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BaCkgRouND: Sputum cell counts have identified inflammatory
subtypes of bronchitis in relatively small numbers of subjects with
asthma, chronic obstructive pulmonary disease (COPD) and chronic
cough in research studies. The prevalence of different subtypes of bronchitis in routine clinical practice, however, has not been reported.
oBJeCtive: To examine the heterogeneity of bronchitis and its
relationship to the severity of airflow obstruction.
MetHoDs: A retrospective cross-sectional survey based on a computerized database of spontaneous or induced sputum cell counts
examined in a large university tertiary respiratory outpatient clinic.
ResuLts: The database contained 4232 consecutive sputum records
from 2443 patients with chronic cough (39%), asthma (37%), asthma
with COPD (9%), COPD (13%) and bronchiectasis (3%). Total and
differential cell counts were obtained from 86% of successful sputum
samples. Induced sputum provided more viable samples than spontaneous expectorate. Approximately one-third of patients with asthma
and one-fifth of patients with COPD experience eosinophilic bronchitis. Asthmatic patients with moderate to severe airflow obstruction
had a greater number of sputum eosinophils. There was a significantly
higher number of total cell counts and percentage of neutrophils in the
sputum of COPD patients with moderate and severe airflow obstruction than in those with mild airflow obstruction.
CoNCLusioN: There is heterogeneity in the cellularity of sputum
in various airway diseases. Patients with clinically stable airway diseases may have high sputum cell counts. During exacerbations, more
patients may experience neutrophilic bronchitis. Severity of airflow
obstruction is associated with eosinophilic bronchitis in patients with
asthma, and neutrophilic bronchitis in patients with nonasthmatic
COPD.
key Words: Asthma; Bronchitis heterogeneity; Clinical practice; COPD;
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O

bstructive airway diseases include different components such as
symptoms, variable airflow limitation, chronic airflow limitation,
airway hyper-responsiveness, airway inflammation, emphysema and
bronchiectasis (1). These components can coexist in various combinations that are not mutually exclusive. Airway inflammation (bronchitis) plays a central role in airway diseases. It is responsible for
symptoms, variable airflow limitation through the release of bronchoconstrictor mediators, and chronic airway limitation through airway
remodelling and structural changes. Clinical evaluation based only on
symptoms and spirometry is not sufficient to assess airway inflammation in patients with moderate-to-severe asthma (2) because there is a
weak association between airway inflammation and symptoms and

L’hétérogénéité de la bronchite dans les maladies
respiratoires au sein d’une pratique clinique de
soins tertiaires
HistoRiQue : Dans les études de recherche, la numération cellulaire
des expectorations permet de déceler des sous-types de bronchite chez un
nombre relativement peu nombreux de sujets atteints d’asthme, de maladie
pulmonaire obstructive chronique (MPOC) ou de toux chronique. La
prévalence de divers sous-types de bronchite n’a toutefois pas fait l’objet de
comptes rendus en pratique clinique.
oBJeCtiF : Examiner l’hétérogénéité de la bronchite et son lien avec la
gravité de l’obstruction des voies respiratoires.
MÉtHoDoLogie : Sondage transversal rétrospectif fondé sur une base
de données informatisée de la numération cellulaire des expectorations
spontanées ou induites au sein du grand service de consultations externes
d’un centre universitaire de soins tertiaires.
RÉsuLtats : La base de données contenait 4 232 dossiers consécutifs
d’expectorations provenant de 2 443 patients atteints de toux chronique
(39 %), d’asthme (37 %), d’asthme accompagné de MPOC (9 %),
de MPOC (13 %) et de bronchiectasie (3 %). Les numérations cellulaires totales et différentielles provenaient de 86 % des échantillons
d’expectorations réussis. Les expectorations induites fournissaient des
échantillons plus viables que les expectorations spontanées. Environ le
tiers des patients atteints d’asthme et le cinquième de ceux ayant une
MPOC ont souffert d’une bronchite à éosinophiles. Les patients asthmatiques présentant une obstruction modérée à grave des voies respiratoires
affichaient un plus grand nombre d’éosinophiles dans les expectorations.
La numération cellulaire totale et le pourcentage de neutrophiles étaient
considérablement plus élevés chez les patients atteints de MPOC présentant une obstruction modérée à grave des voies respiratoires que chez ceux
présentant une obstruction bénigne des voies respiratoires.
CoNCLusioN : On constate une hétérogénéité dans la cellularité des
expectorations de diverses maladies respiratoires. Les patients dont la maladie respiratoire est stable sur le plan clinique peuvent présenter une
numération cellulaire élevée des expectorations. Pendant les exacerbations, plus de patients peuvent souffrir de bronchite à éosinophiles. La
gravité de l’obstruction des voies respiratoires s’associe à une bronchite à
éosinophiles chez les patients atteints d’asthme, et à une bronchite à neutrophiles chez les patients atteints d’une MPOC non asthmatique.

spirometry (3,4). Examination of sputum cell counts is a useful way to
identify different types of inflammation (bronchitis), which could be
eosinophilic bronchitis (EB), neutrophilic bronchitis (NB), both or
neither (1). The prevalence of different types of bronchitis in routine
clinical practice is not known. Our institute has been using quantitative sputum cell counts in the management of difficult airway diseases
for the past 15 years, and has a database of records for the past five years.
The objective of the present study was to describe our experience of
using sputum cell counts in clinical practice within an academic outpatient clinic, and to demonstrate the variability of inflammatory
subtypes in different airway diseases and its relation to severity of airflow obstruction.
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Table 1
Patient characteristics
Primary diagnosis
asthma

COPD

Chronic cough

bronchiectasis

903 (37)

213 (8.7)

308 (12.6)

943 (38.6)

76 (3.1)

47±18

63±14

66±12

56±16

63±14

Male sex, %

44

54

57

39

32

Current or former smoker, %

13

19

22

10

88±19

58±17

61±20

92±18

82±28

79±10

71±11

0 (5000)

0 (800)

Patients, n (%)
Age, years

FEV1, % predicted
Post salbutamol FEV1/VC, %
Inhaled corticosteroids*, μg/day (median [IQR])
Patients receiving systemic corticosteroid†, %

asthma with COPD

76±11

57±12

55±15

800 (2000)

1600 (1200)

1000 (2000)

25

17

14

6

5

23

Data presented as mean ± SD unless otherwise indicated. *Dose calculated as beclomethasone dipropionate equivalents, in which 1 μg beclomethasone = 1 μg
budesonide = 0.5 μg fluticasone; †Systemic corticosteroid included prednisone or methylprednisone. COPD Chronic obstructive pulmonary disease; FEV1 Forced
expiratory volume in 1 s; IQR Interquartile range; VC Vital capacity

MetHoDs

Design
The present study was designed as a retrospective cross-sectional
survey, based on records housed in a computerized database of spontaneous or induced sputum cell counts examined from January 2004
to January 2008 at the Firestone Institute for Respiratory Health
(Hamilton, Ontario). The database was created using FileMaker
Pro version 10.0 (FileMaker Inc, USA) and contained the following
patient information: age, sex, address, postbronchodilator spirometry,
sputum cell counts, physician diagnosis, indication for the test and
medication. All patients who registered in the clinic for whom sputum examination was requested by a physician were included in the
database. This included patients who provided spontaneous sputum
and those for whom sputum induction was requested including those
who could not expectorate during induction. The database was used
to identify the inflammatory subtypes of bronchitis of patients with
stable or exacerbated airway diseases. The study was approved by the
Research Ethics Board of St Joseph’s Healthcare, Hamilton, Ontario.
Patients
The patients were those referred for the examination of sputum cell
counts from the outpatient clinic at the Firestone Institute for
Respiratory Health. They were clinically stable or experienced an
exacerbation of physician-diagnosed asthma, asthma with chronic
obstructive pulmonary disease (COPD), COPD without asthma,
chronic cough or bronchiectasis. All patients were scheduled for sputum induction; however, if the patient was able to produce a spontaneous sample, it was accepted and the appointment for induction was
cancelled.
study definitions
The subtypes of bronchitis were classified as EB, NB, mixed granulocytic, trivial neutrophilia of unknown significance or normal cell
counts (paucigranulocytic). EB was defined as a percentage of sputum
eosinophils of 1.1% or greater (5). NB was defined as a total cell count
of 9.7 million cells/g of sputum or greater and proportion of neutrophils of 64% or greater (5). Mixed granulocytic bronchitis was defined
as a total cell count of 9.7 million cells/g of sputum or greater, and proportion of eosinophils and neutrophils of 1.1% or greater and 64% or
greater, respectively. Trivial neutrophilia of unknown significance was
defined as an isolated rise in total cell count of 9.7 million cells/g of sputum or greater, or proportion of sputum neutrophils of 64% or greater.
A normal cell count was defined as a total cell count of less than
9.7 million cells/g of sputum and proportion of neutrophils less than
64%, and eosinophils less than 1.1% (5). The presence of moderate
or many macrophage smokers’ inclusions was used to indicate that
the patient was a current or former smoker. A diagnosis of asthma
was based on information provided by the referring physician, which
included evidence of reversible airflow limitation (an increase in
forced expiratory volume in 1 s [FEV1] of 15% or greater and 200 mL
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or greater from the prebronchodilator value) or airway hyper-responsiveness (a provocative concentration of methacholine causing a 20%
or greater fall in FEV1 of less than 8 mg/mL). Asthma severity was
classified according to the Global Initiative for Asthma criteria (6)
and based on both severity of airflow obstruction and corticosteroid
treatment at the time of sputum collection. COPD was indicated by a
postbronchodilator FEV1/vital capacity of less than 70% (7). Severity
of airflow obstruction in patients with COPD was classified according
to the Global Initiative for Chronic Obstructive Lung Disease criteria
(8). A diagnosis of asthma with COPD was based on a compatible clinical history with evidence of reversible airflow limitation, airway hyperresponsiveness and a postbronchodilator FEV1/forced vital capacity of
less than 70%. Chronic cough was defined as cough lasting at least
eight weeks with no overt clinical or radiological evidence of lung
disease (9). Identification of patients with bronchiectasis was based on
documentation of chest radiographic and/or high-resolution computed
tomography scan evidence in the medical record. An exacerbation was
defined as an increase in cough, dyspnea, sputum volume or purulence,
or a fall in FEV1 by at least 20% that, in the opinion of the physician,
required an adjustment to therapy (10). A successful test was one in
which suitable nonsquamous total and differential cell counts could
be obtained.
Procedures
Sputum induction and examination for total and differential cell
counts were performed by the methods described by Pizzichini et al
(11). Spirometry was performed according to American Thoracic
Society standards, before or 10 min after salbutamol 200 µg (12).
Reference values were taken from Crapo et al (13).
analysis
Normally distributed data were summarized as arithmetic mean and
SD. Variables with a non-normal distribution were summarized as
median with interquartile range. Categorical variables were presented
as a percentage. One-way ANOVA and Kruskal-Wallis tests were used
for the between-group comparisons of numerical variables with normal
and non-normal distributions, respectively. Results were considered to
be statistically significant at P<0.05. Statistical analysis was performed
using SPSS Graduate Pack version 15.0 (IBM Corporation, USA) for
Windows (Microsoft Corporation, USA).

ResuLts

Clinical feasibility
The sputum database contained 4232 consecutive records from
2443 patients with airway diseases. Forty-three per cent of the
patients underwent more than one sputum examination. A total of
1116 patients had asthma, of which 19% were associated with COPD
(8.7% of the total study population). Thirteen per cent of patients
had COPD without asthma, and 38.6% of patients had chronic
cough as the primary diagnosis (Table 1). Sputum was successfully
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88.4% in the sputum of patients with NB, and 3.3% and 82.1% in the
sputum of patients with mixed granulocytic bronchitis. A predominance
of macrophages (63.6%) was shown in sputum with normal cell counts.
stability of phenotypes in stable disease
Sputum was available on two or more occasions in 128 patients with
asthma and in 80 patients with COPD (without asthma). In patients
with asthma, overall, the same phenotype was observed for a second
time only in 23% of patients. Clinically relevant EB (3% or higher)
tended to recur only in 18% of patients compared with NB, which
recurred and/or persisted in 8%. In patients with COPD, overall, the
same phenotype was observed a second time only in 14%.

Figure 1) The percentage of sputum samples with a cellular viability of
greater than 40% among induced or spontaneous sputum samples in patients
with different airway diseases. COPD Chronic obstructive pulmonary
disease

sputum cell counts in relation to severity of airflow obstruction
Spirometry data (postbronchodilator FEV1 and vital capacity) were
available for 1074 patients with asthma and 265 patients with COPD.
After adjusting for the dose of inhaled corticosteroids, asthmatic
patients with moderate to severe airflow obstruction (FEV1 of lower
than 79% predicted) had higher sputum eosinophil counts than in
patients with mild airflow obstruction. No differences were observed
in total cell counts and the percentage of neutrophils between categories. In contrast, there was a significantly higher number of total cells
and percentage of neutrophils in the sputum of COPD patients with
moderate and severe chronic airflow obstruction than in those with
mild airflow obstruction, whereas no significant difference was found
in the percentage of eosinophils (Tables 4 and 5).

obtained in 81% of the tests. Total and differential cell counts were
achieved in 86% of these sputum samples. The percentage of samples
with a cellular viability of greater than 40% was higher in induced sputum (75.3% to 90.5%) than in spontaneous sputum (50.7% to 81.5%)
collected from patients with various airway diseases (Figure 1).
subtypes of bronchitis
stable disease: Although patients were considered to be stable by their
physicians, only 18% of the sputum examinations showed normal cell
counts. Forty-two per cent of sputum samples in patients with asthma
and 45% of samples from patients with asthma and associated COPD
showed EB either in isolation or associated with raised levels of neutrophils. The majority of patients with nonasthmatic COPD showed NB
(34%); EB was also not uncommon (18%) (Table 2).
Figure 2A shows the distribution of patients with EB when different
cut-off values were used to define eosinophilia. Twenty-eight per cent of
patients with asthma and 16% of patients with COPD had eosinophil
counts of 3% or higher.
exacerbated disease: Forty-eight per cent of sputum samples in
patients with asthma, and 36% of samples in patients with asthma and
associated COPD showed EB either in isolation or associated with NB.
In patients with a primary diagnosis of COPD, the exacerbations were
mostly associated with NB alone (46%), or associated with eosinophilia (8%) and EB alone (18%). Twenty-two per cent of sputum
samples examined during asthma (with or without COPD) exacerbations and 10% of samples collected during COPD exacerbations did not
show bronchitis (Table 2). Figure 2B shows the distribution of patients
with EB when different cut-off values were used to define eosinophilia.

DisCussioN

The present report is the largest description of sputum cell counts
obtained from patients with airway diseases in clinical practice. The
present study demonstrated that it is feasible to implement quantitative
cell counts in sputum as a clinical test, which could be successfully
achieved in the majority of patients and provide evidence that there
is heterogeneity in the cellularity of sputum in various airway diseases.
Patients with airway diseases, even when considered clinically stable,
may have uncontrolled bronchitis. However, phenotypes based on
cross-sectional studies are not stable. Patients with asthma and more
severe airflow obstruction generally have an EB, while more severe
airflow obstruction is associated with an NB among patients with
nonasthmatic COPD.
Our study confirms previous observations from small numbers of
research subjects and clinical reports that there is heterogeneity of
bronchitis in airway diseases. This is relevant for several reasons. First,
bronchitis has many causes and, therefore, it is not surprising that the
nature of bronchitis depends on the cause. The pattern of bronchitis
is independent of the physiological abnormality that defines disease
(14). Thus, patients with asthma could have NB and patients with
COPD could develop EB. Some patients with bronchiectasis may
develop EB, for example, when associated with fungal sensitization.
Identification of bronchitis type helps to plan investigations to determine etiology in patients with asthma (15). Second, patients may
experience uncontrolled bronchitis even when symptoms are deemed

sputum cell counts in subtypes of bronchitis
The central tendency and dispersion of cells in the sputum of different
inflammatory subtypes of bronchitis are summarized in Table 3. The
average total cell count was much lower in the sputum of patients with
EB (5.3×106/g) than that in those with NB (34.4×106/g). The median
percentage of eosinophils and mean percentage of neutrophils, respectively, were 4.7% and 51.1% in the sputum of patients with EB, 0% and

Table 2
The percentage of inflammatory subtypes of bronchitis in stable and exacerbated airway diseases
Physician
diagnosis

Stable disease

exacerbated disease

Inflammatory subtypes of bronchitis, %

Inflammatory subtypes of bronchitis, %

Total tests, n

eb

Nb

Total tests, n

eb

Nb

Asthma

664

36

14

ebNb Trivial Nb Normal cell counts
6

16

28

115

35

21

ebNb Trivial Nb Normal cell counts
13

16

15

COPD

529

18

34

7

30

11

171

18

46

8

18

10

Asthma and COPD

175

35

19

10

21

15

60

24

33

12

24

7

Chronic cough

510

19

25

5

24

27

95

14

37

13

23

13

Bronchiectasis

575

8

51

18

17

6

54

6

66

17

11

0

The total number of tests for a disease category (example, for asthma: 664+115=779) is less than the total number of patients in Table 1 because Table 2 includes
data only from patients in whom sputum collection was successful. COPD Chronic obstructive pulmonary disease; EB Eosinophilic bronchitis; EBNB Combined
eosinophilic and neutrophilic bronchitis; NB Neutrophilic bronchitis
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Figure 2) a The distribution of patients with asthma (stable and during exacerbations) with eosinophilic bronchitis when different cut-off values were used to
define eosinophilia. B The distribution of patients with chronic obstructive pulmonary disease (stable and during exacerbations) with eosinophilic bronchitis when
different cut-off values were used to define eosinophilia
Table 3
Sputum viability (%) and differential cell counts in different subtypes of bronchitis
Differential cell count*, 106/g (%)

Inflammatory
subgroups of
bronchitis
EB (n=640)
NB (n=921)

Viability
Absolute value
%

62.5 (18.1)

Absolute value
%

82 (16.3)

5.3 (5.5)
34.4 (32.7)

EBNB (n=280)

Absolute value
%

Trivial NB (n=614)

Absolute value
%

68.4 (18.1)

Absolute value
%

62.7 (18.3)

Normal cell counts
(n=493)

Total cells

26.2 (21.3)
78.5 (16.5)

Neutrophils

eosinophils*

bronchial
epithelial cells

2.7 (2.7)

0.2 (0.5)

0.1 (0.1)

1.6 (2.1)

0 (0)

4.7 (10.7)

1.1 (1.4)

35.3 (22.2)

0.5 (1.3)
0 (0)

31.4 (31.8)

0 (0.1)

0.1 (2.7)

2.8 (2.7)

88.4 (8.4)

0 (0.3)

0.5 (0.8)

10.8 (8.1)

0 (0.2)

0.7 (0.9)

0.2 (0.2)

2.8 (2.5)

0 (0.1)

3 (3.3)

0.6 (0.7)

12.3 (7.3)

0.1 (0.5)

0 (0)

0.1 (0.6)

2.1 (5.1)

0 (0.5)

0.9 (1.9)

22.6 (15.7)

22 (19.6)
4.5 (3.9)
75.8

3.2 (2.3)

Macrophages

51.1 (23.9)

82.1 (8.3)
6.7 (8.5)

lymphocytes

1.2 (1.2)
33.8 (18.7)

0 (0.1)
0.3 (0.9)

0 (0)

0 (0.1)

2 (1.5)

0 (0.1)

0 (0.3)

1 (1.3)

63.6 (19)

1 (2.7)

Data for all cells (except eosinophils) presented as mean (SD). *Data for eosinophils are presented as median (interquartile range). EB Eosinophilic bronchitis; EBNB
Combined eosinophilic and neutrophilic bronchitis; NB Neutrophilic bronchitis

Table 4
Cell counts in relation to airflow obstruction in patients with asthma (n=1074)
Forced expiratory volume in 1 s (FeV1)
Cells

≥80% predicted (n=693)

60%–79% predicted (n=299)

<60% predicted (n=82)

Eosinophils, % (median [IQR])

0.5 (2.3)

1.5 (7.2)*

2.2 (7.25)*

Neutrophils, % (mean ± SD)

51.6±28.6

58.5±26.9

62.7±27.4

8.9±14.1

10.9±18.0

13.1±22.9

Total cell count, ×106/g (mean ± SD)

*Compared with mild asthma (FEV1 ≥80% predicted), P<0.05. IQR Interquartile range

Table 5
Cell counts in relation to airflow obstruction in patients with chronic obstructive pulmonary disease (COPD) (n=265)
Forced expiratory volume in 1 s (FeV1)
Cells
Eosinophils, % (median [IQR])
Neutrophils, % (mean ± SD)
Total cell count, ×106/g (mean ± SD)

≥80% predicted (n=32)

50%–79% predicted (n=128)

30%–49% predicted (n=75)

<30% predicted (n=30)

0.3 (1.0)

0.5 (1.7)

0.6 (1.3)

0.3 (0.83)

61.4 ±27.4

73.1±21.7*

75.5±19.9*

90.1±12.0†

5.3±5.6

14.5±20.6*

18.8±25.3*

24.1±27.6*

*Compared with mild COPD (FEV1 ≥80% predicted), P<0.05; †Compared with mild COPD (FEV1 ≥80% predicted), P<0.01. IQR Interquartile range
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by a clinician to be stable or controlled. This confirms our previous
observations in a small study that clinical judgment of the presence
and type of bronchitis is imprecise (16). Third, the type of bronchitis
defines the response to treatment. While EB is a predictor of response
to treatment with inhaled corticosteroids, NB is usually a predictor
of nonresponse (10). Thus, the presence of an EB when patients are
clinically controlled suggests that further increases in the dose of
inhaled corticosteroids would reduce the risk of future exacerbations.
The presence of non-EB in more than one-half of COPD exacerbations and one-third of asthma exacerbations suggest that these
exacerbations may not require treatment with corticosteroids. This,
however, needs more rigorous examination. Fourth, the prevalence of
EB in patients with chronic cough is comparable with previous reports
(17). Fifth, our experience confirms that it is feasible to implement
examination of sputum cell counts in an outpatient clinical practice.
Eighty-six per cent of successful clinical samples provided reliable cell
counts. In our clinic, the results and an interpreted report are available to the referring physician within 24 h of collection. Although
spontaneously expectorated sputum provides cell counts comparable
with induced sputum, induced sputum has the advantage of better
cell viability (18). Patients with nonasthmatic COPD underwent
sputum examination more often than patients with asthma, both
to optimize their treatment and probably because they experienced
more infective exacerbations (Tables 2 and 3). Finally, the presence
of eosinophilia was associated with airflow obstruction in asthma and
neutrophilia, and was associated with airflow obstruction in patients
with nonasthmatic COPD, suggesting causal roles for these cells in
airflow obstruction in these respective abnormalities.
The present study had several limitations. First, it had the inherent
problems and biases associated with a retrospective study design.
Second, diagnostic categories were established based on historical
physician diagnoses. Third, we did not have accurate information
regarding the burden of cigarette smoking. This was inferred from the
presence of inclusions within macrophages (19), which may have
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contributed to underestimation of the prevalence of cigarette smoking.
Finally, cross-sectional study only provides a snapshot of cell counts at
a single time point – the nature of bronchitis, however, changes over
time depending on the various causes (20,21). Indeed, this was demonstrated in the small proportion of patients who underwent more
than one sputum examination when they were clinically stable. The
eosinophilic phenotype in patients with severe asthma who require
prednisone to maintain control are likely to be more stable than the
neutrophilic phenotype (22,23) considering that there are many determinants of airway neutrophilia – infections being the most notable.
The lack of phenotype stability seriously questions cross-sectional
studies that categorize patients based on examination of bronchitis on
one occasion. We do not have longitudinal follow-up data on the
patients reported in the present study to assess responses to specific
therapies.

suMMaRY

The present study demonstrated that there is heterogeneity in the cellularity of sputum in various airway diseases. Patients with clinically
stable airway diseases may have uncontrolled bronchitis that could
influence the severity of airflow obstruction. It is feasible to implement
sputum cell counting in clinical practice in a tertiary centre. We recommend measuring bronchitis during the initial evaluation of patients
with airflow obstruction and during each exacerbation.
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