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ABSTRACT: Sputum induced by inhalation of nebulized hypertonic saline is
increasingly used to monitor airways inflammation in asthma. The aim of this
study was to assess the repeatability of measuring cellular and soluble markers of
inflammation in whole sputum samples as obtained by sputum induction in patients
both with mild and moderate-to-severe asthma.

Twelve patients with mild, atopic asthma without inhaled steroid treatment and
nine patients with moderate-to-severe, atopic asthma treated with inhaled steroids
were studied on two separate days at least 2 days apart. Whole sputum samples,
induced by inhalation of hypertonic (4.5%) saline, were homogenized, and analysed
for differential cell counts and for concentrations of albumin, fibrinogen, inter-
leukin-8 (IL-8), and eosinophil cationic protein (ECP). Repeatability was expressed
as intraclass correlation coefficient (Ri), and as coefficient of repeatability (CR) in
percentage cells or in doubling concentration.

Samples from two patients with mild asthma contained more than 80% squa-
mous cells and were excluded from analysis. The repeatability for cell differential
counts in both groups combined was: for neutrophils, Ri=0.57 and CR=31.0; for
eosinophils, Ri=0.85 and CR=12.4; and for lymphocytes, Ri=0.76 and CR=6.9. The
repeatability of the fluid phase measurements was: for albumin, Ri=0.71 and CR=3.2;
for fibrinogen, Ri=0.88 and CR=2.8; for IL-8, Ri=0.66 and CR=2.2; and for ECP,
Ri=0.82 and CR=1.1.

We conclude that the repeatability of cellular and soluble markers of inflam-
mation in induced sputum from patients with mild and moderate-to-severe asthma
is satisfactory. Hence, induced sputum, processed by using the whole expectorated
sample, seems to be a valuable method to monitor airway inflammation in asthma.
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In 1992, PIN et al. [1] first described the inhalation of
nebulized hypertonic saline as a technique to induce spu-
tum for studying airways inflammation in asthma. Since
then, many efforts have been made to validate this tech-
nique [1–6]. Sputum induction is now being recognized
as an inexpensive, easy to perform, well-tolerated, non-
invasive, and safe method to monitor airways inflam-
mation in asthma [7]. Several investigators employ the
so-called "plug" or "selected sample" method [1–3, 6, 8],
whereas others favour the analysis of whole sputum
samples [4, 5, 9, 10]. A major potential problem in the
analysis of whole sputum samples is variable oropharyn-
geal contamination, potentially affecting the levels and re-
producibility of various markers of inflammation.

The aim of this study was to assess the repeatability
of measurements of cellular and soluble inflammatory
markers in whole sputum samples induced by inhalati-
on of nebulized hypertonic saline in patients with asthma.
Differential cell counts in induced sputum were deter-
mined, and albumin and fibrinogen were measured as
possible markers of capillary leakage [9], the chemokine

interleukin-8 (IL-8) as a chemoattractant for neutrophils
and primed eosinophils [11] and eosinophil cationic pro-
tein (ECP) as a toxic eosinophilic degranulation product
[9, 12]. Because the production and content of sputum
might be influenced by disease severity and/or the pres-
ence of anti-inflammatory treatment, two groups of sub-
jects were studied separately: one group of patients with
mild asthma, treated only with short-acting β2-agonists
on demand; and another group of patients with moder-
ate-to-severe asthma, all receiving regular inhaled cor-
ticosteroid therapy.

Methods

Subjects

Twelve subjects (5 females and 7 males) with mild
atopic asthma, aged 18–26 yrs, and 9 subjects (6 females
and 3 males) with stable, moderate-to-severe atopic asth-
ma, aged 21–47 yrs, participated in the study. All sub-
jects had a history of episodic dyspnoea and wheezing.



Classification of asthma severity was based on history,
symptoms, clinical features and requirement for medica-
tion according to the international guidelines [13]. Atopic
status was verified by skin-prick test, with a wheal of at
least 3 mm to one or more common airborne allergens
(Soluprick; ALK, Denmark). All subjects were nonsmok-
ers or ex-smokers (for more than 12 months, with less than
5 pack-years). The forced expiratory volume in one sec-
ond (FEV1) was within the normal range (>80% of predic-
ted) at baseline, or after inhalation of 400 µg salbutamol
by metered dose inhaler connected to an aerosol cham-
ber [14]. In addition, all subjects were hyperresponsive
to inhaled histamine as shown by a provocative concen-
tration causing a 20% fall in FEV1 (PC20) of less than 8
mg·mL-1 [15]. 

All subjects were treated with inhaled short acting β2-
agonists on demand. The subjects with moderate-to-
severe asthma also required regular therapy with inhaled
corticosteroids (beclomethasone dipropionate or budes-
onide 200–1,000 µg b.i.d.). They were asked to use their
medication unchanged and regularly prior to and dur-
ing the study. None of the subjects had a history of dis-
ease other than asthma, or used any other medication.
Subjects with symptoms of a respiratory tract infection
within 4 weeks prior to or during the study were exclud-
ed. The characteristics of the subjects studied are sum-
marized in table 1. The study was approved by the
Hospital Medical Ethics Committee, and informed con-
sent was given by all subjects.

Design

On a screening day, inclusion criteria were checked.
Thereafter, the subjects attended the laboratory on two
separate days, with an interval of at least 2 days (median

4 days). Sputum induction was performed on both occa-
sions at the same time of day.

Sputum induction

Sputum induction was performed using a validated
method [9] with some modifications. Sodium chloride
aerosols 4.5% (w/v) were generated at room tempera-
ture by an ultrasonic nebulizer (Ultraneb 2000; Devilbiss,
Somerset, PA, USA) with a calibrated particle size (mass
median aerodynamic diameter 4.5 µm), with the output
set at maximal (2.5 mL·min-1). The aerosols were admini-
stered to the subjects through a 100 cm long tube with an
internal diameter of 22 mm, and were inhaled by mouth
through a two-way valve (No. 2700; Hans-Rudolph, Kan-
sas City, MO, USA), while the nose was clipped.

FEV1 was measured by standardized spirometry [14]
before inhalation of the hypertonic saline aerosols, and
whenever the subject felt uncomfortable during the spu-
tum induction. For safety reasons, all subjects received
salbutamol 400 µg via a metered-dose inhaler (MDI)
connected to an aerosol chamber. Aerosols were then
inhaled in 5 min periods for a maximum of 30 min.
Following every period of hypertonic saline inhalation,
subjects were asked to rinse their mouth and gargle their
throat thoroughly with water. If necessary, the nose was
blown. The subjects were then encouraged to cough and
to expectorate sputum into a clean plastic container. The
procedure was discontinued if an adequate amount of
sputum was obtained (at least 2.5 g) or if the subjects
experienced any discomfort.

Sputum processing

The volume of the whole sputum sample was deter-
mined, and an equal volume of dithiothreitol 0.1% (Spu-
tolysin; Calbiochem, La Jolla, CA, USA) was added [9].
The samples were gently mixed using a wide bore plas-
tic pipette, and placed in a shaking water bath at 37°C
for 15 min to ensure complete homogenization. The total
cell count was measured in the group with moderate-
to-severe asthma using a standard haemocytometer. The
homogenized sputum was centrifuged at 350×g for 10
min. The supernatant was aspirated and stored at -70°C
pending analysis. The cell pellet was resuspended in 10
mL phosphate-buffered saline, filtered through a nylon
gauze (pore size approximately 1 mm), cytocentrifug-
ed for 3 min at 1,500 rpm (Shandon cytocentrifuge 3;
Shandon Southern Instruments, Sewickley, PA, USA),
and stained with May-Grünwald-Giemsa [2]. In a sub-
group of 18 samples, cell viability was checked by try-
pan blue exclusion, and appeared to be satisfactory with
a mean (SEM) of 80 (3)%. Differential cell counts were
performed by counting at least 500 cells on one coded
cytospin in a blind way by a qualified cytopathologist.
Sputum samples containing more than 80% squamous
cells were excluded from the analysis because of poor
cytospin quality.

Biochemical assays

In sputum supernatant, albumin was assessed by rate
nephelometric assay (Beckman, Brea, CA, USA), fibrin-
ogen by enzyme-linked immunosorbent assay (ELISA)
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Table 1.  –  Characteristics of the subjects studied

Subject Sex Age FEV1# PC20 Corticosteroid
No. yrs % pred mg·mL-1 medication

1 M 31 78 0.14
2 F 23 83 0.16
3 F 24 90 0.28
4 M 18 92 0.44
5 M 25 87 0.49
6 F 26 93 0.61
7 F 24 102 0.65
8 F 19 102 1.01
9 M 22 86 1.54

10 M 25 88 2.83
11 M 26 108 3.27
12 M 24 102 4.70
13 F 23 56 0.03 1600 µg BUD
14 F 20 44 0.06 400 µg BDP
15 F 21 49 0.11 800 µg BUD
16 F 21 83 0.23 200 µg BDP
17 F 34 85 0.32 1600 µg BUD
18 M 21 66 0.43 2000 µg BUD
19 M 27 79 0.88 1600 µg BDP
20 M 23 60 1.00 1000 µg BDP
21 F 28 81 3.16 800 µg BUD

All subjects received inhaled β2-agonists on demand. #: mean
baseline value. M: male; F: female; FEV1: forced expiratory
volume in one second; PC20: provocative dose of histamine
causing a 20% fall in FEV1; % pred: percentage of predicted
value; BDP: beclomethasone dipropionate; BUD: budesonide.



using polyclonal antibodies (generously donated by R.
Bos, Gaubius Laboratory TNO-PG, Leiden, The Nether-
lands), IL-8 by ELISA (Central Laboratory of The Nether-
lands Red Cross Blood Transfusion Service, Amsterdam,
The Netherlands), and ECP by fluoroenzyme immuno-
assay (Pharmacia, Uppsala, Sweden).

Analysis

Cell differential counts were expressed as percentage
of nonsquamous cells. Differences in cell counts and
levels of soluble markers of inflammation between the
two study days were analysed with Student's t-test for
paired data, while differences in these parameters be-
tween the two groups were analysed with the Student's
t-test for unpaired data. Differences were considered to
be statistically significant at a p-value of 0.05 or less.
Linear regression analysis was used to assess the relati-
onship (r) between the percentage squamous cells (mean
of Day 1 and Day 2) and the absolute difference in cel-
lular and soluble parameters between Days 1 and 2 in
each subject. Concentrations of soluble markers were log-
transformed before analysis, because differences between
the two study days were proportional to the mean value
of these two days [16]. Repeatability was expressed as
intraclass correlation coefficient (Ri=between subject
variance/(within+between subject variance)) [17], and
as coefficient of repeatability (CR=2 SD of the mean dif-
ference of repeated measurements) in percentage cells
or in doubling concentrations [16]. The CR represented
the limits of agreement within which 95% of the dif-
ferences were expected to be. Unless otherwise stated,
the data were expressed as mean±SD, or as geometric
mean±SD in doubling concentrations in case of log-trans-
formation [17].

Results

There was no significant difference in age between the
two groups. As expected, mean baseline FEV1 (mean±SD)
differed significantly between patients with mild (92±9

% pred) and moderate-to-severe asthma (67±16 % pred)
(p<0.001). PC20 histamine (geometric mean±SD in dou-
bling dose) was slightly but not significantly lower in
the patients with moderate-to-severe asthma (0.28±2.3
mg·mL-1) as compared to the patients with mild asthma
(0.79±1.7 mg·mL-1) (p=0.107). None of the subjects expe-
rienced discomfort during the sputum induction. All sub-
jects were able to produce adequate amounts of sputum
(range 2.6–10 g) for analysis. Sputum samples obtained
from two subjects (Nos. 1 and 5) with mild asthma con-
tained >80% squamous cells on both study days, and
were excluded from further analysis. Two samples from
patients with moderate-to-severe asthma were not avail-
able for analysis of albumin, fibrinogen and IL-8.

The differential cell counts obtained from the subjects
with mild and moderate-to-severe asthma separately, as
well as from the two groups combined, are shown in
table 2. Reproducibility was satisfactory for all non-
squamous cell types, in particular for eosinophils (Ri=
0.85). Because the percentage of ciliated epithelial cells
from subjects with mild asthma differed between the two
study days, these data were excluded from further ana-
lysis [16]. In addition, repeatability of cell counts·mL-1

sputum were determined in the group with moderate-to-
severe asthma for total cells (Ri=0.57), squamous cells (Ri
= 0.17), bronchial epithelial cells (Ri=0.54), macrophages
(Ri=0.68), neutrophils (Ri=0.80), eosinophils (Ri=0.72),
and lymphocytes (Ri=0.41). Good reproducibility was ob-
tained for all fluid phase measurements, with an Ri ran-
ging from 0.66 for IL-8 to 0.88 for fibrinogen. The results
of the soluble markers are summarized in table 2 and
figure 2.

The mean percentage of eosinophils was higher in the
moderate-to-severe asthmatic patients as compared to
the mild asthmatic patients (p=0.05) (table 2). No other
significant differences were observed in cellular or sol-
uble markers (tables 2 and 3). The levels of sputum ECP
appeared to be closely related to the levels of albumin
(r=0.78; p<0.001), and IL-8 (r=0.63; p=0.007) (fig. 3).

The mean percentage of squamous cells did not cor-
relate with the difference between the two days in diffe-
rential counts of any of the nonsquamous cells. Also, no
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Table 2.  –  Repeatability of cellular markers in induced sputum

Squamous cells Ciliated cells Macrophages Neutrophils Eosinophils Lymphocytes

Mild asthma
Day 1  % 53±19 17±13 45±23 29±16 6.1±6.1 3.1±1.8
Day 2  % 40±19 12±9 40±21 39±21 6.1±7.4 2.4±0.9
Difference  p-value 0.07 0.01 0.48 0.07 0.99 0.24
CR % 40.2 ND 36.1 31.2 9.3 3.7
Ri 0.31 ND 0.68 0.56 0.79 0.11
Moderate-to-severe asthma
Day 1  % 39±16 13±8 38±12 28±14 14±11 6.4±6.2
Day 2  % 38±22 12±7 37±17 27±16 18±16 6.3±5.2
Difference  p-value 0.93 0.66 0.83 0.75 0.13 0.93
CR % 35.4 19.2 28.0 27.3 14.5 9.6
Ri 0.62 0.29 0.56 0.61 0.84 0.68
Mild and severe asthma combined
Day 1  % 46±19 15±11 42±18 29±14 9.9±9.7 4.7±4.6
Day 2  % 39±20 12±8 39±19 33±19 12±14 4.2±4.2
Difference  p-value 0.12 0.07 0.47 0.20 0.19 0.80
CR % 39.3 15.4 31.2 31.0 12.4 6.9
Ri 0.46 0.64 0.64 0.57 0.85 0.76

Values are presented as mean±SD. Differences between the two days are represented by p-value. Repeatability is expressed as
coefficient of repeatability (CR) in percentage cells and as intraclass correlation coefficient (Ri). ND: not determined.
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Fig. 2.  –  Repeatability of: a) albumin; b) fibrinogen; c) ECP; and d) IL-8 in induced sputum from the patients with mild (❍) and moderate-to-
severe asthma (▲). The geometric mean concentration of each subject is plotted against the difference between Day 1 and Day 2 in doubling
concentrations (concn). The solid line represents the line of identity. The limits of agreement (CR) for the whole group are represented by the
broken lines (line of identity±SD in doubling concentrations). ECP: eosinophil cationic protein; IL-8: interleukin-8; CR: coefficient of repeatabil-
ity; Ri: intraclass correlation coefficient.

Fig. 1.  –  Repeatability of: a) neutrophils; b) eosinophils; and c) lymphocytes in induced sputum from the patients with mild (❍) and mode-
rate-to-severe asthma (▲). The mean percentage of cells of each subject is plotted against the differences between Day 1 and Day 2. The solid
line represents the line of identity. The limits of agreement (CR) for the whole group are represented by the broken lines (line of identity±2 SD).
CR: coefficient of repeatability; Ri: intraclass correlation coefficient.
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significant correlation was observed between mean per-
centage of squamous cells and the difference in fluid phase
measurements between Days 1 and 2 in each subject.

Discussion

This study shows that reproducible quantitative mea-
surements of cellular and soluble markers of asthmatic
airway inflammation can be obtained in induced spu-
tum from patients with mild and moderate-to-severe
asthma. The results of this study imply that the "whole
sputum sample" technique is a reliable, noninvasive
method that is potentially useful for monitoring inflam-
matory processes in the airways in clinical asthma stud-
ies.

The present study is the first showing good reproducib-
ility of quantitative analysis of cells and soluble markers
of inflammation in entire sputum samples from asthma-
tic patients. In earlier studies, adequate reproducibility
has been shown for the "selected sample" or "plug" me-
thod [1, 18–20]. Sputum plugs from asthmatic patients
who produced sputum spontaneously were studied by
GIBSON et al. [18]. They showed high reproducibility of
differential cell counts in sputum samples from the same
patients on two consecutive days. The inability of most
asthmatic patients to produce sputum spontaneously,
especially when asthma is well-controlled, was, how-
ever, a major drawback of this method. PIN et al. [1]
were first to introduce the technique of sputum induc-
tion by inhalation of nebulized hypertonic saline to
study airway inflammation in asthma. They demon-
strated that this technique offered good reproducibility
for differential cell counts of neutrophils (Ri=0.73),
eosinophils (Ri=0.80), and macrophages (Ri=0.71) when
"selected sputum plugs" were analysed. Recently, the
same authors have reported comparable repeatability
for several fluid phase measurements using the same
technique [20].

It has been argued that microscopic selection of spu-
tum plugs from the expectorated sample is essential to
ensure that only specimens representative of the sub-
glottic area, rather than a mixture including saliva, were
selected for analysis [18]. Selection of plugs, however,
could influence cell counts and levels of inflammatory
protein [9]. In addition, cell and protein content of spu-
tum plugs might not necessarily be representative of air-
way lining fluid [9]. Therefore, analysis of the entire
induced sputum sample has been suggested as a method
to overcome these problems. Preliminary reproducibil-
ity data of measurements in entire sputum samples were
less promising [21, 22], possibly due to differences in
methodological procedures.

In the present study, particular attention was paid to
methodological aspects. The study subjects were optimal-
ly controlled, with no symptoms of respiratory infecti-
ons, and unaltered medication usage. Sputum induction
was performed by a standardized protocol, at the same
time of day. Salivary contamination of the samples was
minimized by instructing the patients to rinse their mouth
and gargle their throat meticulously before expectora-
tion. If, despite these measures, the samples contained
more than 80% squamous cells, they were excluded from
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Table 3.  –  Repeatability of soluble markers in induced
sputum

Albumin Fibrinogen IL-8 ECP
104 ng·mL-1 ng·mL-1 ng·mL-1 ng·mL-1

Mild asthma
Day 1 5.2±2.4 831±2 2.1±0.7 49±1.4
Day 2 8.4±2.9 1288±2.6 2.7±1.2 60±1.9
Difference p-value 0.32 0.23 0.07 0.50
CR 4.1 3.1 2.4 2.7
Ri 0.72 0.77 0.30 0.69
Moderate-to-severe asthma
Day 1 13±1.1 184±3.0 2.5±1.4 91±1.9
Day 2 14±1.6 168±3.1 2.5±2.0 107±2.2
Difference p-value 0.38 0.78 0.99 0.17
CR 1.0 2.2 1.8 1.6
Ri 0.92 0.94 0.87 0.92
Mild and severe asthma combined
Day 1 7.5±2.1 445±2.6 2.3±1.0 62±1.7
Day 2 10±2.5 556±3.1 2.6±1.5 79±2.0
Difference  p-value 0.23 0.36 0.45 0.19
CR 3.2 2.8 2.2 1.1
Ri 0.71 0.88 0.66 0.82

Values are presented as mean±SD in doubling concentrations.
Differences between the two days are represented by p-value.
repeatability is expressed as coefficient of repeatability (CR) in
doubling concentrations and as intraclass correlation coefficient
(Ri). IL-8: interleukin-8; ECP: eosinophil cationic protein.
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analysis of both cellular and soluble markers. Although
intra- and interobserver variability in differential cell
counting of cytospins has been reported to be neglig-
ible [8], EFTHIMIADIS et al. [23] recently reported an
increasing intra- and interobserver variability in cell
counting concomitant with increasing squamous cell
contamination. This phenomenon does not seem to have
played a major role in the present study, considering
the high intraclass correlation coefficient of the eosinophil
cell counts. More importantly, the mean percentage of
squamous cells in sputum was not related to the absolute
difference in inflammatory cell counts or in levels of
soluble markers between the two study days.

Although repeatability of measurements was satis-
factory for both groups of patients with mild and mod-
erate-to-severe asthma, reproducibility seemed slightly
better in the latter group. A possible explanation might
be that fluctuations in airway inflammation are mitiga-
ted by anti-inflammatory treatment in this group, result-
ing in better repeatability. An alternative explanation
could be that subjects with more severe asthma are more
familiar with sputum production, and are able to expec-
torate more smoothly with less variability in oropha-
ryngeal contamination.

This study was not designed to investigate differences
in sputum parameters between mild and moderate-to-
severe atopic asthma. Nevertheless, numbers of eosino-
phils were significantly higher in the latter group. This
extends the findings of other investigators, who observ-
ed increased numbers of eosinophils in sputum from
patients with asthma as compared to normal subjects [1,
9] or patients with chronic bronchitis [18], and confirms
that eosinophil numbers in induced sputum are related
to the severity of airway inflammation in asthma. In
addition, the close correlation between ECP levels and
other soluble markers suggests the reliability of the
method.

The clinical implication of the present study seems to
be that analysis of sputum induced and processed acc-
ording to the "whole sample" method is a reliable and
reproducible method to estimate the severity of airway in-
flammation in a wide range of asthmatic patients. Since
almost all patients were able to expectorate evaluable
sputum samples, this method might be a preferable alter-
native to more invasive methods, such as fibreoptic bron-
choscopy with bronchoalveolar lavage (BAL) or bronchial
biopsy; the more so, since a close relationship has recent-
ly been shown between counts of inflammatory cells in
induced sputum on the one hand and in bronchial wash,
BAL and mucosal biopsies on the other [4–6]. Induced
sputum could, in fact, provide a valuable means to eval-
uate the effects of therapeutic intervention in manage-
ment of clinical asthma.

In conclusion, this study has confirmed that sputum
induction is a simple and safe noninvasive technique
in mild and moderate-to-severe asthmatic patients. By
processing and analysing the whole sputum sample,
satisfactorily reproducible data can be obtained for cel-
lular and soluble markers. Oropharyngeal contamination
is a potentially disturbing factor, but does not seem to
substantially influence the reproducibility of the mea-
surements. Hence, induced sputum seems to be a valua-
ble method to monitor asthmatic inflammation in research
and clinical practice.

Acknowledgement: The authors wish to thank G.G.
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