On the following day, patients were told to
thoroughly clear their throat and nose before sputum induction,
and the first portion of sputum was discarded. We therefore
assume that aspiration of secretions to the lung was negligible in
the present study. This assumption is also supported by studies
from other authors. Corren and colleagues investigated lung
deposition of radiolabelled allergens after nasal challenge, and
found no significant penetration of these particles into lower
airways [37]. Further, postnasal drainage of inflammatory me-
diators has been demonstrated to play a minor role in asthmatic
patients with concomitant sinusitis [38].
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In summary, this study provides clear evidence that a single
nasal allergen challenge in subjects with seasonal allergic rhin-
itis increases inflammatory parameters in the lower respiratory
tract, assessed by induced sputum, and the increase of inflam-
matory sputum markers is associated with a rise of plasma IL-5.
These data strongly support the concept of a systemic cross-talk
between nose and lungs in allergic inflammation through
immediate-type reaction cytokines like IL-5 and add to the
understanding of mechanisms responsible for the high suscepti-
bility of SAR patients to incident asthma. Finally, the findings
of our study also underline the rationale to consequently treat
lower and upper airway manifestations of allergic airway
diseases.
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