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This study was carried out to determine whether serum eosinophil cationic
protein (ECP) represents a sensitive marker for disease activity in atopic
asthmatic patients during the pollen season. The study, in double-blind
fashion, was performed between February and June 1994. Two groups of 10
seasonal asthmatic patients randomly received two different treatments. The
first group was treated with inhaled beclomethasone dipropionate (BDP)
500 \jug bid; the second received a matched placebo (P). At the beginning
and every month, blood samples for determination of ECP and eosinophil
count were collected and lung function (FEV,) and methacholine
responsiveness (PD20) were performed. Subjects recorded daily symptoms
of asthma, salbutamol consumption, and peak expiratory flow (PEF) values.
In the P group, all indices, except FEV,, showed significant changes during
the pollen season (P<0.001). In the BDP group, significant changes were
detected for symptom score {P<O.Ol), salbutamol consumption (P<0.01),
and eosinophil number (f<0.05). Between the two groups, significant
differences for symptom score (/*< 0.001), salbutamol consumption
(P<0.001), ECP levels {P<0.05), eosinophil count (P<0.02), PD.Q
methacholine {P<0.02), and PEF values (F<0.01) were detected. Changes
in serum ECP significantly correlated with changes in other parameters
(F< 0.001), except FEV,. Our results provide evidence that serum ECP is a
sensitive marker for monitoring of the disease activity in seasonal asthma.
Furthermore, it may offer a useful tool for estimating treatment efficacy.
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Airway inflammation is now regarded as a major
feature of bronchial asthma (1). Inflammatory
changes have been found even in the airways of
patients with mild or newly diagnosed asthma (2,
3). Furthermore, there is good evidence that the
striking increase in clinical manifestations and
bronchial hyperresponsiveness (BHR) observed in
asthmatic subjects during the pollen season is a
consequence of worsening airway inflammation
(1). Evaluating the severity of asthma and the
requirement for anti-inflammatory treatment
relies, in large measure, on indirect indices to
suggest that airway inflammation has worsened.
Particularly useful are those indices that are non-
invasive and easily obtainable and therefore may

be used routinely in outpatients. The most com-
monly used measures of asthma severity include
subjective evaluation of daily symptoms, as needed
(prn) inhaled P2-agonist requirement, and peak
expiratory flow (PEF). Objective measures of pul-
monary function, such as airway responsiveness
and spirometry, are also used. However, these
measures may not accurately reflect the extent of
the inflammatory process in the airways and
thereby do not always indicate the best choice of
therapy.

A role for the eosinophil granulocyte in asthma
has been suggested by recent studies (4-6). Raised
concentrations of the secretory proteins of eosi-
nophils, e.g., eosinophil cationic protein (ECP),
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Table 1. Subject characteristics

Subject

BDP
1
2
3
4
5
6
7
8
9

10
Mean

+SD

Placebo

1
2
3
4
5
6
7
8
9

10
Mean

±SD

Sex

M
F
M
M
F
F
F
F
F
F

F
F
F
M
M
F
M
M
M
F

Age
(years)

24
26
47
33
44
36
47
43
32
46
37.8

8.7

20
33
45
25
21
20
34
23
23
47
29.1

10.1

Height

(cm)

180
148
167
171
154
158
148
160
161
159
160.5

10

160
161
160
181
166
174
173
170
180
165
169

7.8

FEV,

(1)

4.01

2.12

2.66

3.51

2.10

2.64

2.05

2.38

2.41

2.23

2.61

0.65

2.59

3.17

2.38

4.95

3.37

3.33

3.19

3.81

4.94

2.38

3.41

0.92

FEV,

(% pred)

88
81
80
89
89
96
99
89
81
89
88.1

6.2

80
108
91

108
83
88
80
91

108
86
92.3

11.5

PD,oMCh

(̂ ^g)

250
138
650
750
250
100
166
209
410
250
258'

230
155
102
680
135
500
188

1000

185
450
269'

Atopy

P
P

P G
P
P

P G

P
P
P

P G

P
P
P

P G

P
P

P G
P

P, G
P

P = Parietaria; G = grass.
^ Geometric mean.

have been found in the bronchoalveolar fluid in
asthmatic patients (4, 7-9). Serum ECP levels are
also increased in asthma (9-12), and they have
been thought to reflect the degree of bronchial
inflammation (6, 7, 13). Thus, it has been proposed
that serum ECP could be used as a marker for
monitoring the inflammatory component and the
efficacy of anti-inflammatory therapy in asthma
(14).

This study was carried out to determine whether
serum ECP could be a sensitive marker for clinical
monitoring of the disease activity and for estima-
tion of treatment efficacy during natural allergen
exposure in atopic asthmatic patients. With this
aim, we monitored serum ECP values, together
with other measures of disease activity, before and
during the pollen season in asthmatic patients
treated with inhaled steroid or placebo.

pate in the study (Table 1). All patients had positive
skin prick tests to Parietaria, and six subjects (three
in each group) were also positive to grass pollen.
They reported seasonal increase or onset of asthma
symptoms during pollen exposure. Outside the
pollen season, the subjects had usually no or min-
imal asthma symptoms. They used inhaled Pj-
agonists occasionally, mainly during the poilen
season. None of the patients were smokers, and
none were being treated with inhaled corticoster-
oids or cromones. Forced expiratory volume in 1 s
(FEVi) was greater than 80% of predicted. All
subjects had a positive methacholine test; the pro-
vocative dose that caused a 20% fall in FEVj
(PD20) was less than 1600 |xg. None reported recent
evidence of respiratory tract infection, or increase
in asthma symptoms or increased need of medica-
tion in the 4 weeks before the study.

Material and methods
Subjects

Twenty adult subjects with atopic mild asthma (12
female and eight male) aged 20-47 years (mean age
33.4 years) gave their informed consent to partici-

Study design

The study was double-blind, parallel, and placebo-
controlled. The design of the study is schematically
represented in Fig. 1. After a 4-week run-in period,
the subjects were randomly allocated to two treat-
ment groups of 10 asthmatic patients, to receive
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BDP 500 ^jg X 2 (salb prn)

10 Patients —*•

20 Patients

placebo 2 puffs x 2 (salb prn)

10 Patients — — •

Run in Febr. March April May June
— •

FEV,
Methacholine challenge
Blood sample

T I T
symptom score, salbutamol consumption, PEF-

Fig. 1. Design of study. Preseasonal testing was performed in February.

inhaled beclomethasone dipropionate (BDP)
(500 |jLg, twice a day) or a matched placebo (two
puffs, twice a day). The patients were permitted to
use inhaled salbutamol as needed. The study was
carried out for a period of 5 months, between
February and June 1994. Tests were performed in
the morning, between 9:00 and 11:00, at entry and
every month throughout the study. The tests
included FEVj, methacholine provocation, and
blood sampling for measurement of eosinophil
count and serum levels of ECP. Any medication
was interrupted at least 12 h before the tests. All
subjects recorded on diary cards daily asthma
symptoms, salbutamol consumption, and peak
expiratory flow (PEF). Pollen count was performed
as described below.

Measurements

y FEV| was measured on flow-volume equip-
ment (Spirostar FG 90, Werner Gut AG, Basel,
Switzerland); the best of three consecutive meas-
urements was taken and expressed as percentage
of predicted.

Bronchial reactivity. Methacholine responsiveness
was measured with a breath-activated dosimeter
(Mefar MB3, Brescia, Italy) connected to a mouth-
piece. The dosimeter, with a time of 0.6 s, gave an
output of 9.9 ±0.2 ml/puff. Every inhalation, while
the nose was clipped, was performed with a slow
submaximal maneuver, beginning at functional
residual capacity. Subjects inhaled five puffs of
sahne, followed by increasing cumulative doses of
methacholine (Lofarma, Milan, Italy) from 20 to
3200 fxg. FEVj was measured 1 min after each dose.

The test was discontinued when FEV, had fallen
by 20% from the postsaline value. PDjo was
recorded after hnear interpolation of the last two
points on a logarithmic scale. Values of PD2y above
1600 |jLg were regarded as positive.

Diary cards. Asthma symptoms were graded daily
by each patient and recorded in a diary format.
The symptoms were than converted to a numeric
scale ranging from 0 (no symptoms) to 4 (severe
symptoms). Rescue salbutamol consumption was
recorded as the number of daily puffs. Morning
and evening PEF was measured with a Mini-
Wright peak-flow meter. The highest value of
three attempts was recorded. Values were
expressed as means of recorded data in a period
of 28 ±2 days.

Serum ECP levels and blood eosinophil count.
Venous blood was drawn from a cubital vein
directly into a plain glass tube for serum ECP
analysis and into a tube containing EDTA for
eosinophil counts. The serum tube was allowed to
clot at room temperature (20°C) for 1 h +10 min.
After centrifugation (1350 g for 10 min), the serum
was withdrawn and aliquots were stored deep-
frozen (-20°C) until analysis. Serum ECP was
determined by a double-antibody radioimmuno-
assay with an ECP RIA kit (Pharmacia, Milan,
Italy), according to the manufacturer's instructions,
and expressed as |xg/l. All of the samples were
determined in the same assay. The intra- and
interassay coefficients of variation were less than
11%. The detection limit was less than 2 ixg/l and
the normal range in healthy adults was 2.3-16 |xg/
1 (15). Eosinophils were counted in an automatic
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counter (Dasit NE 8000; TOA Medical Electronics,
Kobe, Japan), giving normal eosinophil counts
between 0 and 400x10^ cells/1.

Pollen sampling

Registrations were performed daily with a Burkard
volumetric pollen trap (Burkard Manufacturing,
Rickmansworth, UK), placed on the roof of the
hospital. The number of pollen grains was counted
and expressed as daily mean value per cubic meter
of air.

Data analysis

Results were expressed as means ± standard error
of the mean (SEM). TTie comparisons between the
means of the subject groups were made by Stu-
dent's unpaired /-test. The comparisons within the
two treatment groups were made by Student's
paired r-test. The correlations were calculated with
Spearman's rank correlation test. Values of P< 0.05
were considered significant. PD-,,, values were ana-
lyzed after logarithmic transformation, and data
were expressed as geometric means.

Results
Pollen season

The Parietaria pollen count in the study area in
1994 reached its peak between the end of May and
the start of June. Only a small amount of the
Parietaria pollen was noted at the beginning and at
the end of the season. The grass pollen count was
rather low and showed only a small rise in mid-
June, toward the end of the season (Fig. 2).

Clinical data

Asthma symptom scores were very low before the
start of the season, 0.3 ±0.02 in the placebo group
and 0.27 ±0.01 in the BDP group. Fig. 3A shows the
mean values of the two groups during the season. In
the placebo group, the symptoms increased during
the pollen season, and the highest values were
measured in May (2.37 ±0.14); the differences from
baseline mean value were significant in April, May,
and June (P< 0.001). A significant difference from
baseline was detected in the BDP group in May only
(P<0.01). The difference between the two groups
was significant from April to June (P< 0.001).

Mean salbutamol consumption (Fig. 3B) was
very low before the start of the season, 0.33 ±0.02
(placebo group) and 0.30±0.02 (BDP group). A
significant difference from the baseline value was
detected in the placebo group in April. May, and

June (P<0.001). The BDP group showed a signif-
icant difference from baseline in May only
(P<0.01). The difference between the groups was
significant from April to June (P<0.01).

PEF mean values (Fig. 3C), expressed in percent
of predicted, at baseline, were 97.3 ±3.4 in the
placebo group and 101 ±3.1 in patients treated with
BDP. In the placebo group, PEF values dropped
during the season and they were significantly lower
than baseline in March (/'<0.05), April (P<0.01),
and May and June (P< 0.001). PEF significantly
improved after the first month in BDP-treated
patients. No significant changes from baseline were
observed in the other months. Between the groups,
a significant difference was detected in March,
April, and June (P<0.02) and May (P<0.01).

Baseline EEV,

Mean baseline FEV, values (% of predicted) were
92.3±3.6 and 88.1 ±1.9 in the placebo group and in
the BDP group, respectively FEV, slightly changed
during the study (Fig. 4). No significant difference was
observed within or between the groups at any time.

Methacholine challenge

BHR to methacholine was expressed in PDJQ (ixg).
In the placebo group, mean PD20 decreased during
the season, and the difference was statistically
significant (P< 0.001) in April, May, and June in
comparison with the preseasonal value. No signi-
ficant changes were observed in the BDP group.
Between the groups, a significant difference was
detected in May and June (P<0.02) (Fig. 5).

Serum ECP

Serum ECP levels were also measured in six non-
atopic healthy adults (four men, two women; aged
21-39 years). The mean value was 7.6 |xg/l (range
3.1-13.4). Before the pollen season, ECP levels
varied between 4.1 and 23.3 fxg/1 in the placebo
group and between 6.8 and 25.3 jxg/l in the BDP
group. The mean ECP values (|JLg/l) for the two
groups during the study period are presented in
Fig. 6. In the placebo group, a significant increase
was observed in March (P<0.01), April and May
(P< 0.001), and June (P<0.02). In the group
treated with BDP. there was no significant increase
in ECP levels. A significant difference between the
groups was detected in May (P<0.05) only.

Blood eosinophil counts

Before the season, blood eosinophil number in the
placebo group and in the BDP group ranged from 180
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3OO

250

•- Parietaria -^ Grass pollen

FEBR. IVIARCH APRIL IMAY 1 JUNE

Fig. 2. Total pollen count in 1994 in study area.

to 380 ceUsx 10̂ /1 and 150 to 470 cells x 10 /̂1, respec-
tively. Mean eosinophil numbers in the two groups at
different times are reported in Eig. 7. Compared to
baseline, significant changes were detected in March
(P<0.01) and April, May, and June (P<0.001) in the
placebo group. A slight but significant (JP<0.05)
increase was observed in May in the BDP group. There
was a significant difference between the two groups in
May {P<0.02) and June (P<0.01).

Correlation between ECP and other parameters

In the placebo group, ECP showed significant neg-
ative correlations with PD20 (r=-0.328, P<0.05)
and PEE (r= -0.538, P< 0.001). Significant positive
correlations were found between serum ECP levels
and blood eosinophil count (r = 0.648, P< 0.001),
salbutamol consumption (r = 0.488, / '< 0.001), and
symptom score (r = 0.469, P< 0.001). No correlation
was found between serum ECP and

Correlation between eosinophil counts and other
parameters

In placebo-treated patients, the number of blood
eosinophils had a significant negative correlation
with PD20 (r= -0.300, P<0.05) and PEE (r= -0.437,
P<0.01) and a positive correlation with salbutamol
consumption (r = 0.599, P< 0.001) and symptom
score (r = 0.633, P< 0.001). No correlation with
EEVj was detected.

Discussion
Airway inflammation is viewed as an important
contributor to mechanisms of asthma, and its eval-

uation may represent a helpful tool for monitoring
disease activity. Useful information about the state
of airway inflammation may be provided by the
number of eosinophils in peripheral blood. How-
ever, evaluation of the extent of eosinophil activa-
tion has been recently suggested as a more sensitive
marker (7, 12, 16). Serum ECP is currently
accepted as an indicator of eosinophil activity (7,
16, 17). In our study, serum ECP increased signif-
icantly during the pollen season in placebo-treated
patients, but not in the beclomethasone group.
Eurthermore, the increase in ECP levels signi-
ficantly correlated with the changes of the other
parameters of asthma activity, except EEVj. In fact,
the increase in serum ECP coincided with an
increase in eosinophil number and symptom score
and a decrease in PD20 and PEF values. The
correlation between serum ECP and PD2() in this
study points to the role of inflammation in driving
airway hyperresponsiveness. However, in view of a
similar study by Rak et al. (17) which did not
demonstrate such a close relation, we cannot con-
clude that bronchial hyperresponsiveness is only a
reflection of airway inflammation. Other non-
inflammatory mechanisms are probably involved in
enhancing airway responsiveness.

The increase in serum ECP completely followed
the Parietaria pollen curve; indeed, the increase in
ECP was already significant at the beginning of
the season (March) and reached the maximum in
May, when the Parietaria pollen load was the
highest. Therefore, serum ECP appears to be the
earliest indicator of allergen-induced bronchial
inflammation when changes in asthmatic symp-
toms or in bronchial responsiveness are not yet
evident.
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BDP treated -*-PL treated

Febr. March April May

P < 0.001

June

•° BDP treated •*- PL treated

B

P < 0,001

June

120

Febr. March

•°- BDP treated " ^ PL treated

0,02

April May June

Fig. 3A-C. Mean value (SEM) of clinical data in two treatment groups during study period. A) Symptom score (0-4); B) number
ot salbutamol puffs; C) PEF values (percentage of predicted). * P<0,05; ** P<0.01; *** P<0.001, compared with preseasonal value.
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120

BDP treated ^ PL treated

Febr. March

Fig. 4. FEVl mean values and SEM (% predicted).
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Fig. .5.
baseline.

Febr. March April May June

70 methacholine (geometric mean values) in two groups before and during pollen season. * P<O.OOt, compared with

The present findings are in keeping with previous
studies that showed increased levels of serum ECP
during natural exposure to allergen in sensitized
asthmatic subjects (17-19), Increased serum ECP
levels also occurred after bronchial challenge with
allergen (13, 20) or isocyanates (21). Conversely,
serum ECP values decline when allergen exposure
is reduced (22), or antiasthma treatments are insti-
tuted (13, 16, 19, 23). In particular, inhaled steroid
treatment has been shown to reduce ECP levels in
serum and in the bronchoalveolar lavage of asth-
matic subjects (7, 12, 13). In a recent study of
asthmatic children, inhaled budesonide reduced

serum ECP levels, and the higher the ECP level at
entry, the more it decreased (23). Wempe et al.
observed a decrease in serum ECP levels and
blood eosinophil numbers, especially at night,
after inhaled steroid treatment (24). Other investi-
gators have also shown an inhibition of eosinophil
activation as reflected by a reduction in
the number of hypodense eosinophils after topical
corticosteroid therapy (25). In this study,
beclomethasone treatment significantly prevented
the worsening of asthma during the pollen season.
This preventive effect was probably due to
steroid anti-inflammatory action. In fact, in the
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° BDP treated ^ PL treated
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Fig. 6. Serum ECP mean values and SEM in two treatment groups, * P<0.02; ** P<O.Oh *** f <0.001, compared with baseline.

600

P< 0,01

Febr, March April May June

Fig. 7. Mean blood eosinophil number (SEM) during study period, * P<0.05; ** P<O.OU *** P<0,001, compared with baseline.

beclomethasone-treated group,, the increase in
eosinophil activation, reflected by serum ECP lev-
els and bronchial responsiveness, was inhibited.
The preventive effect of inhaled steroids was pre-
sumably due to reduced production in the airways
of cytokines such as interleukin-5 and granulocyte/
macrophage colony-stimulating factor, leading to a
reduction in the total number of circulating
eosinophils and the percentage of hypodense
eosinophils (25).

In conclusion, our findings provide evidence that
serum ECP levels and blood eosinophil numbers
are sensitive markers of the inflammatory changes
in the airway of asthmatic patients during natural
pollen exposure. Therefore, these peripheral meas-

ures, especially serum ECP, may be clinically useful
as objective parameters in monitoring disease
activity and estimating anti-inflammatory treat-
ment efficacy in patients with seasonal asthma.
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