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How are the serum concentration of eosinophil cationic protein (S-ECP)
and the blood eosinophil count (B-Eos) related to symptoms of asthma,
allergy, and bronchial hyperresponsiveness (BHR)? We measured S-ECP.
B-Eos. and total and specific IgE in serum in blood samples from 699
randomly selected persons 20-44 years old. They also underwent a structured
interview, spirometry. a methacholine provocation test, and skin prick
tests as part ofthe European Community Respiratory Health Survey. B-Eos
and S-ECP were found to be closely related to asthma symptom score
{P<{).m\), total IgE (/'<0.001). and BHR (/'<0.001). On the basis ofthe
results, the subjects were divided into four groups: healthy controls,
patients with allergic rhinitis, patients with nonallergic asthma, and patients
with allergic asthma. There were significant differences in both B-Eos and
S-ECP among the groups (/'<0.001). the highest values being found in the
allergic asthma group. B-Eos and S-ECP each had an additive value in
predicting the occurrence of asthma. Among persons with high
concentrations of both variables, asthma was eight times more common
than in those with low concentrations. Allergy and BHR were also found
to be independently related to B-Eos and S-ECP levels. Furthermore, both
B-Eos and S-ECP showed good correlation to subjective and objective
measures of asthma activity. We conclude that both B-Eos and S-ECP and
their interrelationship may be of value in assessing the activity of asthma.
However, their role in disease management was not established in this
cross-sectional study.
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The participation of the eosinophilic granulocyte in
the pathologic process in asthma has been exten-
sively studied (11, 30), Nevertheless, the eifect of its
influence has been a matter of debate. Eosinophilia
is included in the definition of this disease (18), and
the eosinophil probably causes many of the histo-
pathologic changes seen in asthma, A high blood
eosinophil count (B-Eos) has been shown to be a
risk factor for relapse in acute asthma (19), and in
several studies the number of eosinophils in periphe-
ral blood has been found to correlate with lung func-
tion (15,27) and the clinical severity of asthma
(3, 17). More recently, attempts have been made to
establish a link between the extent of activity of this
granulocyte and these factors (14), One measure of
eosinophil activity is the amount of substances re-
leased by the cell from its granules. The granule

proteins can, in turn, induce lethal changes in airway
epithelial cells, mimicking the pathologic findings in
asthma (13). Among these proteins, the eosinophil
cationic protein (ECP) has become widely accepted
as an indicator of eosinophil activity (1, 25, 26). This
protein has also been shown to correlate negatively
to lung function, when measured both in serum (26)
and in sputum (32),

Because definite criteria for the diagnosis of asthma
have yet to be defined, studies on the relation be-
tween asthma and any measurable factor meet with
obvious difficulties. In this work, we have defined
asthma as the coexistence of bronchial hyperrespon-
siveness (BHR) and one or more asthma symptoms.
This is comparable to the asthma definition recently
proposed for epidemiologic use (29). The aim of this
population study was to establish the value of S-ECP
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and B-Eos and their interrelation as markers of
asthma activity.

Material and methods
Study population

An extensive study ofthe prevalence of allergies and
asthma is now being conducted in 48 centers in 23
countries throughout Europe and in other parts of
the world as part of the European Community Res-
piratory Health Survey. Each center has clear geo-
graphic and administrative boundaries and a total
population of at least 150000. Sweden contributes
data from three such centers, one of which is Upp-
sala.

In December 1990, a questionnaire including seven
questions on asthma-related symptoms was mailed
to 3600 men and women, aged 20-44 years, ran-
domly selected from the population register in the
municipality of Uppsala. From this cohort, a ran-
dom sample of 800 persons was selected for further
investigation. Additionally, all persons from the main
sample who reported use of asthma medication, at-
tacks of asthma, or awakening because of shortness
of breath were invited to participate {n = 216). This
was done to enrich the sample with symptomatic
subjects. A total of 1016 persons were thus invited,
but the full protocol was apphed to 699. The re-
sponse rates from the symptomatic and the ran-
domly chosen samples were 83% and 68%, respec-
tively. These 699 subjects underwent skin prick tests
for 10 common allergens and a bronchial provoca-
tion test with methacholine. They were all inter-
viewed and examined by specially trained nurses.
This part of the study was conducted from April
1991 to February 1992. The investigations took place
from 0800 to 1700 each day. The procedure took
about 2 h for each person to complete. The same
investigation sequence was apphed to all persons,
and the blood was drawn just before the methacho-
line provocation test.

All persons gave their informed consent. The pro-
tocol of the study was approved by the ethics com-
mittee of the Medical Faculty of Uppsala Univer-
sity.

Skin prick tests

Skin prick tests were done in a carefully standard-
ized way with allergen-coated lancets (Phazets®,
Pharmacia Diagnostics, Uppsala, Sweden). The fol-
lowing allergens were used: Dermatophagoides pter-
onyssinus, cat, birch, dog, Cladosporium, olive, rag-
weed, mugwort, timothy, and Alternaria, with
histamine as a positive control. Subjects with der-
matographism were excluded.

Lung function and bronchial hyperresponsiveness

Forced expiratory volume in 1 s (FEV,) was mea-
sured in 720 persons by the Spiro Medics comput-
erized dry-rolling seal spirometer system 2130 (Sen-
sor Medics, Anaheim, CA, USA). The predicted
values were calculated for each patient (10).

Methacholine challenge was done on 667 subjects
with a Mefar dosimeter (Mefar, Brescia, Italy). Pa-
tients with a decrease in FEVi of 20"„ with an ac-
cumulated methacholine dose of 2 mg or less were
defined as having BHR (22).

Peak expiratory fiow (PEF) (best of three mea-
surements) was recorded twice daily during 1 week
with a Mini-Wright peak-flow meter (Clement
Clarke, London, UK). The number of patients who
managed to do PEF measurements twice a day on
at least 4 of 7 days was 552. Peak-fiow variabihty
was calculated by dividing the difference between the
highest and lowest daily PEF reading by the daily
mean PEF value (16).

Blood samples

From each volunteer the following venous blood
samples were collected:
1) five milliliters supplemented with EDTA

(0.34 mol/1), which was used for analysis of blood
eosinophil count on a Technichon H*l (Techni-
con Chemicals Company, Tournai, Belgium).

2) twenty milliliters from which serum was collected
and thereafter kept frozen at -70 °C until ana-
lyzed for ECP. The concentration of S-ECP was
assayed with a double antibody radioimmuno-
assay (Pharmacia Diagnostics, Uppsala, Swe-
den). The ECP in the samples competes with a
fixed amount of '"'̂  I-labeled ECP for the binding
sites of specific antibodies. The intra- and inter-
assay coefficients of variation were less than 11%,
and the detection limit was less than 2 |xg/l (24).

3) ten milliliters from which serum was collected
and analyzed for total serum immunoglobulin E
(S-lgE) and specific IgE for D. pteronyssinus, cat,
birch, Cladosporium, and timothy (Pharmacia
CAP systems).

Questionnaire

The postal questionnaire used was a modified ver-
sion ofthe IUATLD questionnaire (4, 5). It included
seven questions related to the diagnosis of asthma.
All questions were translated into Swedish and then
back into Enghsh to minimize translation bias. In
Sweden only, the questionnaire included five addi-
tional questions related to chronic bronchitis and
smoking. The questionnaire was mailed to the par-
ticipants identified, with a letter of explanation and
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a reply-paid envelope. A reminder was mailed after
10 days, and additional questionnaires were sent
after 1 month and again after 2 months if no reply
had been received. The structure of the question-
naire reflected the period prevalence of airway symp-
toms (symptoms in the last 12 months) as opposed
to point, or cumulative, prevalence.

The interview was conducted by a specially trained
nurse. The interview questionnaire was also based
on the IUATLD questionnaire. It contained a total
of 71 questions on airway symptoms, housing, social
situation, education, environmental exposure during
childhood, etc. No measures were taken to control
the validity of the answers on smoking habits.

Classifications

On the basis of bronchial provocation tests, skin
prick tests, and symptom analysis, the patients were
classified into four diagnostic categories:
H. healthy controls, exhibiting no symptoms of

asthma or allergic rhinitis, no BHR, and nega-
tive prick tests

AR. patients with allergic rhinitis but no asthma
NA. patients with nonallergic asthma
AA. patients with allergic asthma.

For this classification, the following definitions
were used.
1) BHR was defined as a positive methacholine test;

i.e., a reduction in FEV, by at least 20% after
inhalation of 2 mg or less of methachohne (2).

2) Atopy was defined as:
a) a prick test reaction to at least one of the

above mentioned allergens with a mean of
horizontal and vertical diameters >3 mm

b) no dermatographism (9).
3) Allergic rhinitis was defined as the presence of

atopy, as well as a positive answer to the ques-
tion ''Do you have hay fever or other types of
allergic rhinitis?" and a negative answer to the
asthma-related questions given below.

4) Symptoms of asthma were defined as a positive
answer to one ofthe following questions. "Have
you at any time during the last 12 months had:
a) wheezing in the chest?
b) breathlessness while wheezing and wheezing

without a cold?
c) a day-titne attack of breathlessness during ex-

ercise or while resting?
d) a nighttime awakening because of breathless-

ness or tightness in the chest?"
A positive answer to any of these questions was

given a score of 1 point; thus, the range of possible
symptom scores was 0-4.
5) Subjects who had both BHR and at least one of

the above mentioned asthma symptoms were
considered to be asthmatic (29).

6) Persons fulfilling the above asthma definition and
who also had atopy were considered to have al-
lergic asthma.

Furthermore, a classification ofthe subjects based
on S-ECP and B-Eos was applied. S-ECP levels
were arbitrarily divided into four levels: < 10 )ig/I,
10-20 ^g/1, 20-30 ^ig/l, and >30|ig/l. B-Eos was
also divided into four levels: < 150x10^/1, 150-
300 X lO '̂/l, 300-450 x 10^1, and >450 x 10 /̂1.

Statistical analysis

The correlations between B-Eos and S-ECP levels
and continuous variables were determined by single
linear regression analysis. Comparisons of B-Eos
and S-ECP between subgroups of the population
were made by the unpaired Mest and ANOVA. Mul-
tiple logistic and linear regression analyses were used
to investigate the correlation of more than one var-
iable with B-Eos, S-ECP, or asthma prevalence. For
all statistical tests, B-Eos, S-ECP, and S-IgE were
log transformed to achieve an approximately normal
distribution. After log-transformation, none of the
three variables had a distribution that was signifi-
cantly difl'erent from a normal distribution when the
Kolmogorov-Smirnov test was applied. A P value of
<0.05 (two-tailed test) was regarded as statistically
significant. Results are presented as mean + SD.

Results

The study comprised 699 persons. Results of inter-
view, skin prick tests, and bronchial provocation
were available for all; measurements of B-Eos for
684, and measurements of S-ECP and S-IgE for 595

Table 1. Characteristics of study population (n=699)

Age (years)
FEV, (% of predicted)
Total S-lgE (kU/l)
B-Eos (XIOVI)
S-ECP (ng/l)

Men
Atopy
BHR
Asthmatic symptoms
Smokers
Inhalation medication
Inhaled steroids
Daily inhaled steroids
Oral steroids
Daily oral steroids

Mean+SD

33+7
107+13
93+215

194+144
14.7+9.0

n

343
281
138
327
188
139
38
12
2
0

Range

20-45
46-144

2-2000
1-1010

2.5-58.2

%

49.1
41.5
21.7
47.5
26.8
20.1
5.4
1.7
0.2

B-Eos=blood eosinophils; S-ECP=serum eosinophil cationic protein; BHR=bronchial
hyperresponsiveness.
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persons. The characteristics ofthe study population
are shown in Table 1. Inhaled steroids were taken
occasionally or daily by 38 patients.

Relationship between eo.sinophil count and ECP

A significant correlation was found between B-Eos
and S-ECP. The correlation coefficient of 0.49 cor-
responds to a predictive value of 24%. Mean B-Eos
and S-ECP were higher in persons who inhaled ste-
roids than in those who did not (B-Eos
371 ± 217 X 10 /̂1 and 184 ± 132 x lO '̂/l, S-ECP
24.4+13.6 [ig/l and 14.2 ± 8.4 |ig/l, respectively,
P < 0.001). However, when the comparison included
only patients with the highest symptom score, no
difference in mean B-Eos and S-ECP levels was
found between those using inhaled steroids {n= 19)
and those not taking this medication {n = 29).

Effect of age, sex, and smoking

Age did not significantly affect B-Eos or S-ECP.
Men had significantly higher eosinophil counts than
women (207 + 152 x 10̂ /̂1 and 182 ± 137 x lO '̂/l, re-
spectively; P<0.05), whereas S-ECP was not re-
lated to sex. Smokers had significantly higher eosi-
nophil counts than nonsmokers (213+ 145 x 10 /̂1
and 187 ± 144 x lO^l respectively; i'<0.05). A low
but significant correlation was found between num-
ber of cigarettes smoked per day and B-Eos (r = 0.17;
P<0.05). S-ECP was not significantly affected by
smoking.

Relationship to lung function, atopy, S-IgE, BHR,
and asthma prevalence

Both B-Eos and S-ECP showed a significant corre-
lation to lung function as measured by FEVj (B-Eos:
r = 0.13; P<0.001 and S-ECP: r-0.12; P<0.0\).

Atopic persons had higher mean values for both
B-Eos (225 + 153 X lO '̂/l and 169 ± 132 x 10^1, re-
spectively) and S-ECP (16.9 ng/1 ± 10.4 and
13.0 ± 7.3 ^tg/l, respectively; P<0.001) than healthy
subjects.

Total S-lgE was significantly correlated to both
B-Eos (r=0.27) and S-ECP (r = 0.24) (PKO.OOI).

B-Eos and S-ECP were significantly higher in per-
sons with BHR than in those without (B-Eos,
271 + 179 X 10 /̂1 and 171 ± 119 X lO '̂/l, respectively;
S-ECP, 19.2 ± 12.2 îg/l and 13.6 ± 7.7 |ig/l, respec-
tively; /•<0.001). When multiple linear regression
analysis was applied, B-Eos and S-ECP were found
to correlate significantly with both total S-IgE and
BHR, but not with age, sex, smoking, or FEVi
(Table 2).

The relationship between prevalence of asthma
and B-Eos and S-ECP levels was analyzed by di-

Table 2. Relationship among blood eosinophil count, level of serum eosinophil cationic
protein (S-ECP), total S-lgE, and bronchial hyperresponsiveness (BHR), analyzed by
multiple linear regression

Blood eosinophil count {r = 0.34; P<0.001)

Partial correlation coefficient

Total S-lgE 0.12
BHR 0.15

S-ECP (/ = 0.27; P<0.001)

Coefficient

Total S-lgE 0.09
BHR 0.15

F-value

32.3
21.0

F-value

20.7
12.2

P

< 0.001
< 0.001

p

< 0.001
< 0.001

viding the patients into four arbitrarily defined B-Eos
and S-ECP groups. The prevalence of asthma (al-
lergic and nonallergic) was 4-5 times as high in the
groups with the highest B-Eos (>450x lO '̂/l and
S-ECP (> 30 j^g/l) than in the low-level groups (B-
Eos< 150 X 10̂ /1 and S-ECP< 10 (ig/1) (Table 3).
Multiple logistic regression analysis showed that
B-Eos and S-ECP were independently correlated
with asthma (P= 0.004; P<0.001 and (3=0.04;
P<0.0\). When the B-Eos and S-ECP values were
combined, the group of patients with B-Eos
> 450 X 10̂ /1 and S-ECP > 30 |ig/l had a prevalence
of asthma that was eight times higher than in pa-
tients with either Eos < 150 x lO'Vl or ECP < 10 ng/1
(Fig. 1).

Relationship to symptoms

Persons who reported at least one asthma-related
symptom had higher mean levels of both B-Eos
(223 ±161x10^/1) and S-ECP (16.4 ± 10.0 ^g/1)
than those without symptoms (172 + 125 x 10̂ /1 and
13.3 ± 7.9 |ig/l, respectively; P<0.001). To quantify
the severity of symptoms, we used the symptom score
described above. Its relationships to S-ECP and
B-Eos are shown in Fig. 2. Both variables show a
significant correlation (/*< 0.001). The proportion of
persons with BHR likewise shows a significant re-
lationship to the symptom score (Fig. 2).

Table 3. Prevalence of asthma (allergic and nonallergic) in groups with different blood
eosinophil counts (B-Eos) and levels of eosinophil cationic protein (S-ECP) (n= number
of persons in each group)

B-Eos (X 10 /̂1)

<150
150-300
300-450
> 4 5 0

n

326
237
79
42

%

10
18
34
53

S-ECP Jug/I)

<10
10-20
20-30
>30

n

204
263
87
41

%

12
12
25
49
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>450
300-450

50-300
50
B-Eos

Fig. I. Prevalence of asthma (bronchial hyperresponsiveness and
asthmatic symptoms) in relation to blood eosinophil count (B-
Eos) and level of serum eosinophil cationic protein (S-ECP).

Relationship to different diagnostic categories

The B-E ôs and S-ECP values in the four diagnos-
tic categories described above are presented in Fig. 3.
The highest mean levels were found in patients with
allergic asthma and the lowest in the healthy controls
(/'< 0.001).

Discussion

Because the inflammatory nature of asthma has be-
come clearer and potent anti-inflammatory drugs
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Fig. 2. Relationship between asthma symptom score, proportion
of persons with bronchial hyperresponsiveness (BHR "„), and
blood eosinophil count (B-Eos) and level of serum eosinophil
cationic protein (S-ECP). Values given are mean values.
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Fig. 3. A) Blood eosinophil count (B-Eos) and B) level of serum
eosinophil cationic protein (S-ECP) in four diagnostic groups
(median, interquartile range (25-75 "o) and total range).
H = healthy controls, AR = allergic rhinitis, NA = nonallergic
asthma, AA = allergic asthma.

have become available, a marker of disease activity
is required. Ideally, it should be simple to measure,
reliable, and inexpensive. No such marker has yet
been found for asthma. We set out to investigate the
value of S-ECP as a serologic marker of airway in-
flammatory activity, expressed in terms of a symp-
tom score, as well as of lung function and BHR. We
have studied its relation to the blood eosinophil
count (B-Eos) and the level of total S-IgE. We have
also compared S-ECP and B-Eos in four different
diagnostic groups. We found that S-ECP was, un-
like B-Eos, insensitive to smoking habits or sex.
S-ECP and B-Eos were closely connected with
symptoms and BHR, and had additional value as
predictors of asthma.
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Relationship to eosinophil count and to smoking

The connection between B-Eos and S-ECP is not
straightforward, and a number of factors may influ-
ence the two variables differently. Differences be-
tween the diurnal profiles of B-Eos and S-ECP have
been seen in both normal and asthmatic subjects.
Eosinophil levels spike during the night, but S-ECP
levels in the evening (8). In one report, the investi-
gators proposed the existence of two subgroups, one
with high levels of S-ECP and the other with low
levels, irrespective of eosinophiha (31). In our ma-
terial, the connection between B-Eos and S-ECP
was statistically significant.

The mean level of S-ECP in the healthy group was
11.9 [xg/1. This is somewhat higher than the reference
values (24, 33). The cause of this discrepancy is not
clear. Smoking has been said to increase the serum
level of ECP (20). However, the difl"erence in S-ECP
levels between healthy nonsmokers and healthy
smokers in this population was not significant.

On the other hand, the efl"ect of both smoking and
sex on the eosinophil count was significant, men and
smokers having higher levels. Neither variable af-
fected the S-ECP level.

Relationship to lung function, IgE, and prevalence of
asthma

The negative efl'ect of eosinophiha on lung function
has been estabhshed (11, 12, 23, 28). However, the
association of eosinophiha with FEV, has mainly
been attributed to the presence of asthma (6, 7) and
smoking (21). We noted a significant relation of lung
function, as expressed by FEV,, with both S-ECP
and B-Eos. However, after correction for BHR and
atopy, this connection was eliminated.

Total serum IgE was closely related to both the
eosinophil count and S-ECP. This is perhaps to be
expected in view of the interrelating pathways by
which these factors are thought to be controlled.

The combination of S-ECP and B-Eos seemed to
increase the predictive value of these variables for
asthma (Fig. 1). We believe that this illustrates that
neither one of these tests makes the other obsolete,
but rather that they complement each other.

Relationship to symptoms

In our study, both BHR and all the studied labora-
tory variables displayed a close relationship to the
symptom score (Fig. 2). This clearly illustrates the
value of symptom combinations in assessing asthma
activity and has implications both for epidemiologic
research and the day-to-day clinical management of
asthma.

Fig. 2 also shows the association of the S-ECP

and B-Eos levels with the severity of asthma, an
association which is relevant to the use of these var-
iables to monitor therapy efl"ects. However, this
cross-sectional study did not establish the value of
S-ECP as a prospective marker of disease activity in
asthma.

No definite normal values for PD^d in the metha-
choline test by the dosimeter method have been gen-
erally agreed upon. Our choice of cutofl" value is
close to that used by Balzano et al. (2).

Relationship to disease categories

To avoid confusion, we limited our analysis to four
diagnostic groups. Subjects with nonallergic rhinitis,
or subjects with asthmatic symptoms but without
BHR, etc. are therefore not included in this com-
parison. The values of B-Eos and S-ECP in the four
groups are shown in Fig. 3. There was a significant
difl̂ erence between the healthy subjects, on one hand,
and patients with allergic rhinitis or nonallergic
asthma on the other, as well as between these last
two groups and the group with allergic asthma. This
may suggest that separate stimuli for eosinophil pro-
liferation and degranulation operate in allergic dis-
eases and in the induction of BHR. Because FEV,
and the symptom score were comparable in both
asthmatic groups, the difference is not merely a re-
flection of disease activity.

Conclusions

Our study provides data on the relation between
eosinophil markers in peripheral blood and asthma
activity, and also the efl'ects of age, sex, and smok-
ing. Furthermore, it indicates that allergy and BHR
are independently connected with eosinophiha.

It is evident that information on a combination of
symptoms is of value in the assessment of airway
inflammation as reflected by eosinophil activity and
BHR, and also that S-ECP and B-Eos are well cor-
related to both subjective and objective indices of
asthma activity.
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