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Changes in sputum composition between two
inductions performed on consecutive days

O Holz, K Richter, R A Jörres, P Speckin, M Mücke, H Magnussen

Abstract cidated which could influence the results.3 It
has not been ascertained, however, whether theBackground – Sputum induction is a non-

invasive method for obtaining cellular and induction procedure itself affects the com-
position of sputum samples obtained in a sec-biochemical material from the airways

and appears to be particularly suited for ond induction.
This question is of interest because sputumrepeated testing. However, it has not been

clarified whether repeated inductions lead analysis appears to be particularly suited to
being performed repeatedly within a short time.to a change in sputum composition. The

aim of this study was to compare induced However, data on the effects of repeated spu-
tum inductions, without therapeutic inter-sputum results between two inductions

performed 24 hours apart. ventions, are scarce and conflicting.4–7 The aim
of our study was therefore to compare sputumMethods – Ten subjects with mild asthma

and 19 healthy subjects were included. composition between two inductions per-
formed 24 hours apart in healthy subjects andSputum was obtained during three con-

secutive 10 minute periods of hypertonic subjects with mild asthma. To ensure com-
parability with data in the literature we adheredsaline inhalation. Samples were analysed

separately for the three inhalation periods. to a previously validated induction procedure.1 8

Corresponding pooled values were com-
puted, taking into account total cell num-
bers of each inhalation period. Methods
Results – In the three consecutive inhala- 
tion periods mean (SE) percentages of Ten subjects with mild bronchial asthma (mean
neutrophils increased from 29.2 (4.2)%, (SD) age 30 (9) years; forced expiratory volume
22.0 (4.6)% and 14.5 (2.9)% on day 1 to in one second (FEV1) 95 (8)% predicted9) and
43.1 (5.3)%, 34.8 (5.5)% and 25.7 (5.3)% on 19 healthy subjects (age 26 (5) years; FEV1
day 2 in healthy subjects and from 21.3 105 (13)% predicted) were studied. The dia-
(4.3)%, 24.1 (5.9)% and 15.9 (3.7)% to 35.9 gnosis of bronchial asthma followed inter-
(6.9)%, 30.7 (7.1)% and 31.8 (6.5)% in asth- nationally accepted criteria.10 All subjects with
matic subjects. This parallel shift cor- asthma showed a positive skin prick test to at
responded to a mean (95% CI) increase in least one common allergen (Allergopharma,
the pooled percentages of neutrophils of Reinbek, Germany) and were hyperresponsive
17.4 (11.6 to 23.3)% in healthy and 14.6 (1.2 to methacholine, their provocative concen-
to 28.0)% in asthmatic subjects. In contrast trations (PC20FEV1) being less than 8 mg/ml
to neutrophils, the percentage of macro- (geometric mean (SD) 0.44 (3.9) mg/ml).
phages decreased from day 1 to day 2, None had taken inhaled corticosteroids within

Krankenhaus while eosinophil and lymphocyte per- the preceding three months. Nine of the healthyGrosshansdorf, centages did not change significantly. subjects had a history of seasonal rhinitis andZentrum für
Conclusion – These results suggest that thePneumologie three were mildly hyperresponsive to metha-

und Thoraxchirurgie, induction procedure itself causes a change choline (PC20FEV1 >3.0 mg/ml), whereas the
LVA Freie und in the composition of sputum detectable remaining subjects were normoreactive. In allHansestadt Hamburg,

after 24 hours. This effect has to be takenD-22927 subjects with seasonal allergies tests were per-
Grosshansdorf, into account when repeated sputum in- formed out of season. All subjects were non-
Germany duction is performed. smokers and had not suffered an upper res-O Holz

(Thorax 1998;53:83–86) piratory tract infection within the four weeksK Richter
R A Jörres preceding the study. The tests were approved
P Speckin Keywords: neutrophils, eosinophil cationic protein, air- by the ethics committee of the Chamber ofM Mücke way inflammation. Physicians of the State of Schleswig-HolsteinH Magnussen

and all subjects gave their written informed
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Returned to authors invasive tool for obtaining cellular and soluble12 September 1997
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http://thorax.bmj.com


84 Holz, Richter, Jörres, et al

measurements and methacholine inhalation total non-squamous cell numbers. The con-
centration of eosinophil cationic protein (ECP)challenge11 were performed. At least seven days

later the subjects underwent sputum inductions was analysed by the Pharmacia CAP system
(Pharmacia and Upjohn, Erlangen, Germany)(day 1) which were repeated at the same time

on the subsequent day (day 2). in the 20-fold diluted samples and the con-
centration in the original sample was re-Before sputum induction subjects inhaled

200 lg salbutamol from a metered dose inhaler. calculated.
To achieve comparability with conventionalLung function was measured before and every

five minutes during the procedure. Subjects sputum analysis, in which consecutive samples
are pooled,1 2 we also computed equivalentinhaled hypertonic saline from an ultrasonic

nebuliser (NE-U12, Omron, Tokyo, Japan; de- pooled values of total cell numbers and con-
centrations of ECP per ml of sputum by takinglivered amount 1.72 ml/min, mass median dia-

meter 4.9 lm) during three consecutive 10 into account the weight of the respective spu-
tum plugs. Pooled percentages of cells wereminute periods. Sputum samples produced

after the first (3% saline), during and after the derived using the absolute cell numbers of
samples from each inhalation period.second (4% saline), and during and after the

third 10 minute inhalation period (5% saline)
were processed separately. Subjects were asked
to rinse their mouth thoroughly, blow their nose,  

Arithmetic mean (SE) values of percentageswallow water, and then to expectorate the spu-
tum onto a plastic petri dish. Samples were cell numbers were computed, as well as mean

values and 95% confidence intervals of differ-kept at 4°C and processed during the induction
procedure or immediately afterwards. ences in pooled values. Using log and antilog

transformation, geometric mean values were
computed for numbers of cells per ml and ECP
concentrations to take account of the skewed 

All adequate plugs of sputum were separated data distribution. Geometric SE was computed
as a factor of geometric mean value after antilogfrom saliva,8 plugs being defined as the dense

and viscid parts and considered to be adequate transformation of the SE computed from log
transformed values. Correspondingly, meanif containing non-squamous cells and little or

no squamous cell contamination. changes and 95% confidence intervals of log
transformed pooled values were expressed asPlugs were weighed and suspended in twice

their volume of sputolysin (6.5 mM dithio- percent changes on day 2 relative to day 1.
Analysis of variance (ANOVA) was performedthreitol, Calbiochem, Bad Soden, Germany).

After incubation at 37°C for 15 minutes with using the three consecutive samples within each
sputum induction, with day and inhalationrepeated mixing, phosphate buffered saline

(PBS) was added to achieve a 20-fold final period as within subjects factors. This type of
statistical comparison between days compriseddilution. Samples were centrifuged at 600 g

and supernatants were collected and stored at a simultaneous comparison of the three inhala-
tion periods. Data of cell numbers per ml−80°C until required for further analysis. Cells

were resuspended in PBS/BSA (1%), cell sputum and ECP concentrations were log-
arithmically transformed to fulfil the require-counts were measured in a haemocytometer,

viability was determined by trypan blue ex- ments imposed by ANOVA. The level of
statistical significance was set at p<0.05.clusion, and a portion of 30 000–60 000 cells

was used for cytocentrifuge preparations.
Differential cell counts were assessed by two

observers from 400–500 non-squamous cells Results
In the consecutive sputum inhalation periodson coded Giemsa stained slides. Their mean

results were expressed as a percentage of the five of the 60 single samples could not be

Table 1 Data on sputum composition for the three consecutive inhalation periods

Healthy subjects Asthmatic subjects
Inhalation
period Day 1 Day 2 Day 1 Day 2

1 84 (3) 88 (4) 81 (4) 79 (7)
Viability (%)§ 2 86 (3) 88 (3) 87 (3) 91 (2)

3 80 (5) 85 (4) 84 (4) 85 (2)

Squamous cell 1 3.4 (1.4) 7.1 (2.2) 3.9 (1.2) 5.8 (1.5)
contamination (%)§ 2 3.2 (0.7) 4.1 (1.5) 3.1 (0.7) 2.7 (1.0)

3 3.9 (0.8) 5.5 (1.5) 4.3 (1.3) 6.5 (1.6)

Total cell count of non-squamous 1 8.5 (1.2) 6.9 (1.4) 4.0 (1.6) 7.4 (1.4)
cells (106/ml)# 2 6.5 (1.3) 7.9 (1.2) 3.3 (1.4) 3.5 (1.7)

3 3.5 (1.3) 3.7 (1.3) 2.4 (1.4) 2.0 (1.4)

Neutrophils (106/ml)# 1 1.86 (1.4) 3.40 (1.5) ] 0.70 (1.7) 2.15 (1.6) ]2 0.97 (1.5) 2.20 (1.4) ∗ 0.60 (1.4) 1.20 (1.8) ∗
3 0.34 (1.4) 0.65 (1.5) 0.40 (1.4) 0.70 (1.5)

ECP (lg/l)# 1 389 (1.4) 513 (1.7) ] 485 (1.4) 713 (1.5) ]2 186 (1.4) 323 (1.5) ∗ 292 (1.5) 383 (1.5) ∗
3 98 (1.3) 122 (1.4) 127 (1.3) 283 (1.3)

§ Values are given as mean and standard error of mean.
# Values are given as geometric mean and geometric standard error (factor, see methods).
∗ p<0.05 day 1 versus day 2 (ANOVA).
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(ANOVA, p<0.01 each; fig 1A and B). Cor-
respondingly, percentages of macrophages de-
creased (ANOVA, p<0.01 each). Percentages
of eosinophils and lymphocytes did not change
significantly between days 1 and 2 (fig 1C–F).
To enable the comparison with published data,
pooled percentages of cells (table 2) and differ-
ences between days 1 and 2 were computed
from the consecutive samples. Mean (95% CI)
differences in percentage of neutrophils be-
tween days 1 and 2 were 17.4 (11.6 to 23.3)%
in healthy subjects and 14.6 (1.2 to 28.0)% in
asthmatic subjects. Corresponding values for
pooled percentage macrophages were −17.7
(−23.0 to −12.4)% in healthy subjects and
−11.9 (−26.6 to 2.9)% in asthmatic subjects.
Pooled percentage eosinophils and lympho-
cytes did not differ significantly between days
1 and 2.

The separate analysis of the three consecutive
inhalation periods revealed that the total num-
bers of neutrophils per ml sputum were sig-
nificantly raised on day 2 compared with day
1 in both groups (ANOVA, p<0.05 each; table
1). Pooled total numbers of neutrophils per ml
sputum were increased on average (95% CI)
by 94 (37 to 179)% in healthy subjects and by
114 (7 to 329)% in asthmatic subjects. The
total numbers of macrophages, eosinophils,
and lymphocytes did not differ significantly
between the two days.

Separate analysis of consecutive sputum
samples showed that the concentrations of ECP
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were significantly raised on day 2 compared
Figure 1 Mean (SE) percentage of neutrophils (A, B), eosinophils (C, D), and with day 1 in both healthy and asthmatic sub-
lymphocytes (E, F) in induced sputum measured on day 1 (Χ) and 24 hours later on jects (ANOVA, p<0.05 each; table 1). Pooledday 2 (Β). Inhalation periods 1–3 indicate consecutive 10 minute sampling periods

concentrations of ECP increased by a meanwithin each of the two sputum inductions. Note the different scales. The increase in the
level of neutrophils in the second compared with the first sputum induction was (95% CI) of 58 (12 to 122)% in healthy subjects
statistically significant in both healthy and asthmatic subjects (p<0.01 each). and 57 (−13 to 181)% in asthmatic subjects.

evaluated in the asthmatic subjects and seven Discussion
of the 114 samples in the healthy subjects. Our results demonstrate a marked increase
The mean (SD) maximum fall in FEV1 during in neutrophil numbers in induced sputum 24
sputum inductions was 2.7 (1.9)% in the hours after a previous sputum induction, both
healthy subjects and 4.7 (4.1)% in the asth- in healthy and mild asthmatic subjects. In con-
matic subjects and did not differ between days trast, the numbers of other cell types including
1 and 2. eosinophils were not altered. Fluid phase con-

In both groups squamous cell contamination centrations of ECP, however, were increased
and viability were not significantly different in the second sputum induction. These data
between days 1 and 2 (table 1). Pooled total suggest that the procedure of sputum induction
numbers of all non-squamous cells per ml spu- itself can cause an alteration in the composition
tum increased by a mean (95% CI) of 17 (−17 of induced sputum.
to 66)% in healthy subjects and 16 (−35 to Few studies have been performed of repeated
107)% in asthmatic subjects between days 1 sputum testing without intermediate thera-
and 2. peutic interventions. Fahy et al reported that

The separate analysis of the three consecutive no changes in sputum composition occurred
inhalation periods revealed that percentages of 20 hours after a previous induction, although
neutrophils were increased on day 2 compared the range of the percentage of neutrophils in
with day 1 in healthy and asthmatic subjects eight asthmatic subjects was increased.7 Fur-

thermore, sputum inductions have been per-
formed on five consecutive days without

Table 2 Mean (SE) data on pooled sputum composition changes in sputum composition.4 In contrast,
Healthy subjects Asthmatic subjects Kips et al found an increase in the percentage

of neutrophils on two consecutive days5; thisDay 1 Day 2 Day 1 Day 2
study, however, included a methacholine chal-

Macrophages (%) 68.90 (3.11) 51.20 (4.68) ∗∗ 63.71 (4.79) 51.84 (3.84) lenge between the sputum inductions. OtherNeutrophils (%) 24.34 (3.24) 41.77 (5.00) ∗∗ 20.93 (5.03) 35.55 (4.34) ∗
Eosinophils (%) 0.99 (0.39) 1.46 (0.76) 3.66 (0.89) 5.21 (1.12) investigators have reported a decrease in the
Lymphocytes (%) 4.42 (0.50) 3.92 (0.42) 4.61 (0.93) 5.88 (1.62) percentage of macrophages within four re-
∗∗ p<0.01, ∗ p<0.05 day 1 versus day 2. peated sputum inductions in a small sample of
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healthy subjects.6 Our study compared two sibly resulting from the fact that the material
originated from different levels within the air-inductions on two consecutive days in larger
ways. As an additional benefit of the separategroups of subjects and did not incorporate any
analysis of the consecutive sputum samples,other intervention which might have affected
the statistical power of the study was increased.the results.
The fact that the changes induced by the firstThe increase in percentage and absolute
sputum test showed a parallel shift in the sep-numbers of neutrophils in the second sputum
arate analysis of consecutive samples (fig 1Ainduction, as shown for the separate as well as
and B) was compatible with our finding thatthe pooled analysis of samples, and the fact
changes of the same direction and magnitudethat absolute numbers of macrophages and
were observed in pooled samples which hadother cell types were unchanged, suggested
been derived from the separate samples byan influx of neutrophils after the first sputum
computing weighted average values.induction. The mean change in percentage

In summary, our data indicate that samplesneutrophils by 17.4% and 14.6% in healthy
of induced sputum obtained 24 hours after aand asthmatic subjects is compatible with the
previous induction differ in neutrophil countmean increase in the total numbers of all cells
and ECP concentration from samples obtainedby 17% and 16%, respectively, although the
in the first induction, thereby suggesting thatlatter was not statistically significant, probably
care should be taken when applying repeatedbecause of the higher variability of this para-
sputum testing in healthy or mild asthmaticmeter. It is possible that the inhalation of hyper-
subjects.tonic saline was responsible for the neutrophil

influx, either because of the amount of fluid Supported by the Landesversicherungsanstalt (LVA) Freie und
Hansestadt, Hamburg. This work was funded by PUG (Projektdeposited in the airways, as suggested by the
Umwelt und Gesundheit), Karlsruhe, Germany. We are gratefulincrease in neutrophils observed 2–7 hours to Pharmacia and Upjohn for providing ECP kits. We would
like to thank Dr Gordon Dent, Grosshansdorf, for helpfulafter a bronchoalveolar lavage using isotonic
comments on the manuscript.saline,12 13 or because of a change in the os-

molarity of the epithelial lining fluid. The time 1 Pizzichini E, Morris MM, Efthimiadis A, et al. Indices of
airway inflammation in induced sputum: reproducibilitycourse of the neutrophilic response within the
and validity of cell and fluid phase measurements. Am J

airways is not clear. Segmental challenges with Respir Crit Care Med 1996;154:308–17.
2 In’t Veen JCCM, de Gouw HWFM, Smits HH, et al.isotonic or hypertonic saline indicated that Repeatability of cellular and soluble markers of in-

neutrophil numbers are not altered five minutes flammation in induced sputum from patients with asthma.
Eur Respir J 1996;9:2441–7.after the challenge.14 It is therefore not likely 3 Popov TA, Pizzichini MMM, Pizzichini E, et al. Some
technical factors influencing the induction of sputum forthat cell numbers are already affected during a
cell analysis. Eur Respir J 1995;8:559–65.single sputum induction. This is in line with 4 Floreani AA, Rennard SI, Heires A, Buchalter SE, Thomp-
son AB. Induction of sputum by hypertonic saline doesthe finding that the composition of spontaneous
not cause airway inflammation. Am J Respir Crit Care Medsputum does not differ from that of induced 1995;151:A704.

5 Kips JC, Rytilä PH, Peleman RA, Joos GF, Pauwels RA.sputum.15 However, it was not the aim of our
Evaluation of within subject variability in sputum cellstudy to clarify the mechanisms underlying the counts. Am J Respir Crit Care Med 1995;151:A386.

6 Solomon C, Christian D, Welch B, Balmes J. Cellularneutrophilic response.
pulmonary tract and pulmunary function responses to

Baseline levels of ECP in induced sputum excercise and serial sputum inductions. Am J Respir Crit
Care Med 1996;153:A713.were only slightly raised in the subjects with 7 Fahy JV, Liu J, Wong H, Boushey HA. Analysis of cellular

mild asthma compared with healthy controls. and biochemical constituents of induced sputum after
allergen challenge: a method for studying allergic airwayThe fact that ECP levels were increased on day inflammation. J Allergy Clin Immunol 1994;93:1031–9.

8 Pin I, Gibson PG, Kolendowicz R, et al. Use of induced2 in both groups suggests a similar release of
sputum cell counts to investigate airway inflammation inECP induced by the first sputum induction. asthma. Thorax 1992;47:25–9.

9 Quanjer PH, ed. Standardized lung function testing. EurWe followed a widely used protocol for spu-
Respir J 1993;6(Suppl 16):5–40.tum induction which employs inhalation of 10 American Thoracic Society. Standards for the diagnosis and
care of patients with chronic obstructive pulmonary diseaseincreasing concentrations of hypertonic saline
(COPD) and asthma. Am Rev Respir Dis 1987;136:225–44.(3–5%) for 7–10 minutes each1 8 and selection 11 Bonnet R, Jörres R, Heitmann U, Magnussen H. Circadian
rhythm in airway responsiveness and airway tone inof sputum plugs. It has not been investigated
patients with mild asthma. J Appl Physiol 1991;71:1598–

whether other procedures such as inhalation of 605.
12 Teran LM, Carroll MP, Frew AJ, et al. Leucocyte re-3% saline for 20 minutes16 or the use of nebu-

cruitment after local endobronchial allergen challenge in
lisers with a lower output produce the same asthma. Am J Respir Crit Care Med 1996;154:469–76.

13 Von Essen SG, Robbins RA, Spurzem JR, Thompson AB,effect as that observed in our study. In single McGranagan SS, Rennard SI. Bronchoscopy with
bronchoalveolar lavage causes neutrophil recruitment toinductions similar results are obtained between
the lower respiratory tract. Am Rev Respir Dis 1991;144:different induction methods in terms of cellular 848–54.

14 Makker HK, Walls AF, Goulding D, et al. Airway effects ofcomposition or lung function responses to sa-
local challenge with hypertonic saline in exercise-inducedline inhalation.3 In a departure from the com- asthma. Am J Respir Crit Care Med 1994;149:1012–9.

15 Pizzichini MMM, Popov TA, Efthimiadis A, et al. Spon-mon procedure, however, we decided to analyse
taneous and induced sputum to measure indices of airwaythe samples of the three consecutive inhalation inflammation in asthma. Am J Respir Crit Care Med 1996;
154:866–9.periods within each sputum induction sep-

16 Fahy JV, Liu J, Wong H, Boushey HA. Cellular and bio-
arately in order not to miss any changes which chemical analysis of induced sputum from asthmatic and

from healthy subjects. Am Rev Respir Dis 1993;147:1126–might have been obscured with pooling of
31.

samples. In a previous study we found that 17 Holz O, Jörres RA, Koschyk S, Speckin P, Welker L, Mag-
nussen H. Changes in sputum composition during sputumthere was a significant fall in the percentage of induction in healthy and asthmatic subjects. Clin Exp
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