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The prevalence of positive reactions in the atopy patch test with

aeroallergens and food allergens in subjects with atopic eczema:

a European multicenter study

Background: The atopy patch test (APT) was proposed to evaluate IgE-mediated
sensitizations in patients with atopic eczema (AE).
Objective: The prevalence and agreement with clinical history and specific IgE
(sIgE) of positive APT reactions was investigated in six European countries
using a standardized method.
Methods: A total of 314 patients with AE in remission were tested in 12 study
centers on clinically uninvolved, non-abraded back skin with 200 index of
reactivity (IR)/g of house dust mite Dermatophagoides pteronyssinus, cat dander,
grass, and birch pollen allergen extracts with defined major allergen contents in
petrolatum. Extracts of egg white, celery and wheat flour with defined protein
content were also patch tested. APT values were evaluated at 24, 48, and 72 h
according to the European Task Force on Atopic Dermatitis (ETFAD) guide-
lines. In addition, skin-prick test (SPT) and sIgE and a detailed history on
allergen-induced eczema flares were obtained.
Results: Previous eczema flares, after contact with specific allergens, were
reported in 1% (celery) to 34% (D. pteronyssinus) of patients. The frequency of
clear-cut positive APT reactions ranged from 39% with D. pteronyssinus to 9%
with celery. All ETFAD intensities occured after 48 and 72 h. Positive SPT (16–
57%) and elevated sIgE (19–59%) results were more frequent. Clear-cut positive
APT with all SPT and sIgE testing negative was seen in 7% of the patients,
whereas a positive APT without SPT or sIgE for the respective allergen was seen
in 17% of the patients. APT, SPT and sIgE results showed significant agreement
with history for grass pollen and egg white (two-sided Pr > |Z| £ 0.01). In
addition, SPT and sIgE showed significant agreement with history for the other
aeroallergens. With regard to clinical history, the APT had a higher specificity
(64–91% depending on the allergen) than SPT (50–85%) or sIgE (52–85%).
Positive APT were associated with longer duration of eczema flares and showed
regional differences. In 10 non-atopic controls, no positive APT reaction was
seen.
Conclusion: Aeroallergens and food allergens are able to elicit eczematous skin
reactions after epicutaneous application. As no gold standard for aeroallergen
provocation in AE exists, the relevance of aeroallergens for AE flares may be
evaluated by APT in addition to SPT and sIgE. The data may contribute to the
international standardization of the APT.

U. Darsow1, J. Laifaoui1,
K. Kerschenlohr2, A. Wollenberg2,
B. Przybilla2, B. W�thrich3, S. Borelli
Jr3, F. Giusti4, S. Seidenari4,
K. Drzimalla5, D. Simon5,12, R. Disch5,
S. Borelli5, A. C. A. Devillers6,
A. P. Oranje6, L. De Raeve7,
J.-P. Hachem7, C. Dangoisse8,
A. Blondeel8, M. Song8, K. Breuer9,
A. Wulf9, T. Werfel9, S. Roul10,
A. Taieb10, S. Bolhaar11,
C. Bruijnzeel-Koomen11,
M. Brçnnimann12, L. R. Braathen12,
A. Didierlaurent13, C. Andr�13,
J. Ring1
1Department of Dermatology and Allergy
Biederstein, Technical University Munich and
Division of Environmental Dermatology and Allergy
GSF/TUM, Munich, Germany; 2Department of
Dermatology and Allergy, Ludwig-Maximilians-
University, Munich, Germany; 3Department of
Dermatology, University Hospital Z�rich, Z�rich,
Switzerland; 4Department of Dermatology, University
of Modena and Reggio Emilia, Modena, Italy; 5Clinic
for Dermatology and Allergy Davos, Davos,
Switzerland; 6Erasmus MC (Sophia Children's
Hospital), Rotterdam, the Netherlands; 7Department
of Dermatology, Free University of Brussels, Brussels,
Belgium; 8Queen Fabiola Children's University
Hospital, Brussels, Belgium; 9Department of
Dermatology, Hannover Medical School, Hannover,
Germany; 10Department of Pediatric Dermatology,
Children's Hospital Pellegrin, Bordeaux, France;
11Department of Dermatology, University Hospital
Utrecht, Utrecht, the Netherlands; 12Department of
Dermatology, University of Bern, Bern, Switzerland;
13Stallerg�nes S.A., Antony, France

Key words: aeroallergens; atopic eczema; atopy patch
test; European multicenter.

Priv.-Doz. Dr. med. Ulf Darsow
Klinik und Poliklinik f�r Dermatologie und
Allergologie am Biederstein
Technische Universit�t M�nchen
Biedersteiner Str. 29
80802 M�nchen
Germany

Accepted for publication 8 March 2004

Allergy 2004: 59: 1318–1325
Printed in UK. All rights reserved

Copyright � Blackwell Munksgaard 2004

ALLERGY

DOI: 10.1111/j.1398-9995.2004.00556.x

1318



Atopic eczema [atopic dermatitis (AE)] is an inflamma-
tory, chronically relapsing, non-contagious and extremely
pruritic skin disease. Atopic sensitization with increased
total and specific immunoglobulin E (sIgE) levels is a
common finding in patients suffering from AE [for
review, see Ref. (1, 2)]. Although the role of allergy in
AE is still controversial, some patients with atopic eczema
suffer from exacerbation of skin lesions after contact with
or inhalation of aeroallergens, e.g. house dust mite
(Dermatophagoides pteronyssinus), pollen, animal dander
or after ingestion of allergy-inducing foods and improve
after appropriate avoidance strategies (3, 4). It has been
repeatedly shown that in certain patients, eczematous
skin lesions can be induced by epicutaneous application
of aeroallergens, e.g. house dust mite [for review, see Ref.
(5, 6)]. This test procedure, an epicutaneous patch test
using allergens known to induce IgE-mediated sensitiza-
tions and the evaluation of an eczematous skin reaction,
is called �atopy patch test� (APT) (7). Studies describing
experimental patch testing with aeroallergens were pub-
lished as early as 1937 by Rostenberg and Sulzberger (8)
and in 1982 by Mitchell et al. (9); the methods and results
used since then have shown wide variations. Potentially
irritating procedures like skin abrasion (10, 11), tape
stripping (6, 12) and sodium lauryl sulphate application
(13) were used to enhance allergen penetration.
For better standardization, we performed APT on non-

lesional, non-abraded, untreated skin during remission (7,
14). The results were compared for the vehicle and dose of
allergen in the preparations used. It was shown that
healthy controls and patients with respiratory atopy
without a history of eczema do not react to the APT (14)
or with a lower frequency and intensity of APT reactions
to whole-body mite extract compared with patients with
AE (15). Sensitivity and specificity of different diagnostic
procedures were calculated in a previous multicenter
study (16). Here, we present the results of a prospective
European multicenter trial with biologically standardized
APT preparations and corresponding allergy diagnosis in
314 patients with AE. This study was designed to define
appropriate APT methods, safety aspects and relation-
ship to clinical history of eczema flares using the most
common allergens known to elicit reactions in AE
patients in Europe. Another aim of the study was to
determine the number of individuals with positive APT
reactions, but negative sIgE (formerly diagnosed as
�intrinsic-type AE�) in a larger patient group and to see
whether the patients� history to a certain allergen is in
agreement with the APT reaction, thus suggesting an
important diagnostic role of the APT.

Methods

Patients

After approval by the local ethics committees and obtaining in-
formed, written consent, 314 patients [age range 1.6–80 years; 177
female: mean age 22.6 ± 14.3 years (median 22.09); 137 male: mean
age 22.9 ± 17.3 years (median 21.63)] with atopic eczema (1, 2) in
actual remission, i.e. in a stable phase without acute flares of eczema,
were enrolled in 12 study centers. The group included 76 (24%)
children ( £ 10 years). There was no previous selection of patients
for prior APT reactivity. Using the same standardized documenta-
tion forms for test results and clinical history in all study centers, all
patients were examined for distribution of (residual) eczematous skin
lesions and their history was recorded with regard to atopic diseases,
AE duration, previous exacerbations (documentation in forms with
regard to every single allergen tested, e.g. for seasonal eczema flares
in previous years), previous location of eczema and demographic
items. Mean duration of AE was 5.8 ± 5.5 years; 59% had a history
of allergic rhinoconjunctivitis, 35% bronchial asthma and 23% ur-
ticaria. Before testing, patients were asked whether they experienced
eczema flares and itching after contact with house dust or cat.
Repeated seasonal variations of eczema severity or sudden, recurrent
flares during the birch or grass pollen season (April/May and June to
August) were also recorded. In addition, history comprised ques-
tions on eczema flares after ingestion of foods with special regard to
egg, wheat and celery. 10 healthy, non-atopic volunteers (mean age
26.5 ± 1.2 years, five females) without positive skin-prick test (SPT)
or elevated sIgE levels or other signs of atopy were included as
controls.

Materials, atopy patch test design and reading

Aeroallergen APT were performed with extracts containing 200
index of reactivity (IR)/g of house dust mite D. pteronyssinus, cat
dander, grass and birch pollen allergens in a petrolatum vehicle
(Stallergènes, Antony, France). The potency of 100 IR was desig-
nated as the strength of allergenic extract that elicited a geometric
mean wheal diameter of 7 mm on SPT in 30 subjects sensitive to the
corresponding allergen. Major allergen contents (only available for
aeroallergens) are given in Table 1. Extracts of egg white, wheat
flour and celery were tested and standardized for protein content in
petrolatum and protein contents are also shown in Table 1. After
discontinuation of antihistamines, and systemic and topical steroids
for at least 5 days, the test substances were applied in a randomized,
double-blind design for 48 h in Large Finn Chambers (diameter
12 mm; Epitest Ltd, Oy, Finland) on clinically uninvolved, not
pretreated back skin. All reactions were evaluated after 24 (reap-
plied), 48 and 72 h and compared with simultaneously performed
corresponding SPT (Stallergènes), and specific sIgE [CAP-radio-
allergosorbent test (RAST)-flurescence enzyme immunoassay;
Pharmacia, Uppsala, Sweden] as classical methods for diagnosing
type I sensitizations. Grading of positive APT reactions was similar
to the criteria used in conventional contact allergy patch testing
[International Contact Dermatitis Research Group (ICDRG) rules]
with the modifications of the European Task Force on Atopic
Dermatitis (ETFAD) Consensus Meetings (17); i.e. ), negative
result; ?, only erythema, questionable; +, erythema, infiltration;
++, erythema, few papules (up to 3); +++, erythema, papules
from 4 to < many; ++++, erythema, many or spreading pa-
pules; +++++, erythema, vesicles. A patch test with the pure
vehicle served as negative control. All investigators participated in
pre-study standardized test reading sessions. Test application and
reading were performed by different investigators. Thus, reading of
reactions was performed by an investigator without the knowledge of

Abbreviations:AE, atopic eczema; APT, atopy patch test; ETFAD,
European Task Force on Atopic Dermatitis; IDEC, inflammatory
dendritic epidermal cell; IR/g, index of reactivity per gram; RAST,
radioallergosorbent test; sIgE, specific serum immunoglobulin E;
SPT, skin prick test.
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the (control) test sites or patient’s history. Only reactions from+ (i.e.
erythema, infiltration) onwards were designated clear-cut positive.
The APT procedure in this study was performed in the same way as

in our previous studies on AE patients and healthy controls (14, 16).

Statistics

Statistical analysis of the data was performed with SPSS�-Software
using chi-square and linear association tests. After checking for
normal distribution, paired t-test was used to compare mean rates
of positive APT reactions, SPT and elevated sIgE in the study
centers. Multivariate analysis was performed using a logistic
regression model of APT outcome predictors.

Results

Patients� history of exacerbation after allergen contact/ingestion

10–39% of the patients reported eczema exacerbations
after aeroallergen contact, mostly to house dust mite.
Seasonal flares were reported in 17%. Food allergens
were suspected in 1–7% of this mostly adult population.
Table 2 shows the history in comparison with other
clinical variables.

Eczema pattern

A total of 113 of the 314 patients (37%) reported skin
lesions only in areas not covered by clothing and
therefore a predictive eczema pattern for aeroallergen
contact: the neck, face and scalp, hands and arms (over
the last 12 months).

Skin-prick test and specific IgE

The frequencies of positive test results are given in
Table 2. Concerning one allergen, the frequencies of SPT

and sIgE, the classical tests of IgE-mediated hypersensi-
tivity, were very similar to each other (except for wheat
flour) and always higher compared with the frequency of
a predictive history or positive APT. SPT reactions with a
wheal diameter <3 mm were regarded as negative.

Atopy patch test

All tested allergen preparations were able to elicit positive,
clear-cut eczematous reactions in subgroups of patients,
but not in control subjects. Positive reaction to the vehicle
control area was only seen in three of 302 patients
(0.99%). The frequency of the positive APT reactions is
also given in Table 2. Whereas food allergens elicited
positive reactions in the investigated population in about
10%, the most frequent allergen causing positive APT was
D. pteronyssinus (39%), followed by pollen allergens. An
example of a positive APT reaction is shown in Fig. 1.

Higher frequencies of positive APT reactions to food
allergens were seen in children compared with adults
(wheat flour: 15% vs 8%; celery: 12% vs 8%) except for
egg white (both 11%).

The reactions to D. pteronyssinus are given in Fig. 2
with regard to their frequency at different timepoints and
their intensity distribution. The results of other allergens
are distributed similarly (not shown). Figure 2 also
demonstrates, as an example, that at 24 h after applica-
tion, only very few positive reactions were seen. Evalu-
ations of APT after 48 and 72 h gave more frequently
clear-cut positive reactions than after 24 h. Using the
differentiated reading key of the ETFAD, the intensity of
positive APT reactions is distributed similar to a log-
arithmic normal distribution.

Agreement analysis: history, skin prick test, specific IgE, eczema
pattern

For grass pollen and egg white, APT, SPT and
sIgE results showed significant concordance with a

Table 2. Positive test results and patients� history of allergen-associated eczema
flare

Allergen SPT sIgE APT History Concordance

Dermatophagoides pteronyssinus 56 56 39 34 57
Birch pollen 49 53 17 20 61
Grass pollen 57 59 15 31 64
Cat dander 44 46 10 30 62
Egg white 25 19 11 7 77
Wheat flour 16 38 10 3 78
Celery 20 30 9 1 79

All values are percentage values.
Frequency of positive APT reactions is lower than that of positive IgE-mediated
sensitizations. Patients� allergen-specific history of eczema flares after allergen
exposure was obtained prospectively. Concordance refers to APT and history.
n ¼ 314, 24% children £ 10 years.
SPT, skin prick test ‡ 3 mm; sIgE, specific IgE ‡ 0.35 kU/l; APT, atopy patch
test ‡ +.

Table 1. APT material: allergen and total protein content

Major allergen concentrations in the extracts (200 IR/g) (lg/ml) (ELISA)
House dust mite
Der p 1 59
Der p 2 6

Cat dander
Fel d 1 9

Grass pollen
Phl p 1 2

Birch pollen
Bet v 1 165

Protein concentrations (lg/ml) (Bradford Method)
House dust mite 98
Cat dander 75
Grass pollen 132
Birch pollen 334
Wheat 158
Celery 44
Egg white 740

Vehicle: petrolatum.
For food patch test preparations, only standardized protein content was available.

Darsow et al.

1320



prospectively obtained predictive history of eczema
exacerbations (two-sided Pr > |Z| £ 0.01). In addition,
SPT and sIgE showed significant agreement with history
for the other aeroallergens. In 83% of patients, corres-
ponding SPT or sIgE results were found to match with
the individual positive APT. A subgroup of patients was
characterized by negative SPT and sIgE, but clear-cut
positive APT results. There were 22 patients (7%) with
clear-cut positive APT but without any positive SPT or
elevated sIgE to all the allergens in the panel. With regard
to a single APT-positive allergen, this was seen in 53

Figure 1. APT reactions to different allergens after removal of Finn Chambers after 48 h. Clear-cut eczematous appearance with
infiltration and spreading papules, partially with a follicular pattern. Control: petrolatum.

Figure 2. APT ETFAD grading: reaction frequencies of differ-
ent intensities and timepoints. Distribution of patients with
different APT reading key units according to ETFAD Consen-
sus Meetings (17) for the most frequent allergen, house dust
mite D. pteronyssinus. After 24 h, positive APT reactions were
rare. APT reading after 48 and 72 h is recommended (n ¼ 314).

Observed in 53 of 314 patients (17%)

N = 22 APT+, but no positive SPT or sIgE at all (7%)

n = 31 D. Pter.

n = 7 Cat dander

n = 8 G
rass pollen

n =
 16 B

irch pollen

n =
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gg
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n = 16 Celery

n = 18 W
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Figure 3. Patient subgroup with at least one positive APT
reaction without corresponding skin-prick test/specific IgE.
Clear-cut positive APT with all SPT and sIgE tested negative
was seen in 7% of the patients, whereas a positive APT without
SPT or sIgE for the respective allergen was seen in 17% of the
patients.
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(17%) of the patients. No significant difference in the
agreement with history was seen when comparing these
patients with the IgE-positive group. The distribution of
allergens is shown in Fig. 3.
No significant association between air-exposed eczema

distribution pattern and a positive APT result was seen
(P > 0.05, n ¼ 188). The duration of the last eczema
flare in patients with at least one allergen with positive
APT reaction (n ¼ 84) was 186 ± 380 days (median
105 days). In patients with negative APT (n ¼ 104), the
duration was shorter: 143 ± 278 days (median 82 days;
difference not significant, P > 0.05).

Sensitivity and specificity of different test procedures

The accuracy parameters sensitivity and specificity were
calculated for all allergens and compared with the classic
tests of IgE-mediated hypersensitivity (Table 3). The
criteria for a �true positive� test was, as usual in epicuta-
neous testing, a corresponding predictive history of the
patient with the investigated allergen. It could be dem-
onstrated in all tested allergens, that the specificity of the
APT was always higher than the specificity of SPT or
RAST. However, the sensitivity was lower, depending on
the allergen studied.

Regional differences of APT reactivity

Table 4 shows the mean percentages of patients with
positive APT reactions to the four tested aeroallergens, in
comparison with different countries. Marked differences
were seen in these numbers, especially for the seasonal
pollen allergens and for cat dander. Less positive
reactions to pollen were obtained in Switzerland, France
and Italy compared with the Netherlands, Belgium and
Germany. No significant regional differences were ob-
served for food allergens (not shown). Comparing the
percentual frequencies of positive APT and correspond-

ing elevated allergen-specific serum IgE per center, a
paired t-test analysis showed significant association of
these parameters for cat, grass and birch pollen.

Adverse events

In 25 of 314 patients (7.7%), adverse side-effects were
reported, described as local eczema flares, contact urtic-
aria, irritation caused by adhesives, and itching in test
sites, some of which required topical therapy. One event
was graded as severe, where a patient developed brea-
thing problems in the night following APT and SPT.
After removing of the APT and a lung X-ray, the patient
recovered. A causal relation to the APT was unlikely.

Discussion

This is the first international multicenter study describing
the feasibility of APT in a clinical setting with a
controlled, double-blind design. The results of this study
confirm that aeroallergens and food allergens are able to
elicit eczematous skin lesions in a number of patients with
atopic eczema when applied epicutaneously on untreated
skin. The methodology used, in contrast to many
experimental models for APT, is suitable for allergolog-
ical routine, can be standardized across many sites, and
can be interpreted on a clinical background in patients
with atopic eczema.

As a �gold standard� of aeroallergen provocation test in
atopic eczema does not exist, the individual allergen-
specific history of previous eczema exacerbations was
used like in conventional contact allergy testing as a
substitute for a relevance parameter. For aeroallergens,
patient’s history has previously been shown to be suitable
to evaluate clinical relevance, especially for seasonal
allergens (16, 17). Food provocation challenges were not
included as no international standardization was achieved
a priori and feasibility is large-scaled. In this study,
significant associations of APT results with the prospec-

Table 3. Sensitivity and specificity of different test procedures with regard to pa-
tients� history

Test

Sensitivity Specificity

SPT sIgE APT SPT sIgE APT

Dermatophagoides pteronyssinus 68* 72* 45 50* 53* 64
Cat dander 79* 80* 14 71* 69* 91
Grass pollen 80* 84* 28* 54* 53* 91*
Birch pollen 69* 73* 15 57* 52* 83
Egg white 68* 59* 32* 78* 85* 91*
Celery 100* 50 33 81* 71 91
Wheat flour 30 78 30 85 63* 91

All values are percentage values.
Referring to predictive history of eczema exacerbations in pollen season, in direct
contact with allergen, or after food ingestion (n ¼ 314).
* Agreement with history (two-sided Pr > |Z| £ 0.01).
The APT shows a higher specificity than classical tests for IgE-mediated hyper-
sensitivity with regard to the allergen-specific history.

Table 4. Percentage of positive APT per allergen and country

Country

Allergen

Dermatophagoides
pteronyssinus Cat* GP* BP*

The Netherlands (n ¼ 36, 2 centers) 42 3 16 22
Belgium (n ¼ 32, 2 centers) 44 13 8 19
Germany (n ¼ 162, 4 centers)1 36 11 20 21
Switzerland (n ¼ 42, 2 centers) 40 5 5 2
France (n ¼ 9, 1 center)2 67 11 0 11
Italy (n ¼ 30, 1 center) 17 10 7 7

All values are percentage values.
Regional differences of APT reactions were seen.
1 Including German Clinic in Davos, Switzerland.
2 Pediatric study center.
* Association of APT with specific IgE, P < 0.05
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tively obtained history were seen with exposure to grass
pollen as seasonal allergen and egg white as most frequent
food allergen.
Atopy patch test evaluation after 48 and 72 h gave the

number of positive APT results; however, after 24 h no
relevant results could be obtained. The two later reading
timepoints should be considered relevant in patch testing
with aeroallergens; Fig. 2 shows a 10% higher frequency
at 48 h compared with 72 h, for most positive APT key
units. In addition, the distribution of APT reading key
units in this multicenter study indicates the suitability of
the ETFAD key for clinical routine. The cutoff of a
positive APT reaction needing to be at least infiltrated
(not only erythema) has previously been used successfully
(14, 16); a visual score was recently shown to be superior
in differentiation between irritative and allergic reactions
compared with chromametry and laser Doppler imaging
(18).
The sensitivity analysis, in comparison with previous

studies (16, 17), suggests that for some allergens APT
allergen concentrations >200 IR/g may be necessary to
demonstrate a sensitization. Further studies with larger
numbers of (pediatric) patients and including food
challenges are necessary for food allergens, after better
standardization of the allergen content. Celery was
included as a known cross-allergen in adults (age
>10 years in 76% of the study group) and indeed the
number of patients with a positive APT to celery is
markedly higher than the number of patients with a
history of celery-associated eczema flares (Table 2). As a
result of the overall low reactivity to celery APT and the
lack of food provocation, these associations should be
interpreted cautiously. Milk as a relevant food allergen in
children could not be produced in a standardized APT
preparation for this study. Higher numbers for sensitivity
and specificity of APT with unprocessed native food were
reported by Niggemann et al. (19) and Roehr et al. (20),
using food provocation outcomes as calculation basis.
The regional subgroup analysis of this international

multicenter study showed wide variations in the rate of
positive APT reactions in spite of the highly standardized
test procedure. This observation may partially explain the
different outcomes of previous APT studies from different
countries. Differences in patients� sensitization rates,
probably due to different allergen exposure to certain
aeroallergens may be one reason for this variation. This
hypothesis is sustained by the significant association of
the APT positivity rate and the corresponding specific
IgE in the centers, arguing against investigator bias in
APT reading (which was also standardized in training
sessions).
The association of positive APT with specific IgE to

certain allergens in this study suggests the role of allergen-
specific IgE in the development of eczematous skin lesions
after allergen contact in this study and confirms previ-
ous results (16). Mite allergen in the epidermis under
natural conditions (21) as well as in APT sites (10, 13) has

been demonstrated in proximity to Langerhans cells.
Langerhans cells in the skin express IgE receptors of three
different classes (22–24). In addition, a Birbeck granule
negative, non-Langerhans cell population with an even
higher IgE-receptor expression than the Langerhans cell,
the so-called inflammatory dendritic epidermal cell
(IDEC), has recently been demonstrated in freshly
induced APT lesions (25, 26), a phenomenon which
occurred in both �intrinsic� and �extrinsic� patients (26).
This might explain IgE-associated activation of allergen-
specific T cells finally leading to eczematous skin lesions
in the APT (27, 28). According to the results of
Langeveld-Wildschut et al. (29) the positive APT reaction
requires the presence of epidermal IgE+ CD1a+ cells.

That classical IgE-mediated tests like SPT and the
proof of sIgE by CAP-RAST show positive reactions in
the majority of patients with AE (1, 5, 14, 18), could also
be demonstrated in this study. However, these tests are of
low specificity. In contrast, the APT was associated with
the more specific information, which patient really
experienced deterioration of AE after aeroallergen con-
tact. Therefore, the outcome of APT can only partially be
predicted by sIgE, SPT or history, which, alone or in
combination, can only be a substitute for the specific
provocation or allergen avoidance measures. The very
low frequency of reactions to vehicle control tests and the
high number of positive reactions to allergen-carrying test
substances in this study demonstrates the advantage of an
APT method without irritating procedures like tape
stripping or abrading to enhance allergen penetration.

In some patients with negative SPT with or without
sIgE, clear-cut positive APT reactions were observed. It is
well known that SPT and sIgE are not perfectly concor-
dant when compared in a larger group of patients, since
they may indicate sensitization in different compartments
of the body (i.e. IgE on skin mast cells or in the serum). In
contrast to SPT and sIgE, the APT gives additional
information on another pathophysiological aspect, ecze-
matous skin inflammation.

In summary, APT is not proposed as a single screening
test in patients with atopic eczema. It may rather be used
in addition to SPT and sIgE as a tool to prove clinical
relevance of a given sensitization. A sensitization detected
by APT, which is supposedly T-cell mediated, may be
even more relevant for the clinical course of atopic
eczema than the demonstration of an IgE-mediated
sensitization. However, without the clear-cut positive
APT, 7% of the tested patients who would be labelled as
�intrinsic type� of atopic eczema according to Wüthrich’s
definition (30), show a sensitization in the APT. A similar
finding of positive APT reactions in subjects without sIgE
to Dermatophagoides was described by Seidenari et al.
(31) and Manzini et al. (32). Moreover, recently eight of
12 �intrinsic� atopic eczema patients were reported to react
to a partially purified whole-mite APT preparation by
Ingordo et al. (33). Similar results have been obtained by
APT with Malassezia sympodialis antigen (34). House
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dust mite-specific antibodies of the IgG4 subtype, as well
as a rapid influx of IDEC in the APT lesions has recently
been reported in two otherwise �intrinsic� atopic eczema
patients (35). However, the mechanism of these �intrinsic�
APT reactions remains hypothetical to date, but a T-cell-
mediated mechanism without IgE involvement seems
probable. With regard to the recently proposed novel
nomenclature for allergy by the European Academy of
Allergy and Clinical Immunology (36), these cases may be
diagnosed as �non-IgE-associated AEDS� or �T-cell-medi-
ated AEDS�, respectively.
The APT model used in this study with standardization

of allergen concentration and vehicle may provide an
important diagnostic tool to select those patients who
show special benefit from allergen avoidance procedures
or allergen-specific immunotherapy (37). To date, there
are no data from intervention studies supporting that

patients with positive APT benefit from allergen avoid-
ance (38, 39). The APT with allergens in petrolatum may
be used in the future as a kind of provocation test on the
skin, but food challenge tests as gold standard in food
allergic patients with AE are not replaced. The APT may
even identify those patients with negative SPT and sIgE.
However, the clinical relevance of positive APT reactions
is still to be proven by standardized provocation and
avoidance tests and may also depend on the APT model
used and outcome definitions.

Acknowledgments

The authors are thankful to J. Grosh for skillful technical assistance
and to the Technical University Munich for funding.

References

1. Rajka G. Essential Aspects of Atopic
Dermatitis. Berlin: Springer, 1989.

2. Ruzicka T, Ring J, Przybilla B., eds.
Handbook of Atopic Eczema. Berlin:
Springer, 1991.

3. Tan B, Weald D, Strickland I,
Friedman P. Double-blind controlled
trial of effect of housedust-mite allergen
avoidance on atopic dermatitis. Lancet
1996;347:15–18.

4. Tupker R, DeMonchy J, Coenraads P,
Homan A, van der Meer J. Induction
of atopic dermatitis by inhalation of
house dust mite. J Allergy Clin Immunol
1996;97:1064–1070.

5. Ring J, Darsow U, Abeck D. The atopy
patch test as a method of studying
aeroallergens as triggering factors of
atopic eczema. Dermatol Treatment
1996;1:51–60.

6. van Voorst Vader PC, Lier JG, Woest

TE, Coenraads PJ, Nater JP. Patch
tests with house dust mite antigens in
atopic dermatitis patients: methodo-
logical problems. Acta Derm Venereol
(Stockh) 1991;71:301–305.

7. Ring J, Kunz B, Bieber T, Vieluf D,
Przybilla B. The �atopy patch test� with
aeroallergens in atopic eczema. J Allergy
Clin Immunol 1989;82:195.

8. Rostenberg A, Sulzberger MD. Some
results of patch tests. Arch Dermatol
1937;35:433–454.

9. Mitchell E, Chapman M, Pope F,
Crow J, Jouhal S, Platts-Mills T.
Basophils in allergen-induced patch test
sites in atopic dermatitis. Lancet
1982;I:127–130.

10. Gondo A, Saeki N, Tokuda Y. Chal-
lenge reactions in atopic dermatitis
after percutaneous entry of mite antigen.
Br J Dermatol 1986;115:485–493.

11. Norris P, Schofield O, Camp R. A
study of the role of house dust mite in
atopic dermatitis. Br J Dermatol
1988;118:435–440.

12. Bruijnzeel-Koomen C, van Wichen D,
Spry C, Venge P, Bruijnzeel P. Active
participation of eosinophils in patch test
reactions to inhalant allergens in patients
with atopic dermatitis. Br J Dermatol
1988;118:229–238.

13. Tanaka Y, Anan S, Yoshida H.
Immunohistochemical studies in mite
antigen-induced patch test sites in
atopic dermatitis. J Derm Science
1990;1:361–368.

14. Darsow U, Vieluf D, Ring J. Atopy
patch test with different vehicles and
allergen concentrations – an approach to
standardization. J Allergy Clin Immunol
1995;95:677–684.

15. Seidenari S, Giusti F, Pellacani G,
Bertoni L. Frequency and intensity of
responses to mite patch tests are lower in
non atopic subjects in respect to patients
with atopic dermatitis. Allergy
2003;58:426–429.

16. Darsow U, Vieluf D, Ring J, for the
APT Study Group. Evaluating the rele-
vance of aeroallergen sensitization in
atopic eczema with the atopy patch test:
a randomized, double-blind multicenter
study. J Am Acad Dermatol
1999;40:187–193.

17. Darsow U, Ring J. Airborne and diet-
ary allergens in atopic eczema: a com-
prehensive review of diagnostic tests.
Clin Exp Dermatol 2000;25:544–551.

18. Heinemann C, Schliemann-Willers S,
Kelterer D, Metzner U, Kluge K,
Wigger-Alberti W et al. The atopy
patch test – reproducibility and com-
parison of different evaluation methods.
Allergy 2002;57:641–645.

19. Niggemann B, Reibel S, Wahn U. The
atopy patch test – a useful tool for the
diagnosis of food allergy in children with
atopic edermatitis. Allergy 2000;55:
281–285.

20. Roehr CC, Reibel S, Ziegert M,
Sommerfeld C, Wahn U, Niggemann

B. Atopy patch tests, together with
determination of specific IgE levels,
reduce the need for oral food challenges
in children with atopic dermatitis.
J Allergy Clin Immunol 2001;107:548–
553.

21. Maeda K, Yamamoto K, Tanaka Y,
Anan S, Yoshida H. House dust mite
(HDM) antigen in naturally occurring
lesions of atopic dermatitis (AD): The
relationship between HDM antigen in
the skin and HDM antigen-specific IgE
antibody. J Derm Sci 1992;3:73–77.

22. Bieber T, Rieger A, Neuchrist C,
Prinz JC, Rieber EP, Boltz-Nitulescu

G et al. Induction of FCeR2/CD23 on
human epidermal Langerhans-Cells by
human recombinant IL4 and IFN. J Exp
Med 1989;170:309–314.

23. Bieber T, de la Salle H, Wollenberg

A,Hakimi J, Chizzonite R, Ring J et al.
Human epidermal Langerhans cells
express the high affinity receptor for
immunoglobulin E (Fc epsilon RI).
J Exp Med 1992;175:1285–1290.

Darsow et al.

1324



24. Wollenberg A, de la Salle H, Hanau

D, Liu FT, Bieber T. Human Kera-
tinocytes release the endogenous
ß-galactoside-binding soluble lectin
�BP which binds to Langerhans cells
where it modulates their binding
capacity for IgE glycoforms. J Exp
Med 1993;178:777–785.

25. Wollenberg A, Kraft S, Hanau D,
Bieber T. Immunomorphological and
ultrastructural characterization of
Langerhans cells and a novel, inflam-
matory dendritic epidermal cell (IDEC)
population in lesional skin of atopic
eczema. J Invest Dermatol
1996;106:446–453.

26. Kerschenlohr K, Decard S,
Przybilla B, Wollenberg A. Atopy
patch test reactions show a rapid influx
of inflammatory dendritic epidermal
cells (IDEC) in extrinsic and intrinsic
atopic dermatitis patients. J Allergy Clin
Immunol 2003;111:869–874.

27. van Reijsen FC, Bruijnzeel-Koomen

CAFM, Kalthoff FS. Skin-derived
aeroallergen-specific T-cell clones of Th2
phenotype in patients with atopic
dermatitis. J Allergy Clin Immunol
1992;90:184–192.

28. Sager N, Feldmann A, Schilling G,
Kreitsch P, Neumann C. House dust
mite-specific T cells in the skin of sub-
jects with atopic dermatitis: frequency
and lymphokine profile in the allergen
patch test. J Allergy Clin Immunol
1992;89:801–810.

29. Langeveld-Wildschut EG, Bruijnzeel
PLB, Mudde GC, Versluis C, Van
leperen-Van Dijk AG, Bihari IC et al.
Clinical and immunologic variables in
skin of patients with atopic eczema and
either positive or negative atopy patch
test reactions. J Allergy Clin Immunol
2000;105:1008–1016.

30. Schmid-Grendelmeier P,
Simon D, Simon HU, Akdis CA,
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