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Serum eosinophil granule proteins predict asthma risk in allergic

rhinitis

Allergic rhinitis is a common condition, affecting an
increasing part of the population in industrialized coun-
tries (1–3). In the vast majority of patients, symptoms
ease off and eventually disappear over the years. How-
ever, in a subset of patients, symptoms may deteriorate or
seasonal symptoms may become perennial or both.
Likewise, the presence of allergic rhinitis is a strong risk
indicator for later onset of asthma (4–6).
At present, monitoring allergic rhinitis and assessment

of disease activity are mainly based on subjective param-
eters, i.e. symptoms. However, studies have demonstrated
eosinophil cationic protein (ECP) and eosinophil perox-
idase (EPO) in both serum and nasal lavage fluid as
sensitive indicators of the disease activity in allergic
rhinitis (7, 8). Inflammation is a main feature of allergic
rhinitis and asthma and eosinophils constitute a hallmark
of this inflammation. Therefore, parameters characteriz-
ing eosinophil activity, e.g. ECP and EPO, could prove

valuable as prognostic indicators, especially, when con-
sidering the risk of deterioration of allergic rhinitis or
onset of asthma. This would delimit a population of
allergic rhinitis patients, with an increased risk, who
might benefit from intensified intervention. This study
intended to estimate eosinophil parameters in blood and
nasal lavage fluid as risk indicators for deterioration of
allergic rhinitis severity, development of additional aller-
gies or onset of asthma over a 6-year period.

Materials and methods

Patients

All 44 patients participating in this study had participated in a study
6 years earlier (8). Briefly, all patients at that time suffered from
seasonal allergic rhinitis for at least 2 years, were monoallergic to
grass pollen (Phleum pratense) and had not received corticosteroids
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for at least 2 months. In the previous study, blood eosinophils
(b-EOS), serum eosinophil cationic protein (s-ECP), serum eosino-
phil peroxidase (s-EPO), nasal lavage ECP (n-ECP) and nasal
lavage EPO (n-EPO) were measured 2 weeks prior to the pollen
season.

Design

This study included one visit at which patients were interviewed for
their actual disease activity, and a skin-prick test including pollens
(grass, birch, mugwort), animal dander (cat, dog, horse), house dust
mites (Dermatophagoides pteronyssinus, Dermatophagoides farinae)
and moulds (Cladosporium herbarum, Alternaria alternata) was
performed. The skin-prick test was identical to the one performed in
the study 6 years ago. The visit took place 2 weeks prior to the
pollen season, i.e. at the same time of the year as the preseasonal
visit of the previous study.

Methods

The interview included questions about allergic rhinitis symptoms
during season and their severity during the latest season, when
compared to those 6 years ago. Moreover, patients were asked
whether they had experienced allergic rhinitis symptoms off-season
and whether these were perennial. Patients were also asked whether
they had experienced asthma-like symptoms, defined as episodes of
wheezing, cough or dyspnoea within the recent 6 years and whether
they had been diagnosed with asthma by a physician during the
period. New allergies were confirmed by a positive skin-prick test or
radioallergosorbent test (RAST) towards the allergen. Results on
b-EOS, s-ECP, s-EPO, n-ECP and n-EPO were derived from the
previous study.
The number of eosinophil granulocytes in peripheral blood (EOS)

was determined by counting in a Fuchs-Rosenthal chamber. Briefly,
peripheral blood was diluted (1:18) in a hypotonic solution con-
taining acetone as stabilizer and eosin for staining of eosinophils.
Between 20 min and 2 h later, the number of eosinophils was
counted using a Fuchs-Rosenthal chamber with a volume of 3.2 ll.
All counts were performed in duplicate.
For measurements of s-ECP and s-EPO, serum was obtained after

allowing venous blood to clot for 60 min at 20�C, followed by cen-
trifugation (10 min, 4�C, 1600 g). The resulting serum samples were
kept at )80�C until analysis. Nasal lavage fluids were centrifuged
(10 min, 4�C, 1600 g). After centrifugation, the supernatant was kept
at )80�C until analysis for ECP and EPO. ECP was measured by
using the Pharmacia CAPSystem� ECPFEIA (Pharmacia&Upjohn
Diagnostics AB, Uppsala, Sweden), according to the instructions of
the manufacturer. The inter- and intra-assay coefficients of variation
were less than 8% and the detection limit was 0.5 lg/l. EPO was
assessed by prototype immunofluorometric assays utilizing the
Pharmacia CAP System�. Briefly, purified EPO was used as
standard, ranging from 0.5 to 200 lg/1.
Monoclonal antibody (mAb) was produced by the standard

hybridoma technique by the fusion of spleen cells from EPO
immunized Balb/c mice with Sp2/0 mouse myeloma cells, followed
by cloning. Supernatants were screened by enzyme-linked immu-
nosorbent assay (ELISA) for activity against purified EPO. Selected
hybridomas were expanded and antibodies purified from these were
of the IgGl subtype.
The assay procedure was identical to that of Pharmacia CAP

System ECP FEIA (Pharmacia & Upjohn Diagnostics AB, Uppsala
Sweden). One mAb was covalently bound to the ImmunoCAP�

(Pharmacia & Upjohn Diagnostics AB), and the other mAb was
labelled with the enzyme 6-galactosidase. Briefly, specific antibodies

coupled to the solid phase react with EPO in standard or sample,
and bound protein is detected by means of the enzyme-labelled mAb
followed by the addition of the development solution. The fluo-
rescent product is eluted with Stop solution and measured in the
FluoroCount96 (Pharmacia & Upjohn Diagnostics AB). The fluo-
rescence detected is then directly proportional to the amount of
EPO in the standard and sample. Crossreactivities with ECP
and myeloperoxidase (MPO) in the EPO assay were £ 0.3% and
£ 0.01%, respectively. The detection limit of the EPO assay was
0.5 lg/1, and the intra- and interassay coefficients of variation were
less than 10%. Five serum samples were diluted serially two, four
and eight times in phosphate buffer, pH 7.5, containing 0.2%
cetyltrimethylammonium bromide (CTAB), 10 mM Na-ethylen-
ediaminetetraacetic acid (EDTA), 20% glycerol and 5% foetal calf
serum (FCS) to test for parallelism, with the standard curve as an
indication of specificity. The mean ratio between obtained and
expected levels was 1.02 (range 88–112%). The level of each marker
was assessed for predictive value upon occurrence of new allergies,
change in rhinitis symptom severity and occurrence of asthma.

Statistical analysis

Data were analysed by Student�s t-test or, if more than two groups,
by analysis of variance. Data were log-transformed, if an assump-
tion of normal distribution was not meet. If log-transformation of
data did not lead to the achievement of normal distribution, non-
parametric statistics were applied (Wilcoxon rank sum test). Anal-
yses were carried out using spss software (version 10.0, SPSS Inc.,
Chicago, IL, USA).

Ethics

The study was approved by the local scientific ethics committee
(County of Aarhus). All patients gave informed consent in writing
before entering the study.

Results

Diagnosis and symptoms

All participants of the previous study were contacted;
however, 19 patients were not willing to participate in the
follow-up study for unknown reasons. Forty-four
patients participated in this 6-year follow-up study
(Table 1). All patients still suffered from allergic rhinitis
during the grass pollen season.

Only four patients had experienced a deterioration in
grass pollen-induced rhinitis, whereas 18 had felt an
improvement in the condition and the condition of 22
others remained unchanged. Rhinitis symptoms outside
the grass pollen season had developed in 17 patients during
the past 6 years and 10 of these patients experienced
perennial symptoms. Considering asthma, 14 patients
reported the first appearance of episodes of cough, wheez-
ing and/or dyspnoea during the past 6 years and seven of
these had been diagnosed as having bronchial asthma by a
physician.Nineteen patients had never experienced asthma
or asthma-like symptoms, while the remaining 11 patients
reported the presence of asthma or asthma-like symptoms
earlier than the past 6 years.
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No correlations were observed among patients experi-
encing increasing severity of rhinitis symptoms, patients
with rhinitis outside season and patients reporting asthma
or asthma-like symptoms (data not shown). New sensi-
tization, defined by positive skin-prick test, was observed
in 13 patients.

Eosinophil markers

Patients who developed asthma-like symptoms for the
first time during the follow-up period, had almost twice
as high a level of ECP and EPO in serum compared
with those with no asthma-like symptoms (Fig. 1).
Results were similar, when considering the subset of
patients diagnosed with asthma during the follow-up
(Fig. 1). In addition, all patients with s-ECP >20.7 lg/l
(n = 7) or s-EPO >18.7 lg/l (n = 7) developed asthma
symptoms.

S-ECP and s-EPO were not related to rhinitis symp-
toms during the pollen season (Table 2). Patients with
deteriorating rhinitis symptoms as well as those develop-
ing rhinitis symptoms outside the grass pollen season
tended to have higher levels of ECP and EPO in nasal
lavage fluids (Table 3). However, these differences did not
reach a statistical significance. Likewise, patients who
were sensitized to allergens other than grass pollen during
the follow-up period tended to differ in n-ECP and
n-EPO levels (Table 3).

Blood eosinophils did not differ between patients
grouped by any disease parameter. Considering patients
who refused to participate in the follow-up study, there
were no significant differences either in blood eosinoph-
ils or in eosinophil markers in serum and nasal lavage
fluid, when compared with participants (data not
shown).

Table 1. Characteristics of the study population

n (male/female) 44 (25/19)
Age, years [mean (range)] 41.7 (25–64)
Race

Caucasian 43
African-American 1

Smoking (yes/no) 6/38
Asthma*

Start of symptoms 14
Diagnosis 7

Serum IgE (kIU/l) 91.2 (10.4)
RAST grass (kU/l) 9.1 (1.1)
Blood eosinophils (·109/l) 0.14 (0.01)
Serum ECP (lg/l) 14.30 (2.13)
Serum EPO (lg/l) 15.08 (2.21)

Results are given as mean (SEM), unless otherwise stated.
*Start of symptoms or diagnosis within the past 6 years.

Figure 1. Serum-ECP, serum-EPO and blood eosinophils in the
previous study according to development of asthma symptoms
or asthma diagnosed by a doctor 6 years later. Asthma
reported (n = 14); asthma diagnosed (n = 7); h no asthma
(n = 19); mean (SEM). *P < 0.05; **P < 0.01.

Table 2. Blood and serum eosinophil parameters 6 years ago compared with
changes in disease manifestations during the past 6 years

n
Blood eosinophils

(109/l)
Serum ECP

(lg/l)
Serum EPO

(lg/l)

Rhinitis symptoms during the grass pollen season
Deteriorating 4 0.12 (0.04) 9.77 (3.71) 7.73 (3.21)
Unchanged 22 0.13 (0.02) 9.39 (3.60) 9.43 (1.93)
Improving 18 0.15 (0.02) 12.04 (3.72) 15.00 (2.12)

Rhinitis symptoms outside grass pollen season
Yes 17 0.13 (0.02) 10.00 (3.61) 10.50 (2.21)
No 27 0.14 (0.02) 10.29 (3.75) 11.35 (2.18)

Additional sensitization (skin-prick test)
Yes 13 0.12 (0.02) 11.52 (3.31) 11.16 (1.53)
No 20 0.14 (0.02) 10.38 (3.51) 11.36 (2.05)

Values are given as mean (SEM).

Table 3. Nasal lavage eosinophil parameters 6 years ago compared with changes
in disease manifestations during the past 6 years

n Nasal ECP (lg/l) Nasal EPO (lg/l)

Rhinitis symptoms during grass pollen season
Deteriorating 4 4.0 (20.5) 1.8 (33.0)
Unchanged 22 4.0 (2.7) 1.0 (2.3)
Improving 18 4.0 (2.6) 1.0 (2.3)

Rhinitis symptoms outside grass pollen season
Yes 17 5.1 (8.8) 2.1 (9.0)
No 27 4.0 (1.5) 1.0 (0.8)

Asthma
Start of symptoms 14 4.6 (3.5) 1.4 (8.3)
Diagnosis 7 5.0 (6.0) 1.0 (4.5)
Never asthma 19 4.0 (1.4) 1.0 (1.9)

Additional sensitization (skin-prick test)
Yes 13 5.0 (10.9) 2.4 (4.0)
No 20 4.0 (1.9) 1.0 (0.7)

Values are median (interquartile range).
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Discussion

This is the first study to demonstrate the ability of
eosinophil markers, i.e. s-ECP and s-EPO, to predict the
risk for future asthma in patients with allergic rhinitis.
This is consistent with previous data that demonstrated
s-ECP as a predictor for the development of persistent
wheezing in infants suffering viral bronchiolitis (9).
Likewise, s-ECP has been able to distinguish infants
developing asthma following acute bronchial obstruction
from those who did not (10). The blood eosinophils count
did not demonstrate this predictive ability. This is
probably because of the fact that the serum levels of
ECP and EPO reflect not only the number of eosinophils,
but more importantly their state of activation also (11). In
addition, serum levels of ECP have been shown to
correlate with the number of activated eosinophils present
in the bronchial mucosa of asthmatics (12). Moreover,
our findings seem to be substantiated by the consistent
presence of both ECP and EPO in serum and in nasal
lavage.
The reason why levels of ECP and EPO in serum but

not in nasal lavage fluid were predictive of the develop-
ment of asthma remains more speculative. A possible
explanation could be that, whereas nasal lavage fluid
levels represent the local inflammatory �burden�, serum
levels reflect the systemic nature of inflammation, includ-
ing the presence of subclinical inflammation in bronchial
mucosa. Several studies have demonstrated an increased
bronchial hyper-responsiveness in non-asthmatic patients
with allergic rhinitis as well as a correlation between the
level of hyper-responsiveness and sputum eosinophils
(13–15). Activated eosinophils in bronchial tissue have
been observed in patients with clinical asthma as well as
in atopic non-asthmatics, demonstrating the presence of
subclinical mucosal inflammation (16), and it would seem
natural to expect this in future patients with symptomatic
asthma. Furthermore, patients with allergic rhinitis
showed the same level of increase in broncho-alveolar
lavage (BAL) eosinophils as allergic asthmatics following
bronchial segmental allergen challenge (17).
Taken together, the observations favour the �United

Airways� theory, stating allergic rhinitis and asthma as
expressions of one underlying disease (18). Expectedly,
blood eosinophils as well as their granule proteins would
reflect this. However, whereas ECP and EPO in serum
reflect both state of activation and number of eosinophils,
blood eosinophils only represent the latter.
The presence of more severe inflammation of the nasal

mucosa in patients developing asthma seems an unlikely
explanation for our findings, as nasal lavage fluid levels of
ECP and EPO had no predictive value for any of the
parameters considered. Likewise, sampling was per-
formed out of season in asymptomatic patients to avoid
an influence of differences on seasonal exposure. The
presence of higher sensitivity of eosinophils in individuals
developing asthma leading to an enhanced risk of allergic

inflammation in other organs could seem yet another
explanation for our findings.

A very high poportion of patients (14/44), who never
had asthma or asthma-like symptoms prior to the study
6 years earlier, experienced asthma during the 6-year
follow-up. Similar results have been demonstrated in
studies with longer follow-up periods (19–21). It could be
speculated that patients refusing to participate in the
follow-up study were those with the mildest degree of
disease, not experiencing additional problems, i.e. peren-
nial rhinitis or asthma, and thereby leading to the findings
of a higher incidence of asthma and extra-seasonal
rhinitis. However, this seems to be somewhat con-
tradicted by the consistent levels of eosinophils and their
markers, when comparing participants and non-partici-
pants.

Considering the natural history of allergic rhinitis,
most studies demonstrate an improvement of rhinitis
symptoms in a majority of patients (19, 22, 23). This was
also seen in our results, as more than 90% of patients
reported seasonal symptoms to be either unchanged or
improved within the recent 6 years, albeit all patients still
experienced symptoms during season. A considerable
number of patients had experienced rhinitis symptoms
off-season and 22.7% developed perennial rhinitis. This is
in accordance with results from a previous study in
children with a somewhat longer observational period
(21), although considerably higher than the incidence seen
in a study with a similar follow-up period (24).

In conclusion, patients in this study with seasonal
allergic rhinitis and monosensitization to grass pollen
demonstrated a high risk for the development of addi-
tional sensitizations, perennial rhinitis and bronchial
asthma. These changes in disease manifestations occurred
within a relatively short time span of 6 years.

Serum markers of systemic eosinophil inflammation,
i.e. s-ECP and s-EPO, measured out of season at the
beginning of the 6-year period, demonstrated a high
predictive ability for development of bronchial asthma
during follow-up. Such patients should be identified and
offered preventative measures. One possibility would be
to investigate the preventive abilities of different inter-
ventions in a large-scale, double-blind, placebo-con-
trolled, confirmative study.
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