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Sputum processing: a new method to improve cytospin quality
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Introduction

Summary

Background Sputum examination is being increasingly used as a non-invasive method for studying
airway inflammation. However, the application of sputum still presents some methodological
problems and the results of sputum analysis may be substantially flawed by salivary contamination,
cell and mucus debris. In addition, much work is needed to deepen the possibility of extensive
application of cell and molecular biology techniques to sputum analysis.

Objective In an attempt to improve the technique of sputum processing, we investigated the effect
of: (1) 20 and 11 um filtration in addition to 40 pm on salivary contamination; (ii) Percoll density
gradient centrifugation on sputum slides quality; (iii) a culture medium (Minimum Essential
Medium containing HEPES 22 mm, pH 7.4: MEM) as washing and suspension solution compared
to PBS on cell viability.

Methods Induced sputum samples were obtained in 37 asthmatics. 21 samples were processed as
selected sputum and 16 samples as entire expectorates. After dithiotreitol (DTT) homogenization,
each specimen was aliquoted in two parts of equal volume. One portion was processed with the usual
method, the other using a modified method: cell pellet was suspended in sterile MEM, filtered
through 40, 20 and 11 um net filters and separated from the residual debris by Percoll gradient
centrifugation.

Results  As compared to the current sputum processing this method resulted in: (i) no selective
bronchial cellular loss; (ii) a significant decrease of salivary contamination, particularly in entire
expectorates in which squamous cells were reduced from 47 (36) to 15.5% (20) as median values and
interquartile range; (iii) a higher proportion of good quality cytospins; (iv) maintenance of cell
viability over the time (88% vs. 81% in MEM and PBS, respectively) 1 h after sample collection.
Conclusion 1In the present study we demonstrated that the proposed method is feasible and makes it
possible to overcome most of the technical limits met with the commonly used method, pointing to a
potential extension of induced sputum application for more sophisticated techniques.
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cytological and biochemical (ECP, tryptase, MPO, etc.) profile
in asthma [2-7]. Current data indicate that induced sputum

The definition of asthma as a chronic inflammatory disease [1]
has brought research to focus on the characteristics of inflam-
matory response. An area of particular interest is the research
into the cell and molecular biology of asthma. Cells involved in
the chronic airway inflammation of asthma have been obtained
from lung tissues and bronchoalveolar lavage (BAL).
Application of polymerase chain reaction (PCR), in situ hybrid-
ization (IHS), immunocytochemistry (ICC), and flow cytome-
try (FC) are now of common use. Recently, the less-invasive
method of obtaining airway cells by induced sputum has
become widespread in the assessment of airway inflammation
[2,3]. Much research has been devoted to characterizing sputum
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represents a valid and responsive method for sampling airways
safely, reproducibly and serially in the clinical investigation of
chronic airway inflammation in asthma [2-8]. However, the
application of induced sputum still presents some methodo-
logical problems, such as the most appropriate technique of
induction and processing of sputum [9]. In addition, much
work is needed to deepen the possibility of the extensive appli-
cation of cell and molecular biology techniques to sputum
analysis. Once an adequate number of bronchial cells has been
obtained by means of induced sputum, the results of sputum
analysis may be substantially flawed by salivary contamination,
cell and mucus debris [10-13]. The excessive presence of squa-
mous cells, mucus and cell debris may be responsible for the
poor quality of cytospins and represent a limit for the applica-
tion of additional techniques on the sputum cell fraction, in-
cluding PCR, THS, ICC and FC[10-16]. Two basically different
techniques of sputum processing are currently in use. The
analysis of sputum samples is performed either (i) on whole
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expectorate (the patient being instructed to discard saliva before
spitting sputum) [17] or (ii) on selected sputum (all the viscid
portions of the sample) [5]. Selected sputum processing has the
advantage of improving the quality of cytospin slides by con-
siderably limiting salivary contamination [3,11,13]. However,
some methodological issues deserve mention. First, the collec-
tion of all the more viscid portions of the sputum, instead of a
few plugs free from salivary contamination as in earlier works
[4,18] may result in an increased contamination of the sputum
cell preparations with cell debris, mucus and fibres [12]. Second,
salivary contamination may be relevant not only in homoge-
neous samples, but also in those specimens in which viscid
portions are evident and selected out. In fact portions separated
from saliva by macroscopic examination may display a non-
negligible percentage of squamous cells in differential cell
counts [12]. Third, the physical properties of some samples
make it difficult to separate sputum from saliva even if a stereo-
scopic or inverted microscope is used. As a result salivary
contamination, residual mucus and debris in whole sputum
and, in a minority of cases in selected sputum, may (i) determine
the exclusion of some samples from the analysis; (ii) make
reliable cell identification difficult [12,19] and (iii) hamper the
adequacy of sputum specimens for FC, ICC, ISH and PCR
[12,14-16,20].

Finally, as good cell viability is needed to obtain reliable cell
counts and apply other techniques (PCR, ICC, ISH and FC)
[13-16,19,21] it is crucial that any modification in the method
does not cause a significant decrease in cell viability.

Thus, in an attempt to improve the technique of sputum
processing, we have investigated the effect of (i) additional
filtration (20 and 11 um nylon net filters) on salivary contamin-
ation; (ii) Percoll density gradient centrifugation on debris both
in whole and in selected sputum and (iii) a culture medium on
cell viability as washing and suspension solution compared to
PBS.

Materials and methods

Subjects

Thirty-seven asthmatics with mild to moderate chronic asthma
(15 males, 22 females; mean age 51.7 years) participated in the
study (Table 1).

Asthma was characterized by episodes of dyspnea with
wheezing; variable airflow limitation with reversible obstruc-
tion (> 20% increase in FEV, after inhalation of 200 pg of

Table 1 Characteristics of subjects

Subjects, (n) 37

Age (average age in years) 51.7 (17.5)
Sex (males/females) 15/22

Atopy* 24

FEV, (% pv) 76 (24)
FEV4/VC (%) 63 (22.3)
Pc20FEV, T 0.74 (0.08-7.6)

Values are mean and + SD or fgeometric mean and range. *Defined as
one or more positive allergy skin prick tests. FEV,;=forced expiratory
volume in 1s; VC = vital capacity; Pc20FEV, = provocative concentration
of methacholine causing a 20% fall in FEV;.

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:674-680

Sputum processing and airway inflammation 675

salbutamol) and positive response to inhalation challenge with
methacholine (PC,0FEV; < 8 mg/mL).

Study design

In- and outpatients were screened by questionnaire, spirometry,
methacholine inhalation test and allergy skin prick tests. All of
the sputum from asthmatic patients was collected as induced
sputum. The sputum specimens were divided into two portions
of equal volume after DTT-treatment and were analysed
using two different methods. Method 1: suspension with PBS
and 40 um filtration; Method 2: suspension with Minimum
Essential Medium containing HEPES 22 mMm, pH 7.4 (MEM),
40, 20 and 11 pm filtration and Percoll density gradient centri-
fugation.

Cell counts were performed blind to sputum or subject char-
acteristics.

Clinical methods

Subjects’ characteristics were documented by questionnaire.
Baseline pulmonary function testing was performed by measur-
ing static and dynamic lung volumes.

Methacholine inhalation tests were carried out according to
the method described by Sterk and coworkers [22]. Allergy tests,
including a battery of common aeroallergen extracts, were per-
formed with the skin prick method.

The study protocol was approved by the local Ethics
Committee.

Induction and analysis of sputum

The induction of sputum was performed according to Ronchi
et al. [7]. Ten minutes after salbutamol inhalation (200 pg),
hypertonic saline was nebulized with an ultrasonic nebulizer
(Fisoneb) and was inhaled for 5-min periods up to 20 min. The
concentration of saline was increased at intervals of 10 min from
3% to 4%. FEV| was measured every 5 min during inhalation of
hypertonic saline solution. Subjects were asked to collect saliva
in a separate bowl and every 5 min to try to cough sputum into a
Petri dish.

Sputum processing

Sputum samples were processed soon after collection to prevent
the sputum liquid phase absorption by the mucus and possible
consequent increase in salivary cell contamination.

Selected sputum

Method T All the viscid portions were selected from sputum.
The weight in mg of selected portions was determined and a
multiple volume in pL of dithiotreitol (Sputolysin, Calbiochem,
San Diego, CA, USA) equal to nine times the weight was added
(DTT final concentration 0.09%, 5.85mM). The samples were
shortly mixed by vortex and softly shaken at 37 °C for 20 min.
After incubation the mixture was aliquoted in two parts of
equal volume. After centrifugation at 400 x g for Smin and
supernatant discard, one of the two portions was processed as
previously described [3-5]. Briefly, the cell pellet was resus-
pended in PBS and filtered through a 40 um nylon net filter
(Millipore, Bedford, MA, USA). Total cell count was deter-
mined using a Burker chamber. Cell viability was assessed
using acridine orange-ethidium bromide (Sigma, Bedford,
MA, USA) — which stains viable cells green and non-viable
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orange differentially. Cells were air-dried and stained with
May — Griinwald-Giemsa stain.

Method 2 The other aliquot was processed with a modified
method. In method 2 the cell pellet was suspended in sterile
MEM (Sigma, St Louis, MO, USA) and centrifuged at 400 x g
for 5 min. The supernatant was discarded and the cell pellet was
resuspended in MEM. Cell suspensions were filtered through a
40, 20 and subsequently 11 pum nylon net filter (Millipore).
A 20 pm filtration was performed with the aim of reducing
the debris before final filtration. After filtration the cells were
separated from the residual debris using discontinuous Percoll
gradient centrifugation. Isosmotic Percoll was prepared by
mixing nine parts of stock Percoll (Pharmacia, Uppsala,
Sweden) with one part of 10-fold concentrated MEM.
Working Percoll of 1.02 density was obtained by further add-
ition of MEM. Cell suspension was gently stratified on top of
Percoll 1.02 using a pasteur pipette. After centrifugation at
400 x g for 7min the cells were found to be at the bottom of
the tube, while the debris was at the top of the Percoll. Finally
the cell pellet was recovered using a pipette, and washed with
MEM. Three sputum slides were prepared for differential count
by cytocentrifugation after 40 and 11 um filtration and density
gradient centrifugation. Cells were air-dried and stained with
May - Griinwald-Giemsa stain.

Total cell count was determined using a Burker chamber after
40 and 11 pm filtration and Percoll; cell viability was assessed
using acridine orange-ethidium bromide (Sigma, Bedford, MA,
USA) immediately after the first suspension in PBS (method 1)
or MEM (method 2), 1 and 2h later. Cell differentials were
determined by counting 200 non-squamous cells on each
sputum slide.

Entire sputum

Sixteen homogeneous sputum samples were examined as entire
samples.

The volume of sputum samples was determined and an equal
volume of DTT (0.1%) was added. We then used the procedure
described previously.

Sputum slide quality

According to Pizzichini et al. [11] a score of the quality of cell
preparation on the slide was determined. Moreover we
scored the degree of salivary contamination on the basis of
the proportion of squamous cells on the slides. The score
varied from a minimum of 4 to a maximum of 12 and was
based on: debris (nil=3, moderate =2, excessive =1); cell
outline (preserved =3, isolated cell damage=2, most cells
damaged = 1); degree of salivary contamination (0-10% = 3;
10-40% =2;>40%=1); and overall impression (good=3,
acceptable =2, bad=1). A total score ranging from 4 to 6
indicated poor quality, 7-9 acceptable quality and 10-12 good
quality of cell preparation on the slide.

Data analysis

Data with normal distribution were reported as arithmetic
mean and standard deviation, while data with non-normal
distribution were expressed as median and interquartile
range. Differences in cell viability between MEM and PBS
treated aliquots were assessed by multiple analysis of variance
for repeated measurements. The comparison between samples

and single-time cell viability was assessed by Wilcoxon’s signed
rank test. Mann—Whitney U-test and y? were used to assess
the differences between groups. The repeatability of measure-
ments was examined by the intraclass correlation coefficient
(ICC) [23] and graphically reported as proposed by Bland and
Altman [24].

Results

Stepwise filtration and density gradient centrifugation deter-
mined a mean total cellular loss of 28%. The median value of
total cell count was initially (after the 40 pm mesh filtration)
2.4 x 10 (ranging from 0.28 to 60 x 10°), whereas after Percoll
centrifugation (last step of method 2) it was 1.9 x 10° (ranging
from 0.19 to 46 x 10°). Conversely no selective bronchial cellu-
lar loss was observed. In fact, the differential cell count was not
different between method 1 and 2: the median values and 1Q
were 1(5.7) and 1.5% (4.6) for eosinophils, 41.8 (45.2) and 49.1%
(42.1) for neutrophils, 40.3 (44) and 43.1% (43.9) for macro-
phages, 0 (0.9) and 0% (0.5) for lymphocytes, respectively.

The overall repeatability of cell counts between samples was
high for eosinophils, neutrophils and macrophages (Fig. 1). The
ICC was 0.99 for eosinophils, 0.98 for macrophages and neu-
trophils, and 0.81 for lymphocytes.

Salivary cell contamination

In the slides obtained from selected sputum the median values
of squamous cell contamination were 10% (14) with method 1
vs. 1% (6) (P <0.001) with method 2, while in the entire sputum
median salivary contamination was reduced from 47% (36) to
15.5% (20) using method 2 (P <0.001) (Fig. 2).

As shown in Fig. 2, the 16 samples examined as entire sputum
displayed a percentage of squamous cells ranging from 25 to
86%, while after stepwise filtration salivary contamination
ranged from 2 to 48% (P <0.001). Adequate sputum cytospins
(salivary contamination < 40%) were obtained in seven out of
16 samples with method 1, while 13 cytospins out of 16 were
adequate using method 2 (P<0.05). In a preliminary study,
performed in 20 samples processed as entire sputum, we found
a significant decrease in salivary contamination both after
20 and 11 pm filtration, with a mean reduction of 74% and
86%, respectively (P <0.0001).

Percoll density gradient centrifugation

Percoll density gradient centrifugation resulted in better quality
cytospins both in selected (P<0.01) and in entire sputum
(P<0.001), because of the reduction of residual fibres and
debris (Fig. 3). The median quality score was 8 with method 1,
and 10 with method 2 (P<0.0001). The elimination of the
majority of residual fibres and debris associated with the reduc-
tion of squamous cells due to filtration, not only resulted in a
higher proportion of cytospins of good quality slides (P < 0.03),
but also in a higher proportion of countable cytospins (Table 2).
As a result of stepwise filtration and Percoll centrifugation 11%
of cytospins were defined as poor, compared with the 35% of
method 1 (Table 2).

Cell viability

Due to the increased time needed to perform method 2 (about
30 min more than method 1) we evaluated the protective effect
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Fig. 1. Bland-Altman plots showing mean of cell differential counts
against their mean difference. Continuous lines represent the mean

difference in cell counts between the two methods and the dashed lines
represent + 2SD. ICC: intraclass correlation coefficient.

of MEM over the time by suspending an aliquot of the cell pellet
in PBS and MEM before the filtration steps. Cell viability was
assessed three times: immediately after the first suspension in
PBS or MEM (time 0); 1 and 2 hours later (time 1 and time 2,
respectively). A time-related decrease of viability was observed
in both aliquots, but at time 1 and time 2 cell viability was
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Table 2 Cytospin slides quality

Good Medium Poor

No. of slides No. of slides No. of slides

(% of total (% of total (% of total

samples) samples) samples)
Method 1 10 (27%) 14 (38%) 13 (35%)
Method 2 18 (48%) 15 (41%) 4 (11%)

Method 1: suspension with PBS and 40um filtration; Method 2:
suspension with MEM, 40 pum, 20 um and 11pum filtration and Percoll
centrifugation. x% P < 0.03.
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Fig. 2. Squamous cell percentages from two aliquots obtained from the
same DTT-treated sputum specimen processed as entire sputum. Open
circles: method 1 (suspension with PBS and 40 um filtration); closed
circles: method 2 (suspension with MEM, 40 um, 20 um and 11 um filtration
and Percoll centrifugation).

significantly higher in MEM-suspended samples than in PBS-
suspended samples (88 vs. 81% and 84 vs. 73% as median values,
respectively, P<0.001). MEM was also able to preserve cell
viability throughout sputum processing in spite of the longer
time needed for method 2.

The median values of cell viability evaluated in a subset of
randomly selected samples (10 out of 31) were 90.7% after
40 pm filtration and 88% after 11 um filtration (P =ns)

Discussion

In this study we compared a usual method of sputum processing
[3,5] with the modified method described above, by dividing
every sputum sample into two aliquots after DTT homogeniza-
tion. Compared with the standard technique, the aliquots pro-
cessed with the modified method resulted in a higher slide
quality score and an increase in adequate cytospins.
A significant decrease in the percentage of squamous cells was
observed particularly in those specimens treated as entire
sputum as a consequence of their physical properties.
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Fig. 3. Cytospins obtained from the same sputum sample, illustrating (a) a poor quality cytospin (Method 1) and (b) a high quality one (Method 2).

Stepwise filtration

One of the criteria to define the suitability of cytospin slides for
differential cell counts is the amount of salivary contamination.
In fact the large squamous cells occupy most of the areas of the
cytospin slides tending to overlie the leucocytes, thus preventing
a reliable cell count and interpretation [12,13,19,20]. This prob-
lem may be solved in the majority of cases by means of the
analysis of sputum-selected portions [11]. Different limits have
been stated to define an adequate selected sputum with respect
to salivary contamination, ranging from 20 to 50% [6,12,20].
Even though the selected sputum method was able to effectively
minimize salivary contamination, recent studies showed that a
percentage of samples, ranging from 13% [5] to 17% [12] dis-
played a not negligible salivary contamination. In addition the
selected sputum method may imply the exclusion of some
liquid, homogeneous specimens or specimens in which the se-
lection of plugs is difficult due to physical properties. In an

attempt to minimize salivary contamination we performed
two additional filtrations with respect to the standard procedure
of sputum processing. Stepwise filtration, without affecting
differential cell counts, was able to significantly decrease the
percentage of squamous cells on slides, allowing a more accur-
ate reading and an increase in adequate sputum cell prepar-
ations. This result is particularly important in the entire sputum
method in which the salivary contamination, even after separate
collection of saliva and the rinsing of the mouth and throat with
water before sputum collection, has a wide range with the upper
limit close to 70% [25].

Percoll density gradient centrifugation

Selected sputum processing has the advantage of improving the
quality of cytospin slides [11] basically as a result of reduced
salivary contamination. However, an accurate reading of cell
preparations on cytospins may also be hampered by the pres-
ence of debris and mucus [10,12]. Centrifugation in Percoll is
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commonly used for purification of various cell types as well as
cell organelles [26]. The density of the centrifugation medium
can be adjusted by different concentrations of Percoll, permit-
ting separation by density of cells from debris and mucus. In a
previous work Ukkonen et al. [27] described the preparation of
nasopharyngeal secretions and of a small number of sputum
samples by one-step centrifugation through Percoll. However,
this study showed only preliminary data on sputum and it was
not aimed at investigating the effects of the Percoll centrifuga-
tion on sputum cell preparations. In the present study we ap-
plied Percoll density centrifugation both to selected and entire
sputum to investigate the feasibility of the method. We were
able to demonstrate that the Percoll method is feasible and
effective in separating the cells from debris, residual fibres and
mucus. Thus, when compared with the standard procedure, the
Percoll method resulted in a higher quality slide score and in an
increased number of countable cytospin slides, in particular
when entire sputum was under examination. Moreover as the
presence of mucus and cell debris is a limiting factor in the
application of ICC, ISH, PCR and FC [12,16] the Percoll cen-
trifugation method may be successfully employed in prepar-
ation of sputum samples for these techniques.

Cell viability

Previous studies reported a wide range of values for cell viabil-
ity. In selected DTT-treated sputum induced in asthmatic pa-
tients, cell viability ranged from 66 (11) to 79.5% (2.1) as median
values [28,29]. In general a lower cell viability was found in
spontaneous sputum both in asthma and COPD. In the study
by Pizzichini et al. [29] the median value of cell viability was 47%
in spontaneous sputum in comparison with 77% in induced
sputum obtained from the same subjects. We found a good
cell viability and it was crucial that the modifications of the
method did not cause a significant decrease in cell viability. We
demonstrated that cell viability was well maintained by the use
of a culture medium as washing and suspension solution. MEM
is a culture medium well-suited for the growth and the mainten-
ance of a broad spectrum of mammalian cells. Therefore its
constituents can provide an optimal environment for bronchial
cell preservation. Moreover the presence of HEPES 22 mM in
the medium can stabilize the pH of cell suspension with respect
to fluctuations resulting from changes in cellular metabolism
and environment. In this way cell suspensions are adjusted to a
pH of 7.3-7.4, which contributes to the maintenance of a good
cell viability. Due to its characteristics MEM was used instead
of PBS as an optimal medium for cell preservation. Our results
showed that: (i) cell viability was higher in the aliquots sus-
pended with MEM as compared to those maintained in PBS
both 1 and 2 h after sputum collection and (ii) MEM was able to
maintain cell viability throughout sputum processing, even
though a more laborious procedure is needed for this method.
This result may be relevant not only for achieving an accurate
cell identification on slides, but also for allowing the use of
sputum as a source of bronchial inflammatory cells for more
complex and time-consuming techniques than differential cell
count [13-16,19]. In fact the maintenance of an acceptable cell
viability is the prerequisite for introducing any modification to
the standard technique of sputum processing.

With regard to shortcomings, this method is more time-
consuming than the usual one, and it may determine some
total cellular loss. Because of this, it can be particularly useful
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for samples with relevant contamination by squamous cells and
debris and when sputum cells are used for more sophisticated
techniques.

In conclusion, the parallel treatment of sputum specimens
both by the standard technique and by the proposed method,
indicates that the majority of causes associated with a poor
quality slide, i.e. high squamous cell contamination, presence
of debris and residual mucus, may be solved by our method.
Stepwise filtration and Percoll centrifugation not only makes it
possible to overcome most of the technical limits arising in the
commonly used method, but make the application of sputum
analysis to more sophisticated techniques easier.
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