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Summary

Background Many clinical and epidemiological studies have measured the prevalence of IgE
sensitization using skin tests and/or serum-specific IgE. Most of them have been done in only
one country using a battery of selected allergens relevant to that country. In multi-centre
studies, the number of tested allergens is often limited by the cost. It is therefore difficult to
compare prevalence of sensitized subjects between studies.

Objective To define the number and the type of allergen that should be tested in order to
characterize a person as sensitized.

Method Subjects were selected from the European Community Respiratory Health Survey 1.
All subjects underwent skin prick tests to nine of the most common allergens. In addition, two
local allergens were tested in some centres.

Result Using nine allergens, 35.6% of the 11 355 subjects were sensitized. The prevalence of
sensitization increased with the number of tested allergens. Seven allergens enabled the
identification of almost all sensitized subjects, adding another one inducing, in most
countries, an increase of prevalence under 0.5%. Adding one local allergen to the battery of
tests increased the overall estimated prevalence by only 1%. This increase was not seen in
Ireland and was less marked in the United Kingdom (0.3%) but was greater in France (2.6%),
Australia (2.5%) and Belgium (1.9%).

Conclusion Seven selected allergens (Dermatophagoides pteronyssinus, cat, grass, birch, olive
pollen, Alternaria and Cladosporium) allow the identification of almost all sensitized subjects
in epidemiologic studies. Inclusion of local allergen should be considered in a standard panel
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Introduction

The synthesis of allergen-specific IgE is required for the
development of allergic diseases including allergic rhinitis
(AR) [1] and asthma [2, 3]. The assessment of allergic
sensitization may be determined using allergen-specific
IgE in serum or skin tests with the relevant allergen [4-8].

Many clinical or epidemiological studies [5, 9-11]
aim to assess the prevalence of IgE sensitization to any
allergen and therefore need to be able to characterize
study participants as IgE sensitized or not IgE sensitized.
As being sensitized to one allergen is associated
with sensitization to another, and the prevalence of

IgE sensitization to some allergens is uncommon, testing
for a limited number of allergens may be sufficient for
such purposes. However, the number and species of
allergen to measure the prevalence of IgE sensitization
with sufficient precision in populations has not been well
characterized, particularly for multi-centre studies con-
ducted over a wide geographical area such as the Eur-
opean Community Respiratory Health Survey (ECRHS) or
the International Study of Asthma and Allergies in Child-
hood [12-14]. These multi-centre studies pose a particular
problem as sensitization to allergens that are relevant in
one area may have little relevance for other geographical
regions.
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The ECRHS-I, a multi-centre international cross-
sectional survey of the general population [12, 13], is a
unique study which may answer these questions as a very
large number of well-characterized subjects were studied,
and skin tests (Phazet®™, Pharmacia, Uppsala, Sweden)
were tested with nine different allergens [7, 15-17].

The aim of the present study is to define the number and
the type of skin prick test (SPT) allergens required to
identify a subject as sensitized using results of SPT from
ECRHS, a large international multi-centre community-
based study of adults.

Materials and methods

Population and inclusion criteria

The population of this study is based on the ECRHS I
conducted in 37 centres in 17 countries. Representative
samples of the adult population aged between 20 and 44
years were obtained by random sampling from popula-
tion-based registers, the details of which are described
elsewhere [12, 13]. Centres were included in this analysis
if they complied with the skin testing protocol - measur-
ing nine allergens common to all centres and in addition
measured one or two local allergens.

Sensitization and skin prick tests

In the present study, the allergen-coated Phazet™ was used
[7, 15-17] including Dermatophagoides pteronyssinus,
timothy grass pollen, cat, Cladosporium herbarum, Alter-
naria alternata, birch, Olea europea (olive), Parietaria
judaica and ragweed pollen. A histamine positive control
and a negative control were also tested.

According to a previous study [9], in the ECHRS I
survey, a SPT was considered to be positive if the mean
weal diameter was found to be over 0 mm. Subjects were
excluded if they had a positive negative control (405
subjects, 2.200) or had a mean weal diameter of over
30mm for at least one allergen as this would lead to a
practical difficulty in assessing the reaction to other
allergens (two subjects, 0.01%).

Local allergens were tested if a priori considered to be
important in the local area and when they were not
included in the standard battery (Aspergillus, chestnut
pollen, cockroach, Dermatophagoides farinae, dog, horse,
Leptidoglyphus destructor, mugwort pollen, plantain
pollen, and rye grass pollen).

Subjects with at least one positive SPT were considered
to be sensitized.

Statistical analysis

The prevalence of sensitization was first assessed for each
of the nine allergens tested in all centres using frequencies
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and percentages. This allowed ordering of the allergens
from the most to the least common, and the prevalence of
sensitized subjects was then computed adding each aller-
gen step by step. We defined a sufficient number of
allergens as the point at which adding further allergens
increased the estimated prevalence by no more than 0.5%
for each allergen added. Information from testing to the
local allergen was then used to determine the impact of
these further tests on previous findings.

Results

Thirty-seven centres and 17 countries (18794 partici-
pants) performed serum allergen-specific IgE measure-
ment or SPT for the most common allergens (Fig. 1).
Among them, five centres and 3528 subjects had to be
excluded due to a variation in the protocol within the
centre. In one centre, SPTs were not performed with the
Phazet®™. One centre did not perform ragweed pollen SPTs
and two did not perform grass, olive, Parietaria and
ragweed pollen SPTs. Another centre also had to be
excluded due to technical failure (most of the subjects
had a positive negative saline control). The analysis was
therefore restricted to information from 32 centres in 13
countries (15266 participants). Of these 2643 subjects
were excluded 2370 because SPTs and serum allergen-
specific measurement were not performed, 270 due to a
lack of all nine SPTs, and three due to a lack of at least one
SPT. As this study is part of a group of studies, and
SPT cut-off was assessed in subjects with SPT and
serum-specific-IgE measurement, 1268 subjects without
serum-specific-IgE  measurement were also excluded.
These exclusions did not alter the sex ratio, age, symptoms
frequencies (asthma, rhinitis, skin allergy), tobacco status
(current, past, passive, and never smoker) or socio-
economic level of the population. The following results
were similar with and without the later group of subjects.

The median age of the 11355 subjects [5669 (49.9%)
men and 5686 (50.1%) women] studied was 34.0 (27.9-
40.1) years. Overall, 5.0% of the subjects currently had
asthma (attack of asthma within the last year and/or used
medication for asthma), 0.9% without rhinitis and 4.1%
associated with an AR. Finally, 38.1% reported ‘hayfever
or nasal allergies’ (AR).

Overall the prevalence of sensitization to ragweed,
Parietaria, Cladosporium, olive pollen, and Alternaria
was relatively low (1.3%, 1.5%, 2.3%, 3.7% and 4.4%,
respectively). The prevalence of sensitization to birch was
8.2%. On the other hand, over 10% of the subjects were
sensitized to cat, timothy grass, and D. pteronyssinus
(10.2%, 16.6% and 20.9%, respectively). The prevalence
of sensitized subjects increased from 20.9% (using one
allergen: D. pteronyssinus) to 35.6% (using nine allergens)
(Table 1). Six allergens (D. pteronyssinus, grass, cat, birch,
Alternaria and olive pollen) gave a prevalence of 34.8%,
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18 794 subjects
17 countries
37 centres

tests

_|- 1 centre does not performed skin tests
"|- 1 centre does not performed ragweed skin

- 2 centres do not performed grass, olive,
parietaria and ragweed skin tests
- 1 centre had technical failure

3528 subjects
5 centres — 4 Countries

\ 4
15 266 subjects
13 countries
32 centres

v

|- 2370 without skin test and IgE
"1- 270 without skin test

- 1268 without IgE

- 3 with not all the skin tests

3911 subjects

11 355 subjects
13 countries
32 centres

Fig. 1. Flow chart.

Table 1. Prevalence of sensitized subjects depending on the number of
tested allergens

Increased in

Allergen Estimated estimated of
prevalence sensitized sensitization
alone (%) prevalence (%)

Dermatophagoides 20.9 2373 (20.9%)

pteronyssinus

+Grass 16.6 3338 (29.4%) 8.5

+Cat 10.2 3611 (31.8%) 2.4

+Birch 8.2 3815 (33.6%) 1.8

+Alternaria 4.4 3895 (34.3%) 0.7

+0live 3.7 3952 (34.8%) 0.5

+Cladosporium 2.3 3997 (35.2%) 0.4

+ Parietaria 1.5 4031 (35.5%) 0.3

+Ragweed 1.3 4042 (35.6%) 0.1

which was sufficient for the increase in prevalence with
each subsequent allergen tested to be <0.5% (Table 1).
The number of allergens required in a given country to
characterize an individual as sensitized was dependent on
the choice (type) of the allergens. Using the same sequence
of allergens in all the countries, the required number of
allergens ranged from four in Belgium and Iceland
(D. pteronyssinus, cat, grass and birch) to eight in Italy
and Sweden (D. pteronyssinus, cat, grass, birch, olive
pollen, Alternaria, Cladosporium, and Parietaria) (Table
2). In the United States, our criterion was not met with
nine allergens: the ninth allergen (ragweed) increased
prevalence by 0.9%. Thus, at a country-wide level, adding
a seventh allergen (Cladosporium) to the six previously

selected meets the criterion for 10 out of 13 countries.
Compared with nine allergens, the underestimated pre-
valence was under 1% for Sweden and the United States.

With allergens ordered according to their prevalence in
a given country, the required number of allergens ranged
from three in Spain to eight in Sweden (Table 3).

The overall prevalence of subjects sensitized to the most
common local allergen tested in each centre was 12.8%
(Table 4). However, two countries (Norway and the
Netherlands) and three other centres (Barcelona - Spain,
Pessac, and Grenoble - France) did not perform a local
allergen SPT. Prevalence of SPT sensitization to the
chosen local allergen was low for Belgium (mugwort -
3.9%) but was the most common positive skin test (rye
grass - 37.6%) in Australia. SPT sensitization to the
chosen local allergen was also high in New Zealand and
Sweden (rye grass - 20.0 and dog - 16.2%, respectively).
However, as most subjects who were sensitized to the local
allergen were also sensitized to at least one of the other
tested allergens, inclusion of the local allergen did not
change markedly the classification of subjects as sensi-
tized or not sensitized compared with the use of nine
allergens. In France, cockroach induced an increase of
2.6% in the prevalence of allergy; in Belgium, mugwort a
change of 1.9%; and in Australia rye grass a change of
2.5%. In the other centres, change in prevalence was
<1% (Table 4). Overall, the estimated prevalence of
sensitized subjects increased slightly from 35.3% (using
nine allergens) to 36.3% (using nine allergens plus the
local one). The results were similar when seven and seven
plus the local one were tested. Except in Belgium, the
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Table 2. Increase in estimate of prevalence of sensitization for each country on adding each successive allergen (%), with allergens in order of their

prevalence in the whole population

Allergens™

Prevalence with

nine allergens (%) 1 2 3 4 5 6 7 8 9
Australia 49.1 36.4 9.1 0.7 0.4 1.6 0.5 0.4 0 0
Belgium 33.0 24.6 3.8 1.7 2.3 0.5 0.1 0 0 0
France 22.6 21.9 9.3 1.9 0.7 1.1 1 0.1 0.2 0.2
Iceland 51.9 8.6 7.6 3 1.4 0.2 0 0.4 0 0.2
Ireland 36.4 32.8 5.7 1.7 0 0 0 0.8 0 0.4
Italy 41.4 11.8 10.5 1.2 1.9 0.7 0.6 0 1.8 0.3
New Zealand 21.4 30.7 9 1.7 2.3 1.3 0.1 0.3 0 0
Norway 28.8 13 9 3.3 2.9 0.6 0 0.9 0 0
Spain 29.7 14.2 5.3 0.5 0.3 0.5 1.5 0.2 0.1 0
Sweden 45.4 12.7 13.2 6.2 3.2 0.3 0.2 0.4 0.6 0.4
The Netherlands 39.6 27.6 4.4 1.6 4.1 0.7 0.3 0.7 0.2 0
United Kingdom 41.2 27.7 8.4 2.3 0.8 1.5 0.1 0.3 0.1 0
USA 37.2 30.9 11.8 5.1 1.2 1.1 0.6 0.3 0 0.9
Whole population 35.6 20.9 8.5 2.4 1.8 0.7 0.5 0.4 0.3 0.1

The figure in bold in each row marks the point beyond which the increase is 0.5% or less for each additional allergen tested.
*Key to allergens: 1, Dermatophagoides pteronyssinus; 2, grass; 3, cat; 4, birch; 5, Alternaria; 6, olive pollen; 7, Cladosporium; 8, Parietaria; 9, ragweed.

United Kingdom, Iceland and New Zealand, the number of
allergens needed to be tested in order to assess sensitiza-
tion was reduced.

Finally, using 3 mm as an SPT cut-off did not change
patterns of the results. Seven allergens remained sufficient
to identify IgE-sensitized subjects (Table 5).

Discussion

Based on a multi-centre international study involving
more than 11000 subjects, we have shown that a common
standardized battery of seven SPT allergens (D. pteronys-
sinus, cat, grass, birch, olive pollen, Alfernaria, and
Cladosporium) enabled the identification of IgE-sensitized
subjects with sufficient precision for most purposes. If
allergens were selected depending on the country, then
only six allergens would need to be tested. Slight varia-
tions in prevalence were observed in some countries when
local allergen was used. Finally, as this study is part of a
group of studies and in order to be more relevant between
studies, subjects without serum-specific IgE were ex-
cluded from the analysis. Results were still consistent after
including these subjects.

The study was initially conducted on 37 centres. How-
ever, five centres were excluded as SPT data were not
available. There is no obvious reason why inclusion of
these centres would alter our results. A further 3911
(25.6%) of the 15266 remaining subjects were excluded
for a variety of reasons. The remaining population was
representative of the whole population in terms of
sex, age, symptoms (asthma, rhinitis, and skin allergy),
tobacco status (current, past, passive, and never smokers)
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and socio-economic level. There was no evidence that
limitation of the sample to those who also had specific-IgE
measures changed the results.

The usual definition of sensitization is based upon the
presence of serum allergen-specific IgE [3, 9, 18]. While
it is easy to achieve the standardization of criteria for
positive and negative results with serum-specific IgE
measures, the costs for the tests limit their use to a few
allergens in epidemiologic or clinical studies. This limit
increases the proportion of false-negative subjects (i.e.
non-sensitized) in such studies. SPT are cheaper to per-
form but may be more difficult to standardize than serum-
specific IgE [19, 20]. To decrease the variability of the SPT
by different investigators, devices like the Phazet™ have
been proposed [15, 16]. This was found to be the most
reproducible device [21], and has the advantage of bearing
coated lyophilized allergens with a long shelf life. In the
ECRHS study, identically standardized allergens originat-
ing from the same manufacturer (Pharmacia Diagnostics,
Uppsala, Sweden) were used. Trained fieldworkers per-
formed SPTs using the Phazet™.

It has been reported that in a cohort of preschool
children, 94% of atopic children could be detected by the
four most common allergens (house dust mite, grass
pollen, cat, and A. alternata) [22]. However, it is not
possible to extrapolate results from childhood to adults as
sensitization changes from childhood to adulthood [23].

In most centres, the addition of a local allergen made
little difference to the overall prevalence as it was also
previously found when using a more limited range of
measurement for serum-specific IgE [18]. However, when
cockroach was tested in France the prevalence of
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Table 3. Increase in estimate of prevalence of sensitization for each country on adding each successive allergen (%), with allergens in order of their

prevalence in each country

Allergens™

Prevalence with

nine allergens (%) 1 2 3 4 5 6 7 8 9
Australia 49.1 36.4 9.1 0.8 1.6 0.4 0.6 0.4 0 0
Belgium 33.0 24.6 3.8 1.7 2.3 0.5 0.2 0 0 0
France 22.6 21.9 9.3 1.9 1.5 0.9 0.4 0.3 0.1 0.2
Iceland 51.9 10.2 6.0 3.0 1.4 0.2 0.4 0.2 0 0
Ireland 36.4 32.8 5.7 1.6 0 0 0 0.8 0 0.4
Italy 41.4 13.6 8.7 1.9 1.8 1.2 0.7 0.7 0.3 0
New Zealand 21.4 30.7 8.9 2.4 1.6 1.3 0.3 0.1 0 0
Norway 28.8 14.3 7.6 3.5 2.8 1.1 0.4 0 0 0
Spain 29.7 14.2 5.3 1.8 0.4 0.3 0.4 0.1 0.1 0
Sweden 45.4 17.7 8.5 3.7 5.5 0.3 0.2 0.4 0.6 0.3
The Netherlands 39.6 27.6 4.5 4.4 1.3 0.7 0.7 0.3 0.2 0
United Kingdom 41.2 27.7 8.3 2.4 1.5 0.8 0.2 0.2 0 0.1
United States 37.2 30.9 11.9 5.0 1.2 1.2 1.2 0.3 0.3 0
Allergens’ d1 el g6 m2 mé 19 t3 w21 wl
Australia 1 3 2 7 4 6 5 8 9
Belgium 1 3 2 7 5 6 4 8 9
France 1 3 2 8 5 4 6 7 9
Iceland 2 3 1 6 5 8 4 9 7
Ireland 1 3 2 7 4 5 6 8 9
Italy 2 5 1 9 7 6 3 4 8
New Zealand 1 4 2 6 5 7 3 8 9
Norway 2 4 1 5 6 7 3 8 9
Spain 1 4 2 8 6 3 5 7 9
Sweden 4 2 1 7 5 6 3 8 9
The Netherlands 1 4 2 6 5 7 3 8 9
United Kingdom 1 3 2 6 4 7 5 9 8
USA 1 3 2 7 5 8 4 9 6

The figure in bold in each row marks the point beyond which the increase is 0.5% or less for each additional allergen tested.

*Allergen order for each country.

"'Key to allergens: d1, Dermatophagoides pteronyssinus; g6, grass; el, cat; t3, birch; me, Alternaria; t9, olive pollen; m2, Cladosporium; w21, Parietaria;

w1, ragweed.

sensitization increased by 2.6%. Cockroach allergy is most
likely to be relevant in some countries with hot and humid
climate, and particularly in deprived populations [24-27].
It is possible that the prevalence of allergy would have
been slightly higher in some Southern centres and Aus-
tralia if cockroach has been included in the battery of
allergens. However, there is some evidence that mono-
sensitization to cockroach is not common in Italy or in the
United States [25, 27].

In conclusion, a standardized battery of seven selected
allergens allowed the identification of most sensitized
subjects in an epidemiologic study. Use of additional local
allergens raised the estimated prevalence relatively
slightly, but by more than the 0.5% criterion that we set.
Inclusion of potential local allergens in the standard skin
tests should be considered at the beginning of a study. The

cost implication would be small and subsequent analysis
more straightforward than adding them to a limited
number of centres.
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Table 4. Prevalence of the most common local allergen for each country

Change in prevalence

N Allergen tested Missing value Positive™ 9 7
Belgium 578 Mugwort 13 (2.2%) 22 (3.9%) 1.9 1.9
Spain 1362 i 169 (12.49%) 68 (5.7%) 0.6 0.6
France? 1821 Cockroach 940 (51.6%) 80 (9.1%) 2.6 2.8
Ireland 244 Dog - 23 (9.4%) 0 0
Italy 744 Rye grass - 77 (10.3%) 0.8 0.9
United Kingdom 1212 Dog - 137 (11.3%) 0.3 0.3
Iceland 499 Dog - 44 (8.8%) 0.6 0.6
Sweden 1502 Dog - 244 (16.2%) 0.8 1.1
New-Zealand 696 Rye grass - 139 (20.0%) 0.6 0.6
Australia 517 Rye grass 1(0.2) 194 (37.6%) 2.5 2.5
Whole population 9175 1123 (12.2%) 1029 (12.8%) 1.0

*Negative and positive: percentages based on non-missing value.

Change in prevalence: difference between tested nine allergens and nine + local one; and seven allergnes and seven + local one.

TSpain: Barcelona: no local allergen; Galdakao: knaumel grass; Sevilla: cocksfoot; Albacete, Huelva: dog.

fFrance: Pessac, Grenoble: no local allergen.

Table 5. Increase in estimate of prevalence of sensitization for each country on adding each successive allergen (%), with allergens in order of their

prevalence in the whole population

Allergen™ 1 2 3 4 5 6 7 8 9
Australia 34.43 9.3 0.4 0.4 1.5 0.6 0.2 0 0
Belgium 20.76 2.9 1.6 2.6 0.3 0.2 0.2 0 0
France 19.55 8.6 1.2 0.7 1 0.8 0.1 0.2 0.2
Iceland 5.01 6.4 3.8 1.6 0.2 0 0 0 0
Ireland 28.28 4.9 1.6 0.4 0 0 0.8 0 0
Italy 9.41 9.4 0.9 1.9 0.7 0.8 0 1.9 0.3
New 25.29 9.2 0.9 2.6 1 0 0.3 0 0
Norway 12.32 8.2 2.8 3.1 0.4 0 0.9 0 0
Spain 13.14 5.1 0.5 0.3 0.5 1.5 0.1 0.2 0
Sweden 9.79 12.8 5.9 3.9 0.3 0.2 0.3 0.6 0.2
The Netherlands 21.62 3.9 0.9 3.8 0.5 0.1 0.3 0 0
United Kingdom 22.44 8.1 1.5 0.8 1 0.1 0.1 0 0
United States 21.96 13.7 3 0.9 1.5 0.6 0.6 0 0.6
Whole population 17.6 8 1.9 1.9 0.7 0.4 0.2 0.3 0.1

Skin prick tests cut-off 3 mm.

The figure in bold in each row marks the point beyond which the increase is 0.5% or less for each additional allergen tested.
*Key to allergens: 1, Dermatophagoides pteronyssinus; 2, grass; 3, cat; 4, birch; 5, Alternaria; 6, olive pollen; 7, Cladosporium; 8, Parietaria; 9, ragweed.
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