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Introduction

In the last few years analysis of induced spu-
tum has been increasingly adopted in the evalua-
tion of airway inflammation in respiratory diseases
[1]. Induced sputum is a safe and well tolerated
method [2] of collecting inflammatory cells and
mediators from the airway lumen and can be easi-
ly repeated several times by the same subject. The
adequacy of sputum slides is important in ensuring
the reliability of the method. As about 20% of spu-
tum samples do not allow an adequate differential
cell count to be performed [3, 4], it would be use-
ful to find predicting factors for sputum quality.
We have stated that sputum quality is only in part
affected by clinical and functional characteristics
of subjects [4]. However, we now wonder if the
presence of sputum productive cough during the
days preceding the test, the easiness in sputum col-
lection, the aspect of the sample collected, or the
quality of the first sputum in subjects who repeat-

ed the test several times, can be used as predicting
factors of sputum adequacy.

Methods

We examined retrospectively 547 sputum sam-
ples obtained from 238 subjects with asthma or
COPD of different degrees (mean age: 42±13 yrs,
39% smokers, FEV1: 90±26% predicted). Sputum
samples were collected either spontaneously
(n=184) or after induction with hypertonic saline
inhalation (n=363). In a group of 140 patients who
repeated sputum collection one or more times, we
checked out if patients with inadequate first spu-
tum produced more inadequate samples in the fol-
lowing tests than patients whose first sputum was
adequate.

Sputum induction and processing were per-
formed as previously described [5]. Sputum was in-
duced by hypertonic saline (3-5%) nebulisation (2.8
ml/min output), after inhaled β2-agonist pretreat-
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Aim. To find some simple clinical factors which can
predict the quality of the sputum samples obtained in a
large group of asthmatic subjects.

Methods. We compared the presence of sputum pro-
ductive cough in the days preceding the test, easiness in ex-
pectoration during the test, and sputum macroscopic aspect
(presence of visible plugs) with the quality of slides obtained
from sputum processing. We also monitored changes in the
quality in patients who repeated sputum collection several
times, comparing those whose first sample was adequate
with those whose first sample was inadequate. We analysed
547 sputum samples obtained from 238 asthmatic patients.
Sputum was processed using the whole sample method.

Results. Patients with productive cough in the days

preceding the test and easy expectoration during the test
produced a higher percentage of adequate samples than
those without productive cough (86% vs 76%, p=0.01) and
with difficulty in expectoration (85% vs 63%, p=0.0001).
“Good” macroscopic samples were associated with better
quality of slides (91% vs 38%, p=0.0001). Patients with in-
adequate first sample (n=40) had a higher percentage of
inadequate samples (55%) in the subsequent tests than pa-
tients (n=115) with adequate first sample (8%).

Conclusions. Patients with increased airway secre-
tions in the days preceding the test, easy expectoration and
“good” macroscopic aspect of the sputum are more likely
to produce sputum sample adequate for inflammatory cell
analysis. If the first sputum sample is adequate, subse-
quent samples are very likely to be adequate as well. If the
first sputum sample is inadequate, the quality of subse-
quent samples cannot be predicted, since there are similar
probabilities of having adequate or inadequate samples.
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ment. At the time of sputum induction, patients were
asked about the presence of a productive cough dur-
ing the days preceding the test, and the easiness in
sputum collection during the test. A short question-
naire was administered by one of the two nurses at-
tending the test (table 1). Before sending the sputum
sample to the laboratory for processing, sputum
samples were recorded by the same nurse as having
good or bad macroscopic aspect according to the
presence of visible plugs and viscid portions.

In the laboratory, sputum samples were
processed by experienced technicians, using the
whole sample method [4]. Only slides with viability
greater than 50%, at least 300 inflammatory cells
counted, with good or fair integrity of cells and cell
distribution, were considered as adequate. Interob-
server reproducibility for differential cell counts (25)
and for quality evaluation (35) were assessed on
slides randomly selected, evaluated by Intraclass
Correlation Coefficient (RI) and Cohen concordance
test respectively and was reported as good [4].

Results

Out of 547 sputum samples, 409 were ade-
quate (75%) and 138 inadequate. We found no sig-
nificant difference in adequacy percentages among
induced and spontaneous sputum samples (77.0%

vs 71.3%). A higher percentage of adequate sam-
ples was observed when subjects reported produc-
tive cough in the days preceding the test (n:197),
than when no phlegm was reported (n:350) (82%
vs 70%, p=0.003). This was true for spontaneous
(82% vs 47%, p=0.0001), but not for induced spu-
tum samples (83% vs 75%, p=0.18). Patients re-
porting easiness in expectoration (n:279) produced
more adequate samples than those reporting diffi-
culty in expectoration (n:268) (85% vs 63%,
p=0.0001), irrespective of the type of samples
(spontaneous or induced). 91% of sputum samples
with a “good” macroscopic aspect gave adequate
slides, while only 38% of samples with a “bad”
macroscopic aspect gave adequate slides
(p=0.0001), irrespective of the type of samples
(spontaneous or induced sputum). A positive and
negative predictive values for the factors consid-
ered are reported in table 2. Positive predictive val-
ue was high for all factors, particularly for macro-
scopic aspect of induced samples. A negative pre-
dictive value was in general low for all factors.
Spontaneous samples showed however a higher
negative predictive value for macroscopic aspect.
The combination of all three different factors
brought to a very high positive predictive value,
particularly in induced sputum, and increased neg-
ative predictive value, particularly in spontaneous
samples.

Considering the adequacy of the first sputum
sample among a group of 140 patients who repeat-
ed the test one or more times, we found that sub-
jects with an inadequate first sample (n=40) had a
lower percentage of adequate samples in the sub-
sequent tests (41 of 91 samples, 45%) than patients
(n=115) with adequate first sample (172 of 187
samples, 92%) (p=0.0001).

Discussion

The novelty of the present study is to attempt
to find some simple clinical factors which can pre-
dict the quality of the sputum samples obtained in
a large group of asthmatic subjects. To our knowl-
edge, this aspect has not been investigated in any
methodologic publication on this topic. This in-
formation might be useful in sparing time in pro-
cessing samples with very low predictive quality
value.

Table 1. - Short questionnaire completed by the
patient and the nurse at the time of sputum induction

For the patient:

– Have you had cough and sputum on most days in the
last two weeks ?

Yes
No

– The collection of sputum during and after saline
inhalation was:

Easy
Fairly difficult
Definitely difficult

For the nurse:

– The macroscopic aspect of the sputum sample was:

Good (presence of plugs)
Bad (absence of any visible plug)

Table 2. - Predictive values of the parameters considered

All sputum samples Induced samples Spontaneous samples

PPV NPV PPV NPV PPV NPV

Presence of productive cough 81.8% 30.0% 83.3% 25.0% 82.7% 52.6%

Easiness in expectoration 85.1% 35.9% 91.5% 44.2% 80.5% 55.6%

Good macroscopical aspect of the sample 90.5% 60.0% 94.8% 58.6% 83.2% 66.7%

Productive cough + easiness in expectoration 
+ good macroscopical aspect 91.4% 66.9% 97.9% 62.6% 88.6% 84.2%

PPV: positive predictive value; NPV: negative predictive value.
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FACTORS INFLUENCING SPUTUM QUALITY

The presence of a productive cough in the days
preceding the test and the easiness in expectoration
makes it easier to collect material from the airway
lumen and the assay of a good quality of sputum
cell slides. This fact is particularly evident for
spontaneous sputum. A previous paper has shown
that spontaneous and induced sputum, collected in
the same patients, had a similar cell composition,
but that spontaneous sputum was associated with
lower success rate and lower cell viability [6]. Our
results are in agreement with this previous obser-
vation, as spontaneous sputum leads to a high
quality rate only in subjects with productive cough
in the day preceding sputum collection. In the op-
posite situation, spontaneous sputum should not be
tried, because this can lead to a very low rate of ad-
equate sputum samples.

The highest positive predictive value for a
good quality of slides was obtained by the macro-
scopic aspect of sputum before processing, which
is obviously related to the presence of phlegm in
the days before and to the easiness in expectora-
tion. Thus, the visual observation of plugs in the
collected sputum is highly predictive of a good
quality of sputum slides. Otherwise, the absence of
sputum plugs has a very low negative predictive
value, so the processing of the sample in these cas-
es can not be avoided, since the probability of ob-
taining a good quality sample is however consis-
tent. Only when spontaneous sputum and all pre-
dictive factors are taken toghether, the negative
predictive value is high enough to exclude samples
from processing. Patients whose first sputum is ad-
equate, produce adequate sputum samples in a
high percentage of the following tests (92%),
while patients whose first sputum is inadequate
produce only 45% of adequate subsequent sputum
samples. This fact underlines that some individual
characteristics (e.g. easiness to expectorate) can
explain the different success rate of sputum collec-
tion.

We used the whole sample method because
this is one of the two well accepted techniques rec-
ommended for the sputum processing, with similar

feasibility, accuracy and repeatability [7]. Further-
more, the larger volume of supernatant obtained by
the whole method in comparison with the plug
method can allow the measurements of a large
number of soluble mediators in the sputum super-
natant. The use of plug methods, which is general-
ly associated with a higher quality of the slides,
might have determined a lower rate of inadequate
samples, thus reducing the possibility of finding
significant correlations with the predictive factors
considered.

All these considerations can help to predict
whether a sputum sample will give adequate slides
after processing.
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