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Abstract

Induced sputum cell counts provide a relatively noninvasive
method to evaluate the presence, type and degree of inflamma-
tion in asthma. The objective was to examine the total and dif-
ferential cell counts in induced sputum samples and blood sam-
ples of mild and severe stable asthmatics and to compare with
those of controls and correlate them with the severity of the dis-
ease. Severe stable asthmatics (n=14, 4 males, 10 females, mean
age 44.2+12.2 years), mild stable asthmatics (n= 15, 5 males, 10
females, mean age 36.8+11.4 years) and healthy adults control
group (n= 13, 4 males, 9 females, mean age 36.6+11.9 years); a
total 42 nonsmoking subjects were enrolled into the study. To
obtain a sample of induced sputum, all subjects inhaled hyper-
tonic saline solution (3-5%). Asthmatic patients were pretreated
with 200 pg inhaled salbutamol. Adequate induced sputum sam-
ples from all subjects were processed within 2 hours.

Results: The mean total cell counts were as x10° cells/ml and
x100 cells/g in controls, mild and severe asthmatics groups,
2.8+3.1x10° cells/ml and 3.0+3.4x100 cells/g, 1.9+1.9x10°
cells/ml and 1.58+1.36x100 cells/g, 3.2+2.6 x10° cells/ml and
3.0+2.4 x10° cells/g respectively. They did not result in any sta-
tistically significant change. The percentages and absolute counts
of eosinophils in induced sputum in mild and severe asthmatics
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were higher than healthy control groups (8+5.3% and
0.14+0.15x10° cells/g, 9.0+4.5% and 0.29+0.32x10° cells/g,
0.240.4% and 0.005+0.013x10° cells/g, respectively). They were
higher than those of controls (p=0.00001) but there was no dif-
ference between two asthmatic groups. The percentages of blood
eosinophils in mild, severe asthmatics and control groups were
5.6+3.4%, 8.243.6%, 2.3+1.0% respectively. They were similarly
higher in mild and severe asthmatics than those of control groups
(p<0.0002).

Conclusions: This study has identified values for total and differ-
ential cell counts in induced sputum of stable asthmatics and
healthy adults. Total cell counts (x10° cells per ml and per gram)
showed no differences among groups and only the portions of
eosinophils were significantly higher in mild and severe stable
asthmatics than controls (p<0.00001). And, we also showed that
patients with asthma in comparison with control subjects had a
higher numbers of blood eosinophils (p<0.0002). We conclude
that induced sputum cell analysis is a helpful technique to analyse
asthmatic airway inflammation, however, we could not correlate
cell profile with severity of airway inflammation.
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Introduction

Airway inflammation is considered to be the primary cause of
asthma and other airway diseases, and is associated with exac-
erbations (1) and airway remodeling (2). The measurement of
airway inflammation has been facilitated by examination of
induced sputum for cell and fluid-phase constituents. The
method is relatively noninvasive and safe. The cell count
results are repeatable, valid as illustrated by differences between
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diseases of different pathogenesis, and responsive to change
induced by pro- and anti-inflammatory stimuli (3-5). The
composition of induced sputum in asthmatics has been
compared to other direct markers of airway inflammation
including bronchial wash (BW), bronchoalveolar lavage
(BAL) or bronchial biopsies. From the data currently avail-
able, it appears that sputum contains more neutrophils and
eosinophils, but less macrophages and lymphocytes than
BW or BAL (6-9). However, relative eosinophil numbers
correlate well between sputum and BW or BAL, but the
correlation between eosinophil numbers and bronchial
biopsies is somewhat less clear (6-9). This technique is used
in a large number of applications. From a research perspec-
tive, analyses of components of supernatant and cellular
fraction allow further characterization of the whole inflam-
matory network underlying asthma. From a more clinical
point of view, sputum could help in discriminating between
asthma and other diseases such as chronic obstructive lung
disease (COPD) (10,11). Another area of particular inter-
est relates long-term follow-up of asthma treatment.
Preliminary data have been presented on a number of clin-
ical studies that have compared different treatment regi-
mens in asthma, using repeated analysis of induced sputum
in addition to clinical and lung function criteria as out-
come measures (10-13). From these studies, it should also
emerge whether or not the analysis of sputum can provide
additional information to that from the currently used out-
come measures, thus allowing more individual adaptations
of asthma treatment (12-18).

In our country, so far the results of induced sputum exami-
nations have only been published for small numbers of
asthmatic patients in whom the characteristics were often
not well defined. We, therefore, aimed to examine sputum
from well-defined asthmatic patients and healthy non-
smoking adults. Our objectives were: (I) to determine total
and differential cell counts of the inflammatory cells; (II) to
examine the cellular differentiability in patients with mild
to severe stable asthma; (III) to compare cellular number
and differential cells in sputum with those measured in
peripheral blood; and (IV) to compare all those results with
healthy nonsmoking adults.

Methods

Subjects

Three groups (2 asthma groups, 1 healthy control group)
participated in the study. A total of 42 adult subjects (14
adults with severe stable asthma (SSA), 15 adults with mild
stable asthma (MSA), and 13 healthy nonsmoking adults
(C) were recruited from outpatient clinics in Marmara
University Hospital and SSK Siireyyapasa Center for Chest
Diseases and Cardio-Thoracic Surgery. Fourteen SSA (5
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males, 9 females mean age 44+12 years (range 20 to 65
years) and 15 MSA (5 males, 10 females, mean age 37+11
years (range 22 to 62 years) and 13 C (4 males, 9 females,
mean age 37+12 years (range 24 to 63 years) were enrolled
into the study. Classification of asthma severity was based
on history, symptoms, clinical features, and medication
requirement according to the international guidelines (19).
All asthmatic patients had reversible airway obstruction
characterized by an increase of 15% in their FEV, value and
absolute FEV, value of at least 200 ml after inhalation of at
least 200 pg of salbutamol. Asthmatic subjects (15 MSA) by
symptoms of episodic wheezing, chest tightness, dyspnea
with FEV, >70% predicted were hyperresponsive to inhaled
metacholine (MCh) as shown by a provocative consentra-
tion causing 20% fall in FEV; (PC,y MCh) of less than 8
mg/ml (20). The clinical severity of chronic asthma was
based on the step system of the Global Initiative for Asthma
(GINA), which is used to grade chronic asthma from mild
intermittent (step 1) to severe persistent (step 4) (19). The
patients were considered as having stable asthma if the dis-
ease had been fully controlled for at least one month
(GINA definition). The duration of asthma was established
on the basis of the patient’s history, followed by a careful
clinical examination. The diagnosis of allergies was based
on clinical history and on skin prick tests to common
inhalant allergens. All asthmatic patients were atopic as
indicated by one or more positive skin tests. None of the
asthmatic subjects was a current or previous smoker, and
none had a history of severe exacerbation of asthma requir-
ing hospitalization during the month preceding the study.

Healthy adults (C) had no nasal or chest symptoms and no
past history of asthma or other chronic respiratory disease. No
subject was a previous or current smoker. All had normal
spirometry (FEV; 280% predicted, ratio of FEV, to vital
capacity (FEV,/FVC) 280%), and normal MCh airway
responsiveness (PCy, 216 mg/ml) and none was atopic as indi-
cated with a negative history and negative skin prick tests.

The study was approved by the Research Committee of our
hospital and all subjects gave written informed consent.

Design

After subjects were seen in our hospital’s outpatient clinics,
characteristics of patients were documented by a question-
naire, spirometry test was performed, and the patients kept
a diary to record morning and evening PEF measurements
during seven days before study. Eligible patients were cho-
sen and at the eight-day MCh test and allergy skin tests
were performed and on the other day, sputum induction
was performed.

Lung function, skin test and sputum induction procedures
Spirometry was performed according to GINA (19) by
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using Sensormedics (S3513-Ca, USA). Baseline FEV, was
expressed as the best of three reproducible values.
Metacholine (MCh) inhalation tests were carried out by
the method described by Sterk and colleagues (20), and the
results expressed as PCyy in non-cumulative units. The
MCh challenge test was performed in MSA (n=13) and C
groups (n=13). Skin prick tests were performed (if not done
during the preceding year) using a modified prick tech-
nique (21). A positive skin test was indicated by a wheal
>3 mm. We defined atopy as one or more positive skin test
against inhalants.

Sputum was induced by the method described by Pizzichini
and coworkers (4), by inhaling increasing concentrations
of hypertonic saline (3%, 5%) generated by a Fisoneb
Ultrasonic nebulizer (Canadian Medical Products, Ltd.,
Markham, Ontario, Canada) with an output of 0.87 ml/min
and particle size of 5.58 pm aerodynamic mass median
diameter. The aerosol was inhaled for 1 or 2 minutes
according to the severity of airflow obstruction, at the base-
line and after each period of inhalation (for 5 minutes and
repeated the cycle no more than four times), PEF was mea-
sured in each cycle for safety. Subjects were asked to inhale
hypertonic saline with a normal tidal volume (until the
reduction of 20% PEF values) and to blow through their
nose, rinse their mouth, and swallow the water to minimize
contamination from postnasal drip and saliva. Then, they
were instructed to cough sputum into a sterile container.

Sputum examination

The sputum was examined within 2 hours as described pre-
viously (4). Sputum was selected from saliva and weighted
and was treated by adding four volumes of 0.1% dithio-
threitol (DTT) and four volumes of phosphate-buffered
saline (PBS). The suspension was filtered and

Statistical analysis

The differences in age, spirometry results, cells in the blood
and sputum among three groups were investigated by using
ANOVA test. If there was a significant difference, Tukey
test was used as post hoc test. T student test was used to
investigate differences in asthma duration and bron-
chodilator response in patients with asthmatics. Cell
counts and differentials were expressed as mean (£SD,
standart deviation). A p value of 0.05 or less was consid-
ered significant.

Results

Characteristics of subjects

Demographic and clinical characteristics of the groups are
shown in Table 1. The age, sex and the number of subjects
were similar in three groups (p >0.05). There was no sig-
nificant difference in the duration of disease in two asth-
matic groups. The mean FEV, (% pred) and FEV,/FVC
(%) values in mild, severe asthmatics and in control groups
were 90.0+12.5%, 91.0+9.5%; 46.6+12.4%, 54.9+6.9%
and 102.7+9.0%, 104.4+7.2% respectively. The mean total
IgE levels were 191.40+175.08 1U/ml and 355.47+464.36
[U/mL in mild and severe asthmatics respectively (normal
< 94 [U/ml). The MCh challenge test was performed in
MSA (n=13) and C groups (13). The mean PCyq MCh lev-
cls were in MSA 4.35+5.19 mg/ml, and in control group
PC,o MCh >16 mg/ml.

Total and differential cell counts in induced sputum

Sputum induction was successfully performed in 42 subjects
without any complication including bronchoconstruction.
The selected sputum was mucoid and was minimally cont-
aminated with saliva. It was sampled from lower respiratory
tract as confirmed by the presence of high percentage of

the filtrate was centrifuged at 790 x g for 10 min-
utes, and the supernatant was aspirated. The cell

Table 1. Group characteristics

pellet was resuspended in D-PBS, 200 to 600 pl,

1-Healthy 2-Mild Stable 3-Severe Stable p

depending on macroscopic size, and a total cell Control (C)  Asthma (MSA)  Asthma (SSA)  values
count of leukocytes were determined as 10° cells | Number* 13 15 14 NS
per ml and 106 xcells per gram. The cell suspen- Gender® gt 19 Fo.m 2L N
. . Age* 36.6x11.9 36.8+11.4 44.4+12.2 NS
sion was adjusted to 1.0 x 106 cell/ml, placed | Asthma (yn* i 10.248.2 15.5+10.0 NS
into cups of cytocentrifuge and two coded | FEV; (%pred.) 102.7£9.0%9  90.0+12.5° 46.6x12.4  0.00001
cytospins were prepared, air dried, and stained by FEV,/FVC (%) 104.427.2°  91.089.5¢ 54969  0.00001
Wiricho's stain. At least 20D i FEFs.q5 (%opred)  1023x12.6%°  61.7x23.8¢ 19.948.6  0.00001
right’s stain. At least 200 intact nONSqUamOos | gp response (%) . 137541259  22.88+9.99  0.002
cells were counted on the best stained cytospin. | MCh (PC20) mg/ml >16 4.35%5.19 =
IgE (IU/L) 38.46+22.68 191.40+175.08 355.471464.36f

Blood measurements

Serum was collected and stored at -40°C to mea-
sure blood Ig E levels by using chemilumines-
cence (PDC, Ca, USA), later the total counts
and differential count of white cells were per-
formed in peripheral blood.

NS*: Not significant.

a: p<0.0001 when compared C with SSA.

b: p<0.0001 when compared C with MSA.
¢: p<0.0001 when compared MSA with SSA.
d: p<0.01 when compared C with MSA.

e: p<0.0002 when compared C with MSA.

f: p<0.001 when compared C with SSA.
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Table 2. Sputum total and absolute cell counts (x106cells/g).

C MSA SSA p values
Total cell 3.1£3.4 1.58+1.36 3.0+2.4 NS
Macrophage 22+216 1.0+£0.9 1.9+1.4 NS
Neutrophil 0.8+0.9 0.4+0.4 0.78+0.77 NS
Eosinophil ~ 0.005+0.0132 0.14+0.15 0.299+0.322 0.000001
Lymphocyte  0.05+£0.06  0.03£0.04  0.03+0.04 NS

NS: Not significant.
a: p<0.00001 when compared C with MSA and SSA.

macrophages. The mean total cell counts (per ml and per
gram) of MSA and SSA were not significantly different
from the mean cell count of C (1.97+1.91x106 cells/ml,
3.29+2.63x106 cells/ml, 2.80+3.12x106 cells/ml, respec-
tively (p >0.05); 1.58+1.36x106 cells/g, 3.01+2.42x106
cells/g, 3.08+3.49x106 cells/g, respectively (p >0.05)
(Table 2.). The sputum cell profiles are shown in Table 3,
Figure 1. Induced sputum cell counts in all subjects are
characterized by a predominance of macrophages. In
asthma groups, absolute number and percentage of
eosinophils were higher than those of healthy subjects
(absolute counts: 0.299x106 cells/g(SSA), 0.146x106 cells/g
(MSA), 0.005x106 cells/g (C) (p<0.00001), percentages:
9.017% (SSA), 8.533% (MSA), 0.230% (C) (p <0.00001).

Blood cell counts
Patients with mild and severe asthma only had higher per-
centages of blood eosinophils 5.6+3.4%, 8.2+3.6% in com-
parison with healthy control subjects 2.3+1.0% respec-
tively (p<0.0002).

Discussion

The results of this study showed that the majority of the
cells were macrophages whereas eosinophils were signifi-
cantly higher in asthmatic subjects than those in healthy
control group (p <0.00001). We also demonstrated that the
patients with asthma in comparison with control subjects

Sputum Cell Profiles

million celis/n

Eosinophil*  Lymphoc!

T. Cell Macrophage Neutrophil

@ Control @ Mild asthma O Severe asthma

Figure 1. Sputum cell profiles among three groups.
*p<0.000001 the eosinophil counts were significantly more in asthma groups than

healthy control subjects

had higher portions of blood eosinophils (p<0.0002).
However, the portions of eosinophils in induced sputum
and blood showed no difference between mild and severe
asthmatic patients.

Many studies have included asthmatic and healthy non-
smoking subjects within their study samples (3,4,22,23),
defining the small sample sizes ranging between 6 and 20;
but only Belda et al., recently reported a larger sample size
of healthy nonsmoking adults’ induced sputum cell counts
(n=118). However, they didn’t study any asthmatic patient
(24). That study can be a reference value for only total and
differential cell counts in induced sputum of healthy adults.
They found total cell counts (x10¢ cells/g) and sputum dif-
ferential cell percentages as follows 4.12+4.81x106 cells/g,
macrophages 58.8+21.0%, neutrophils 37.5+20.1%,
eosinophils 0.4+0.9%, lymphocytes 1.0£1.1%. In present
study, total cell counts were 3.1+3.4x106 cells/g and
2.8+3.2x106 cells/ml and sputum differential cell percent-
ages were 71.849.35% macrophages, 26.3+9.1% neu-
trophils, 0.24+0.4% eosinophils, 1.0£1.1% lymphocytes.
And the induced sputum cell profiles of the other two stud-

ies as percentages in healthy adults (both cases

Table 3. Sputum total and absolute cell counts and percentages

n=10) were macrophages 83%, 62.9%, neu-

trophils 10.3%, 24.1%, eosinophils 0%, 0.5%,

C MSA SSA p values lymphocytes 0%, 1.3%, total cell counts as

Total cell (x106cells/ml) 2.80+3.12 1974191  3.29:2.63 NS x106 cells/ml 1.5 and 3.1 respectively (25,26).

Macrophage (x106cells/ml) (%) 2.0+2.3 1.3%1.2 2.1%1.5 NS The results of these studies are similar to our

) ¥1.820.35)  164.928,0) .1 {68.526.0) i results, Other studies searched the sputum of

Neutrophil (x106cells/ml) (%) 0.7+0.7 0.456+0.454 0.841+0.787 NS . )

(26.3£9.1)  (20.8+5.8)  (24.07.1) NS asthmatics, generally emphasized only the per-

Eosinophil (x106cells/ml) (%) 0.004+0.012 0.178+0.192> 0.319+0.348 0.000001 centages of neutrophils and eosinophils and

e o s e 2)062500“8; 8865;50'1 O)I; 59'00;40'52 O'O(;IOSOOT they investigated mechanisms of exacerbations
ymphocyte (x10°cells/ml) (%) 0.06+0. .03+0. .03z0. T

(1.50.9) 2.2+1.5) 0.720.9) NS and treatments (27-28). Pizzichinni and et al.

NS: Not significant.
a: p<0.00001 when compared C with MSA and SSA.
b: NS when compared MSA with SSA.

reported that examination of spontaneous or
induced sputum selected from saliva can be
used successfully to examine and follow the
effects of treatment in severe exacerbation of
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asthma. They showed neutrophils and eosinophils as per-
centages before and after 21-day-treatment with pred-
nisone; 45% neutrophils, 3% eosinophils in acute attack of
asthmatics and after prednisone treatment 55% neu-
trophils, 2.7% eosinophils in 10 asthmatic patients (27).
Veen et al. also investigated the mechanism of asthma and
response of steroid withdrawal in patients with severe-diffi-
cult to control asthma (n=13) and stable-severe asthma
(n=15) by examining induced sputum. In difficult to con-
trol asthma group, the neutrophils (29.3%) and eosinophils
(6.7%) were treated with steroids and following the with-
drawal of steroids, the percentages of sputum neutrophils
were 28% and the percentages of eosinophils were 14.5%.
In severe asthma group treated with steroids, the neu-
trophil and eosinophil percentages were as follows; 39.5%
neutrophils, 3.1% eosinophils and after tapering of steroids,
the percentages of sputum neutrophils and eosinophils were
46.8% and 12.5% respectively (28). Both studies had simi-
lar results, however, in the present the study, neutrophil
percentage of stable-severe asthmatics (24%) was lesser
than those, but eosinophil percentage (9%) was similar to
these studies.

The method of processing sputum may have an influence
on both the total and differential counts. We have exam-
ined sputum after selected from expectorate (sputum plus
saliva). The other examination method of sputum is to
process the whole expectorate. The whole cell count will
be higher when it is expressed per gram and per mililitre of
selected sputum, but the count will be reduced by the
process of selection and filtering the suspension of dithio-
threitol and PBS-treated sputum before counting.
Although some studies found that, the differential cell
count should not be altered by whether sputum or expecto-
rate is examined or not (10). Magnussen et al. reported that
the methods are not interchangeable and they emphasized
that whatever method has been chosen, it must be used
consistently (29). We used the same method during the
study and the total cell counts were similar to other studies
that used the same method. We also found similar total and
differential cell counts between two stable asthmatic
groups, this may be argued that the total and differential
cell counts can imply the exacerbation of the disease rather
than the severity of the stable asthma.

It is known that the usefulness of induced sputum as a
marker of airway inflammation in asthma has been thor-
oughly evaluated by various groups, with regard to both
reliability and validity (2,4,5). Both cell fraction and the
fluid phase of induced sputum clearly differ between
healthy subjects, asthmatics and smokers with chronic
obstructive pulmonary disease (COPD) (3,11). Airway
eosinophilic inflammation is a characteristic feature of

26

asthma. Overall, sputum from asthmatic subjects contains
an increased proportion of eosinophils (>3%), whereas spu-
tum of COPD clearly characterized by an increased propor-
tion of neutrophils (75-85%) (5,11,19). Similarly, we
found significantly higher portions of eosinophils in the
asthmatic patients than healthy subjects (p<0.00001).

Pizzichini et al. found that patients with stable asthma
(n=19) in comparison with healthy nonsmokers (n=10)
had a higher portion of sputum eosinophils (5.2%, 0.3%
respectively p<0.001) and higher numbers of blood
eosinophils (350x106/L, 155x106/L p <0.003), but they con-
cluded that “ the portions of eosinophils in sputum is more
accurate marker of asthmatic airway inflammation than the
portion of blood eosinophils” (29). We also showed the
similar results, but all our asthmatics patients (n=29) were
atopic whereas the control group (n=13) was not. This
could be a significant positive influence of atopy on the
eosinophil counts. Other studies have also identified an
influence of atopy on blood eosinophilia (30, 31).

In conclusion, we have determined the cell profile of
induced sputum and blood sample for nonsmoking healthy
adult populations and atopic, stable-mild and severe asth-
matic patients to provide a normal range for similar popu-
lations in our country using similar methods of induced
sputum examination. Sputum and blood eosinophil counts
are significantly higher in atopic asthmatic patients than
healthy control group, but there is no significant difference
between stable-mild and stable-severe asthmatic patients.

Acknowledgement: The authors thank to Yesim Elbir for her
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