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ABSTRACT: Over the past few years cellular and biochemical sputum examinations
have become important instruments to assess airway inflammation. The aim of this
review is to summarize new methodological developments and aspects, which are
currently under investigation.

The use of isotonic saline has increased safety of inductions in patients with severe
asthma and in children. The origin of sputum is better understood, as is the need to
standardize the volume and duration of induction. It also needs to be borne in mind
that the induction procedure itself is able to cause changes in sputum composition.
However, the basic induction and processing procedures have not changed much over
the last few years, and therefore the method is still time consuming. The analysis of
ECP in lysed sputum cells as a marker for the number of eosinophils has been
suggested to overcome this problem, but needs further validation. Furthermore,
storage of sputum has been studied, as well as early fixation or freezing of sputum cells
to elongate the time between induction and processing. Differential cell counts by flow
cytometry are still difficult, but the method has increased knowledge concerning
lymphocyte subsets and the activation status of sputum cells.

The use of induced sputum to noninvasively measure airway inflammation in
clinical trials will offer additional information, but the proper use and interpretation
of sputum outcome parameters will need further investigation.
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Interest in sputum examination as a marker of airway
inflammation in airway diseases has increased a lot since
the first report of PIN et al. in 1992 [1]. A series of reviews
and editorials have been published covering the devel-
opment and application of the methods [2±11]. It has been
shown that, provided standard precautions are taken into
account, sputum induction can be used safely [12, 13].
The two techniques of examination used today, with their
advantages and drawbacks, have been described in detail
and issues like reproducibility, validity and reliability
have been discussed [14, 15]. A very detailed report on
one method of sputum induction was published in 1997
[16]. The aim of this review is to discuss the recent con-
siderations regarding sputum induction and examination,
which have implications for safety, study design and use
in clinical trials or practice.

Increasing the safety of sputum induction

In most of the recently published studies hypertonic sa-
line (3±5%) has been used for sputum induction, because
isotonic saline was shown to result in a lower success rate

[17]. However, it has now been demonstrated in two
studies in severe asthma that induction with isotonic sa-
line is better tolerated in these patients and is often suff-
icient to induce sputum [18, 19]. For patients with severe
airway diseases it therefore seems advisable to start the
induction with isotonic saline and to continue with hyper-
tonic saline only if this is not successful. Together with
the other recommended safety precautions, namely pre-
medication with b2-agonists and lung function monitoring
throughout the induction procedure, this could further
reduce the risk of bronchoconstriction. Another aspect
concerning safety of sputum inductions was reported by
PIZZICHINI et al. [19, 20]. They observed that the overuse of
b2-agonists the day before sputum induction reduced the
protective effect of premedication. Therefore, a patient
should always be asked about the frequency of broncho-
dilator use before a sputum induction.

Studies in children indicate that sputum can be induced
safely from the age of 7 yrs onwards. The success rate
using hypertonic saline was similar to the results obtained
in adults. Similarly, the use of isotonic saline during asth-
ma exacerbations was shown to result in the production of
a sufficient sample, without adverse effects [21, 22].
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Inflammatory response to inhalation of hypertonic
saline

The relative noninvasiveness of sputum induction ren-
ders this technique particularly useful for repeated assess-
ment of airway inflammation in the longitudinal follow-up
of patients. However, when designing follow-up studies, it
has to be taken into account that repeated inductions within
short intervals can alter the composition of sputum. Spu-
tum induction is followed within 6 h by an increase in spu-
tum neutrophil numbers, which lasts for at least 24 h [23,
24]. This effect is not only observed after induction with
intermediate and high output nebulizers, but also with rela-
tively low output nebulizers [25]. The exact cause of this
inflammatory response is unknown. It has been speculated
that additional fluid within the airways, hypertonicity of
inhaled solutions, frequent coughing during induction or
bacterial contamination leading to the inhalation of en-
dotoxin [26, 27] are contributing factors. It has therefore
been re-emphasized that laboratory procedures including
preparation, handling or storage of solutions should be
designed in such a way that bacterial contamination of
solutions or nebulizers are avoided. Whether isotonic sa-
line can have a similar effect has not been tested so far.

The origin of sputum

The cellular and biochemical composition of sputum
has been compared to bronchial wash (BW) and broncho-
alveolar lavage (BAL). Some of these studies include an
additional comparison with either bronchial biopsies or
peripheral blood [28±32]. The cellular composition of spu-
tum correlates rather well with BW or BAL, but to a lesser
extent with bronchial biopsies. These observations can at
least partly be attributed to differences in the lumenal and
mucosal phase of airway inflammation. In addition, it can
be argued that these various techniques collect cells from
different locations within the airway tree. Studies perfor-
ming segmental lavages at different depths within the
airways illustrate that the proportion of neutrophils
decreases from central (20±30%) to peripheral airways
(<2%), with a corresponding increase in the proportion of
macrophages [33]. Based on these observations and com-
parative data with BW and BAL, it seems likely that spu-
tum is derived from the central more proximal airways,
whereas BW and BAL sample more the peripheral air-
ways and the alveolar compartment. Consecutive sputum
samples produced during one sputum induction also dis-
play a neutrophil gradient [34±36], and it was assumed that
this reflects sampling of secretions from different depths of
the airways. This was further supported by a report of
GERSHMAN et al. [37], who found decreasing concentrations
of mucin and increasing concentrations of surfactant in
consecutive sputum samples. In subjects with high pro-
portions of sputum eosinophils, a decrease in the percent-
age of these cells during induction has also been noted
[34, 37]. In two studies sputum macrophages were com-
pared with alveolar macrophages obtained by BAL. Al-
though immunocytochemical staining with a series of
markers revealed a more mature phenotype of sputum
macrophages [38], it could be shown by flow cytometry
that the sputum macrophages were active cells and cap-
able of host defence functions [39].

It has to be noted that the progressive change in the com-
position of sputum is also influenced by the underlying

disease process (fig. 1). In severe asthma or in chronic
obstructive pulmonary disease the decline in sputum neu-
trophil numbers is far less pronounced than in normal
subjects or in mild asthma [35]. Overall however, because
changes in the composition of sputum can occur through-
out the induction period, it seems advisable to standardize
the duration of induction, in order to reduce inter- and
intra-subject variability upon repeated analysis.

Approaches to make sputum examinations less time-
consuming

The method of sputum induction has many advantages,
but it has a few major drawbacks that limit its use in daily
clinical practice. These include the need for dedicated,
highly qualified laboratory technicians and the time con-
suming nature of the technique. It can be estimated that
even if a patient produces a suitable sputum sample within
10 min of starting induction, the total time required for in-
ducing, processing and performing a differential cell count
will amount to ~100 min. The method has therefore been
used mainly for research and less in clinical practice. In ad-
dition, the need to process sputum within 2 h after in-
duction limits the amount of patients that can be examined
in parallel and restricts a use of the method in most out-
patient clinics.

Two methods were recently suggested to overcome the
problems, that storage of sputum could cause a lower qua-
lity of cytospins and a change in sputum composition [40].
One method consists of simultaneous homogenization
and fixation of freshly expectorated sputum with Sac-
comanno's fixative plus 0.2% dithiothreitol (DTT) [41] in
order to enable longer storage. This method is currently
used for automated sputum cytometry, albeit that differ-
ential cell counts are still difficult to perform due to
cellular shrinkage after fixation. The second and more
promising approach was reported by POPOV et al. [42]
who demonstrated that the freezing of cells using dime-
thylsulphoxide to avoid water crystalization does not
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Fig. 1. ± Changes in sputum composition during sputum induction in
different groups of patients. Mean�SEM of 11 healthy subjects, 10
patients with chronic obstructive pulmonary disease (COPD), 11 pa-
tients with mild asthma (Group 1: b2-agonists only), 12 patients with
mild to moderate asthma (Group 2: b2-agonists and inhaled steroids) and
seven patients with moderate to severe asthma (Groups 3: inhaled and
oral steroids) are given. h: sputum produced in inhalation period 1; u:
sputum produced in inhalation period 2. Data are from Ref. [35].
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impair cellular morphology to an extent that affects the
differential cell count. Preliminary data show a good cor-
relation between frozen samples and corresponding fresh-
ly processed aliquots [43].

A different approach to simplify sputum analysis was
chosen by GIBSON et al. [44]. Instead of preparing cyto-
spins to quantify eosinophils, the most extensively val-
idated cellular component in sputum, they lysed the cell
pellet after homogenization and measured the amount of
eosinophilic cationic protein (ECP) released as a marker
of the number of eosinophils present in sputum. Although
the amount of time necessary for the analysis of ECP is
~3 h, its advantage is that it can be automated, therefore
making it cheaper. The good correlation between the
number of eosinophils and the concentration of ECP in
the cell lysate suggests that this could be an easier way to
perform large scale studies. This concept, however, re-
quires further validation.

Flow cytometry could be another alternative for auto-
mating sputum differential cell counts [45]. However, on
sputum, this technique is fraught with methodological
difficulties. While eosinophils can easily be detected on
cytospins, using flow cytometry it remains difficult to
separate them from neutrophils [46]. Currently the most
promising method, is to use the depolarized orthogonal
light scattering technique [47]. This method was also used
in a recent report [48] analysing surface markers on eos-
nophils in whole exspectorate. The reliability of flow
cytometry to measure the percentage of eosinophils in
sputum needs to be further determined. Although cell
sorting by flow cytometry is able to enrich eosinophils by
3±95% [48], discriminating eosinophil proportions under
5% is very difficult. Therefore the sensitivity of this
outcome measure needs to be increased if eosinophil per-
centages are to be monitored in the range of a proposed
2% cut-off level, discerning normal from asthmatic indi-
viduals [49].

Identifying cellular subtypes and cellular activation

In addition to the cellular sputum composition there is
increasing interest in the analysis of cellular subtypes or
cellular activation. The use of flow cytometry allows sim-
ultaneous staining of cells with different markers. There-
fore this method is applicable for this kind of investigation.
Flow cytometry revealed elevated levels of CD11b, a
marker for eosinophil activation, in asthmatic subjects
as well as increased levels of intercellular adhesion mole-
cule (ICAM)-1, L-selectin and human leukocyte antigen
(HLA)-DR as compared to blood, very likely due to the
process of migration into the lungs [45, 48]. Furthermore,
it was shown that subjects with asthma have a different
sputum lymphocyte profile compared to nonasthmatic
smoking control subjects [50]. Flow cytometric analysis
of lymphocytes showed an increase in CD4+ T-cells and
T-cells expressing ICAM-1 and decreased proportions of
CD16+ cells in the sputum of asthmatic patients [51].
Comparison of sputum and BAL demonstrated that neu-
trophils and CD4+ T-cells were strongly correlated in
these different compartments. In both sputum and BAL
a higher proportions of CD4+ T-cells and lower prop-
ortion of CD8+ cells and CD19+ T-lymphocytes were
found compared to blood. Sputum also had a higher

CD4+/CD8+ ratio [29]. As sputum has to be homo-
genized before flow cytometry, a possible effect of the
DTT treatment on surface markers has to be considered.
After treatment of blood leukocytes with DTT, both in-
creased and decreased levels of surface markers could be
detected, indicating that DTT is able to destroy epitopes,
but can also result in a better access of antibodies to their
respective antigen [52]. In most studies published so far
on sputum lymphocyte subsets, checksum controls were
not included. Although more difficult in sputum as com-
pared to blood or BAL [53], the plausibility of results, can
be controlled by calculating whether CD4+ + CD8+ =
CD3+ and if CD3+ + CD19+ + CD3- CD16+/CD56+ =
100%.

Induced sputum in clinical trials

As asthma is considered to be a chronic inflammatory
disorder of the airways, it seems logical to include a marker
of airway inflammation as one of the outcome measures in
clinical trials. Induced sputum would appear particularly
useful in this respect. Recent studies indicate that induced
sputum offers a more accurate assessment of airway in-
flammation than other noninvasive markers such as blood
eosinophil count, serum ECP or exhaled nitric oxide [49,
54]. As already indicated, sputum induction is less in-
vasive than other direct markers of airway inflammation
such as bronchial biopsies or BAL, and has been shown
to be safe even in severe asthma [13, 19]. In addition, the
technique has been extensively validated over the past
few years, both with regard to its responsiveness to in-
tervention and conformity to other parameters of airway
inflammation [3]. Of particular interest is the observation
that, as for biopsies [55], the composition of sputum can
correlate poorly with other indices of disease activity such
as symptom score, baseline forced expiratory volume in
one second (FEV1) or the provocative concentration cau-
sing a 20% fall in FEV1 methacholine [56±59]. This
implies that combining sputum analysis with other out-
come measures offers additional information, instead of
merely duplicating existing data.

Obviously, when using induced sputum as an outcome
measure in clinical trials, proper attention should be paid to
the various methodological issues outlined in the previous
sections. In addition, a number of issues remain to be fur-
ther clarified. Firstly, it has to be remembered that sputum
has been validated predominantly with respect to eosino-
phils, expressed as percentage of the total cell fraction.
Components of sputum that represent other aspects of the
inflammatory process in asthma, such as airway remodel-
ling, remain to be further identified and validated. Potential
candidates include elastase or matrix metalloproteinases
(MMP) such as MMP-9. These enzymes could be involved
in the remodelling process and have recently been shown
to be present in increased concentrations in sputum super-
natant of asthmatics [60, 61].

Secondly, even when only considering eosinophil num-
bers in sputum, other questions remain. Most of the cross-
sectional studies conducted so far, illustrate the wide range
in eosinophil numbers in sputum samples obtained from
patients, who otherwise have similar clinical and lung
function characteristics [14, 31, 62]. This needs to be taken
into account when designing clinical trials, as this can
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cause unforeseeable differences in baseline sputum eos-
inophil numbers between groups that otherwise appear
totally matched [63]. Stratifying for sputum eosinophil
numbers might therefore prove necessary. More impor-
tantly, the clinical relevance of these differences in spu-
tum eosinophilia are unknown. As a consequence, it is
neither clear whether one of the goals of asthma treatment
should be to keep sputum eosinophils beneath a certain
threshold, nor is it known what constitutes a clinically
meaningful response in sputum eosinophil numbers. This
together with the interindividual variability in sputum
eosinophil numbers, has obvious repercussions on the
power calculation of studies that aim to conclusively
compare different treatment strategies in asthma.

Conclusion

Over the past few years the method of sputum induction
has developed into a powerful noninvasive tool in the
investigation of airway diseases. However, many questions
remain to be answered. These include methodological asp-
ects in the analysis of sputum cells and fluid phase mar-
kers, as well as finding ways to make sputum examinations
less time consuming. For clinical trials it will be important
to further elucidate the clinical meaning of changes in
sputum composition and the potential benefit for patients
of including sputum examinations to monitor or optimize
treatment.
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