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ABSTRACT: The inflammatory component of asthma is usually assessed indirectly
by symptoms and spirometry, these may be inaccurate. It can now be assessed directly
and reliably by the examination of sputum cell counts. There is no information on how
clinical assessment of the presence and type of airway inflammation compares with
actual measurements.

In this single-centre observational study, sputum was collected from 76 consecutive
adults with asthma attending a tertiary chest clinic after their physicians had recorded
the expected cell counts in sputum. The authors examined the extent of agreement
between clinical judgement of sputum cell counts and actual counts in asthmatic
patients (Cohen's Kappa) and the possible predictors of agreement (multiple logistic
regression).

Sixty-seven of the 76 sputum samples were suitable for analysis. Agreement
between expected and actual cell counts occurred in 30/67 patients. The overall
agreement for the different cell types was poor (estimated k=0.14, 95% confidence
interval (CI)=0.02, 0.26). The experience of the physician in using sputum cell counts
in clinical practice, steroid requirement at the time of assessment, and control of
asthma as assessed by the physician or by the patient could not predict the chances of
agreement or disagreement. Unaware of the sputum results, the physicians often
changed treatment in a way that seemed inappropriate for the cell counts present.

There is poor agreement between clinical judgement of the presence and type of
airway inflammation in asthmatic patients and sputum cell counts. The impact of
sputum examination on the outcomes of anti-inflammatory treatment now needs
investigation.
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Airway inflammation is considered to be the cause of
the symptoms and physiological abnormalities of asthma
and guidelines suggest that it should be the primary target
of treatment [1, 2]. The inflammation is characteristically
eosinophilic [3] and responds to corticosteroid treatment
[4, 5]. However, the symptoms of asthma are not specific,
many patients appreciate variable airflow limitation poor-
ly [6] and these features do not necessarily correlate with
airway eosinophilia [7]. Furthermore, there are other ty-
pes of inflammation, particularly neutrophilic, caused by
bacterial [8] and viral infections [9] or pollutants [10],
which may not respond to treatment with corticosteroids.
It is therefore not unreasonable to consider that the in-
direct clinical assessment of airway inflammation may
often be inaccurate.

The introduction of induced sputum as a direct and
reliable method to measure indices of airway inflammation
noninvasively makes it possible now to examine this issue
[11±13]. Although sputum examination has not been
established as the "gold standard" for sampling airway
secretions, it provides cell counts qualitatively similar to
those obtained by analysis of bronchial wash [14, 15],
lavage [14±18] and biopsy [16, 17]. The authors con-
sidered that if the clinical assessment of the presence and

type of airway inflammation compared well with the spu-
tum cell counts, then this additional test may not be useful
in practice. However, if it did not, further studies to
investigate how the test influences the effects of treatment
will be indicated. The authors therefore compared the
extent of agreement between clinical judgement of spu-
tum cell counts and actual counts in asthmatic patients.
Possible predictors of agreement were also examined and
the cell counts were compared with the changes in treat-
ment that the physicians intended to make without know-
ing the counts. The study was not intended to examine the
agreement between clinical judgement of asthma control
or asthma diagnosis with sputum cell counts, or to pros-
pectively evaluate asthma treatment outcomes based on
sputum cell counts.

Methods

Subjects

Seventy-six consecutive adult asthmatic patients attend-
ing the outpatient clinics of six respiratory physicians at the
Firestone Regional Chest and Allergy Unit were enrolled
in the study (tables 1 and 2). The clinic sees patients with a
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range of severity of asthma. Sixty-five of them were
referred by three physicians who had been using sputum
cell counts routinely in the clinic. The physician's diag-
nosis of asthma was accepted if the patients had symp-
toms of episodic wheeze, chest tightness and dyspnoea
and one or more of the following criteria: 1) bronchodi-
lator reversible airflow limitation indicated by forced ex-
piratory volume in one second (FEV1) % predicted or
FEV1 % was <70%, which increased by 15% from base-
line after 200 mg salbutamol; 2) methacholine airway hy-
perresponsiveness (provocative concentration causing a
20% fall in FEV1 (PC20) <8 mg.mL-1) if the FEV1 % pre-
dicted or FEV1% was $70%; or 3) daily variability of
peak expiratory flow (PEF) of $20%. Patients with any
known coexistent lung disease like smoker's chronic air-
flow limitation (best FEV1 % predicted or FEV1% <60%),
emphysema, pneumonia or bronchiectasis were not in-
cluded. The study was approved by the hospital research
Ethics Committee and all subjects gave written informed
consent.

Design

The study was cross-sectional. The patients were en-
rolled at their routine clinic visits. After clinical and spiro-
metric assessment, the physicians were requested to fill in a
brief three item questionnaire regarding: 1) their over-all
assessment of whether the asthma was controlled or not,
based on symptoms, spirometry and any other previous
investigations that the patients might have undergone; 2)

what they thought the sputum cell counts would show
(normal, predominant eosinophilia, significant neutrophil-
ia, both, uncertain); and 3) any change in treatment that
they proposed to make (commence or increase inhaled
steroid, commence or increase prednisone, commence anti-
biotic, no change, other changes). Since the objective of
the study was not to correlate sputum cell counts with as-
thma severity or asthma control, the authors did not use a
validated questionnaire to document this information. It
was left to the individual physicians to make a global
assessment of the patient, based on symptoms, spirometry
and airway responsiveness and available information on
response to previous treatment and sputum macroscopic
appearance, to assist the physician to make a calculated
assessment of the sputum cell count. The patients were
then seen by the research staff to document their clinical
and demographic characteristics. The patients rated their
over-all asthma symptoms as either feeling at their best or
worse than their best. Spontaneous or, if this was not
possible, induced sputum was collected and cell counts
were made blind to the clinical details; these have been
shown to give similar cell counts [19].

Clinical methods

Spirometry [20] and allergy skin-prick tests with 19
common aeroallergen extracts [21] (if not performed in
the past 12 months) were performed according to stan-
dard procedures. Post-bronchodilator FEV1 was record-
ed. Sputum was induced by hypertonic saline according
to the method described by PIZZICHINI et al. [11] with
slight modifications. Sputum was selected from saliva, its
colour was recorded and it was processed within 2 h as
described by PIZZICHINI et al. [22]. Briefly, sputum was
treated with 0.1% dithiothreitol (from Sputolysin 10%;
Calbiochem Corp., San Diego, CA, USA) followed by
Dulbecco's phosphate-buffered saline. The suspension
was filtered and nonsquamous total count and cell via-
bility were determined. The filtrate was centrifuged, and
two coded cytospins were prepared, and stained by Wri-
ght's stain. At least 400 intact nonsquamous cells were
counted on one stained cytospin. Significant eosinophilia
was defined as >3% and a neutrophilia consistent with
infection as >80% [9, 11, 23].

Analysis

All data were analysed using the statistical package
SPSS for Windows1, release 7.5 (SPSS, Chicago, IL,
USA) and Stat-Exact for Windows1, release 3.0 (Cytel
Software Corporation, Cambridge, MA, USA). Patient

Table 1. ± Subjects' characteristics

Normal Eo N

n 40 19 8
Age yrs 48�15 49�13 42�17
Male n 21 9 4
Atopic* n 31 16 7
Smoking: current/ex n 4/16 3/7 1/4
Duration of asthma yrs 17�14 15�11 13�11
FEV1 L 2.5�0.7 2.5�0.8 2.7�1.1
FEV1 % predicted 80.5�18.0 78.0�15.0 79.0�19.5
FEV1/VC % 70.4�13.4 67.1�9.4 72.3�14.2
PC20 methacholine**

mg.mL-1
2.0�6.2 1.2�5.5 1.1�7.4

Values are expressed as mean�SD or absolute numbers. *: Atopic
means one or more positive early responses in allergy skin-prick
tests; **: geometric mean, geometric SD. Eo: eosinophil; N:
neutrophil; FEV1: forced expiratory volume in one second; VC:
vital capacity; PC20: provocative concentration causing a 20%
fall in FEV1.

Table 2. ± Assessment of asthma control versus sputum cell counts (n)

Cell
Physician assessment Patient assessment Corticosteroid requirement* FEV1/VC

counts Controlled Uncontrolled At best Worse None <1000 mg >1000 mg >60% <60%

Normal 25 15 21 19 8 17 15 31 9
Eo 5 14 4 15 4 6 9 13 6
N 3 5 3 5 2 4 2 5 3
Uncertain 3 6 3 6 1 2 6 6 3
Total 36 40 33 43 15 29 32 55 21

*: Inhaled beclomethasone or equivalent. Eo: eosinophil; N: neutrophil (percentage differential count). The table includes the clinical
details on the nine patients whose sputum samples were inadequate ("uncertain").
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characteristics were summarized using descriptive statis-
tics. Overall agreement between physician's assessment of
sputum differential cell count and actual sputum cell
counts was examined using Cohen's unweighted Kappa.
Logistic regression analysis (backward elimination strat-
egy using the likelihood-ratio test) was used to examine the
relationship between agreement or disagreement (response
variable) and physician's experience with sputum cell
counts and severity of asthma (explanatory variables). The
variables that were entered into the model were: 1) ex-
pertise of the physician (experience with sputum cell
counts in practice or no experience); 2) daily steroid re-
quirement at the time of assessment (beclomethasone
#1000 mg or equivalent or >1000 mg); 3) control of asthma
at the time of assessment as assessed by the physician; 4)
symptom assessment by the patient; and 5) severity of air-
flow limitation as assessed by FEV1% ($60% or <60%).

Results

Sputum, suitable for analysis, was obtained from 67/76
patients (table 3). Of these, 40 had normal cell counts, 19
had an eosinophilia and eight had a neutrophilia which
was considered to be consistent with infection (table 2).
None had an increase in both cell types. The sputum was
unsuitable for analysis in nine samples because of insuf-
ficient processable material in five, excessive squamous
cell contamination of >20% in two and excessive cell
degeneration and low viability of <20% in two. These
nine were classified as "uncertain" for the purposes of
testing for agreement.

Agreement between clinical judgements of the presence
and type of airway inflammation and sputum cell counts
occurred only in 30/67 (45%) (estimated k=0.114, 95%
confidence interval (CI)=0.02, 0.26) (fig. 1). The k (95%
CI) for normal counts was 0.25 (0.05±0.45), for eos-
inophilia was 0.04 (-0.16±0.24) and for neutrophilia was
0.04 (-0.06±0.14).

Of the 36 patients in whom asthma was clinically judged
to be controlled, five had eosinophilic and three had neu-
trophilic inflammation. Similarly, of the 40 patients who
were clinically judged to have uncontrolled asthma, 15 had
normal sputum cell counts (table 2). In the logistic regres-
sion model, asthma control as assessed by the physicians
or patients, steroid requirement at the time of assessment,
severity of airflow limitation or expertise of the physician
with sputum cell counts, could not predict agreement or

disagreement (sensitivity 73%, specificity 54%, p=0.02,
Hosmer-Lemeshow Chi-square 5.19, degrees of freedom
8, p=0.7).

The authors examined the treatment plan of the phy-
sicians when they were unaware of the sputum results (fig.
2). The physicians intended to commence or increase the
dose of inhaled steroids or prednisone in 14 of the 40
patients with a normal sputum cell count and four of the
eight patients with a significantly high neutrophil count
without eosinophilia. They did not intend to commence or
increase the dose of inhaled steroid or prednisone in 11 of
the 19 patients with a raised eosinophil count.

Discussion

This study demonstrates that the clinical judgment of the
presence and type of airway inflammation disagreed 55%
of the time with the inflammation measured by sputum cell
counts. This suggests that the ability of physicians to
predict the presence and type of inflammation, based on
clinical assessment, is poor. As a result, the decisions on
anti-inflammatory treatment can be inappropriate.

Table 3. ± Sputum characteristics (n=67)

Normal Eo N

Colour n
Mucoid 39 15 2
Mucopurulent 1 4 4
Purulent 0 0 2

Viability % 67 (40±95) 63 (20±85) 80 (30±93)
Total cell count 3106 cells.mL-1 3.1 (0.9±11) 4.0 (1.1±9.7) 30.1 (15±47)
N % 52 (7±77) 25 (4.3±77.8) 89.7 (85.3±97.8)
Eo % 0.5 (0±3) 11.2 (3.5±64.0) 0.3 (0±1.8)
Macrophages % 50.4 (12±92.4) 36.5 (12.8±88.3) 9 (2.2±24.4)
Lymphocytes % 0.8 (0±4) 0.3 (0±4.3) 0.5 (0±1.7)
Bronchial epithelial cells % 0 (0±7) 0 (0±3.3) 0 (0±0.3)

The sputum counts are expressed as median (range) values. Eo: eosinophil; N: neutrophil.
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Fig. 1. ± Sputum cell counts versus clinical judgement. Individual val-
ues of sputum eosinophils (per cent) are plotted against sputum neutro-
phils (per cent). *: agreement between sputum cell counts and clinical
judgement of significantly raised cell counts; s: disagreement. Hori-
zontal dashed line is the upper limit for sputum eosinophil count (3%).
Vertical dashed line is the upper limit for sputum neutrophil count
(80%).
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This was a prospective study in which respirologists in a
tertiary care centre participated. It was designed to investi-
gate how often clinical judgment of airway inflammation
in patients with asthma was supported by sputum cell
counts. If there was considerable disagreement, then fur-
ther studies to investigate sputum cell counts in the moni-
toring of asthma would be indicated. The results of the
study are perhaps not surprising. Lack of accuracy and
reliability in clinical medicine is often encountered [24]. In
asthma, there is poor agreement between the assessment
of airflow limitation and FEV1 [25], between symptoms
and variability of PEF [26], and between clinical assess-
ment and measurement of methacholine airway respon-
siveness [27]. In the present study, the poor agreement
observed between clinical judgment of airway inflamma-
tion and objective measurements of sputum cell counts
corresponds with these other observations. This and the
apparent discrepancy between sputum eosinophilia or
lack of it and the degree of airflow limitation (table 2),
raises questions about the appropriateness of sputum cell
counts as a measure of airway inflammation, and of when
and how often the measurements of cell counts in practice
will alter the outcomes of treatment.

Sputum cell counts, when performed by reliable meth-
ods and trained technologists, as in this study, provide
precise information on the presence and type of airway
inflammation [11]. There is therefore little doubt that eos-
inophilic or neutrophilic inflammation was present in 19
and eight patients, respectively, and that this was misin-
terpreted clinically in ~30% of patients. This disagree-
ment has been observed in corticosteroid dose-response
studies in which maximum clinical improvement can oc-
cur before there is a reversal of sputum eosinophilia [28,
29]. However, there may be some doubt about the in-
terpretation of normal sputum cell counts when the phy-
sician thought airway inflammation was present. This
occurred in ~38% of the patients. This disagreement co-
uld be because the sputum is an insensitive measure of
airway inflammation. However, this is unlikely for two

reasons. The first is that sputum eosinophils is a sensitive
indicator of airway inflammation which develops before
clinical exacerbations of asthma [4]. The second is that
from the two studies so far comparing sputum with biop-
sies, when sputum cell counts are normal, usually no
eosinophils were found in the biopsies [16, 17]. The
evidence therefore suggests that in the assessment of the
presence and type of airway inflammation, objective
measurement by sputum cell counts is more accurate than
indirect clinical assessment. This does not imply that spu-
tum cell counts are superior to clinical judgement in the
assessment of asthma severity or asthma control.

The authors recognize other potential criticisms of the
study. Values of 3% and 80% were chosen to define sig-
nificant eosinophilia and neutrophilia, although the authors
have recently reported normal values (90th centile) of 1%
and 65%, respectively, for eosinophil and neutrophil dif-
ferential cell counts [30]. The value of 3% was chosen to
define eosinophilia because previous studies have shown
the clinical utility of this value to predict a response to
corticosteroid therapy in asthma and chronic airflow limi-
tation [31, 32]. Since the significance of mild neutrophilia
in asthmatics is not well known and particularly since the
authors had included some current and exsmokers, it was
decided to use a cut-off value of 80%. This has been
observed to be associated with mucopurulent and puru-
lent sputum [23], giving the clinicians a fairer chance at
guessing the cell count in sputum. Indeed, if the authors
were to employ cut-off values of 1% and 65% for eos-
inophilia and neutrophilia, respectively, agreement was
less frequent (24/67, 36%) (k=0.11), particularly in the
assessment of neutrophilia (n=18) and combined neu-
trophilia and eosinophilia (n=5). The over-all result is not
different if the eight current smokers were excluded from
the analysis.

The relevance of the accurate clinical recognition of air-
way inflammation relates to the treatment prescribed.
There is good evidence that sputum eosinophilia is asso-
ciated with inflammatory and clinical improvement with
corticosteroid treatment [4]. There is increasing evidence
that corticosteroid treatment is not effective in the absence
of sputum eosinophilia [31±33]. However, it has also
been recognized that controlled asthma on inhaled ster-
oids might be associated with persistent sputum eosino-
philia [28]. From available evidence, it might appear that
14 patients with a normal sputum cell count and four
patients with a significantly high neutrophil count without
eosinophilia may not have benefited from an increase in
the dose of inhaled corticosteroid or prednisone, whereas
11 of the 19 patients with a raised eosinophil count might
have. Since this study was not designed to be a prospec-
tive investigation of the outcome of asthma therapy based
on sputum cell counts, the authors do not have that in-
formation. The results of this study indicate that further
investigation is required of when and how often exam-
ination of sputum cell counts will alter the outcomes of
treatment.

It is concluded that if a person wants to know about the
presence and type of airway inflammation, it has to be
measured objectively. The impact of such measurements
on asthma management strategies and the clinical course of
disease have to be evaluated prospectively in future stud-
ies.
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Fig. 2. ± Sputum cell counts and physician's treatment plans. The cell
counts (Eo: eosinophilia; N: significant neutrophilia) are plotted against
the number of patients in whom the specific treatments were commenced
or increased. The stacked bars show the five different treatment options.
p: commence or increase inhaled steroid; h: commence or increase
prednisone; r: commence antibiotics; u: no change to current treat-
ment; k: other treatment, for example, taking off work in suspected
work-related asthma, decreasing the dose of inhaled steroid or adding
long-acting b-agonist).
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