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This study identified cut-off values for
allergy markers for use in the diagnosis of
allergic rhinitis in the absence of other
allergic diseases. Total immunoglobulin E
(IgE), eosinophil cationic protein (ECP) and
the numbers of eosinophils were measured
in serum samples from 442 patients with
typical symptoms of allergic rhinitis. A
definite diagnosis was made on the basis of
the presence of specific IgE levels. Cut-off
values with a maximal discrimination to
diagnose allergic rhinitis were found to be
98.7 IU/ml, 24.7 µg/ml and 4.0% for total
IgE, ECP and eosinophils, respectively.

Sensitivity, specificity and odds ratio for
these values were 75.2%, 69.7% and 6.93,
respectively, for total IgE, 55.7%, 74.4% and
3.70 for ECP, and 57.5%, 72.0% and 3.47 for
eosinophils. A composite score representing
positive results for all three markers had a
positive predictive value of 85.3%, with an
odds ratio of 8.55. It was concluded that
total serum IgE, ECP and eosinophil
percentage are strong predictors of allergic
rhinitis and the determination of cut-off
values for these markers can aid in the
diagnosis of allergic rhinitis in the clinical
setting. 
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Introduction
Allergic rhinitis is a common condition: its
current prevalence is between 17.0% and
28.5% and is increasing.1,2 The association
between allergic rhinitis and allergic asthma
increases the importance of diagnosing
allergic rhinitis accurately. Diagnosis of
allergic rhinitis is made on the basis of a
history of typical allergic symptoms
(sneezing, itching and watery rhinorrhoea)

and the detection of specific
immunoglobulin E (IgE) using in vivo tests
(such as skin prick or intradermal tests), or in
vitro tests (such as the radioallergosorbent
test, multiple radioallergosorbent test or a
fluorescence enzyme immunoassay).

Allergic rhinitis occurs primarily as a result
of an IgE-mediated inflammatory reaction
and eosinophil infiltration following
exposure of the nasal mucosa to an allergen.
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Since eosinophilic airway inflammation is a
prominent feature of allergic rhinitis, the
percentage of eosinophils in the serum, the
total serum IgE and the serum levels of
granular proteins derived from activated
eosinophils such as eosinophil cationic
protein (ECP) are considered to be important
markers of this condition.3,4 Although the
diagnosis of allergic rhinitis is made on a
characteristic history and the detection of
specific IgE, many studies have investigated
the diagnostic value of allergy markers
released during an allergic reaction.5 – 11

Total IgE, percentage of eosinophils and
ECP are well-known allergy markers that can
easily be measured using simple serological
tests. They are often measured in atopic
diseases, particularly asthma. A number of
studies have investigated the application of
allergy marker cut-off values and concluded
that they are useful in the diagnosis of
allergic asthma.8,10 Little has been reported
on the value of these markers in the
diagnosis of allergic rhinitis. Some studies
have reported that these allergy markers are
associated with symptom severity in allergic
rhinitis,4,6 though not all studies agree.12,13

The allergy marker cut-off values used in
these studies are not clear and, as the sample
sizes in most reports are small, the results are
difficult to apply to the clinical setting. Some
studies have suggested a reference value for
allergy markers for use in the diagnosis of
asthma6,10 and statistical parameters (such
as sensitivity, specificity, and positive and
negative predictive values) have been
reported. In comparison with the lower
respiratory tract, the nose is a relatively
small organ. Thus, the cut-off values for
allergy markers in allergic rhinitis may be
different to those in asthma. To date, no
suggested reference values for total IgE,
percentage of eosinophils and ECP markers
in serum for predicting allergic rhinitis have

been published.
The present study aimed to identify the

cut-off values for total IgE, ECP and the
percentage of eosinophils in serum samples
that give appropriate sensitivity and
specificity for use in the diagnosis of allergic
rhinitis, in the absence of other allergic
diseases such as asthma. The predictive
capabilities of each allergy marker were
compared, and the correlations between
levels of these allergy markers and symptoms
of allergic rhinitis were investigated. 

Patients and methods
STUDY POPULATION
Patients from the Department of
Otorhinolaryngology – Head and Neck
Surgery, Samsung Medical Centre, Seoul,
Republic of Korea, with a possible diagnosis
of allergic rhinitis, were enrolled sequentially
in this prospective study between May 2007
and July 2008. All patients had a history of
two or more of the three major symptoms of
allergic rhinitis (itching, sneezing and
watery rhinorrhoea) for > 3 months. Patients
with chronic paranasal sinusitis without
nasal polyps or nasal septal deviation were
included in the study, but those diagnosed
with asthma, allergic dermatitis, a history of
wheezing, sinusitis with nasal polyps or
parasitic infections were excluded. 

Verbal informed consent was obtained
from all patients and the study protocol was
approved by the Institutional Ethics
Committee of Samsung Medical Centre.

CLINICAL AND LABORATORY
EVALUATIONS
A score was obtained for each patient for each
allergic rhinitis symptom (watery
rhinorrhoea, itching and sneezing) using a
scale of 1 (no discomfort) to 7 (maximal
discomfort). These values were added together
to give an overall symptom score. A skin prick
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test or fluorescence enzyme immunoassay
was performed to determine the presence of
specific IgE, confirming the diagnosis of
allergic rhinitis. Blood samples were taken at
enrolment for the measurement of
eosinophils, ECP and total IgE in serum. The
percentage of eosinophils was measured
through a differential peripheral blood count.

Skin prick tests
Skin prick tests were performed for 53
inhalant allergens (including
Dermatophagoides pteronyssinus, D. farinae,
common tree pollens, grass pollen, weed
pollen, cat, dog and cockroach) following the
manufacturer’s guidelines (Allergy
Therapeutics plc, Worthing, UK). No patient
had taken antihistamines of any type, or any
other medication that could influence the
results, for 7 days prior to the test. Allergen
extracts along with the appropriate negative
(normal saline) and positive (1 mg/ml
histamine) controls were applied on the
upper back using the skin prick technique. A
wheal 3 mm larger than that of the negative
control, 15 min after pricking, was considered
to be a positive allergic response. A wheal in
response to any one of the allergens tested
was considered to be a positive response.

Fluorescence enzyme immunoassay
Blood samples (3 ml) were allowed to clot
and were then centrifuged at 2500 rpm for 5
min (Kubota 4000; Kubota Manufacturing,
Fujioka, Japan). Serum samples were stored
immediately at –20 °C until testing. Specific
IgE was measured in serum for six major
inhaled allergens (D. pteronyssinus, D. farinae,
cat, dog, tree mixture and weed mixture)
using the ImmunoCAP® Allergy and Asthma
Assay (Phadia [Thermo Fisher Scientific],
Uppsala, Sweden). Assays were performed
simultaneously according to the
manufacturer’s standard protocol. Results

were scored from 0 to 6 as follows: 0, ≤ 0.35
IU/ml; 1, 0.36 – 0.69 IU/ml; 2, 0.70 – 3.49
IU/ml; 3, 3.50 – 17.49 IU/ml; 4, 17.50 – 49.99
IU/ml; 5, 50.0 – 99.9 IU/ml; and 6, 100
IU/ml. A score ≥ 2 was considered positive. To
reduce any day-to-day bias, assays were
calibrated daily using a standard
ImmunoCAP®-specific IgE control, according
to the manufacturer’s instructions. The
ImmunoCAP® assay was also used to
measure total IgE and ECP levels in serum. 

STATISTICAL ANALYSES
Statistical analyses were performed using
SPSS® statistical software, version 12 (SPSS
Inc., Chicago, IL, USA) for Windows®. Data
are reported as mean ± SD values. The least-
significant P-value method was employed to
calculate the cut-off values with the
maximal discrimination between allergic
and non-allergic patients for total IgE, ECP
and percentage of eosinophils in serum.
Sensitivity, specificity, odds ratios, and
positive and negative predictive values were
calculated using these cut-off values.

Correlations between the sum of the three
allergy symptom scores and each allergy
marker were calculated using Spearman’s
rank correlation coefficient. An independent
t-test was used to compare age and allergy
marker levels in the allergic and non-allergic
groups. Gender distribution was compared
using the χ2-test.

Cross-table analysis was used to compare
sensitivities, specificities and odds ratios
among the allergy markers. The area under
the curve (AUC) for each parameter was
calculated using receiver operating
characteristic curve analysis to determine
their predictive capabilities. Logistic
regression with multivariate analysis was
used for verification of the cut-off values and
odds ratios. A value of P < 0.05 was
considered to be statistically significant. 
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Results
In total, 442 patients (289 males, 153
females) with a median age of 33 years
(range 8 – 76 years) were enrolled in the
study. Both the skin prick test and the
fluorescence enzyme immunoassay were
carried out in 393 patients. In 23 patients,
only the skin prick test was carried out and
in 26 patients only immunoassay was used.
Patient characteristics and allergy marker
levels in serum samples from the allergic and
non-allergic groups are given in Table 1. In
total, 221 (50%) patients were positive for
specific IgE on skin prick tests or fluorescence
enzyme immunoassays, and were considered
to have allergic rhinitis. There were no
significant differences in age or gender
distribution between the two groups. Total
IgE (P < 0.001), serum ECP (P < 0.001) and
percentage of eosinophils (P = 0.015) were all
significantly increased in the allergic group
compared with the non-allergic group. The
AUC for total IgE was higher than the AUC
for the other two parameters (Fig. 1, Table 2).

The cut-off values showing maximal
discrimination were calculated to be 98.7
IU/ml for total IgE, 24.7 µg/ml for serum ECP
and 4.0% for eosinophils. Patient distribution

according to these cut-off values is given in
Table 3. The diagnostic power of each allergy
marker using these cut-off values is shown in
Table 4. The sensitivity of total IgE was
significantly greater than that for serum ECP
or percentage of eosinophils (P < 0.001), but
there were no significant differences in
specificity among the allergy markers (Table
4). The odds ratio calculated using the cut-off
values was highest for total IgE (6.93, 95%
confidence intervals [CI] 4.19, 9.62; P < 0.001);
the odds ratio for serum ECP was 3.70 (95% CI
1.81, 6.32; P = 0.001), and for eosinophils was
3.47 (95% CI 1.26, 7.93; P = 0.043).

Each allergy marker showed a statistically
significant correlation with the symptom
score. Correlation coefficients were 0.167,
0.110 and 0.209 for total IgE, ECP and
percentage of eosinophils, respectively, in
serum.

In 95 patients (21.5%), levels of all three
markers were higher than the respective cut-
off values. Among this group, 81 patients
were diagnosed with allergic rhinitis. The
positive predictive value of the composite
score when all three allergy markers were
positive was 85.3% with an odds ratio of
8.55. In contrast, 118 patients (26.7%) were

Allergic group Non-allergic group Statistical
Parameter (n = 221) (n = 221) significance

Age, years 27.9 ± 13.7 33.9 ± 16.3 NSa

Sex NSb

Male 148 141
Female 73 80

Total IgE, IU/ml 468.6 ± 733.4 118.4 ± 180.8 P < 0.001a

ECP, µg/ml 35.4 ± 40.2 21.9 ± 19.6 P < 0.001a

Eosinophils, % 4.8 ± 3.0 3.2 ± 2.6 P = 0.015a

Data presented as mean ± SD or number (n) of patients. 
ECP, eosinophil cationic protein; NS, no statistically significant differences (P > 0.05).
aCompared using an independent t-test; bcompared using the χ2-test.

TABLE 1:
Demographic data and allergy marker levels in serum samples from patients with
symptoms of allergic rhinitis, divided according to the presence (allergic group) or
absence (non-allergic group) of specific immunoglobulin E (IgE)
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negative for all three markers; among this
group, 15 patients were diagnosed with
allergic rhinitis. The negative predictive
value of the composite score when all three
markers were negative was 87.9% with an
odds ratio of 12.0.

Discussion
The three popular allergy markers – total
IgE, ECP and percentage of eosinophils in

serum – analysed in the present study,
showed good predictive value for allergic
rhinitis. The AUC for total IgE, along with
the positive and negative predictive values,
provided strong evidence of the value of total
IgE in the diagnosis of this condition.
Although the AUC values for serum ECP and
percentage of eosinophils were lower than
that for total IgE, they were also sufficient to
be useful clinical tools. These results are

FIGURE 1: Receiver operating characteristic curves for serological allergy marker cut-
off values in patients with symptoms of allergic rhinitis. The dotted and dashed line
(area under the curve = 0.5) represents the chance predictor
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TABLE 2:
Area under the curve (AUC) for allergy markers in serum samples from patients with
symptoms of allergic rhinitis

Statistical
95% confidence intervals

Allergy marker AUC SE significancea Minimum Maximum

Total IgE 0.787 0.021 P < 0.001 0.743 0.827
ECP 0.640 0.026 P < 0.001 0.588 0.691
Eosinophils 0.653 0.026 P < 0.001 0.602 0.704
aArea under the receiver operating characteristic curve analysis.
IgE, immunoglobulin E; ECP, eosinophil cationic protein; SE, standard error.
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especially valuable due to the exclusion of
patients with asthma, atopic dermatitis and
other diseases related to an elevated IgE level
in this study. Associations between the
allergy markers and symptom severity were,
however, relatively weak.

Other studies have found correlations
between allergy markers and allergy status or
symptom scores. Sin et al.14 reported that
serum ECP and total IgE were higher in
allergic patients than in non-allergic
patients. In a study by Winther et al.,4 total
IgE, ECP and eosinophil counts in serum were
higher in patients diagnosed with allergic
rhinitis compared with non-allergic patients.
These studies showed a positive correlation

between allergy markers and allergic rhinitis,
but they did not disclose the predictive value
of the elevated allergy markers.4,14 The
present study is the first to report the exact
predictive powers of allergy markers in
diagnosing allergic rhinitis. The sensitivity
and specificity for total IgE were 75.2% and
69.7%, respectively; for serum ECP and
percentage of eosinophils, the sensitivities
were lower though comparable with each
other (55.7% and 57.5%, respectively) and
the specificities were only very slightly higher
than for total IgE. Although the diagnosis of
allergic rhinitis cannot be definitively made
on the basis of allergy marker levels following
serological analyses, these markers can

TABLE 3:
Distribution of patients with (allergic group) or without (non-allergic group) specific
immunoglobulin E according to serological allergy marker cut-off values

Allergic group Non-allergic group
Allergy marker cut-off (n = 221) (n = 221) Total

Total IgE 166 67 233
≥ 98.7 IU/ml
< 98.7 IU/ml 55 154 209

ECP  123 56 179
≥ 24.7 µg/ml
< 24.7 µg/ml 98 165 263

Eosinophils  127 62 189
≥ 4.0%
< 4.0% 94 159 253

Data presented as number (n) of patients. 
IgE, immunoglobulin E; ECP, eosinophil cationic protein.

Parameter Total IgE ECP Eosinophils  

Sensitivity, % 75.2a 55.7 57.5
Specificity, % 69.7 74.4 72.0
Odds ratio 6.93 3.70 3.47
Positive predictive value, % 71.3 68.8 67.2
Negative predictive value, % 73.7 62.8 62.9
aP < 0.001 versus ECP and eosinophils.

TABLE 4:
Diagnostic power of the allergy markers at cut-off values in serum samples of 98.7 IU/ml
for immunoglobulin E (IgE), 24.7 µg/ml for eosinophil cationic protein (ECP) and 4.0% for
eosinophils from patients with symptoms of allergic rhinitis
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provide objective support.
The sensitivities and specificities of the

allergy markers reported in the present study
were relatively low, with sensitivities ranging
from 55.7% to 75.2% and specificities
ranging from 69.7% to 74.4%. A study in
patients with asthma reported sensitivities of
only 51% and 62% for serum ECP and
eosinophils, respectively.10

The mean value for total IgE in the non-
allergic group was 118 IU/ml, which is
greater than the cut-off value. This group
included a number of patients with high
total IgE levels in the absence of evidence of
allergic disease or other diseases associated
with elevated IgE, resulting in a large
standard deviation for the mean total IgE
value. These patients were not omitted from
the analysis, in order to reflect the clinical
setting adequately.

The present study demonstrated a
significant correlation between each allergy
marker and the symptom score, but the
correlation coefficients were relatively low, so
preventing the conclusion that a strong
clinical correlation between allergy markers
and symptom scores could be found. The
relationship between symptom severity and
allergy markers remains controversial. Some
research has reported a positive correlation
between serum ECP levels and symptom
scores;15 others have reported no such
correlation, however.16 The clinical setting
for the present study was a tertiary care
hospital, so complaints about allergy
symptoms may have been higher in the
patient pool, irrespective of allergy status. If
the same study were to be performed at a
primary care clinic, a stronger correlation
between allergy markers and symptom
scores might be identified. In addition, the
present study was conducted over a 14-
month period and so may be affected by
seasonal variations in allergy markers,

although such changes have been reported
to be negligible.4

A number of studies have described the
clinical value of allergy markers in
bronchial asthma. Niimi et al.17 found that
the serum ECP level reflected eosinophilic
airway inflammation and asthma activity.
Shields et al.10 reported that serum ECP
levels and percentages of blood eosinophils
might be useful markers for predicting
eosinophilic airway inflammation in
wheezing children, with suggested cut-off
values. To date, however, no studies have
determined the cut-off values for allergy
markers in the diagnosis of allergic rhinitis
without asthma.

Allergic rhinitis is sometimes linked with
allergic asthma, and allergy markers have
also been measured in asthmatic patients.18

Based on this, the importance of these
markers cannot be underestimated.

In conclusion, the present study is the first
to determine cut-off values for serum allergy
markers for the diagnosis of allergic rhinitis.
Total serum IgE and ECP levels, and
eosinophil percentages, were shown to be
strong predictors of allergic rhinitis in the
clinical setting. The sensitivity of total IgE
was higher than that of the other two allergy
markers, although there was little difference
in specificity. A composite score, including
all three markers, had strong positive and
negative predictive values. Further studies
examining the levels of allergy markers in
nasal secretions would be of value. 
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