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BACKGROUND: Induced sputum is a noninvasive tool, aimed at collecting cellular and soluble
materials from lung airways. Induced sputum sampling analysis has been validated in chronic
obstructive lung diseases as well as in various diffuse interstitial lung disorders. Our objective was
to evaluate the utility of induced sputum speciments of cellular and soluble materials noninvasively
sampled from the lung airways of subjects with systemic sclerosis compared with healthy controls
and determine possible correlation with disease manifestations. METHODS: The study population
included 20 consecutive subjects with systemic sclerosis and 16 healthy volunteers (controls). All of
the participants underwent pulmonary function testing (PFT), single-breath diffusion capacity of
carbon monoxide, and induced sputum cytology analysis. RESULTS: The systemic sclerosis sub-
jects’ induced sputum samples contained a higher neutrophil count (P � .09) and lower lymphocyte
count (P � .045) compared with the controls. Within the systemic sclerosis population, several
clinical, PFT, and induced sputum findings were positively correlated: the modified Rodnan skin
score score and CD3 (P � .044), modified Rodnan skin score and CD4 (P � .04), modified Rodnan
skin score and percentage neutrophils (P � .059), and total lung capacity (TLC) and percentage
lymphocytes (P � .02). Induced sputum neutrophil counts were inversely associated with TLC
(P � .02) and FVC (P � .02). Induced sputum samples from the subgroup of systemic sclerosis
subjects with PFT restrictive pattern contained a significantly lower percentage of lymphocytes
(P � .004) and lower CD4/CD8 ratio (P � .03) compared with controls. In this subgroup, TLC also
was negatively correlated with the neutrophil count (P � .043), and positive correlations were found
between TLC and CD3 (P � .053), disease duration and CD4/CD8 ratio (P � .033), TLC and FVC
and percentage macrophages (P � .033 and P � .052, respectively), diffusion per unit of alveolar
volume, and percentage macrophages (P � .032), and C-reactive protein and percentage lympho-
cytes, percentage macrophages, and neutrophil count (P � .02, P � .008, and P � .006, respec-
tively). CONCLUSIONS: Induced sputum analysis of subjects with systemic sclerosis, including
those with restrictive lung disease, shows changes in cellular pattern and correlation with several
highly relevant clinical and PFT parameters. Key words: induced sputum; systemic sclerosis; inter-
stitial lung disease; inflammation. [Respir Care 2016;61(10):1369–1373. © 2016 Daedalus Enterprises]

Introduction

Systemic sclerosis is a relatively rare multisystem dis-
ease characterized by microvascular damage, autoimmu-

nity, and massive collagen overproduction and deposition
in the skin and internal organs.1 Interstitial lung disease is
common among systemic sclerosis patients, with evidence
of interstitial changes on high-resolution computed tomog-
raphy in up to 90% of systemic sclerosis patients and

Drs Litinsky, Paran, Polachek, Broide, Sharabi, Anouk, and Elkayam are
affiliated with the Department of Rheumatology, and Dr Fireman is
affiliated with the Institute of Pulmonary and Allergic Diseases, Tel Aviv
Sourasky Medical Center, Sackler Faculty of Medicine, Tel Aviv Uni-
versity, Tel Aviv, Israel.

The authors have disclosed no conflicts of interest.

Correspondence: Irena Litinsky MD, Department of Rheumatology, Tel
Aviv Medical Center, 6 Weizmann Street, Tel Aviv 64239, Israel.
E-mail: litinskyira@yahoo.com.

DOI: 10.4187/respcare.04706

RESPIRATORY CARE • OCTOBER 2016 VOL 61 NO 10 1369



clinically important lung fibrosis in approximately 25% of
all patients with systemic sclerosis.2-4

Traditional pulmonary function tests (PFTs) and high-
resolution computed tomography remain important tools
in the diagnosis and monitoring of systemic sclerosis pa-
tients with interstitial lung disorder. Bronchoalveolar la-
vage is an invasive diagnostic tool that detects cellular
infiltrate in the alveoli. The procedure is very unpleasant
for the patients and requires expensive medical equipment
while providing limited prognostic information.5 It is there-
fore not routinely used for pulmonary evaluation in sys-
temic sclerosis. In contrast, induced sputum is a noninva-
sive tool that can be used to collect cellular and soluble
materials from lung airways. It is well accepted by pa-
tients, requires inexpensive medical equipment, is safer
than bronchoalveolar lavage, and can be repeated as fre-
quently as needed.6,7 Induced sputum sampling has been
validated as an approach to study bronchial inflammation
in asthma8,9 and chronic obstructive lung disorders.10 Prom-
ising results have been reported in the evaluation of var-
ious interstitial lung disorders, including idiopathic type
pulmonary fibrosis,11,12 sarcoidosis,13 hypersensitivity
pneumonitis,14 and lung involvement in Crohn disease.15

Fireman et al16 observed a significantly higher percentage
of neutrophils and a lower percentage of macrophages in
the induced sputum of subjects with idiopathic pulmonary
fibrosis.

Evidence of the potential use of induced sputum for the
evaluation of inflammation associated with systemic scle-
rosis is very limited. The purpose of our current study was
to explore the possible usefulness of induced sputum cel-
lular analysis in the assessment of systemic sclerosis sub-
jects and to investigate its possible relationship with dis-
ease manifestations.

Methods

The study was approved by the medical ethics commit-
tee of Tel Aviv Sourasky Medical Center, and written
informed consent was obtained from all participants.

Subjects

Twenty consecutive patients with systemic sclerosis (19
females and 1 male) who were being treated and followed
up at the Department of Rheumatology of the Tel Aviv
Sourasky Medical Center (Tel Aviv, Israel) and 16 appar-
ently healthy volunteers participated in this study. Exclu-
sion criteria were the presence of other chronic inflamma-
tory lung disease and acute upper or lower lung disease
within the 3 months before study entry.

Clinical Assessment

Clinical assessment was performed on the same day as
induced sputum and PFT. Each subject gave a complete
past medical history, including the current use of medica-
tions, and underwent a physical examination that included
the modified Rodnan skin score, presence of digital ulcers,
tender and swollen joint count, clinical symptoms (dys-
pnea, cough, dyspepsia, and dysphagia), and patient and
physician disease activity evaluation by a visual activity
score (10–100). Laboratory assessment included erythro-
cyte sedimentation rate and C-reactive protein level.

Pulmonary Function Tests

PFTs (spirometry, lung volumes, and diffusing capac-
ity) were performed with a Masterlab spirometer (E. Jae-
ger, Wurzburg, Germany) using standard protocols accord-
ing to the American Thoracic Society specifications.17

Induced Sputum Collection and Processing

Sputum was induced by inhalation of hypertonic
saline generated by a Aerosonic Ultrasonic Nebulizer
5000D/5000I (DeVilbriss-Health Care Corporation, Som-
erset, Pennsylvania), a method shown to correlate well
with bronchoalveolar lavage.18 Induced sputum was re-
covered after a 20-min inhalation of 3% saline with an
ultrasonic nebulizer through a mouthpiece without a valve

QUICK LOOK

Current knowledge

Induced sputum sampling has been validated as an ap-
proach to study bronchial inflammation in asthma and
chronic obstructive lung disorders. Promising results
have been reported in the evaluation of various inter-
stitial lung disorders, including idiopathic type pulmo-
nary fibrosis. Evidence of the potential use of induced
sputum for the evaluation of inflammation associated
with systemic sclerosis is very limited.

What this paper contributes to our knowledge

The induced sputum samples of subjects with systemic
sclerosis contained a higher neutrophil count and lower
lymphocyte count compared with the healthy controls.
Induced sputum analysis of systemic sclerosis subjects,
including those with restrictive lung disease, showed
changes in cellular pattern and correlation with several
highly relevant clinical and pulmonary function testing
parameters.
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or nose clip. Ten minutes after the start of nebulization and
every 5 min thereafter, the subjects were asked to rinse their
nose and mouth with water to minimize contamination of the
nasal secretions with saliva. They were encouraged to cough
and expectorate sputum into a sterile plastic container. The
sputum was always processed within 2 h. The cells in the
sputum were dispersed by mechanical disruption in dithio-
threitol, cytospins were prepared, and the supernatant was
collected for the measurement of fluid phase constituents.
CD4/CD8 subsets were identified by fluorescence-activated
cell sorting.

Statistical Analysis

Demographic and clinical parameters of the studied pop-
ulation were summarized, by mean � SD for continuous data
and 95% CI for the mean. Categorical data were summarized
by ratio. Despite the small number of subjects, since a normal
distribution and P plot were found, differences between groups
were evaluated for continuous data by the t test and for cat-
egorical data by the chi-square test. Pearson correlation was
used to evaluate the association between sputum cytology,
PFT tests, and continuous data related to systemic sclerosis.
A p value of 0.05 was considered significant.

Results

Characteristics of the Subjects and Controls

The demographic data and baseline characteristics of
the study population are provided in Table 1. Thirty-six
participants were included in this study: 20 were systemic
sclerosis subjects, of whom 13 (65%) had the diffuse type
and 7 (35%) had limited type (CREST syndrome). Their
results were compared with those of 16 healthy controls.
The subject and control groups were similar in sex (mostly
women) (see Table 1) and age (mean age 52.3 � 17.1 y for
systemic sclerosis and 57.9 � 10.4 y for controls). The
mean disease duration, calculated from the onset of the
first non-Raynaud symptom, was 8.7 � 9.2 y. Seven sub-
jects had a restrictive pattern on PFT. None of the partic-
ipants had pulmonary artery hypertension. At the time of
evaluation, 9 subjects (45%) were receiving immunosup-
pressive therapy (3 mofetil mycophenolate, 5 methotrex-
ate, and one rituximab).

Cigarette Smoking

There were 6 smokers in the control group and none in
the systemic sclerosis group.

Pulmonary Function

The total lung capacity (TLC), FVC, and single-breath
diffusion capacity of carbon monoxide for alveolar vol-

ume results of the systemic sclerosis group were signifi-
cantly lower than those of the controls (P � .001, P � .001,
and P � .003, respectively).

Subjects with diffuse type systemic sclerosis (n � 13)
had lower TLC levels and significantly decreased FVC
levels compared with the subjects with limited type sys-
temic sclerosis (Table 2).

Induced Sputum

In all participants, the induction of sputum was well
tolerated, and no adverse effects were observed. The in-

Table 1. Clinical and Demographic Characteristic of Systemic
Sclerosis Subjects and Healthy Controls

Characteristics
Systemic Sclerosis
Subjects (n � 20)

Controls
(n � 16)

Age, mean � SD y 52.3 � 17.1 57.9 � 10.4
Sex (male/female), n 1/19 3/13
Smokers/non-smokers, n 0/20 6/10
Disease duration, mean � SD y 8.7 � 9.2 NA
Raynaud duration, mean � SD y 10.3 � 9.2 NA
Diffuse type, n (%) 13 (65) NA
Limited type, n (%) 7 (35) NA
Digital ulcers, n (%) 12 (60) NA
Interstitial lung disease, n (%) 8 (40) NA
Gastrointestinal tract involvement,

n (%)
14 (70) NA

Musculoskeletal involvement, n (%) 9 (45) NA
Renal crisis, n (%) 1 (5) NA
Cardiac involvement, n (%) 1 (5) NA
Immunosuppressive treatment, n (%) 9 (45) NA
mRSS, mean � SD 6.9 � 7.18 NA
ESR, mean � SD mm/h 30.3 � 20.9 NA
C-reactive protein, mean � SD

mg/dL
0.6 � 0.5 NA

PDAI, mean � SD visual activity
score

31.3 � 16.6 NA

NA � not applicable
mRSS � modified Rodnan skin score
ESR � erythrocyte sedimentation rate
PDAI � patient disease activity evaluation index

Table 2. Comparison of Pulmonary Function Among Systemic
Sclerosis Subjects

Variable Diffuse Type (n � 13) Limited Type (n � 7) P

TLC 78.04 � 19.57 93.75 � 14.15 .08
FVC 78.88 � 20.48 93.74 � 9.7 .041
DLCO/VA 76.43 � 15.87 84.31 � 16.93 .31

Values are mean � SD.
TLC � total lung capacity
DLCO/VA � single breath diffusion capacity of carbon monoxide for alveolar volume
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duced sputum of the systemic sclerosis subjects contained
a higher neutrophil count (P � .09) and a lower lympho-
cyte count (P � .045) compared with the control group
(Table 3). There was no difference in induced sputum
cytology between the various types of systemic sclerosis.

Correlation between induced sputum cellularity and clin-
ical findings revealed a significant positive correlation
among several clinical, PFT and induced sputum findings
(modified Rodnan skin score and CD3 [P � .044], mod-
ified Rodnan skin score and CD4 [P � .04], and modified
Rodnan skin score and percentage neutrophils [P � .059]).
The neutrophil counts in the subjects’ induced sputum
were inversely associated with TLC and FVC (P � .02
and P � .002, respectively).

The induced sputum samples from the subgroup of sys-
temic sclerosis subjects with PFT restrictive pattern con-
tained a significantly lower percentage of lymphocytes
(P � .004) and a lower CD4/CD8 ratio (P � .03) com-
pared with controls (Table 4). The restrictive pattern also
correlated positively with the induced sputum cytology
count and several clinical, laboratory, and PFT parameters
(disease duration and CD4/CD8 ratio [P � .033], TLC and
CD3 [P � .053], TLC and FVC and percentage macro-
phages [P � .033 and P � .052, respectively]), DLCO/VA
and percentage macrophages [P � .032], and C-reactive
protein and percentage lymphocytes, percentage macro-

phages, and neutrophils [P � .02, P � .008, and P � .006,
respectively]). There was a negative correlation between
TLC and the neutrophil count (P � .043).

The induced sputum from subjects with interstitial
lung disease contained a statistically significantly lower
CD4/CD8 ratio then those without interstitial lung disease
(2.81 � 2.55 and 4.13 � 1.37, respectively, P � .05). No
significant differences were found in the other induced
sputum parameters. The same trend for CD4/CD8 ratio
was observed in the subgroup of systemic sclerosis sub-
jects receiving immunosuppressive treatment compared
with non-treated subjects (2.87 � 1.15 and 4.44 � 2.4,
respectively). Finally, there was no difference in induced
sputum cytology content between the subjects with an ob-
structive pattern and the controls.

Discussion

Lung involvement is one of the leading causes of mor-
bidity and mortality in systemic sclerosis.19 Early diagno-
sis of pulmonary manifestations and additional tools for
monitoring them in systemic sclerosis are unmet needs.
The use of induced sputum, a noninvasive diagnostic pro-
cedure, is well established in detecting alveolitis second-
ary to several inflammatory lung diseases. The role of
induced sputum analysis in the assessment of systemic
sclerosis patients, however, is not well defined. We eval-
uated the cellular profile and the clinical utility of the
induced sputum procedure in subjects with systemic scle-
rosis with and without pulmonary involvement and com-
pared the results with those of healthy controls.

The induced sputum analyses revealed lower lympho-
cyte and higher neutrophil counts in the samples of the
subjects with systemic sclerosis compared with the con-
trols. Abnormal findings, including lower lymphocyte
counts and reduced CD4/CD8 ratios, were also prominent
in the subgroup of systemic sclerosis subjects with a re-
strictive PFT pattern compared with controls. We also
demonstrated correlations between the induced sputum
findings and several clinical parameters, including PFT.
Taken together, our results showed that the relatively sim-
ple, noninvasive induced sputum methodology is capable
of detecting subclinical respiratory airway inflammation in
subjects with systemic sclerosis who have no symptoms of
respiratory involvement.

Our findings support those of previous studies. Vatrella
et al20 found that induced sputum samples from subjects
with connective tissue disease contained a significantly
higher percentage of neutrophils and a lower percentage of
macrophages compared with healthy subjects. Damjanov
et al21 reported a higher percentage of neutrophils, lym-
phocytes, and eosinophils in the induced sputum of sub-
jects with systemic sclerosis compared with healthy con-
trols.

Table 3. Comparison of Induced Sputum Parameters in Systemic
Sclerosis Subjects and Healthy Controls

Variable
Systemic Sclerosis Subjects

(n � 20)
Controls
(n � 16)

P

Eosinophils, % 1.51 � 3.81 1.35 � 1.82 .87
Neutrophils, % 71.36 � 19.06 60.26 � 17.92 .09
Macrophages, % 19.75 � 15.75 26.05 � 16.54 .26
Lymphocytes, % 6.83 � 9.42 12.17 � 4.32 .045
CD4/CD8 3.6 � 1.96 2.91 � 2.0 .33

Values are mean � SD.

Table 4. Comparison of Induced Sputum Parameters in Systemic
Sclerosis Subjects With a Restrictive Pulmonary Function
Pattern and Healthy Controls

Variable
Systemic Sclerosis Subjects
With Restrictive Pulmonary

Function (n � 7)
Controls P

Eosinophils, % 0.42 � 0.78 1.35 � 1.82 .21
Neutrophils, % 70.42 � 22.86 60.26 � 17.92 .26
Macrophages, % 23.5 � 18.79 26.05 � 16.54 .76
Lymphocytes, % 5.57 � 4.78 12.17 � 4.32 .004
CD4/CD8 1.67 � 0.22 2.91 � 2.0 .03

Values are mean � SD.
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Sánchez-Vidaurre et al22 evaluated induced sputum of
25 subjects with systemic sclerosis and found a high percent-
age of neutrophils in the sputum and significant negative
correlation between sputum total cell count and single-breath
diffusion capacity of carbon monoxide regardless of the pres-
ence of signs of pulmonary involvement.

Yilmaz et al23 also reported an increase in mean macro-
phage and lymphocyte counts in the induced sputum of 20
subjects with systemic sclerosis compared with the control
group, but unlike in other studies, including ours, they dem-
onstrated a decreased number of neutrophils in the induced
sputum of subjects with systemic sclerosis in comparison
with the control group. In addition, in our study, we also
found correlations between clinical and lung functional pa-
rameters and induced sputum findings in the total patient
population and in those with restrictive PFT pattern.

Conclusions

Noninvasive induced sputum analysis of subjects with sys-
temic sclerosis reveals changes in cellular patterns and cor-
relations with several selected clinical and PFT parameters. It
can be useful as a complementary method for identifying
airway inflammation in patients with systemic sclerosis. Fu-
ture studies are needed with a larger number of subjects to
validate the role of induced sputum analysis in the detection
and evaluation of patients with systemic sclerosis.
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