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Airway inflammation is considered to be the primary

cause of airway diseases including asthma, the cause of

asthma exacerbations, and the cause of persistent or progres-

sive airway hyperresponsiveness and chronic airflow limita-

tion. It is, therefore, responsible for acute or chronic symp-

toms and physiological abnormalities. Prevention and

reversal of the inflammation are considered to be primary

aims of treatment. Thus, measurement of airway inflamma-

tion is important to understand airway diseases and their

treatments better. The introduction of induced sputum ex-
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Airway inflammation is considered to be the primary cause
of airway diseases. Its prevention and reversal are the pri-
mary aims of treatment. Measurement of the inflammation is
now possible relatively noninvasively and reliably by using
induced sputum cell counts. The differential count indicates
the presence and type of the inflammation (eosinophilic or
neutrophilic) and the total cell count the intensity. Sputum
eosinophilia responds to treatment with corticosteroid, while
there is increasing evidence that an isolated neutrophilia does
not. Clinical judgement of airway inflammation is made dif-
ficult because of the different types of inflammation and their
inconsistent correlation with the clinical features. Hence, re-
liable measurement of induced sputum cell counts may be
useful to guide treatment in clinical practice. Consideration
should now be given as to how to make it more available.

Key Words: Airway inflammation, Asthma treatment, Eosinophilic

bronchitis, Induced sputum, Sputum cell counts

Expectoration provoquée pour la recherche
d’une inflammation des voies aériennes :
preuves pour son application clinique
RÉSUMÉ : L’inflammation des voies aériennes est considérée
comme la cause principale des maladies pulmonaires. Sa prévention
et sa réversion sont les principaux objectifs du traitement. La
mesure de l’inflammation est maintenant possible, relativement peu
sanglante et précise et fait appel à une numération des cellules de
l’expectoration provoquée. La numération différentielle indique la
présence et le type de l’inflammation (éosinophile ou neutrophile),
et la numération totale des cellules, son intensité. L’éosinophilie
révélée dans l’expectoration répond au traitement avec des
corticostéroïdes, alors que de plus en plus de preuves démontrent
que tel n’est pas le cas pour la neutrophilie isolée. Une appréciation
clinique de l’inflammation des voies aériennes s’avère difficile à
cause des différents types d’inflammation et de leur corrélation
discordante avec les signes cliniques. Par conséquent, une mesure
fiable de la numération des cellules de l’expectoration provoquée
pourrait s’avérer utile pour guider le traitement en pratique clinique.
Il faut désormais se pencher sur la manière de rendre cette méthode
plus accessible.



amination has made this possible (1). Because this technique

is relatively noninvasive, it can be applied at random, in se-

vere disease and repeatedly to examine the effects of treat-

ment.

MEASUREMENT OF AIRWAY INFLAMMATION
Sputum is defined as lower respiratory tract secretions. It

can be induced with an aerosol of hypertonic saline (2,3). A

short-acting beta2-agonist is inhaled to inhibit possible bron-

choconstriction from the saline aerosol. The aerosol is gener-

ated by an ultrasonic nebulizer; we initially used the Fisoneb,

which is no longer produced, and now use the Universal

(Methapharm Inc), which is similar but improved. We use

3%, 4% and 5% concentrations of saline, each inhaled for

7 mins, although for a 3% or 4% concentration a shorter pe-

riod may be sufficient. Forced expiratory volume in 1 s

(FEV1) is measured before and after each inhalation, or at

any time if symptoms develop, for safety. The subject is

asked to blow their nose, rinse their mouth and swallow wa-

ter to limit contamination with postnasal drip and saliva, and

to try to cough sputum into a container. The method is safe in

patients with mild asthma (4,5). It can be made safe in sub-

jects with more severe asthma or chronic airflow limitation

by beginning with normal saline and using shorter periods of

inhalation (6,7). In clinical practice, the procedure can be dis-

continued when enough sputum is obtained. It is successful

in 80% or more of adults and older children who are healthy

or have airway disease.

The specimen of sputum needs to be processed as soon as

possible, within 2 h. It is an advantage if the cells can be pre-

served for longer, in case a specimen is collected at night or

during the weekend; how to accomplish this is being investi-

gated. When sputum is expectorated, it is often mixed with

saliva. Some investigators examine the whole expectorate

(8), but we select out the sputum from saliva with blunt for-

ceps. This is then treated with 0.1% dithiothreitol, followed

by saline, and filtered (3,9). Dithiothreitol breaks disulphide

bonds in the mucus and allows a uniform dispersal of the

cells. A total cell count and cell viability are obtained by us-

ing a hemocytometer and trypan blue stain, respectively. Cy-

tospins are made and stained with Wright’s stain, and a dif-

ferential cell count is performed on 400 cells. The remaining

suspension is centrifuged, and the fluid phase stored at

–70°C for later measurements, if these are required. How-

ever, for clinical practice, only cell counts are needed. The

results can be obtained within 1 to 2 h and involve 30 to

40 mins of technologist time, with the remainder of the pro-

cess being automated.

This method of sputum induction and examination has

been evaluated. The cell counts in induced sputum are simi-

lar to those in spontaneous sputum (10). The selection of spu-

tum from the expectorate is usually very successful at

minimizing salivary contamination as indicated by less than

5% of squamous epithelial cells and improves the recogni-

tion of the types of nonsquamous cells (11). This is relevant

because squamous contamination of greater than 20% is as-

sociated with poorer repeatability of nonsquamous counts

(12). Clearly, the total cell count is reduced by selection and

filtering, but measurements can be expressed per milligram

of selected sputum and the differential cell count is not al-

tered. The neutrophil, eosinophil and macrophage differen-

tial cell counts, and several of the fluid-phase measurements

are reproducible (reliable) (9), valid and responsive (6,13),

but the total cell and lymphocyte counts are not as reliable as

those. The cell counts obtained from sputum induction are

different from the cell counts obtained from bronchial wash-

ings, bronchoalveolar lavage (BAL) and bronchial biopsies

(14-18). This is to be expected given the different compart-

ments being sampled. Eosinophils and neutrophils are high-

est in number in sputum, whereas macrophages and

lymphocytes are higher in number in BAL. The predominant

cell in biopsies is the lymphocyte. In a comparison of sputum

versus blood eosinophils and serum eosinophylic cationic

protein in patients with asthma, and a control group of

healthy subjects and others with smokers’ nonobstructive

chronic bronchitis, sputum eosinophils and eosinophylic cat-

ionic protein were more sensitive and specific to the blood

measurements (19).
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Figure 1) Left A cytospin field with an excess of eosinophils from a subject with uncontrolled asthma. Right An excess of neutrophils from a
subject with infective bronchitis



RESEARCH OBSERVATIONS RELEVANT
TO CLINICAL PRACTICE

Sputum examination has drawn attention to the different

types of airway inflammation and their causes; eosinophilic ex-

istence of bronchitis without asthma; asthma without an eosino-

philic bronchitis; neutrophilic exacerbations of asthma; the fre-

quent failure of clinical assessment to recognize the presence or

type of inflammation in sputum and the influence of the type of

inflammation on the effects of different treatments.

Sputum examination has emphasized the occurrence of

different types of inflammation based on increases in specific

cells and the different causes of these inflammations (Fig-

ure 1, Table 1). Eosinophilic inflammation is recognized to

be a feature of asthma (9,20), defined as a condition in which

there is variable narrowing of the airways of the lungs (modi-

fied from Scadding [21]), sputum eosinophilia occur from

airway reactions to allergens (13,22) and occupational

chemical sensitizers (23,24) in sensitized subjects, and after

withdrawal of corticosteroid treatment in steroid-dependent

asthma (25). Neutrophilic inflammation occurs in cigarette

smokers (9,26), during bacterial and viral infections (27), and

after the inhalation of endotoxin (28) and some pollutants

such as ozone (29). A sputum lymphocytosis has been ob-

served early in a subject with cough associated with chlamy-

dia infection (30). Many of these causes are common, and

can occur at the same or different times in the same individ-

ual. The colour of the sputum can identify intense neutro-

philia when it is mucopurulent or purulent, but not

eosinophilia, which can occur in mucoid, mucopurulent or

purulent sputum (31). The clinical significance of the differ-

ent types of inflammation relates to differences in clinical

and physiological presentation, and the effects of treatment.

Sputum examination was responsible for the recognition

of eosinophilic bronchitis without asthma (32), which may be

asymptomatic but can present with a chronic cough which

can be dry or productive. Spirometry, diurnal variation of

peak expiratory flow (PEF) and responsiveness to methacho-

line or adenosine monophosphate are normal (33). The spu-

tum contains an increase in eosinophils and metachromatic

cells, and mRNA for interleukin-5 and granulocyte-macro-

phage colony-stimulating factor as in eosinophilic bronchitis

with asthma (34). Eosinophilic bronchitis without asthma oc-

curs in atopic or nonatopic subjects, and may be caused by in-

haled allergens or occupational chemical sensitizers (35). It

may occur in smokers or nonsmokers, and be transient (36)

or persistent and require regular treatment. If left untreated,

airway hyperresponsiveness and other features of asthma

may occur (33,36), or there may be a progressive fall in FEV1

without airway hyperresponsiveness (37) (Table 2). The rec-

ognition of this cause of chronic cough is important with re-

spect to treatment.

The examination of sputum has identified what has also

been observed with BAL (38), that the severity of eosino-

philic bronchitis does not necessarily correlate with the se-

verity of clinical and physiological parameters in asthma

(32,39). There may be no eosinophilic bronchitis in a patient

with many symptoms due to variable airflow limitation and

severe airway hyperresponsiveness. In contrast, a pro-

nounced eosinophilic bronchitis can occur in someone with

only mild airway hyperresponsiveness. This may make it dif-

ficult to recognize the presence or severity of an eosinophilic

bronchitis from clinical parameters.

An increase in the proportion of neutrophils in sputum is a

feature of asthma (9). However, some exacerbations of

asthma can be characterized by a more intense neutrophilia

without an eosinophilia. The exacerbation can be mild (40),

severe (6,41) or fatal (42). Causes of neutrophilic exacerba-

tions include respiratory virus infection (27) and certain oc-
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TABLE 2
Changes in clinical features and sputum cell counts in a patient with prednisone-dependent eosinophilic bronchitis

RV 65 Y April 11 April 18 April 25 June 7

Symptoms 0 0 0 +
Forced expiratory volume in 1 s (FEV1) (L) 1.9 1.9 1.6 1.3
Vital capacity (L) 2.7 2.5 2.3 1.9
Provocation concentration of methacholine to cause

a fall in FEV1 of 20% (mg/mL)
>16 >16 >16

Percentage sputum eosinophils 1.3 27.3 71.3 61.5
Prednisone (mg/day) (number of days on that dose) 30 (8) 20 (6) 17.5 (7) 10 (35)
Budesonide (mg/day) 3.2 3.2 3.2 3.2

Prednisone was reduced progressively. + Cough and sputum

TABLE 1
Induced sputum: markers of inflammation

Healthy Stable asthma Smokers’ bronchitis

Total cells ×106/mg 3.1 (4.0) 3.3 (6.0) 3.9 (3.5)
Percentage eosinophils 0.5 (1.1) 5.2 (19.4) 0.3 (0.7)
Percentage neutrophils 24.1 (26.8) 46.9 (42.0) 33.0 (27.2)

Data are median (interquartile range) (9). More comprehensive data on all counts in health subjects have been submitted for publication (unpub-
lished data)



cupational exposures (43,44). How often neutrophilic exac-

erbations occur is unknown, but, if viral exacerbations of

asthma are common, they also may be common.

Neutrophilic exacerbations respond differently than eosi-

nophilic exacerbations to treatment. Sputum eosinophilia re-

sponds to treatment with corticosteroids whether the clinical

presentation is of asthma (6,37,45,46) (Figure 2), chronic

cough (32-34) or chronic airflow limitation (7). Sputum ex-

amination has illustrated the kinetics of change in sputum

eosinophilia with changes in prednisone treatment. During

severe exacerbations of asthma, the improvement in sputum

eosinophils lags behind improvement in FEV1 (6). Persis-

tence of sputum eosinophilia has been observed in subjects

whose symptoms and FEV1 seem to be controlled (46). In

these individuals, the sputum eosinophilia can be reversed by

higher doses of steroid, but the clinical relevance of this still

needs investigation (47). When prednisone is reduced in pa-

tients who are prednisone-dependent (37), and when inhaled

steroid is reduced in inhaled steroid-dependent patients (48),

sputum eosinophilia recurs before there is worsening of

symptoms, FEV1 or PEF (Table 2). The serial observations

raise the possibility that the control of sputum eosinophilia

will produce better outcomes than control of symptoms and

FEV1. This hypothesis deserves investigation.

In contrast, it appears that when there is no eosinophilia in

asthma, chronic cough or chronic airflow limitation, patients

fail to respond clinically to corticosteroid treatment

(6,7,49,50). Such noneosinophilic (usually neutrophilic) ex-

acerbations of asthma seem to be steroid resistant. This ob-

servation needs to be confirmed and alternative treatment for

the exacerbations investigated.

Sputum examination has also helped increase the knowl-

edge of the actions of drugs used in the treatment of asthma.

Salmeterol was shown to have no effect on sputum eosino-

philia (51) and to mask slightly the clinical effects of devel-

oping sputum eosinophilia (52), thus delaying the recogni-

tion of a clinical exacerbation. Montelukast (Singulair,

Merck Frosst Canada) has been shown to reduce sputum

eosinophils, although the magnitude of its effect and the

clinical relevance still need investigation (53).

THE PLACE OF SPUTUM EXAMINATION
IN PRACTICE

Research observations indicate that it can be difficult for

physicians to recognize the presence or type of airway in-

flammation (54). The significance of this in relation to the ef-

fects of treatment needs further investigation, but observa-

tions do identify places in practice where sputum

examination can be useful.

• When patients present with a chronic cough,

sputum examination can be helpful to diagnose

eosinophilic bronchitis, which responds to

corticosteroid treatment. The presence of sputum

eosinophilia indicates a need to search for a causal

allergen or occupational chemical sensitizer, and

for initial treatment with avoidance strategies and

corticosteroid. If sputum eosinophilia is not

present, other causes of the chronic cough and

other treatment should be considered first.

• Sputum examination provides an additional

objective measurement to diagnose occupational

asthma. Occupational asthma is usually caused by

allergens or occupational chemical sensitizers to

which the person has become sensitized, and is

associated with sputum eosinophilia (55)

(Figure 3). Hence, when the person is at work,

sputum eosinophilia develops, and, when the

patient is away from work for a period, the
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Figure 2) Left Postbronchodilator forced expiratory volume in 1 s
(FEV1) (percentage predicted [pred.]) at presentation with a severe
exacerbation of asthma on day 0, and days 1,2,3 and 7 of treatment
with prednisone for 10 patients. Right Proportion of eosinophils in
induced sputum at the same times. Nine patients had sputum eosin-
philia (more than 2%) at presentation, and all were improved clini-
cally by prednisone treatment; the one patient without eosinophilia
did not improve (6). Improvement in sputum eosinophilia lagged
behind improvement in FEV1. *P�0.05

Figure 3) Changes in provocation concentration of methacholine
to cause a fall in FEV1 of 20% (PC20) (left) and sputum eosinophils
(right) between periods at and away from work in patients with
occupational asthma (open circles) and nonoccupational asthma
(55) (closed circles). Horizontal bars show the median eosinophils
percentage and the geometric mean PC20. Patients with occupa-
tional asthma diagnosed clinically by a fourfold increase in PC20

after four weeks away from work also had a fall in of percentage
eosinophils



eosinophilia resolves. The recent description of

work-related neutrophilic exacerbations of asthma

raises the question of how often this occurs and in

what situations (43,44).

• When there is difficulty controlling asthma,

sputum cell counts can indicate whether the patient

is prednisone-dependent (37), or whether failure to

respond to prednisone might be due to a

noneosinophilic exacerbation of asthma or other

disease (50). The persistence of sputum

eosinophilia despite high doses of corticosteroid

treatment should raise the possibility of patient

noncompliance with treatment.

• In patients with moderate to severe chronic airflow

limitation, sputum eosinophilia predicts benefit

from corticosteroid treatment (7).

• The value of sputum examination to monitor

anti-inflammatory treatment requires

investigation (56).

PROVISION OF SPUTUM CELL COUNTS
IN PRACTICE

The provision of reliable sputum cell counts in practice is

problematic. There is no billing system (public or private) to

cover the cost of sputum induction or appropriate sputum ex-

amination.

The procedure for sputum induction is not dissimilar to

the procedure for a methacholine inhalation test. However, it

would be inappropriate to perform sputum induction if it is

not backed up by reliable sputum examination. The latter

needs to be performed by hematologically trained, registered

technologists and to involve ongoing quality control checks.

The procedure can be performed by a hematology laboratory,

but this will likely be difficult to arrange when health care

funds to hospitals have been reduced. An alternative is to em-

ploy a technologist to perform sputum examination in the

pulmonary function laboratory.

For the moment, in Hamilton, Ontario, we have intro-

duced sputum induction by registered pulmonary function

technologists in the pulmonary function laboratory and reli-

able sputum examination by research staff. The service is

available at one centre in the city. Other physicians in the city

and surrounding areas can refer patients for the procedures as

for any other pulmonary function test.

Discussions need to be undertaken with medical insur-

ance providers to introduce an appropriate billing system to

allow the procedures to be made available in other areas of

Canada.
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