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ABSTRACT: The kinetics of changes in inflammatory indices in induced sputum
from eight prednisone dependent asthmatics whose minimum clinical maintenance
and exacerbation doses were known were investigated.

The study began on the last day of a course of 30 mg prednisone daily for one week.
Thereafter, the daily prednisone was reduced in a structured way to below the
maintenance dose. This treatment was continued until a clinical exacerbation occ-
urred. Prednisone 30 mg daily was then given again for one week.

The mean duration of prednisone reduction was 7.4 weeks and the median dose was
7.5 mg.day-1. Increases in sputum eosinophils preceded increases in blood eosinophils
by 4 weeks and worsening of symptoms and forced expiratory volume in one second
by 6 weeks. The clinical exacerbation was also accompanied by sputum neutrophilia
and increases in sputum eosinophil cationic protein (ECP), fibrinogen and interleukin
(IL)-5. Treatment with prednisone suppressed median sputum eosinophilia (from 16.3
to 0%, p<0.001), decreased sputum ECP (from 7,480 to 700 mg.L-1, p=0.01), but did
not improve neutrophil numbers, fibrinogen or IL-5.

The results show that the reduction of prednisone treatment in prednisone-
dependent asthmatics evokes a severe airway eosinophilic inflammatory response. Cli-
nical and blood indices deteriorate later than those in sputum suggesting that sputum
examination may be useful to identify the minimum regular dose of prednisone
required in these patients.
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Airway inflammation in asthma includes infiltration of
inflammatory cells [1, 2], secretion of pro-inflammatory
cell products and cytokines [3], increased microvascular
permeability with exudation of plasma and secretion of
mucus [4]. It is considered to be the cause of asthma and
an important determinant of exacerbations and disease se-
verity. Glucocorticoids are the most effective therapy for
suppressing airway inflammation [5, 6].

Factors that may influence the magnitude of response to
glucocorticoid treatment include the presence of eosino-
philic airway inflammation [7], the severity of the inflam-
mation and the state of glucocorticoid receptor affinity
[8]. Most asthmatics respond to small doses of steroid
given by inhalation. A few asthmatics need prednisone
daily to control symptoms and airflow limitation. They
are regarded as having more severe airway inflammation
and variable airflow limitation, but this association has
not been examined in any detail [9].

Studying airway inflammation and its response to treat-
ment in more severe asthma has been difficult because the
methods used to assess airway inflammation directly have
been too invasive. Current research has introduced indu-

ced sputum as a relatively noninvasive, reliable, valid [3]
and responsive [6] technique to measure airway inflam-
mation. It can be applied in more severe asthma situations
and be used repeatedly to investigate the effects of treat-
ment.

In a previous study, induced sputum was used to
examine indices of airway inflammation in patients with a
severe exacerbation of asthma who were not on regular
treatment with prednisone to follow the kinetics of the
response to treatment with prednisone [6]. The sputum
characteristics were a pronounced cell degeneration, in-
creased numbers of eosinophils with many free eosino-
phil granules, and increased levels of eosinophil cationic
protein (ECP), interleukin (IL)-5 and fibrinogen. Treat-
ment with prednisone improved the forced expiratory
volume in one second (FEV1) and decreased blood eos-
inophils and serum ECP levels within 1 day, while the
sputum indices fell more slowly, between 2±7 days.

In the present study, the characteristics of the sputum
inflammatory response were examined in patients with
prednisone-dependent asthma before and after treatment of
an exacerbation of their asthma caused by a structured
reduction of prednisone treatment. The kinetics of changes
in clinical features in relation to changes in sputum and
blood inflammatory indices during the reduction of pred-
nisone were also followed.For editorial comments see page 5.
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Methods

Subjects

Nine adults were consecutively recruited from the
Firestone Regional Chest and Allergy Clinic to confirm
and treat prednisone-dependent asthma. One patient was
not prednisone-dependent and is reported elsewhere [10].
The remaining eight entered the study. The diagnosis of
asthma was established by symptoms of episodic wheeze,
chest tightness and/or dyspnoea and by a >12% variability
in FEV1, mean 18.5% (range 13±27%) (table 1). All pati-
ents had needed daily or repeated courses of prednisone
for a mean of 4.8 yrs (range 2±10 yrs) and had side-effects
from its use including osteoporosis (all subjects), diabetes
(3/8 patients) and cataracts (3/8). Without prednisone all
pati-ents had daily symptoms which disturbed sleep. All
but one had previous hospital admissions. All patients
were investigated by standard procedures to exclude or
minimize the following confounders or exacerbating fac-
tors: noncompliance, inadequate inhaler technique, expo-
sure to common allergens or occupational sensitizers that
could be avoided, sinusitis, major nasal polyps (detected
in one patient with surgical correction), the use of conco-
mitant drugs that may affect the response to asthma treat-
ment, acetylsalicylic acid intolerance (in three patients,
who avoided nonsteroidal anti-inflammatory drugs), gas-
troesophageal reflux (in four, all treated), bronchiectasis,
sleep disturbance disorder, recurrent bronchial infections,
and vocal cord dysfunction. None had radiological evid-
ence of other chest disease or respiratory infection and
none had received antibiotics within 1 month of, or dur-
ing, the study period. The study was approved by the
hospital research committee and all patients gave written
informed consent.

Study design and procedure

There was an initial selection period with a mean�SD

of 15.664.2 months during which the presence of asth-
ma was objectively confirmed, possible confounders were

identified and the minimum dose of prednisone required to
prevent an exacerbation for 6 months was determined. The
patients were also on regular treatment with high-dose
inhaled steroid and the potential effects of possible con-
founders were minimized. During this period, there were
three trials of prednisone reduction in six patients, two
trials in one and a single trial in one patient.

The formal study was prospective, descriptive and
before and after intervention. It began on the last day of a
course of 30 mg prednisone daily (50 mg in one subject)
for 1 week. Then, in six patients, the daily prednisone dose
was reduced in a structured way by 5 mg every 2 weeks to
5±10 mg below the maintenance dose which had pre-
viously been unable to prevent an asthma exacerbation. In
the other two patients it was reduced to this dose more
quickly. This dose was maintained until a clinical exa-
cerbation occurred. Patients were then restored to the
same high dose of prednisone at the start of the study for 1
week.

The patients were seen on the last day of the first high-
dose prednisone treatment, on the day of reduction of each
dose of prednisone, at the time of the clinical exacerbation
and after 1 week of high-dose prednisone, in the early
afternoon. At the first visit, the patient characteristics were
documented, spirometry was performed and sputum and
blood were collected for inflammatory indices. Patients
began a diary of symptoms, medication use and morning
prebronchodilator and postbronchodilator peak expiratory
flow (PEF). The patients were instructed to contact the
study physician immediately if there was a deterioration in
their asthma symptoms or PEF. At subsequent visits spiro-
metry was performed, sputum and blood were obtained
and daily diaries were collected.

The definition of an asthma exacerbation was establish-
ed before starting the study as an objective deterioration in
the postbronchodilator FEV1 $20% and/or morning PEF
$30%. If there was an asymptomatic deterioration in the
FEV1 $20% but <30%, the patient was maintained on the
same dose of prednisone until there was an increase in
symptoms score of at least 4 points higher than the score at
the start of the study, an increased need for short-acting b2-
agonists of $4 puffs.day-1 or a further fall in FEV1.

Table 1. ± Patient characteristics

Sub-
ject
No.

Age
yrs

(Sex)
Duration

yrs
FEV1 L (%)
D after BD*

PC20

mg.mL-1 Atopy
IgE

U.mL-1

Characteristics on daily minimum treatment

Symptom
score{

PEF
L

FEV1

L

Treatment

Pred Bud Salb Salm

1 65 (F) 8 0.3 (13) 6.5 N 231 0 450 2.1 (91) 15 6400 0 0
2 33 (F) 2 0.8 (27) <0.03 N{ 56 7 330 3.1 (103) 17.5 3200 200 100
3 50 (M) 20 0.6 (18) <0.03 N 427 2 335 2.9 (88) 10 3200 0 100
4 56 (M) 11 0.7 (19) 0.8 Y{ 688 4 570 3.2 (89) 15 3200 0 50
5 60 (F) 10 0.3 (13) ND Y{ 57 10 220 1.5 (65) 20 3200 600 0#

6 59 (F) 18 0.3 (14) ND Y 32 0 400 1.5 (65) 15 3200 0 50
7 56 (F) 4 1.0 (25) 1.2 N 372 0 460 3.3 (83) 10 2400 0 0
8 55 (M) 2 0.8 (19) 2.5 N 10 0 550 3.7 (86) 10 1200 0 100

F: female; M: male; Duration: duration of asthma symptoms; *: best improvement in forced expiratory volume in one second (FEV1)
after 200 mg inhaled salbutamol (% increase); BD: bronchodilator; PC20: provocative concentration of methacholine causing a 20% fall
in FEV1; ND: not done; Atopy: one or more positive allergy skin-prick tests; {: acetylsalicylic acid intolerance; IgE: serum
immunoglobulin E (normal upper limit <120 U.mL-1); {: scale ranged from 0 (asymptomatic) to 16 (most severe discomfort); PEF: peak
expiratory flow (morning values); FEV1: postbronchodilator values; Pred: prednisone (mg.day-1); Bud: budesonide (mg.day-1); Salb:
salbutamol (mg.day-1); Salm: salmeterol (mg.day-1); #: theophylline (600 mg.day-1) + ipatropium (120 mg.day-1). Subject no. 2, 4 and 6
were exsmokers; subject no. 2 was the same as subject no. 4 in Ref. [6].
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The study outcomes were sputum total cell count, cell
viability, eosinophils and neutrophils, and blood eosino-
phils at each visit, and sputum fluid-phase ECP, fibrinogen
and IL-5, and serum ECP only before and after the
treatment of the exacerbation. Sputum and blood were
examined blind to the clinical details.

Clinical methods

Patient characteristics were documented by question-
naire. Daily symptoms of wheeze, chest tightness, dys-
pnoea, and cough were recorded using a Likert scale, with
each symptom ranging from 0 (absent) to 4 (most severe).
Morning bronchodilator PEF was measured with a mini-
Wright peak flow meter (Clement-Clarke International,
London, UK) before and after bronchodilator and the best
of three measurements was recorded. Medications were
recorded as the number of actuations of each inhaler and
the number of tablets of prednisone or theophylline.
Inhaled short-acting b2-agonist was recorded only if
required as rescue medication. Spirometry was performed
with a Collins water spirometer (Warren E, Collins Inc,
MA, USA). Baseline measurements of slow vital capacity
(VC) and FEV1 were taken according to American Tho-
racic Society (ATS) criteria [11] and reference values were
taken from CRAPO et al. [12]. The response to inhaled
salbutamol 200 mg was measured as the percentage in-
crease in FEV1. Methacholine inhalation tests were car-
ried out by the method described by JUNIPER et al. [13] and
the results were expressed as the provocative concen-
tration causing a fall in FEV1 of 20% (PC20) in non-
cumulative units. Allergy skin tests were performed using
the modified prick technique [14] with 19 common al-
lergen extracts.

Sputum induction

Sputum was induced by the inhalation of an aerosol of
saline [15] with modifications to improve its safety [6]. In
brief, sputum was induced by inhalation of an aerosol of
normal saline followed by hypertonic saline (3, 4 and 5%)
generated by a Fisoneb1 ultrasonic nebulizer (Canadian
Medical Products, Markham, Ontario, Canada) with an
output of 0.87 mL.min-1 and particle size of 5.58 mm
aero-dynamic mass median diameter. The aerosol was
inhaled for 1 or 2 min according to the severity of airflow
limit-ation and the FEV1 was measured. The patients
were asked to blow the nose, rinse the mouth and swallow
the water to minimize contamination with postnasal drip
and saliva. They were instructed to cough sputum into a
sterile con-tainer whenever they felt that sputum might be
present. These procedures were repeated for up to a total
of 6 or 7 min of inhalation sequentially with each
concentration until a sputum sample was obtained or a fall
in the FEV1$ 10% occurred.

Sputum and blood examination

The appearance of the sputum was recorded (mucoid,
mucopurulent or purulent). Sputum selected from the
expectorate was processed within 2 h, as described by

PIZZICHINI et al. [3]. In brief, sputum was treated by adding
a volume (mL) of 0.1% dithiothreitol (DTT) (Sputalysin
10%, Calbiochem, San Diego, CA, USA) equal to four
times the weight (mg) followed by the addition of the
same four volumes of Dulbecco phosphate-buffered sal-
ine (D-PBS). The suspension was filtered through a 48-mm
nylon gauze (BBSH Thompson, Scarborough, Ontario,
Canada) and the total cell count of leukocytes and cell
viability were determined. The filtrate was centrifuged at
7903g (3,000 rpm) for 4 min and the superpernatant was
aspirated and stored in Eppendorf tubes at -708C. The
cell suspension was adjusted to 1.03106.mL-1 and cyto-
centrifuge preparations were made using 75 mL of the cell
suspension (Shandon III cytocentrifuge; Shandon South-
ern Instruments, Sewickley, PA, USA). One slide was air
dried and stained by the Wright method. Four-hundred
nonsquamous cells were counted and the results were
expressed as a percentage of the total nonsquamous cell
count. The concentration of ECP (mg.L-1) in the thawed
supernatant was determinated using a sensitive radioimm-
unoassay (RIA; Kabi Pharmacia Diagnostics AB, Upp-
sala, Sweden). Fibrinogen was measured by a sandwich
enzyme-linked immunosorbent assay (ELISA) using a
rabbit anti-human fibrinogen antibody (Dako A080; Da-
ko, High Wycombe, UK). IL-5 (pg.mL-1) was measured
by quantitative sand-wich enzyme immunoassay (Quan-
tikineTM; R&D Systems, Minneapolis, MN, USA).

The limits of detection for the fluid-phase ECP, fibrino-
gen and IL-5 were 2.0 mg.L-1, 0.79 mg.L-1 and 7.8 pg.mL-1

respectively. Venous blood was collected into a Vacutainer
K3 EDTA (Becton Dickinson Vacutainer Systems, Frank-
lin Lakes, NJ, USA) and a differential white cell count
was obtained using Coulter STKS (Coulter Corp., Hialeah,
FL, USA). The repeatability of fluid-phase ECP, fibrino-
gen and IL-5, calculated by the intraclass correlation co-
efficient in two measurements performed on two separate
occasions in stable asthmatics, was high (0.85, 0.86 and
0.69, respectively) [3]. The assay used to measure serum
ECP was the same as that described for sputum.

Data analysis

Results are reported as median and interquartile range
(IQR) unless otherwise specified. All statistical tests were
two-sided. Significance was accepted at p<0.05. Depend-
ent variables with a non-normal distribution were log-
transformed before analysis. The symptom score at each
visit was calculated as the mean of the previous 3 days©
average of the scores for each individual symptom. Paired
t-tests were used for comparisons of clinical and in-
flammatory outcomes before and after treatment of the
exacerbation. The time course of changes in symptoms
score, use of rescue medication, FEV1, morning PEF and
sputum and blood eosinophils, after prednisone reduction,
was analysed by repeated measures analysis of variance
(ANOVA) and the source of significant variation was id-
entified by the Student±Newman±Keuls procedure to adjust
the significance for multiple comparisons [16]. For this an-
alysis sputum and blood eosinophils were considered
increased if they were, respectively, two (3.4%) and 1.5-
times (0.63106.L-1) higher than the highest values found
in normal subjects in a previous study [17].
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Results

Kinetics of effects of prednisone reduction

Prednisone was reduced to the exacerbation dose over a
mean6SD of 7.4�2.8 weeks and this dose was maintained
for 8.366.6 weeks before a clinical exacerbation of pre-
determined severity occurred. Significant increases in
sputum eosinophils occurred at a mean of 4.4 weeks (range
1.0±10.0) and preceded significant changes in symptoms,
postbronchodilator FEV1 and blood eosinophils, which
occurred at 11.2 (1.0±27) 12.7 (4.0±25.7) and 9.8 (3.0±
25.7) weeks (all p=0.03) (fig. 1, table 2).

Clinical and inflammatory characteristics at the exacerba-
tion

At the exacerbation the symptoms score increased by a
mean (95% confidence interval (CI)) of 4.6 (0.7±9.8) (p=

0.01) and the b2-agonists use by 400 (100±800) mg (p=
0.01) (table 3). The postbronchodilator PEF fell by 15.5
(4.5±35.5)% (p=0.02) and the postbronchodilator FEV1

by 32.5 (27.3±37.7)% (p<0.001). All patients produced
mucoid sputum with good cell viability (63 (31)%). The
airway inflammatory process at the exacerbation (table 3)
was characterized by eosinophilia, neutrophilia and mark-
ed increases in ECP and fibrinogen levels. Sputum IL-5
was only measurable in five subjects. In contrast, peri-
pheral blood showed only modest increases in eosino-
phils and ECP and serum IL-5 was measurable in only
one subject.

Effects of treatment on clinical and inflammatory indices

Treatment with higher doses of prednisone for 1 week
significantly improved the clinical parameters of all sub-
jects, except for patient 5 who received prednisone 50 mg
daily and had only a mild improvement in symptoms and
morning PEF, but not in short-acting b2-agonist use or
postbronchodilator FEV1 (table 4). The mean (95% CI)
change after prednisone treatment in symptoms score was
-3.4 (-1.2±-5.7) (p=0.008), in b2-agonists use was -300
(-100 to -450) mg (p=0.008), in PEF was 95.6 (31.5 to
159.7)L (p=0.01) and in postbronchodilator FEV1 was
0.80 (0.43 to 1.2)L (p<0.001). Treatment with prednisone
significantly suppressed sputum eosinophilia (from 16.3
(32.3) to 0 (0.7)%, p<0.001), decreased sputum ECP (from
7,480 (5,240) to 700 (784) mg.L-1, p=0.01) and partially
decreased fibrinogen (from 10,600 (61,280) to 7,600
(19,290) mg.L-1, p=0.1) and IL-5 (from 66.5 (150) to 44.1
(86) pg.mL-1, p=0.3), but did not change neutrophils
(from 57.6 (41.3) to 54.0 (42.8)%, p>0.5) (table 4, fig. 2).
The changes in blood eosinophils and ECP were in the
same direction but quantitatively smaller than those in
sputum, from 0.5 (0.7) to 0.1 (0.1)3106.mL-1 (p=0.03) and
from 33.0 (38.5) to 10.8 (7.2) mg.L-1 (p=0.01), respect-
ively. These changes in inflammatory markers were con-
firmed by measuring the same markers before and after
prednisone treatment in seven of the subjects during at
least one other exacerbation during the prestudy period.

Safety of sputum induction

The safety and characteristics of sputum inductions were
examined during the exacerbation and 1 week after treat-
ment. Sputum was produced spontaneously on four occ-
asions (three at the exacerbation visit and the other 1 week
after treatment) and induced in 12 occasions. Normal or
hypertonic saline 3% was used in all but one patient, who
required a full sputum induction on both occasions. The
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Fig. 1. ± Time course of effects of the prednisone reduction on a)
sputum ( ÐÐ ) and peripheral blood eosinophils (± ± ±); and b) forced
expiratory volume in one second ( ÐÐ ) and symptoms score (± ± ±).

Table 2. ± Kinetics of effects of prednisone reduction on clinical (mean�SD) and inflammatory indices (median (interquar-
tile range)) at different time points

Study day 1 At last prednisone treatment At exacerbation

Prednisone dose mg+ 30 (30±50) 7.5 (0±15) 7.5 (0±15)
Symptom score 2.9 (5.5) 3.3 (3.1) 6.5 (5.2)*
FEV1 % 83 (11) 73 (12) 55 (0.7)***
Blood eosinophils 3106.L-1 0.1 (0.2) 0.5 (0.5) 0.5 (0.7)
Sputum eosinophils % 0 (0.5) 10.5 (48)* 16.3 (32.3)
Sputum neutrophils % 59.2 (30.7) 52.5 (40.7) 57.6 (41.3)

Study day 1: 1 week after high-dose prednisone treatment. +: Median (minimum±maximum). FEV1: forced expiratory volume in one
second. p-Values are in relation to the previous treatment. *: p#0.05; ***: p#0.001.
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mean duration of induction was 9.5 min. The FEV1 after
sputum induction fell by a mean of 7.0 (range 0±19.5)%.

Discussion

The results indicate that the prednisone-dependent asth-
matics enrolled in this study developed eosinophilic bron-
chitis defined cytologically as a sputum eosinophilia of
>2% [17], when their prednisone dose was reduced. This
feature preceded the increase in symptoms, deterioration in
FEV1 and increase in peripheral blood eosinophils. The
eosinophilic bronchitis, at the time of the clinical exacer-
bation, was accompanied by a marked increase in eosino-
phil activation (as measured by sputum ECP) and possibly
by airway microvascular leakage (as measured by sputum
fibrinogen).Therewasonlyamodest increase insputumIL-
5. Treatment with higher doses of prednisone improved
the clinical parameters, suppressed the eosinophilic bron-
chitis and decreased eosinophil activation. However, there
was no parallel improvement in fibrinogen or IL-5 levels, at
least after 1 week. The results suggest that prednisone-de-
pendent asthma is associated with eosinophilic bronchitis
which needs prednisone to suppress it. The failure to sup-
press IL-5 raises thepossibility thatother chemokines orcy-
tokines are more important in the mechanisms of suppres-
sion of the eosinophilia in prednisone-dependent asthma.

This is the first study in subjects with prednisone-
dependent asthma using sputum induction to monitor the
characteristics of the inflammatory response during alter-

ations in prednisone treatment. The results cannot be
considered biased by the design or methods. The subjects
were enrolled consecutively during the investigation of
whether or not they were prednisone dependent. Of the
nine subjects studied in this way, one was found not to
need prednisone, was therefore not enrolled in this study
and was reported elsewhere [10]. The need for prednisone
was determined in the remaining eight subjects during the
initial selection period by a failure to reduce the dose of
prednisone below a certain minimum maintenance dose
which kept them well for at least 6 months. Then, during
the study, the inception point followed a course of add-
itional prednisone for 1 week and the definition of an
objective exacerbation of asthma was appropriately pre-
determined. This strategy of including criteria of rand-
omized controlled trials (RCT) in the design has been
shown to give results which are almost identical to those
obtained in RCT [18]. All of the laboratory measurements
were made blind to the patients© characteristics. Finally,
the method used for sputum examination had been shown
to give reliable [3], valid and responsive [6, 19] results for
the measurements made in the study.

Sputum eosinophilia was not present after treatment
with a high dose of prednisone at the start of the study.
Following prednisone reduction, sputum eosinophilia dev-
eloped in all subjects. This result differs from the study of
bronchial biopsies in prednisone-dependent asthma by
WENZEL et al. [9], where eosinophilia was chiefly absent,

Table 3. ± Patient characteristics at exacerbation

Clinical parameters Blood Sputum

Subj.
No.

Symp.
score

PEF
L

FEV1

L (%)
Pred
mg.

day-1

Salb
mg.

day-1

E
3106.

L-1

ECP
mg.

L-1

IL-5
pg.

mL-1

TCC
3106.

mL-1

E
%

N
%

L
%

M
%

ECP
mg.

L-1

F
mg.

L-1

IL-5
pg.

mL-1

1 4 325 1.4 (61) 10 200 0.1 10 UL 6.2 41.4 43.4 0 14.2 25600 7520 80
2 15 350 1.8 (60) 0 1000 1.7 54 UL 5.7 40.0 31.2 0.5 28.3 1360 9100 688
3 4 330 2.0 (61) 0 400 0.9 53 UL 4.8 78.3 14.8 0 7.0 7360 11200 144
4 8 320 2.3 (64) 10 800 0.4 36 UL 3.6 8.7 62.7 1.0 27.0 6720 10000 UL
5 12 180 1.1 (48) 15 800 0.0 12 UL 9.9 20.5 52.5 0 27.0 6720 10000 UL
6 8 340 1.0 (45) 10 1000 0.1 45 110 54.9 9.0 79.0 0 12.0 7760 88000 152
7 1 260 2.1 (53) 5 0 0.5 30 UL 5.8 4.0 78.5 0 16.5 7600 136000 UL
8 0 260 2.3 (54) 0 200 0.5 14 - 3.0 12.0 69.2 0.3 18.5 672 4960 UL

Subj.: subject; Symp.: symptom; PEF: peak expiratory flow; FEV1: forced expiratory volume in one second; Pred: prednisone; Salb:
salbutamol; E: eosinophils; ECP: eosinophil cationic protein; IL-5: interleukin-5; TCC: total cell count; N: neutrophils; L: lymphocytes;
M: macrophages; F: fibrinogen; UL: under the limit of detection of the assay.

Table 4. ± Patient characteristics after 1 week of prednisone treatment

Clinical parameters Blood Sputum

Subj.
No.

Symp.
score

PEF
L

FEV1

L (%)
Pred
mg.

day-1

Salb
mg.

day-1

E
3106.

L-1

ECP
mg.

L-1

IL-5
pg.

mL-1

TCC
3106.

mL-1

E
%

N
%

L
%

M
%

ECP
mg.

L-1

F
mg.

L-1

IL-5
pg.

mL-1

1 2 400 2.0 (87) 30 0 0.1 6.5 UL 4.3 0.8 70.0 0.5 28.2 624 1200 256
2 9 400 2.8 (93) 30 400 0.1 13.0 UL 2.2 0.5 69.2 0.5 29.8 880 1280 80
3 1 510 3.2 (97) 30 0 0.1 8.5 110 1.3 0 23.0 0.5 76.5 88 24600 46.4
4 4 350 3.1 (86) 30 400 0.2 34.0 UL 2.5 0 4.7 0 95.0 696 6000 41.8
5 9 200 1.1 (48) 50 800 0.0 8.3 UL 26.9 3.7 60.0 3.0 33.3 8400 9200 UL
6 0 410 1.5 (68) 30 600 0.1 16.0 48 10.3 0 87.0 0 13.0 1184 4000 88
7 0 500 3.0 (75) 30 0 0.2 7.9 UL 1.1 0 51.6 0 48.4 224 48800 UL
8 0 360 3.7 (86) 30 0 0.1 13.0 - 1.9 0 56.5 0.5 43.0 704 11200 UL

Abbreviations as in table 3.
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possibly because the dose of prednisone that the patients
were taking was enough to suppress the eosinophilia or
because eosinophilia is apparent in sputum before bron-
chial mucosal eosinophilia. Examination of the effects of
prednisone reduction on clinical parameters showed that
these were exacerbated later than the sputum eosinophi-
lia. This result raises the possibility that serial measure-
ments of sputum eosinophils during prednisone reduction
may be useful in optimizing the minimum dose of pred-
nisone needed by such patients. The study also showed
that the treatment of exacerbations with a higher dose of
prednisone resulted in improvement in the clinical out-
comes before the resolution of sputum eosinophilia, a res-
ult also reported in nonprednisone-dependent asthma [6].

The eosinophilic bronchitis was severe at the time of the
exacerbation, as indicated by the pronounced sputum
eosinophilia and elevated ECP and fibrinogen levels. This
was despite treatment with the high dose of inhaled
budesonide plus additional prednisone. The ECP and fibri-
nogen levels were higher than those previously reported in
nonprednisone-dependent asthmatics with either stable [3]
or severely exacerbated [6] asthma. The median levels of
ECP and fibrinogen in the present study were 7,480 and
10,600 mg.L-1 compared with 1,040 and 2,080 mg.L-1 in
stable asthma [3] and 1,920 and 6,045 mg.L-1 in severely
exacerbated asthma. The suppression of sputum eosino-
philia and ECP by additional prednisone is in keeping

with the effects of prednisone treatment in other studies
[6, 20], while the lack of reduction of fibrinogen is not
[6]. Fibrinogen was considered to be a marker of mic-
rovascular leakage but it may also be an index of local
production by activated epithelial cells [20], which might
take longer to be suppressed by prednisone treatment.

The sputum fluid-phase IL-5 measurements differed
from those observed in the earlier study of the treatment of
a severe exacerbation of asthma in nonprednisone-depen-
dent patients [6], despite the use of the same processing
procedure and IL-5 measurement kit. IL-5 could only be
measured in five of the eight subjects and the medium
level of 66.5 pg.mL-1 was low compared with that of 160
pg.mL-1 in the earlier study, where sputum eosinophils
and ECP were lower. The effect of the additional treat-
ment with prednisone was also different. Sputum eosino-
phils and ECP fell within the normal range, while sputum
IL-5 was not significantly reduced whereas, in the earlier
study, there was simultaneous suppression of the eosino-
philia, ECP and IL-5 and the changes in the IL-5 levels
were strongly correlated with the changes in eosinophils
and ECP (rs=0.9, p<0.001 for both correlations). These dif-
ferences in results may be methodological or may indicate
that other cytokines (e.g. IL-3 or granulocyte-macrophage
colony-stimulating factor) or chemokines (e.g. "regulated
on activation, normal T-cell expressed and secreted"
(RANTES) or eotaxin) are more important than IL-5 in the
effect of prednisone in reducing sputum eosinophilia in
prednisone-dependent asthmatics.

A mild sputum neutrophilia was also seen throughout
the study, the degree of which was not altered by additional
prednisone treatment. The role of sputum neutrophils in
asthma has not been established. However, neutrophilia
has been observed previously in the sputum of mild stable
asthmatics [3, 21], in exacerbations [22] and in exacerba-
tions associated with influenza [23] in bronchial biopsies
and bronchoalveolar lavage of patients with prednisone-
dependent asthma [9] and in post mortem tissue from
patients who had died from asthma [24, 25].

In conclusion, exacerbated prednisone-dependent asth-
ma was associated with sputum eosinophilia and unusually
high levels of eosinophil cationic protein and fibrinogen in
the sputum. During prednisone reduction, the changes in
sputum eosinophils preceded changes in symptoms and
forced expiratory volume in one second, suggesting that
changes in sputum eosinophils may be a useful measure-
ment in clinical practice to help to determine the minimum
regular dose of prednisone required to treat the asthma op-
timally. While eosinophils and eosinophil cationic protein
responded to increased treatment with prednisone within 1
week of an exacerbation, fibrinogen and interleukin-5 lev-
els seemed to respond to a lower degree than those reported
in severe nonprednisone-dependent asthma [6]. The reason
for these differences requires further investigation.
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