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ABSTRACT: Bronchial hyperresponsiveness (BHR) is a characteristic feature of
asthma which is often associated with airways inflammation. However, some patients
with allergic rhinitis and no clinical evidence of asthma also exhibit BHR. This study
therefore investigated whether inflammatory cell infiltrate is present in the induced
sputum of nonasthmatic subjects with allergic rhinitis during the pollen season and
examined its relationship with airway hyperresponsiveness to inhaled methacholine
and adenosine 5'-monophosphate (AMP).

Twenty subjects (12 allergic rhinitis, eight nonallergic controls) underwent metha-
choline and AMP challenge and sputum induction with hypertonic saline on separate
days. Cell differentials were calculated from whole sputum samples.

A significantly greater number of eosinophils was found in the sputum of non-
asthmatic subjects with allergic rhinitis compared to that of nonallergic controls, their
median (range) percentages being 17.5 (4±47) and 1.5 (0±5) (p<0.001) respectively.
Although sputum eosinophilia failed to be significantly associated with methacholine
responsiveness (rs= -0.50; p=0.095), the provocative concentration of AMP causing a
20% fall in forced expiratory volume in one second correlated strongly and signifi-
cantly with the absolute number of eosinophils (rs=-0.73; p=0.007). Eosinophil cationic
protein levels in the sputum of rhinitic subjects were significantly elevated compared
to controls and correlated with eosinophil number (rs=0.67; p=0.017).

These findings support the view that bronchial eosinophilia alone is insufficient to
cause asthmatic symptoms. Diverse agonists for assessing bronchial hyperrespon-
siveness are selectively associated with airway inflammation in allergic rhinitis.
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The role of chronic bronchial inflammation in asthma is
widely appreciated, and airway eosinophilic inflammation
is indicated as one of the most important factors in the
pathogenesis of this disease [1]. The importance of airway
eosinophilia as a major marker of disease activity is well
established [2±5]. Other than being one of the key cells
responsible for the development of many of the patho-
logical features of asthma, the eosinophil is often associ-
ated with the presence of bronchial hyperresponsiveness
(BHR), a distinctive characteristic of the disease [6]. Be-
sides methacholine and histamine, asthmatic subjects also
have exaggerated airway responses to the purine nucleo-
side adenosine [7]. Methacholine- and histamine-induced
bronchoconstriction are likely to be due primarily to a
"direct" effect of these agonists on specific receptors on
airway smooth muscle. In contrast, the underlying mechan-
ism of bronchoconstriction induced by adenosine is main-
ly "indirect", involving mast cell mediator release [8].

However, it is known that BHR is also present in pati-
ents with allergic rhinitis and no clinical evidence of asthma
[9±12]. Bronchoalveolar lavage (BAL), bronchial biopsy
and sputum studies have provided evidence that patients
with seasonal allergic rhinitis may demonstrate inflam-
matory processes in the lower airways, with eosinophils
frequently being observed [13±15]. These findings are

suggestive of subclinical inflammatory changes within
the lower airways in subjects with allergic rhinitis, but their
relevance to the study of asthma is not clear. 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 [12, 16, 17].

Little is known about the critical factors that determine
BHR in subjects with allergic rhinitis. Therefore, evidence
was sought in induced sputum for the presence of an in-
flammatory cell infiltrate in 12 nonasthmatic subjects with
allergic rhinitis and its relationship with airway hyperres-
ponsiveness to two well-defined bronchoconstrictor agon-
ists,methacholineandadenosine5'-monophosphate(AMP),
examined. Bronchial challenge and sputum induction with
hypertonic saline were also performed in eight nonallergic
healthy controls well-defined bronchoconstrictor agonists,
methacholine and adenosine.

Methods

Subjects

The study population consisted of 12 nonasthmatic sub-
jects (two female, 10 male) with seasonal allergic rhinitis
and eight nonallergic control subjects (three female, five
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male) (table 1). Subjects with allergic rhinitis had a char-
acteristic history of seasonal allergic rhinitis (rhinorrhoea,
nasal itch, sneezing, nasal obstruction) and positive skin-
prick tests results (>3 mm weal response) to Parietaria
pollen only, the most common inhalant allergen in Sicily
[18] and none had ever received immunotherapy or topi-
cal corticosteroids. All were controlled using nasal topical
decongestants and oral antihistamines as required. Anti-
histamines were withheld for $3 days prior to each visit,
but subjects were allowed to continue their nasal topical
decongestants as usual. None of them had a present or
past history of asthma (wheezing, dyspnoea, chest tight-
ness, chronic cough). At least two specialists in allergic
diseases at the authors' clinic agreed that they did not
have any clinical history or symptoms suggestive of asth-
ma. They were specifically selected on the basis of positive
responses to inhaled methacholine and AMP. Nonaller-
gic control subjects had no history of asthma, chronic
rhinitis, atopic eczema or other relevant disease, and their
skin-prick test results were negative. All 20 subjects were
nonsmokers, and their baseline forced expiratory volume
in one second (FEV1) was >85 % of the predicted value
(table 1). None of the subjects studied had experienced a
respiratory tract infection for $6 weeks before or during
the study. The study was approved by the local hospitals
ethical committee and all the subjects gave their consent.

Study design

The study consisted of three visits to the authors' depart-
ment during the Parietaria pollen season (March±June

1996), all of which were at the same time of day (09:00 h).
On the first day, subjects attended the laboratory to under-
go a methacholine challenge test to determine the provo-
cative concentration of agonist causing a 20% fall in FEV1

(PC20). Two days later, sputum induction with hypertonic
saline was carried out. The expectorated sputum was im-
mediately collected and processed. On the final visit (5±7
days later), subjects attended the laboratory and underwent
adenosine 5'-monophosphate (AMP) challenge to deter-
mine the PC20 to AMP.

Bronchial provocation

Methacholine chloride and AMP (Sigma Chemical Co.,
St Louis, MO, USA) were dissolved in normal saline to
produce doubling concentrations, ranging 0.5±64 mg.mL-1

for methacholine and 12.5±800 mg.mL-1 for AMP, and
immediately used for bronchial challenge. The solutions
were administered as aerosols generated from a starting
volume of 3 mL in a disposable Inspiron Minineb (C.R.
Bard International, Sunderland, UK) driven by compressed
air at 8 L.min-1. Patients inhaled the aerosolized solutions
in five breaths from functional residual capacity to total
lung capacity via a mouthpiece.

FEV1 was measured using a dry wedge spirometer
(Vitalograph, Buckingham, UK). After a 15-min rest, three
consecutive baseline measurements of FEV1 were made at
intervals of 2 min and the highest result recorded. Challen-
ges were preceded by inhalation of normal saline and only
subjects in whom this caused a <10% decrease from baseline
FEV1 were studied. After challenge with saline, doubling
concentrations of methacholine or AMP were administer-
ed. FEV1 was measured at 1 and 3 min after administration
of each concentration of agonist and the highest of two val-
ues recorded for analysis. The challenges were discontin-
ued when FEV1 had fallen by >20% of the post-saline
value. The bronchial response to the inhaled agonists was
expressed as the PC20, which was derived by linear inter-
polation from the concentration/response curve construc-
ted on a logarithmic scale by plotting the percentage change
in FEV1 from the post-saline value against the cumulative
concentration of agonist administered.

Sputum induction

Induction was performed according to the method des-
cribed by LOUIS et al. [19]. Briefly, subjects inhaled hy-
pertonic saline (4.5%) aerosolized using an ultrasonic
nebulizer (UltraNeb 99; DeVilbiss, Feltham, UK) with
output set at 3 mL.min-1 The subjects wore a nose clip
and quietly inhaled aerosol for up to four consecutive 5-
min periods. After each inhalation, the subjects rinsed
their mouth with water and dried it with tissue paper to
minimize contamination with saliva. They then expecto-
rated the sputum into a Petri dish, which was immediately
placed on ice until processing. The FEV1 was measured
after each 5-min period for safety reasons.

Sputum processing and analysis

Whole sputum was transferred into 50-mL polypropy-
lene tubes (Becton Dickinson, Abingdon, UK), weighed

Table 1. ± Characteristics of the subjects studied

Subject
No.

Age
yrs

Sex Baseline
FEV1

% pred

PC20 M
mg.mL-1

PC20 AMP
mg.mL-1

Rhinitic subjects
1 22 M 112 5.2 90.4
2 35 F 108 3.6 683.4
3 27 M 99 2.4 168.6
4 18 M 87 10.9 294.1
5 26 M 89 53.8 732.6
6 24 M 124 5.7 163.4
7 18 M 96 30.5 600.5
8 23 M 97 1.5 52.7
9 32 M 100 2.5 85.4
10 20 M 112 35.9 666.7
11 29 M 129 2.0 196.9
12 27 F 95 3.7 120.0
Mean�SD 25.1�5.3 104�13.0 6.4

(1.5±53.8)
223.6

(52.7±732.6)*
Nonallergic controls
1 35 M 114 >64 >800
2 27 M 96 >64 >800
3 25 F 115 >64 >800
4 30 M 90 >64 >800
5 25 F 112 >64 >800
6 24 M 92 >64 >800
7 22 M 128 >64 >800
8 18 F 110 >64 >800
Mean�SD 25.8�5.1 107�13.2 >64* >800*

*: geometric mean (range); FEV1: forced expiratory volume in
one second; PC20: provocative concentration of agonist causing
a 20% fall in FEV1; MCh: methacholine; AMP: adenosine 5'-
monophosphate; M: male; F: female.
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and an equal weight of 0.01 M dithioerythritol (Fluka,
Gillingham, UK) solution added to solubilize the mucus.
Specimens were then agitated on a vortex mixer for 10 s,
rocked for 30 min at room temperature (~228C) and again
agitated on a vortex mixer for 10 s. They were then filtered
through a 70-mm strainer (Becton Dickinson) and the
collected fluid centrifuged for 10 min at 400 6g at 4C.
The super-natants were removed and stored at -20C. The
cell pellets were resuspended in 1 mL of phosphate-buf-
fered saline (6.5 g.L-1 NaCl, 1.28 g.L-1 Na2HPO4, 1.96 g.L-1

NaH2PO4; pH7.4) not containing Ca2+ and Mg2+ and viable
cells counted in a haemocytometer. Only samples in which
squamous cells comprised <30% of total cells were consid-
ered satisfactory for analysis. Differential counting was car-
ried out on cytospins stained with May-GruÈnwald Giemsa
on 600 cells (excluding squamous cells). Slides were coded
and examined by one investigator and counts expressed as a
percentage of the number of total cells and as absolute
counts. Eosinophil cationic protein (ECP) levels were mea-
sured in duplicate using a commercially available fluoro-
metric enzyme immunoassay (Pharmacia, Uppsala, Swe-
den) with a sensitivity of 2 ng.mL-1.

Data analyses

The PC20 to methacholine and AMP were logarithmic-
ally transformed to normalize their distribution and expres-
sed as geometric mean (range). The relationship between
the PC20 to methacholine and the PC20 to AMP was
studied by least squares linear regression. Inflammatory
cell counts in sputum were shown as a percentage of total
cell counts (excluding squamous cells) and as absolute cell
numbers per weight of sputum. As cell counts in induced
sputum are not normally distributed, these were expressed
as median (range). Comparisons of sputum variables be-
tween groups were performed using the Mann-Whitney U-
test for unpaired data.

For correlation analyses of sputum variables and airway
responses to AMP and methacholine, Spearman's rank-
order test was used. A p-value of <0.05 was considered to
indicate statistical significance.

Results

The geometric mean (range) PC20 to methacholine and
AMP were 6.4 mg.mL-1 (1.5±53.8 mg.mL-1) and 223.6
mg.mL-1 (52.7±732.6 mg.mL-1), respectively, in the non-
asthmatic patient with allergic rhinitis (table 1). A signi-
ficant correlation was observed between the PC20 to
methacholine and the PC20 to AMP (r=0.77, p=0.004).

Sputum induction was well tolerated in all the subjects
studied. A significantly greater number of eosinophils was
found in the sputum of nonasthmatic subjects with allergic
rhinitis compared to that in nonallergic controls, their me-
dian (range) percentage counts being 17.5 (4±47) and 1.5
(0±5) (p<0.001), respectively (table 2, fig. 1). No signific-
ant differences were observed for other cell types between
nonallergic controls and subjects with allergic rhinitis
with the exception of macrophages, their median (range)
percentage counts being 42.0 (26±76) and 70.5 (63±75)
(p=0.002) in allergic rhinitics and controls, respectively
(table 2, fig. 1). Bronchial responsiveness to either ago-
nist did not correlate with sputum neutrophil, lympho-

cyte, and macrophage numbers. Although sputum eosino-
philia failed to be significantly associated with metha-
choline airway responsiveness (rs=-0.50, p=0.095) (fig.
2a), there was a strong and significant negative correla-
tion between the PC20 to AMP and the absolute number
of eosinophils in the sputum (rs=-0.73, p=0.007) (fig. 2b).

ECP levels measured in the sputum supernatant of non-
asthmatic subjects with allergic rhinitis were significantly
higher than those of controls, their median (range) concen-
trations being 95.4 ng.mL-1 (16.5±643.3) and 13.0 ng.mL-1

(6.6±79.0) (p<0.001), respectively (table 2). The concen-
tration of ECP in the sputum correlated with the absolute
number of eosinophils (rs=0.67, p=0.017), but no signi-
ficant association was found between the con-centration
of ECP in sputum and airway responsiveness to any of the
agonists tested.

Discussion

In the present study, it has been shown that a large
number of eosinophils is present in the sputum of non-
asthmatic subjects with allergic rhinitis to Parietaria pollen
during a period of natural exposure. Eosinophil counts in
the sputum of subjects with allergic rhinitis were appro-
ximately 12-fold higher than those of nonallergic controls
(studied at the same time). In addition, the number of
macrophages was lower in subjects with allergic rhinitis
compared to nonallergic controls. It was also observed that
airway responsiveness to AMP is more strongly related to
sputum eosinophilia than is that to methacholine.

The role of chronic bronchial inflammation in asthma is
widely appreciated, and airway eosinophilic inflammation

Table 2. ± Total and percentage cell counts in the sputum
of the subjects studied

Subject
No.

Total cells
103 cells.g-1

Macro
%

Lym
%

Neu
%

Eos
%

ECP
ng.mL-1

Rhinitic subjects
1 2,000 37 5 7 47 643.3
2 390 76 2 16 4 16.5
3 230 62 4 13 19 123.9
4 68 29 1 57 12 20.0
5 195 34 4 53 7 18.5
6 517 26 4 50 18 44.8
7 427 30 3 56 11 100.1
8 397 48 8 5 37 334.9
9 637 44 7 15 31 90.7
10 1155 59 4 28 7 462.8
11 772 56 4 4 36 224.0
12 717 40 5 35 17 20.9
Median 472 42.0 4.0 22.0 17.5 95.4
Range 68±2000 26±76 1±8 4±57 4±47 16.5±643.3
Nonallergic controls
1 2000 74 3 22 0 8.5
2 2450 68 4 26 0 10.0
3 220 75 4 18 2 7.4
4 450 73 1 21 5 58.7
5 770 71 11 15 0 6.6
6 480 70 5 23 1 15.9
7 630 63 8 25 2 79.0
8 810 67 6 24 2 71.2
Median 700 70.5 4.5 22.5 1.5 13.0
Range 200±2450 63±75 1±11 15±26 0±5 6.6±79.0

Macro: macrophage; Lym: lymphocytes; Neu: neutrophils; Eos:
eosinophils; ECP: eosinophil cationic protein.
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is often associated with the presence of BHR [6]. Normal-
ly, subjects with allergic rhinitis exhibit relatively low
levels of nonspecific BHR. In the rhinitic subjects stud-
ied, the PC20 to methacholine and AMP were close to the
asthmatic range. In particular, two patients (Nos. 8 and 9)
had very low PC20 to both methacholine and AMP, spu-
tum eosinophilia and high levels of ECP. However, by
further reviewing their case histories and measuring their
response to inhaled salbutamol, the possibility of unrecog-
nized asthma or cough-variant asthma was again excluded.
It should be noted that the rhinitic subjects were studied
during the pollen season and were specifically selected
from a larger pool of patients on the basis of their positive
response to inhaled methacholine and AMP.

Although allergic rhinitis and asthma are closely related
disorders that commonly occur together, very little is known
about inflammatory features in the bronchial airways of
subjects with allergic rhinitis and no evidence of asthma.
BAL and bronchial biopsy studies have shown that subjects
with allergic rhinitis may exhibit inflammatory changes of
the airways [13, 14]. In line with these observations,
FORESI et al. [15] have recently demonstrated that a sig-
nificant number of eosinophils and metachromatic cells
may be present in induced sputum from subjects with
seasonal allergic rhinitis. However, their findings are at
variance with those of PIN et al. [20] and SPANEVELLO et al.
[21], who failed to show a significant difference in the
percentage of eosinophils in induced sputum between in-
dividuals with seasonal allergic rhinitis (studied out of the
pollen season) and healthy controls. The reasons for such
discrepancies might be related to diversity in the disease
activity in the subjects studied or to important differences
in methodology and study protocol. By studying the
present subjects with allergic rhinitis to Parietaria pollen
during a period of natural exposure to their sensitizing
allergen, a substantial number of eosinophils was found in
their sputum. It may be speculated that exposure of the
bronchial epithelium to aeroallergens may promote air-
way eosinophilia through immunoglobulinE-dependent
pathways. In addition, allergens may directly alter epithe-
lial cell function through induction of a stress response via

stimulation of proteinase-activated receptors [22] or by
generationofreactiveoxygenwithactivationofpro-inflam-
matory transcription factors [23] with subsequent release
of eosinophil chemoattractants and survival-enhancing
factors such as eotaxin, interleukin (IL)-8, granulocyte-
macrophage colony-stimulating factor, and IL-5 [24±26].

The dissociation between methacholine and AMP res-
ponsiveness and markers of allergic inflammation has also
been addressed in a recent study of allergen avoidance in
children with allergic asthma [27]. The discrepancy may lie
in the difference in their mechanisms of bronchoconstric-
tor effect, methacholine directly contracting airway smooth
muscle and AMP releasing mast cell-derived mediators
[8]. The observed relationship between sputum eosino-
phils and the PC20 to AMP may also be explained by
considering that eosinophil-derived cytokines stimulate the
epithelium to release factors promoting mast cell chemo-
taxis and maturation [28]. Another possible interpretation
of the selective influence of sputum eosinophils on AMP
responsiveness might lie in the release of their granular
contents causing airway epithelial damage [3, 29]. Damage
to the epithelium might selectively enhance sensory nerve
stimulation by AMP (but not methacholine), resulting in
the release of spasmogenic neuropeptides by way of an
axon reflex [30].
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Fig. 2. ± Correlation between the number of eosinophils in the sputum
and the provocative concentration of agonist causing a 20% fall in forced
expiratory volume in one second (PC20) to a) methacholine (rs= -0.50,
p=0.095); and b) adenosine S'-monophosphate (AMP) (rs= -0.73; p=
0.007) in nonasthmatic subjects with allergic rhinitis (n=12). The strength
of the association was analysed using Spearman's rank-order test.
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Whilst the present findings indicate that airway res-
ponsiveness to AMP is related to the degree of eosinophilic
infiltration, the lack of an association with ECP levels
would suggest that the mechanisms involve other eosino-
phil mediators (e.g. major basic protein), which may
contribute to the enhanced airway responses to AMP. In
addition, the concentration of ECP in sputum may reflect
poorly the extent of eosinophil activation that occurs deep
within the airways mucosa, thus accounting for the lack of
correlation between sputum ECP levels and airway res-
ponsiveness to AMP.

Whatever the mechanisms linking the airway eosino-
philia and bronchial hyperresponsiveness to AMP, there is
no doubt that subclinical inflammatory changes within the
lower airways are present in subjects with allergic rhinitis
(even in the absence of clinical asthma). Compared to
recently published data in mild asthma [31], the number of
eosinophils in the sputum of rhinitic subjects studied dur-
ing the pollen season is considerably elevated. Although
the present findings indicate that bronchial eosinophilia
alone is insufficient to cause asthmatic symptoms, it is
difficult to establish whether subjects with allergic rhinitis
and eosinophilic inflammation might be at increased risk
of the development of asthma over subsequent years.
Long-term prospective studies of patients with allergic
rhinitis, including assessments of sputum eosinophilia and
bronchial responsiveness (particularly to indirect stimuli),
will be critical in answering this question.

A significantly lower macrophage count was also found
in subjects with allergic rhinitis and this agrees with a
number of studies in asthmatics [19, 32]. Stimulation of
human eosinophils may release large quantities of macro-
phage migration inhibitory factor [33], which may de-
crease the number of macrophages. Although very little is
known about the modulatory role of macrophages in
airway inflammation, this observation is of interest and
merits further investigation.
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