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The search for noninvasive means of retrieving cells
and soluble material from the lung has gained momentum
over the past few years. Induced sputum is a particularly
promising procedure since it provides specific information
on both the cellular and soluble constituents in airways
inflammation. It was first used to investigate lung cancer
and respiratory infections [1, 2], and later to diagnose
Pneumocystis carinii pneumonia in patients infected with
human immunodeficiency virus [3]. More recently, the
method was modified to study asthmatics by focusing on
several markers of inflammation [4] as well as to inves-
tigate the pathogenesis, pathophysiology and treatment of
asthma in general [5, 6] and, more specifically, of occu-
pational asthma [7]. The information on cell composition
provided by induced sputum was also found to be of
value in managing chronic airflow limitation [8].

The fibreoptic bronchoscope and the development of
bronchoalveolar lavage (BAL) have facilitated the meth-
odology for sampling the inflammatory response in pa-
tients with interstitial lung diseases (ILDs). BAL is useful
in the diagnosis of specific conditions, staging the extent of
diseases and, in some cases, predicting response to treat-
ment [9, 10]. Although this is an essentially noninvasive
procedure when carried out under proper selection guide-
lines and bears minimal risk, patient compliance is a
commonly encountered problem and BAL is impractical
for screening and repeated sampling. Moreover, it cannot
be performed on patients who suffer from other diseases
which contraindicate bronchoscopy.

In contrast to BAL, the induced sputum procedure is far
easier to carry out, is entirely noninvasive, and can be fre-
quently performed in order to follow the dynamic course of
pulmonary inflammatory disease and the effect of treat-
ment. The question is whether or not it can provide the
same information as BAL and, eventually, replace it in
certain conditions.

The last 5 yrs have witnessed the publication of the
initial findings of several studies comparing samples of
lung material collected by means of sputum induction and
by means of BAL in healthy subjects, patients with asthma
and patients with chronic bronchitis [11, 12]. However, the
first studies comparing induced sputum with BAL in ILD
were published only a few months ago, when the authors'
group reported that induced sputum may reveal status

with respect to hazardous dust exposure as effectively as
BAL [13], and that induced sputum is comparable to
BAL for the evaluation of patients with sarcoidosis and
nongranulomatous ILD [14]. In parallel, other investiga-
tors compared induced sputum to bronchial wash and
BAL in patients newly diagnosed as having sarcoidosis
[15]. Moreover, it was recently shown that pulmonary
involvement can also be demonstrated in patients with
Crohn's disease via the accumulation of CD4+ T-cells in
induced sputum [16].

The authors were able to benefit from the plethora of
studies performed on the methodology of induction and
processing of induced sputum in asthmatic patients and
validate them in patients with ILDs. An ultrasonic nebu-
lizer, reportedly more likely to be successful than other jet
nebulizers [17], was used. Only 8 mL of hypertonic saline
were used since this produces the same recovery of spu-
tum, less discomfort to the patient and less of an increase
in the levels of neutrophils than do larger doses [18].

As for the safety of sputum induction, it was found to be
free of risk in patients with asthma of varying severity [19,
20] and in patients with chronic obstructive pulmonary
disease [21]. The sputum induction procedure produces a
minimal fall in forced expiratory volume in one second
which can be inhibited by pretreatment with salbutamol
[17], and a slight fall in arterial oxygen saturation which
was not clinically significant [21]. In spite of the fact that
there is generally no evidence of obstructive reversible
disease in patients with ILD, the present protocol includ-
ed the administration of b2-agonists with the intention of
preventing any unexpected adverse effects of hypertonic
saline.

The cell dispersion method was used to examine sputum
[22]: fresh plugs of sputum without salivary contamina-
tion were selected, the cells in the sputum dispersed by
mechanical disruption in dithiothreitol, cytospins pre-
pared and the supernatant collected for the measurement
of levels of fluid phase constituents [22]. This method had
been found to be superior to processing whole sputum
[23] and enabled flow cytometry to be applied in the
examination of the cell suspension.

What are the possible future advantages of induced spu-
tum as a clinical tool in the assessment of ILDs?

Induced sputum was first compared to BAL for the
assessment of exposure to hazardous dust and the evalu-
ation of pneumoconiotic patients (silica and hard metal
workers) [13]. Several studies had been carried out in
which only induced sputum was evaluated in subjects
suspected of occupational exposures: eosinophil counts
were performed in the induced sputum of asthmatic iso-
cyanate-sensitized subjects [24] and the frequency of
bronchial dysplasia was investigated in the sputum of
previously exposed miners [25]. Other researchers had
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studied the relevance of asbestos bodies in spontaneous
sputum production [26, 27]. In evaluating silica- and hard
metal-exposed workers, it was found that BAL and in-
duced sputum specimens yielded similar quantitative and
qualitative results in terms of the number of particles pre-
sent in the samples and the chemical analysis of the
particles. Thus, being as it is a safe and simple procedure,
induced sputum may be an especially efficacious tool for
the evaluation of workers with suspected silicosis or hard
metal disease. In addition, the biological monitoring of
workers exposed to toxic agents has gained increasing
acceptance as a means of accurately determining expo-
sure to toxic materials [28]. Exposure to metals (e.g. lead
and cadmium) and solvents (e.g. toluene and trichlor-
oethane) is estimated by measuring the chemical or its
metabolite in the subject's blood, urine or exhaled air.
Measurements of hazardous dust levels, however, have
not yet been included in this protocol since exposure ass-
essment has been based mainly on occupational history
and environmental monitoring. The present findings raise
the possibility that induced sputum may serve as a future
biological monitoring method in the periodic physical ex-
amination of healthy workers exposed to hazardous dusts.

With regard to other ILDs of unknown aetiology, such
as sarcoidosis and idiopathic pulmonary fibrosis, various
authors have conducted studies in which the information
provided by BAL was compared to that from induced
sputum [14, 15]. D'IPPOLITO et al. [15] showed that there
was a higher percentage of lymphocytes in both BAL
specimens and induced sputum from sarcoid patients
compared to control subjects. However, it is known that
lymphocytosis alone in BAL fluid is not discriminatory
for sarcoidosis in so far as there are numerous other
diseases (e.g. nonsarcoid ILD, multiple pulmonary infec-
tions, noninfectious identified pulmonary inflammation,
and a variety of neoplasms involving the lung and bron-
chial hyperactivity) that also show increased numbers of
lymphocytes in BAL fluid specimens [29]. It had been
reported that sarcoidosis is a disease mediated by the
accumulation of activated CD4+ lymphocytes [30±32].
Some reports showed the CD4/CD8 ratio to be helpful in
distinguishing it from other diseases [33]. It was in this
context that the subpopulations of T-lymphocytes in sam-
ples obtained by both BAL and induced sputum in 19
patients with pneumoconiosis [13] and 30 patients with
ILD [14] were analyzed and compared. It was found that
although the percentages of total CD3+, CD4+ and CD8+
were lower in samples from induced sputum compared to
BAL, the proportions between these subsets were highly
correlated in both samples.

The present data support the view that the distribution of
T-cell subpopulations present in the samples recovered by
induced sputum correlates well to those recovered by BAL
and that induced sputum can effectively and noninvasively
identify CD4+ inflammation in order to distinguish be-
tween sarcoidosis and other nongranulomatous ILDs. The
present evidence contributes to the ongoing debate as to
the predictive value of the CD4/CD8 ratio by supporting
those investigators who claim that a high CD4/CD8 ratio
has a high specificity (>90%) and a sensitivity of 50±60%,
a positive predictive value of 76% and negative predictive
values of 85% [33±35]. This is in opposition to reports
which contend that there is a high variability in the CD4/
CD8 ratio among sarcoid patients [36].

An interesting finding in the present investigation of
induced sputum was that the results support the concept of
an uninterrupted recirculation of lymphocytes from muc-
osa-associated lymphoid tissue with its activated lymphoid
follicles to effector sites in the integrated human mucosal
immune system (reviewed in [37]). The population of
lymphocytes in BAL fluid is known to comprise a dy-
namic balance between entry and exit of these cells from
other compartments of the lung [38]. It is reasonable to
assume that there is traffic of CD4+ lymphocytes from the
bronchial lamina propria to the bronchoalveolar space in
sarcoidosis in so far as it is known that CD4+ T-cells are
more efficient in recirculation than other subsets, such as
B-cells [39]. Indeed, recirculation between bronchial and
gut mucosa can explain the recent demonstration of the
accumulation of CD4+ T-cells in induced sputum in a
subgroup of patients with Crohn's disease [16].

As for other nongranulomatous lung diseases (e.g. idio-
pathic pulmonary fibrosis, and hypersensitivity pneumo-
nitis), very good correlations between CD4/CD8 subsets
recovered by induced sputum and BAL were observed in
patients with different diffuse lung infiltrations. Having
found that a CD4/CD8 ratio of 1>1 is of prognostic value
in the estimation of a favourable response to steroids, this
capability bestows even further value to induced sputum
testing [39].

Can induced sputum replace BAL? The authors contend
that BAL should be performed preferentially in patients in
whom it is not contraindicated. For those unable to under-
go this procedure, the authors believe that induced sputum
provide equally satisfactory information for purposes of
diagnosis. In sarcoidosis, the updated criteria for identi-
fying active disease are based on clinical symptoms, chest
radiography/computed tomography scan, gallium scan,
pulmonary function tests, BAL with transbronchial biopsy
and serum markers. The authors propose herein another
test that can be added to those recommended by the Am-
erican Thoracic Society Board of Directors and the Euro-
pean Respiratory Society Executive Committee for the
initial evaluation of patients with sarcoidosis, and present
induced sputum as another marker of sarcoidosis activity
in addition to those already proposed as being potential
diagnostic aids or indices of activation [40].

In summary, the authors contend that analysis of T-cell
subsets by means of induced sputum may be as helpful as
bronchoalveolar lavage analysis in the diagnosis of sar-
coidosis and that it is of prognostic value in patients with
idiopathic pulmonary fibrosis for whom there are clinical
contraindications to undergoing bronchoscopy or when,
for any other reasons, tissue samples are not available. Be-
fore firm recommendations can be made, however, more
studies are needed, comparing bronchoalveolar lavage and
induced sputum in patients with interstitial lung disease.
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