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Assessment of Allergen Sensitization in a General Population-Based
Survey (European Community Respiratory Health Survey I)
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Publique et Inform
France (P.-J.B., C
Munich, Germany
ental, Institut Mun
the Institute of Lu
German Research
Germany (M.W.)

Address corresp
miology and Publi
College, Emmanu
E-mail: philippeje

Received Febru

� 2010 Elsevier I
360 Park Avenue
PURPOSE: Exposed to a common environment, the IgE-mediated immune response differs, for instance,
among sensitized subjects, some of them reacting toward one allergen (monosensitized) whereas others are
sensitized to a wide array of allergens (polysensitized). However, a better phenotypic characterization is
needed for epidemiologic studies. Using the data collected during the ECRHS I (European Community
Respiratory Health Survey), several assessments of skin prick tests and serum-specific IgE to identify
mono- and polysensitized patients were compared.
METHODS: Subjects took part in the ECRHS-I. The CAP-System was used for serum allergen-specific IgE,
and allergen-coated Phazet was used for prick tests. Four allergens (Dermatophagoides pteronyssinus, cat, timothy
grass, and Cladosporium) were measured using IgE and nine (the same ones plus olive pollen, birch, Alternaria,
Parietaria, and ragweed) were skin tested. One to two local allergens were also tested, depending on countries.
RESULTS: Prevalence of sensitization in 11,355 subjects (34.0 [27.9–40.1] years, 49.9% men) ranged
from 32.3% (four specific IgE, 19.3% mono- and 13.0% polysensitized) to 41.8% (four specific IgE combined
to nine prick tests, 19.6% mono- and 22.2% polysensitized). Concordance between four specific IgE and
four prick tests was weak (weighted k 0.65 [0.64–0.66]). Concordance between seven and nine prick tests
was high (weighted k 0.99 [0.98–1.00]). Local allergens induced small changes in the prevalence of
sensitization, and reclassified some subjects from mono- to polysensitized.
CONCLUSIONS: Skin tests or serum-specific IgE may be chosen to identify allergenic sensitivity, mono-
and polysensitized subjects without being strictly interchangeable.
Ann Epidemiol 2010;-:-. � 2010 Elsevier Inc. All rights reserved.
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INTRODUCTION

Exposed to a common environment, the IgE-mediated
immune response differs, for instance, among sensitized
subjects, some of them reacting toward one allergen (mono-
sensitized) whereas others are sensitized to a wide array of
allergens (polysensitized) (1). Clearly defined phenotypes
are needed in epidemiologic studies, and individuals must
be appropriately characterized as not sensitized, monosensi-
tized, and polysensitized.
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Mono- and polysensitized subjects differ in terms of their
immune response (2–5). Monosensitized patients are more
commonly children who may develop polysensitization later
in life, or adults who will only develop a single allergenic
sensitivity (3, 6). In some subjects, however, sensitization
may not be determined by skin tests and/or allergen-
specific serum IgE because of a local IgE production (7), or
a sensitization to unknown allergens.

Sensitization to allergens can be determined by skin prick
tests or by measurement of allergen-specific IgE antibodies
in serum. However, skin prick tests and serum allergen-
specific IgE may not have the same biological and clinical
relevance and may not be interchangeable (8, 9).

Using the data collected during the European Commu-
nity Respiratory Health Survey (ECRHS I), we compared
the respective role of skin prick tests and serum allergen-
specific IgE to define sensitized subjects and differentiate
mono- and polysensitized patients.

METHODS

Population and Inclusion Criteria

The population of this study is based on the ECRHS I (10,
11). Only centers that carried out serum allergen-specific
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Selected Abbreviations and Acronyms

IgE Z immunoglobulin E
A. alternata Z alternaria alternata
C. herbanum Z cladosporium herbanum
D. pteronyssinus Z dermatophagoides pteronyssinus
D. farinae Z dermatophagoides farinae
ECRHS Z European Community Respiratory Health Survey
P. judaica Z parietaria judaica

IgE and skin prick tests were included in the study. Subjects
without all serum-specific IgE measurement and skin prick
tests were also excluded from the analysis. Centers started
the study between 1990 and 1998.

Serum-Specific IgE

Serum allergen-specific IgE was tested using the CAP-
System (Pharmacia Diagnostics, Uppsala, Sweden) in
a central laboratory (12, 13). Four allergens (D. pteronyssi-
nus, timothy grass pollen, cat, and Cladosporium herbarum)
were tested in all centers. In addition, one local allergen
was tested: birch pollen for Northern Europe, Parietaria
judaica pollen for southern Europe, and ragweed pollen for
United States and Canada. Sensitization was considered to
be present if the IgE level was greater than 0.35 U/ml.

Skin Prick Tests

The allergen-coated Phazet was used (13, 14) including the
four allergens tested by CAP-System plus Alternaria alterna-
ta, birch, olive, P. judaica, and ragweed pollen. Additionally,
one to two local allergens were tested in some centers if they
were relevant in the local area (Aspergillus, chestnut pollen,
cockroach, Dermatophagoides farinae, dog, horse, Leptidogly-
phus destructor, mugwort pollen, plantain pollen, and/or
rye grass pollen). A histamine-positive control and
a saline-negative control were also tested. Skin prick tests
were considered positive if the mean wheal size was greater
than 0 mm (15, 16).

Assessment of Mono- and Polysensitization

Sensitization was defined in three categories: (1) not sensi-
tized; (2) sensitized to one allergen (monosensitized); and
(3) sensitized to more than one allergen (polysensitized).
Several definitions of sensitization were used and compared
to assess the relevance of skin prick tests and serum allergen-
specific IgE. The number of tested allergens and the impact
of local allergens were also assessed.

IgE Group. Serum allergen-specific IgE for the 4 aller-
gens tested in all centers (Dermatophagoides pteronyssinus,
timothy grass pollen and cat, Cladosporium herbarum): 4
IgE group.

Skin tests included:
1. Prick tests for the 4 allergens tested in all centers (Derma-
tophagoides pteronyssinus, timothy grass pollen and cat,
Cladosporium herbarum): 4 prick tests group.
2. Prick tests for a battery of 7 allergens (4 allergens plus olive
pollen, birch and Alternaria). These allergens were selected
in a previous study that was performed in the same popula-
tion, in order to define the number of allergens to be tested
to assess allergenic sensitization (13): 7 prick tests group.
3. Prick tests for all 9 allergens studied in all centres (7 aller-
gens plus Parietaria judaica, and ragweed pollen), without
local allergens: 9 prick tests group.

Skin tests and IgE groups:

4. Prick tests for the 5 allergens (olive pollen, birch, Parieta-
ria, Alternaria, ragweed) and serum allergen-specific IgE for 4
allergens (Dermatophagoides pteronyssinus, cat, timothy grass
pollen and Cladosporium): 4 IgE + 5 prick tests group.
5. Prick tests for all 9 allergens tested in all centers and
serum allergen-specific IgE for the 4 allergens. In this partic-
ular group some allergens are tested both by prick test and
serum allergen-specific IgE, postivity being established if at
least one of the two measurements was positive: 4 IgE + 9
prick tests group.

In addition, the impact of local allergens was also studied.

Statistical Analysis

The population was described using frequencies and percent-
ages (qualitative variables), and median and 25th and 75th
percentiles (quantitative variables, distribution assessed by
Shapiro-Wilks normal test, and by Kurtosis and Skewness
tests, if not normal). Distribution of non, mono-, and poly-
sensitized subjects was assessed for each definition using
frequencies and percentages. Comparisons were also carried
out and concordances between definitions were established
using the weighted k and generalized McNemar-Bowker
test of symmetry. Categories were ordered as nonsensitized,
then monosensitized, and finally polysensitized. A minimal
weighted k score of 0.80 was considered as good concordance
between two definitions. Under this level, the concordance
was considered as weak.

The statistical analysis was carried out using Stata 9.1
(StataCorp LP, College Station, TX). The p for normality
tests was considered significant if less than 0.05.
RESULTS

Participants

Overall, 18,794 participants in 37 centers and 17 countries
(Australia, Belgium, France, Germany, Iceland, Ireland,
Italy, Lithuania, New Zealand, Norway, Poland, Spain,
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Sweden, Switzerland, The Netherlands, United Kingdom,
and the United States), had at least one serum allergen-
specific IgE measurement or one skin prick test for the
most common allergens. Among them, 7439 had to be
removed from the analysis (see Bousquet et al. (13) for
complete description). Therefore, the study focused on 32
centers from 13 countries. The median age of the 11,355
subjects (5669 [49.9%] men and 5686 [50.1%] women)
studied was 34.0 (27.9–40.1) years. Only 5.1% of subjects
had current asthma (reported an attack of asthma or the
use of treatment of asthma in the last year and/or used of
medication for asthma), including 3.6% rhinitics and
27.3% rhinitis including 3.6% current asthmatics.

Assessment of Sensitization

Depending on the definition, the percentage of nonsensi-
tized and sensitized subjects varied. The prevalence of non-
sensitized subjects decreased from 67.8% (four prick tests:
D. pteronyssinus, cat, timothy grass pollen, and Cladospo-
rium) to 67.7% (4 IgE: D. pteronyssinus, cat, timothy grass
pollen, and Cladosporium), 64.4% (nine prick tests),
63.4% (four IgE [D. pteronyssinus, cat, timothy grass pollen,
and Cladosporium] and five prick tests [olive pollen, birch,
Alternaria, Parietaria, and ragweed]) and 58.2% (four IgE
and nine prick tests) (Table 1). Using the same definition,
the proportion of polysensitized subjects was 12.8%,
13.0%, 17.6%, 18.1%, and 22.2%, respectively.

Comparisons between definitions of sensitization are
reported in Table 2. When four prick tests and four IgE
were compared, there were 6.9% of subjects with undetect-
able IgE and positive skin tests and 7.0% of subjects with
detectable IgE and negative skin tests.
TABLE 1. Proportion of non-, mono-, and polysensitized subjects dep

Nonsensitized (%

IgE only

4* allergens 7684 (67.7)

4* þ 1 local allergens 7531 (66.3)

Prick tests only

4* allergens 7696 (67.8)

4* þ 2 local allergens 7537 (66.4)

7y allergens 7360 (64.8)

9z allergens 7313 (64.4)

9z þ 2 local allergens 7196 (63.4)

IgE or prick tests

4* IgE þ 5x prick tests 7203 (63.4)

4* þ 1 local IgE and 5x þ 2 local prick tests 7057 (62.2)

IgE and prick tests

4* IgE þ 9z prick tests 6609 (58.2)

4* þ 1 local IgE and 9z þ 2 local prick tests 6477 (57.0)

For skin prick test, 0 mm was considered as the cut-off.
*D. pteronyssinus, cat, timothy grass, and Cladosporium .
yD. pteronyssinus, cat, timothy grass, Cladosporium, Alternaria, birch, and olive tree.
zD. pteronyssinus, cat, timothy grass, Cladosporium, Alternaria, birch, olive tree, ragweed, an
xBirch, olive tree, Parietaria, ragweed, and Alternaria.
Impact of Local Allergens

Adding prick tests to local allergens induced small variations
in sensitization prevalence (!1.4%, Table 1). However, the
impact on mono- and polysensitized was more important.
Prevalence of polysensitized subjects increased by 2.8%
(compared to four IgE), 2.9% (compared to nine prick tests),
3.3% (compared to four IgE and five prick tests), and 3.1%
(compared to four IgE and nine prick tests).
Concordance Between Definitions

Depending on definitions, the concordance (weighted k)
ranged from 0.65 to 0.99 (Table 2 and Table 3). The lowest
weighted k coefficient was observed between four IgE and
four prick tests (Dermatophagoidus pteronyssinus, cat, timothy
grass pollen, and Cladosporium). The highest was observed
between seven (D. pteronyssinus, cat, timothy grass pollen,
olive pollen, birch, Cladosporium, Alternaria) and nine (the
same ones plus Parietaria and ragweed) skin prick tests
(0.99 [0.98–1.0]).

Concordance was also very good (O0.85) between seven
or nine prick tests and four IgE plus nine prick tests, four
IgE (D. pteronyssinus, cat, timothy grass pollen, and Clado-
sporium) plus five prick tests (birch, olive pollen, Parietaria,
Alternaria, and ragweed) and four IgE plus nine prick tests.

In all cases, except between four IgE and four prick tests,
an asymmetric distribution was observed (p ! 0.0001;
McNemar-Bowker test of symmetry).

As a whole, the impact of local allergens was weak, the
weighted k coefficient being always greater than 0.92. The
major impact of local allergens was the reclassification of
several subjects from mono- to polysensitized.
ending on definition

) Monosensitized (%) Polysensitized (%)

2196 (19.3) 1475 (13.0)

2026 (17.8) 1798 (15.8)

2203 (19.4) 1456 (12.8)

1898 (16.7) 1920 (16.9)

2045 (18.0) 1950 (17.2)

2046 (18.0) 1996 (17.6)

1836 (16.2) 2323 (20.5)

2096 (18.5) 2056 (18.1)

1864 (16.4) 2434 (21.4)

2227 (19.6) 2519 (22.2)

2001 (17.6) 2877 (25.3)

d Parietaria.



TABLE 2. Sensitivity analysis: comparison between several
definitions of sensitization

Nonsensitized

(%)

Monosensitized

(%)

Polysensitized

(%)

4* IgE þ 9z skin tests

4* IgE

Nonsensitized 6609 766 (34.4) 309 (12.3)

Monosensitized 1461 (65.6) 735 (29.2)
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Skin Prick Test Cut-Off: Sensitivity Analysis

The sensitivity analyses were also carried out using a 3-mm
and 5-mm cut-off for the four skin prick tests. Similar find-
ings were observed. Thus, the weighted k between four
serum-specific IgE and four skin prick tests was 0.65 (0.64–
0.66) for a cut-off of greater than 0 mm, 0.66 (0.65–0.67)
for 3 mm, and 0.52 (0.51–0.53) for 5 mm.
Polysensitized 1475 (58.6)

7* skin tests

Nonsensitized 6609 568 (25.5) 183 (7.3)

Monosensitized 1659 (74.5) 386 (15.3)

Polysensitized 1950 (77.4)

9z skin tests

Nonsensitized 6609 533 (23.9) 171 (6.8)

Monosensitized 1694 (76.1) 352 (14.0)

Polysensitized 1996 (79.2)

4* IgE þ 5x skin

tests

Nonsensitized 6609 498 (22.4) 96 (3.8)

Monosensitized 1729 (77.6) 367 (14.6)

Polysensitized 2056 (81.6)

4* IgE

4* skin tests

Nonsensitized 6896 (89.7) 605 (27.6) 195 (13.2)

Monosensitized 605 (7.9) 1263 (57.5) 335 (22.7)

Polysensitized 183 (2.4) 328 (14.9) 945 (64.1)

7y skin tests

Nonsensitized 6645 (86.5) 542 (24.7) 173 (11.7)

Monosensitized 744 (9.7) 1052 (47.9) 249 (16.9)

Polysensitized 295 (3.8) 602 (27.4) 1053 (71.4)

9z skin tests

Nonsensitized 6609 (86.0) 533 (24.3) 171 (11.6)

Monosensitized 766 (10.0) 1038 (47.3) 242 (16.4)

Polysensitized 309 (4.0) 625 (28.5) 1062 (72.0)

4* IgE þ 5x

Nonsensitized 7203

Monosensitized 405 (5.3) 1691 (77.0)

Polysensitized 76 (1.0) 505 (23.0) 1475

9z prick tests

7y skin tests

Nonsensitized 7313 46 (2.3) 1 (0.1)

Monosensitized 2000 (97.8) 45 (2.3)

Polysensitized 1950 (97.7)

4* IgE þ 5x skin

tests

Nonsensitized 6609 (90.4) 498 (24.3) 96 (4.8)

Monosensitized 533 (7.3) 1242 (60.7) 321 (16.1)

Polysensitized 171 (3.4) 306 (15.0) 1579 (79.1)

For skin prick test, 0 mm was considered as the cut-off.
*D. pteronyssinus, cat, timothy grass, and Cladosporium.
yD. pteronyssinus, cat, timothy grass, Cladosporium, Alternaria, birch, and olive tree.
zD. pteronyssinus, cat, timothy grass, Cladosporium, Alternaria, birch, olive tree,
ragweed, and Parietaria.
xBirch, olive tree, Parietaria, ragweed, and Alternaria.
DISCUSSION

Based on a study involving greater than 11,000 subjects, it
was found that skin tests and serum allergen-specific IgE
do not provide the same prevalence of sensitization. Not
surprisingly, combining the results of serum IgE for four
allergens and skin prick tests for nine allergens provided
the highest estimate of sensitization by comparison to serum
allergen-specific IgE to four allergens or skin tests to four
allergens. The assessment of local allergens did not change
markedly the prevalence of sensitized subjects but induced
a reclassification of some subjects from the mono- to the
polysensitized state.

Skin prick tests and serum allergen-specific IgE may not
have the same biological and clinical relevance and may
not be interchangeable (8, 9). In clinical practice, to assess
sensitization, skin tests seem to be more sensitive, whereas
the IgE test is more specific because the cut-off level for
a positive IgE test is arbitrarily set at 0.35 kU/L to avoid
false/positive results (17). It is known that a few patients
with positive nasal or bronchial allergen challenges with
pollen and house dust mites can have serum allergen-
specific IgE levels under this cutoff (18–20). In food allergy,
undetectable serum allergen-specific IgE may be found in
patients with a proven allergic clinical reaction assessed
by oral food challenge, even for well-characterized allergens
such as peanut (21, 22). In large epidemiologic studies, it is
easier to achieve standardization of criteria for positive and
negative results with serum allergen-specific IgE when the
measurement is carried out in a central laboratory. Skin
prick tests can also be used in multicenter studies. However,
although methods are standardized, some variability in the
performance of the tests and interobserver variation can
be observed. The present study is of particular interest in
comparing the two tests because the same allergens of the
same company were used in both assays. Thus, differences
that are reported in this study can be related only to the tests
or to their performance, and not to the allergens.

In this study, sensitization was assessed using two
different measurements (skin prick tests and serum-specific
IgE) and it was found that skin tests and serum allergen-
specific IgE do not lead to the same results. A similar study
was carried out for the diagnosis of cockroach allergy (23).
However, results of such study could not be generalized
because the extracts used for skin test had highly variable
protein contents (24). Focusing on the link between skin
prick tests and serum specific IgE measurement for the
same allergens, in this study, approximately 10.3% of the
subjects defined as nonsensitized using the measurement of
four serum-specific IgE were positive for at least one of



TABLE 3. Concordance between definitions

Weighted k McNemar

Excluding local allergens

4 IgE vs. 4 prick tests 0.65 [0.64–0.66] 0.93

4 IgE vs. 9 prick tests 0.76 [0.75–0.77] !0.001

4 IgE vs. 4 IgE þ 5 prick tests 0.87 [0.86–0.88] !0.001

4 IgE vs. 4 IgE þ 9 prick tests 0.76 [0.74–0.76] !0.001

4 IgE þ 5 prick tests vs.

4 IgE þ 9 prick tests

0.88 [0.87–0.89] !0.001

4 IgE þ 5 prick tests vs. 9 prick tests 0.74 [0.73–0.75] !0.001

4 IgE þ 9 prick tests vs. 9 prick tests 0.86 [0.85–0.87] !0.001

7 prick tests vs. 9 prick tests 0.99 [0.98–1.00] !0.001

7 prick tests vs. 4 IgE 0.62 [0.61–0.63] !0.001

7 prick tests vs. 4 IgE þ 9 prick tests 0.85 [0.84–0.86] !0.001

Including local allergens

4 vs. 4 þ 1 local IgE 0.94 [0.93–0.95] !0.001

4 vs. 4 þ 2 local prick tests 0.92 [0.91–0.93] !0.001

9 vs. 9 þ 2 local prick tests 0.95 [0.94–0.96] !0.001

4 IgE and 5 prick test vs. 4 þ 1 local

IgE and 5 þ 2 local prick tests

0.92 [0.91–0.93] !0.001

4 IgE and 9 prick test vs. 4 þ 1 local

IgE and 9 þ 2 local prick tests

0.95 [0.94–0.96] !0.001
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four skin prick tests, and vice versa. It is possible that, using
a skin test cut-off level of greater than 0 mm, some patients
have false/positive skin tests without a true IgE sensitization.
This issue has already been studied in the ECRHS-I, and
0 mm was considered to be the most discriminative measure
that minimized error in comparison of interobserver varia-
tion (15, 16). It is of importance in this study that increasing
the cut-off level of skin tests from greater than 0 mm to 3 mm
and 5 mm did not change the general conclusion. When the
number of skin tests was increased to nine, the same differ-
ence was seen between the two assays. Some extracts can
induce false/positive reactions by nonimmunologic mecha-
nisms using intradermal tests, but this is not the case with
prick tests (19, 25). On the other hand, an abnormal perfor-
mance inducing a false/positive of skin prick test in some
subjects cannot be ruled out. This study cannot indicate,
however, which test is better than the other one to assess
IgE sensitization.

Approximately 25% of the subjects was sensitized accord-
ing to the different methods. However, the sensitization rate
varied a lot between centers and countries. A previous
report based on skin prick tests in the same population
observed (26) the lower rate in Oviedo, Spain (17.1%
[12.4–21.8]) and the higher in Geleen, The Netherlands
(54.8% [49.4–60.2]). In Portland, OR, 52.1% (46.2–58.0)
of the subjects were sensitized. The Third National Health
and Nutrition Examination Survey (27) reported a similar
rate, with 53.9% plus or minus 1.02% of the participant
sensitized to at least on indoor or outdoor allergen.

The second question is the best number of allergens to be
tested to assess sensitization. It is clear that increasing the
number of allergens using skin tests, there is an increased
prevalence of sensitized subjects and of polysensitized
patients. In a previous study, we showed that seven selected
allergens (D. pteronyssinus, cat, timothy grass, birch, olive
pollen, Alternaria, and Cladosporium) allow the identifica-
tion of almost all sensitized subjects in epidemiologic studies
(13). This study suggests that this number was sufficient to
determine sensitization (nonsensitized/sensitized; as well as
non-, mono-, and polysensitized).

The third question was the relevance of local allergen
testing. The prevalence of sensitization is little changed (1%
difference) when 9 or 11 skin tests were carried out. As
expected, local allergen testing increased the prevalence of
polysensitization. Not all relevant allergens were tested in
this study. This is particularly true in the Mediterranean area
in which cypress pollen was not tested. It was decided not to
test this particular pollen because it was not standardized at
the time of the study and many patients with a clinically-
evident allergy had negative skin tests and serum-specific IgE
(28). Bermuda grass might have been tested (27), but it does
not seem to represent major allergens in most of the centers.

In epidemiological studies, a single method may be
chosen to assess allergenic sensitivity (none, mono-, and
polysensitization), but the results differ between skin tests
and IgE measurements.
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Taytard, MD, (Bordeaux); Germany: Helgo Magnussen,
MD, Dennis Nowak, MD, (Hamburg); H-Erich Wichmann,
MD, Joachim Heinrich, MD (Erfurt); Iceland: Thorarinn
Gislason, MD, PhD, H. David Gislason, MD, (Reykjavik);
Ireland: the late John Prichard, D Phil, FRCPI, Shane All-
wright, PhD, Dominic MacLeod, MB, BSc, (Dublin); Italy:
Massimiliano Bugiani, MD, Caterina Bucca, MD, Canzio
Romano, MD, (Turin); Roberto de Marco, MD, Vincenzo
Lo Cascio, MD, Cesare Campello, MD, (Verona); Alessan-
dra Marinoni, MD, Isa Cerveri, MD, Lucio Casali, MD,
(Pavia); Netherlands: Bert Rijcken, MD, PhD, Anja M.
Kremer, MD, PhD, (Groningen, Bergen-op-Zoom,
Geleen); New Zealand: Julian Crane, FRACP, Simon
Lewis, BSc, (Wellington, Christchurch, Hawkes Bay);
Norway: Around Gulsvik, MD, PhD, Ernst Omenaas,
MD, PhD, (Bergen); Spain: Josep M. Anto, MD, Jordi
Sunyer, MD, Felip Burgos, Resp Tech, Jordi Castellsague,
MD, Josep Roca, MD, Joan Soriano, MD, Aureli Tobias,
BSc, Dip Stat, (Barcelona); Nerea Muniozguren, MD, Ja-
cinto Ramos-Gonzalez, MD, Alberto Capelastegui, MD,
(Galdakao); Jose Castillo, MD, Jose Rodriguez-Portal,
MD, (Seville); Jesus Martinez-Moratalla, MD, Enrique
Almar-Marqnes, MD, (Albacete); Jose Maldonado-Pérez,
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