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Some patients with allergic rhinitis and no clinical evidence of asthma exhibit
bronchial hyperresponsiveness. In the present study, induced sputum and
acetylcholine and capsaicin challenges were assessed in four groups of adult
subjects: allergic rhinitis (AR), allergic rhinitis with lower airway symptoms
(ARLA), mild stable asthma (BA), and healthy volunteers (C) to correlate lower
airway inflammatory markers with bronchial and cough reactivity. Patients with AR
(n = 13) and ARLA (n = 11) did not take any anti-inflammatory drugs. Those with
BA (n = 9) used inhaled corticosteroids and C (n = 10) were respiratory symptoms
free. The patients underwent capsaicin cough challenge and sputum induction with
hypertonic saline during the first visit, and acetylcholine bronchial challenge on a
separate day. We found that the percentage of eosinophils in induced sputum was
significantly higher in patients with AR, ARLA, and BA than in C 14.5 ±1.8(SE) vs.
13.5 ±2.9 vs. 13.9 ±4.0 vs. 3.6 ±0.8 %, respectively (P=0.012). In contrast,
acetylcholine PD20 in patients with AR, ARLA, and BA was significantly lower than
in C 5.6 ±0.9 vs. 4.1 ±0.4 vs. 2.8 ±0.4 vs. 12.9 ±2.7 mg, respectively (P=0.0001).
Neither the eosinophil percentage nor PD20, nor cough sensitivity appreciably
differed across the patients groups. Sputum eosinophils correlated significantly with
the acetylcholine PD20 (r=0.37, P=0.016). We conclude that eosinophilic
inflammation of lower airways and increased bronchial reactivity were present in
adult patients with allergic rhinitis.
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INTRODUCTION

The airway eosinophilic inflammation is indicated as one of the most
important factors in the pathogenesis of asthma (1). The eosinophil is often
associated with the presence of bronchial hyperresponsiveness (BHR), a
distinctive feature of asthma (2). It is known that BHR also is present in patients
with allergic rhinitis and no clinical evidence of asthma (3-5). The induced
sputum technique has proved to be a reproducible (6, 7) and valid (8) method to
measure airway inflammation directly and noninvasively. Foresi et al (9) have
shown that induced sputum from seasonal allergic rhinitis patients exhibits an
intermediate degree of eosinophilic inflammation, halfway between asthma and
healthy controls, and that levels of sputum eosinophils in rhinitis patients were
higher in those who also presented BHR. These findings are suggestive of
subclinical inflammatory changes in lower airways in subjects with allergic
rhinitis, but their relevance to the study of asthma is unclear. There are strong
clinical and epidemiological associations between allergic rhinitis and extrinsic
asthma; allergic rhinitis often precedes the onset of clinical asthma and could
serve as a risk factor for the development of asthma (5, 10-12). Several attempts
have been made to demonstrate a causative relationship between BHR and
bronchial eosinophilia. The results have been contradictory, since some authors
have reported a relationship between BHR and eosinophilic inflammation in
asthmatics (7, 13, 14) and in allergic rhinitis (15, 16), but others have not detected
such an association (6, 17-20). Little is known about the relationships among the
airway inflammation, airway responsiveness, and cough reactivity in subjects
with allergic rhinitis. Therefore, in this present study evidence was sought in
induced sputum for the presence of an inflammatory cell infiltrate in subjects with
allergic rhinitis and for its relationship with airway hyperresponsiveness to
acetylcholine and cough reactivity to capsaicin. For comparison, bronchial and
cough challenges and sputum induction with hypertonic saline were performed in
mild stable asthmatics and non-allergic healthy controls.

MATERIAL AND METHODS

Subjects

The study was approved by a local hospital's Ethics Committee and all subjects gave written
consent. The study population consisted of 24 subjects with seasonal allergic rhinitis, 9 stable
asthmatics, and 10 healthy subjects (Table 1). The subjects with allergic rhinitis were subdivided
into two subgroups ("pure" rhinitics and rhinitics with symptoms arising from lower airways), as
based on the absence or presence of coughing and/or chest tightness during pollen season. A
detailed clinical history and a complete physical examination, including allergy evaluation, were
performed. These subjects had a characteristic history of seasonal rhinitis (rhinorrhoea, nasal itch,
sneezing, nasal obstruction) and positive skin prick tests results (>3 mm weal response) to pollens.
Antihistamines were withheld in the rhinitic subjects 3 days prior to visit, but they were allowed to
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continue their nasal topical decongestants as usual. Asthma was identified by a history of asthma
symptoms and by previous diagnosis and was objectively confirmed by acetylcholine airway hyper-
responsiveness (provocative dose of acetylcholine producing a 20% fall in FEV1; PD20 <5 mg ml-

1). The asthmatic subjects were in a stable condition and short-acting β2-agonists were withheld 12
h prior the study. Subjects were studied mainly during a pollen season (March-June), fewer studies
were performed out of pollen season (September-December) (Table 1). Healthy subjects had no
history of asthma or other respiratory symptoms, FEV1 >80% predicted, FEV1/VC >80%, and
normal acetylcholine airway responsiveness (PD20 >5 mg ml-1) (21). The subjects studied were
mainly non-smokers.

Study design

The study consisted of two visits to the authors' departments within one-day period, at the
same time of the day. On the first visit, the subject characteristics were obtained by a standard
questionnaire and spirometry. The single-breath capsaicin test to examine cough reactivity and
sputum induction with hypertonic saline after salbutamol were performed within a 15-min period.
On the second visit, an acetylcholine inhalation test was performed if spirometry showed an
FEV1/VC >70%. Spirometry was performed using a computer-assisted spirometer (Microlab -
ML 3500, MicroMedical, England), according to the standards of the European Respiratory
Society (22).

Capsaicin cough challenge

The measurement of cough sensitivity to inhaled capsaicin (pungent extract of red pepper
stimulating vanilloid receptors) was carried out using a modified method of capsaicin cough
response test - solutions of capsaicin were originally reported by Dicpinigaitis and Dobkin (23)
and the procedure by Morice et al (24). Each subject inhaled an aerosol of control solution
(physiologic saline), followed by progressively increasing concentrations of the capsaicin solution
(Sigma, St. Louis, MO) (from 0.49 to 1000 µmol l-1). Capsaicin was administered in incremental
concentrations with two inhalations of normal saline solution randomly interspersed to increase
challenge blindness. Aerosols were inhaled every 30 s, with a nose clip in place, from a nebulizer
ProvoJet (Ganshorn Medizin Electronic, Germany, bolus time = 500 ms). Each concentration of
the tussive agent was inhaled 4 times. The number of capsaicin-induced coughs during the first 10
s after each dose was counted. The final number of coughs (C2 and C5) was calculated as the ratio
of the total number of coughs divided by 4. Subjects were unaware that cough was a specific point
of research interest.
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AR, allergic rhinitis, ARLA, allergic rhinitis with the symptoms from lower airways, BA, bronchial
asthma

Table 1. Characteristics of subjects.

Healthy AR ARLA BA

Subjects, n 10 13 11 9
Age (range), yr 21-56 17-48 19-60 31-62
Sex, F/M 6/4 3/10 3/8 6/3
Smoking, n 3 4 0 1
Atopic, n 0 13 11 9
Examination in pollen season, n --- 9 7 5
FEV1 >70<80% predicted, n 0 0 1 2



Sputum induction

All subjects were premedicated with inhaled salbutamol, 200 µg. Sputum induction was
performed with an aerosol of hypertonic saline generated by a jet nebulizer (Pari Sole, Pari, Germany)
with an output of 1.3 g/min and particle size of 8-10 µm aerodynamic mass median diameter using the
method of Pin et al (6). The method was slightly modified by inhaling increasing concentrations of
saline (3%, 4%, and 5%) for 7 min each through a mouthpiece. After each period of inhalation, FEV1

was measured for safety. Subjects were instructed to cough sputum into a sterile container.

Sputum examination

The sputum was processed using a modification of the method described by Pavord et al (25).
Whole sputum collected was treated with dithioerythritol (Merck, Darmstadt, Germany), vortexed for
15 s, and rocked for 15 min. To stop the effect of dithioerythritol on the cell suspension, Dulbecco´s
phosphate buffered saline was added and rocked for 5 min more. The suspension was filtered through
40 µm nylon filter (BD Falcon, Becton-Dickinson, USA) and centrifuged. Cytospin slides were fixed
and were stained with eosin-hematoxilin for differentiation between squamous and nucleated non-
squamous cells (expressed as a percentage of squamous cells in all present cells). Leukocyte differential
cell count was performed by flow cytometric analysis of resuspended centrifugate using FACSCalibur
(Becton-Dickinson, USA). The CD45 and CD14 antigens and forward-scattered light were used for
differential analysis. The percentage of eosinophils was determined using the software Attractors.

Acetylcholine bronchial challenge

Aerosol was delivered using a dosimetric computerized supply (Asthma Provocation System 1,
Jaeger, Germany). Acetylcholine inhalation tests were carried out by the method described by Vondra
and Kristufek (21). Subjects inhaled three doses of acetylcholine, starting from 0.5 mg ml-1. The
scheduled doses consisted of 2.5 mg ml-1 and 5.0 mg ml-1 acetylcholine. The test was interrupted
when FEV1 value was reduced by 20% or more of control or a maximum cumulative acetylcholine
dose of 8.0 mg was achieved. The threshold dose causing a 20% fall of FEV1 was calculated and
expressed as the PD20 in non-cumulative units. Three arbitrary classes of BHR were considered in
terms of acetylcholine dose: mild = PD20 ranging from 2.5 to 5.0 mg ml-1, moderate = PD20 ranging
from 0.5 to 2.5 mg ml-1, and severe = PD20 <0.5 mg ml-1 as previously reported (21).

Data analysis

Descriptive statistics were used to summarize the data obtained. Grouped data of sputum
eosinophils (%) and PD20 acetylcholine were expressed as arithmetic mean ±SE and cough
reactivity (C2) was expressed as a geometric mean with 95% confidence intervals. Differences
between groups were further analysed using the ANOVA and Kruskal-Wallis test. Linear
correlations were analysed between sputum eosinophils and the values of acetylcholine and
capsaicin challenges, respectively. A P<0.05 was regarded as statistically significant.

RESULTS

Capsaicin cough challenge

The value of inhaled capsaicin concentration eliciting 2 or more coughs was
achieved in 42 of 43 challenged subjects. Capsaicin concentration of less than
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1000 µmol l-1 eliciting 5 or more coughs was found in 11 subjects only. Therefore,
cough sensitivity in different studied groups was expressed only by capsaicin
concentrations eliciting 2 or more coughs (C2). Cough sensitivity in patients with
allergic rhinitis, allergic rhinitis with symptoms arising from the lower airways,
asthmatics, and healthy subjects was not significantly different [21.2 (5.3 - 84.4)
vs. 31.3 (4.0 - 245.7) vs. 22.1 (1.7 - 289.7) vs. 23.7 (3.7 - 151.9) µmol l-1,
respectively; P=0.84].

Induced sputum eosinophils

All subjects tolerated the induction of sputum with inhalation of hypertonic
saline. The percentage of squamous cells in induced whole sputum ranged from 4%
to 65%; the values fit the criteria of adequately induced sputum samples (26).
Sputum from the two subgroups of patients with allergic rhinitis ("pure" rhinitis and
rhinitis with cough/chest tightness) and from asthmatics, in comparison with the
sputum from healthy subjects, had a significantly higher proportion of eosinophils
(14.5 ±1.8 vs. 13.5 ±2.9 vs. 13.9 ±4.0 vs. 3.6 ±0.8%, respectively; P=0.012) (Fig. 1).
There were, however, no significant differences between the three groups of patients.

Acetylcholine bronchial challenge

All 9 asthmatics and 18 of 24 subjects with allergic rhinitis, but none of the
healthy controls, were hyperresponsive to acetylcholine (PD20 <5 mg ml-1). Four
asthmatics had a mild and 5 moderate degree of bronchial hyperresponsivenes and
all rhinitics had a mild degree. The PD20 acetylcholine values in the two subgroups
of patients with allergic rhinitis ("pure" rhinitis and rhinitis with cough/chest
tightness) and in asthmatics, in comparison with the healthy subjects, were
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and Kristufek (21). Subjects inhaled three doses of acetylcholine, starting from 0.5 mg ml-1. The
scheduled doses consisted of 2.5 mg ml-1 and 5.0 mg ml-1 acetylcholine. The test was interrupted when
FEV1 value was reduced by 20% or more of control or a maximum cumulative acetylcholine dose of
8.0 mg was achieved. The threshold dose causing a 20% fall of FEV1 was calculated and expressed as
the PD20 in non-cumulative units. Three arbitrary classes of BHR were considered in terms of
acetylcholine dose: mild = PD20 ranging from 2.5 to 5.0 mg ml-1, moderate = PD20 ranging from 0.5 to
2.5 mg ml-1, and severe = PD20 <0.5 mg ml-1 as previously reported (21).

Data analysis

Descriptive statistics were used to summarize the data obtained. Grouped data of sputum
eosinophils (%) and PD20 acetylcholine were expressed as arithmetic mean ±SE and cough reactivity
(C2) was expressed as a geometric mean with 95% confidence intervals. Differences between groups
were further analysed using the ANOVA and Kruskal-Wallis test. Linear correlations were analysed
between sputum eosinophils and the values of acetylcholine and capsaicin challenges, respectively. A
P<0.05 was regarded as statistically significant.

RESULTS

Capsaicin cough challenge

The value of inhaled capsaicin concentration eliciting 2 or more coughs was achieved in
42 of 43 challenged subjects. Capsaicin concentration of less than 1000 �mol l–1 eliciting 5 or
more coughs was found in 11 subjects only. Therefore, cough sensitivity in different studied
groups was expressed only by capsaicin concentrations eliciting 2 or more coughs (C2).
Cough sensitivity in patients with allergic rhinitis, allergic rhinitis with symptoms arising
from the lower airways, asthmatics, and healthy subjects was not significantly different [21.2
(5.3 – 84.4) vs. 31.3 (4.0 – 245.7) vs. 22.1 (1.7 – 289.7) vs. 23.7 (3.7 – 151.9) �mol l–1,
respectively; P=0.84].

Fig. 1. Mean ±SE percentage values of
sputum eosinophils in patients with allergic
rhinitis (AR), allergic rhinitis with the
symptoms from lower airways (ARLA),
bronchial asthma (BA), and in healthy
subjects (C); ∗P< 0.05.

Induced sputum eosinophils

All subjects tolerated the induction of sputum with inhalation of hypertonic saline. The
percentage of squamous cells in induced whole sputum ranged from 4% to 65%; the values fit

Fig. 1. Mean ±SE percentage
values of sputum eosinophils in
patients with allergic rhinitis (AR),
allergic rhinitis with the symptoms
from lower airways (ARLA),
bronchial asthma (BA), and in
healthy subjects (C); *P< 0.05.



significantly lower (5.6 ±0.9 vs. 4.1 ±0.4 vs. 2.8 ±0.4 vs. 12.9 ±2.7 mg ml-1

respectively; P=0.0001) (Fig. 2). Differences in the PD20 among the three patient
groups were insignificant.

Correlations between sputum eosinophils and capsaicin and acetylcholine
challenges

There was a significant correlation between the sputum eosinophils and PD20

values of acetylcholine bronchial challenge for all studied subjects (r = -0.37,
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the criteria of adequately induced sputum samples (26). Sputum from the two subgroups of
patients with allergic rhinitis (“pure” rhinitis and rhinitis with cough/chest tightness) and from
asthmatics, in comparison with the sputum from healthy subjects, had a significantly higher
proportion of eosinophils (14.5 ±1.8 vs. 13.5 ±2.9 vs. 13.9 ±4.0 vs. 3.6 ±0.8, respectively;
P=0.012) (Fig. 1). There were, however, no significant differences between the three groups
of patients.

Fig. 2. Mean values ±SE of provocative
dose of acetylcholine producing a 20%
fall in FEV1 (PD20 acetylcholine) in
patients with allergic rhinitis (AR),
allergic rhinitis with the symptoms from
lower airways (ARLA), bronchial asthma
(BA), and in healthy subjects (C);
∗∗P<0.01.

Fig. 3. Correlation between sputum
eosinophils and provocative dose of
acetylcholine producing a 20% fall in FEV1

(PD20 acetylcholine) in healthy subjects (C)
and in patients with allergic rhinitis (AR),
allergic rhinitis with the symptoms from lower
airways (ARLA), and bronchial asthma (BA);
r, correlation coefficient

Acetylcholine bronchial challenge

All 9 asthmatics and 18 of 24 subjects with allergic rhinitis, but none of the healthy
controls were hyper-responsive to acetylcholine (PD20 <5 mg ml-1). Four asthmatics had a
mild and 5 moderate degree of bronchial hyper-responsivenes and all rhinitics had a mild
degree. The PD20 acetylcholine values in the two subgroups of patients with allergic rhinitis
(“pure” rhinitis and rhinitis with cough/chest tightness) and in asthmatics, in comparison with
the healthy subjects, were significantly lower (5.6 ±0.9 vs. 4.1 ±0.4 vs. 2.8 ±0.4 vs. 12.9 ±2.7
mg ml-1respectively; P=0.0001) (Fig. 2). Differences in the PD20 among the three patient
groups were insignificant.

Fig. 2. Mean values ±SE of
provocative dose of acetylcholine
producing a 20% fall in FEV1

(PD20 acetylcholine) in patients
with allergic rhinitis (AR), allergic
rhinitis with the symptoms from
lower airways (ARLA), bronchial
asthma (BA), and in healthy
subjects (C); **P<0.01.
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P=0.016) (Fig. 3). There was no significant correlation between sputum
eosinophils and C2 values of capsaicin cough challenge (r = 0.05, P=0.75).

DISCUSSION

In this study we assessed induced sputum, acetylcholine broncho-provocation,
and capsaicin cough challenge in patients suffering from allergic rhinitis and
asthma. Results were compared with those obtained from healthy subjects. Induced
sputum and eosinophil content were examined as indices of lower airway
inflammation (6, 7, 20, 25, 26). Patients with allergic rhinitis and asthma had a
significantly higher proportion of sputum eosinophils in comparison with the values
in healthy subjects. Acetylcholine PD20 values were significantly lower in rhinitics
and asthmatics in comparison with controls. In the entire population, acetylcholine
PD20 values significantly correlated with the number of eosinophils in induced
sputum. Cough sensitivity was not significantly changed among the groups studied.

Although allergic rhinitis and asthma are closely related disorders that
commonly occur together, very little is known about inflammatory features in
lower airways of subjects with allergic rhinitis and no evidence of asthma. Gibson
et al (27) have reported that approximately 50% of subjects with allergic rhinitis
have eosinophilic bronchitis. Recently, it has been demonstrated that the number
of eosinophils in the sputum of rhinitic subjects studied during the pollen season
is considerably elevated (9, 19). Our results are in correspondence with those
observations. Sputum eosinophilia was in the same range as that in mild stable
asthmatics. Alvarez et al (20) have found airway eosinophilic infiltration in rhinitic
patients, but these patients have a lower degree of eosinophilic bronchial activation
than asthmatic patients do. The reason for a different eosinophilic function in
rhinitic patients might have to do with the diversity of the disease process.

The prevalence of hyperresponsiveness for methacholine in allergic rhinitis is
observed in 39% (4) and 70% (5) of patients. Polosa et al (19) have found that the
PC20 for methacholine and adonosinmonophosphate in rhinitic subjects are close
to the asthmatic range. Airway hyperresponsiveness could be a consequence of
the subclinical inflammatory changes in lower airways in nonasthmatic subjects
with allergic rhinitis. Eosinophil counts in the induced sputum are significantly
higher in subjects with allergic rhinitis and metacholin hyperresponsiveness than
in those with normal metacholine responsiveness (16). Significant correlations
between sputum eosinophils and metacholine PD20 values are found in perennial
rhinitis (15). Inflammatory changes in lower airways are detected predominantly,
but not exclusively, in patients with allergic rhinitis and airway
hyperresponsiveness to methacholine (9, 16). In contrast, sputum eosinophilia
fails to be significantly associated with methacholine responsiveness in
nonasthmatic subjects with allergic rhinitis (19, 20). In this study we found a
significant correlation between sputum eosinophils and PD20 values of
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acetylcholine bronchial challenge for all subjects studied. Our results support the
suggestion that subclinical eosinophilic inflammation of lower airways in
rhinitics can increase the response of the tracheobronchial tract to
bronchoconstrictors due plausibly to the damage of the respiratory epithelium and
increased airway permeability (28). Another mechanism could be an infiltration
of the bronchial mucosa by inflammatory cells leading to a higher airway lumen
stenosis for the same bronchial muscle contraction (20).

Cough sensitivity is significantly increased in pollen-sensitive subjects who
suffer from seasonal allergic rhinitis during both the pollen season and out of it (29).
This observation is supported by the experimental data showing that the stimulation
of afferent nerves in nasal mucosa can lead to neurally-mediated potentiation of
cough (30). In our study there were no differences in cough sensitivity among
rhinitic and asthmatic patients in comparison with healthy subject. The divergent
results can be explained by the use of different procedures for a single-breath
capsaicin test. We used much lower doses of the aerosol of capsaicin and all
capsaicin concentrations were repeatedly inhaled 4 times. That could lead to
tachyphylaxis of afferent nerve-endings in the laryngeal and tracheo-bronchial
mucosa mediating the cough response. We believe that this procedure, first
described by Morice et al (24) for citric acid cough sensitivity, is not appropriate for
the measurement of capsaicin cough sensitivity in humans. This statement is
supported by the observation that the C2 values in our study were extremely variable
and the value of C5 was achieved in only 11 subjects of 43 challenged.

In conclusion, our results support the view that subclinical inflammatory
changes in lower airways correlate with nonspecific bronchial
hyperresponsiveness in subjects with allergic rhinitis, even in the absence of
clinical asthma.
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