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Abstract The atopy patch test (APT) is defined as a patch
test procedure to assess delayed type hypersensitivity reac-
tions against those protein allergens known to elicit IgE-
mediated type I reactions in atopic patients. This patch test
procedure uses intact protein allergens instead of haptens in
an optimized test setting and with a special reading key. It
may be clinically useful especially for atopic dermatitis, as
the currently available test procedures either target the wrong
reaction type (type I and not type IV) or use the wrong
allergens (haptens and not protein allergen). A positive
APT reaction correlates with a positive lymphocyte transfor-
mation test and allergen-specific Th2 cells in the peripheral
blood. As even small changes in the test procedure influence
the sensitivity, specificity, and reproducibility of the APT,
the European Task Force on Atopic Dermatitis (ETFAD) has
developed a standardized APT technique: Intact protein al-
lergens, purified in petrolatum, are applied in 12-mm-
diameter Finn chambers mounted on Scanpor tape for 48 h
to non-irritated, non-abraded, or tape-stripped skin of the
upper back for 48 h; the evaluation of the test reaction is
done after 48 and 72 h using the ETFAD reading key,
assessing erythema as well as number and distribution pattern
of the papules. The APT may reveal type IV sensitization in
patients who are negative for the respective type I tests.
Limited availability of the expensive test substances and lim-
ited reimbursement is among the factors restricting the routine
use of the APT.
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Introduction

Atopic dermatitis (AD) is a very common, chronic inflamma-
tory skin disease of great socioeconomic importance, and a
heavy impact on the patient’s quality of life. The non-lesional
skin of patients with AD shows a disturbed epidermal barrier
function, which results in malfunction of both the innate and
adaptive immune system. The poor skin barrier function facil-
itates the penetration of allergens and may be quantified by
measuring the transepidermal water loss. The presence of
immediate-type sensitization to common protein allergens de-
lineates extrinsic AD from intrinsic AD patients. Hence,
performing allergy tests with the typical aero- and food aller-
gens of AD is necessary to assign AD patients to either sub-
group of AD. As the clinical presentation of AD is eczematous
and not urticarial, tests for immediate type hypersensitivity do
not assess major underlying disease mechanisms of AD.

On the other hand, there is an existing test procedure for the
eczematous type IV reaction of contact dermatitis, and this is
the patch test. Though this test would be appropriate in terms
of disease mechanism, it is almost exclusively performed with
the low molecular weight allergens of contact dermatitis
known as haptens.

To detect delayed type sensitizations against intact protein
allergens which are relevant to an AD patients’ course of
disease, a patch test procedure has been developed using
protein allergens in an optimized patch test procedure [1]. This
test may reveal information which is additive to skin prick tests
and specific serum IgE tests, as it targets with a reasonable
sensitivity and specificity the clinically relevant protein aller-
gen sensitization to the cellular component of AD [2].

Definition of APT
The atopy patch test (APT) is defined as an epicutancously

applied patch test procedure with allergens known to elicit
IgE-mediated reactions, in which the test sites are evaluated
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for a delayed hypersensitivity type, eczematous skin reaction
after 48 to 72 h [3]. In other words, the APT is a patch test
procedure using intact protein allergens instead of haptens in
an optimized test setting and with a special reading key.

History of the APT

The first description of patch-testing with what is now known
as haptens was done by Jadassohn in 1895. In 1937, Rostenberg
and Sulzberger documented the application of native pro-
teins for patch-testing including aeroallergens, but without
commenting on the special aspects of atopy [4]. Mitchell and
Platts-Mills dedicatedly performed patch test series with
aeroallergens in AD patients and controls for the first time in
1982, but there was no exact definition of the test method or
positive reactions at that time [5]. Different methods of improv-
ing allergen penetration through the epidermis such as tape
stripping, abrasion of stratum corneum, or addition of sodium
lauryl sulphate were investigated in larger series of patients
[6-11]. In 1989, Ring coined the term “atopy patch test” for
this test procedure [3]. In the following years, the APT was
standardized regarding the allergen concentration, vehicle, time
intervals, and preparation of the test site to develop a reliable
diagnostic tool for the clinical routine use in AD patients in
certain countries in Europe [1, 12—14]. Though a number of test
protocols have been published, the standardized test protocol of
the European Task Force on Atopic Dermatitis (ETFAD) has
most widely been used during the last decade [14, 15]. Some
exclusion criteria for the APT have been established for multi-
center trials and should also be followed for a diagnostic APT
procedure (Table 1). It must be noted that minor changes in the
time of allergen application, pre-treatment of the skin at the test
site, and allergen preparations may lead to quite different results
[16-20]. Hence, the standardization of aeroallergen prepara-
tions and test performance by ETFAD has brought a good
reliability of the APT for multicenter trials [12], which is not
reached so well for food allergens.

Immunology of the APT

Though AD is a clinically defined disease, it is currently best
understood as a T cell-based, dendritic cell-mediated chronic

Table 1 The ETFAD exclusion criteria for APT

Test site free of topical steroids for 7 days

Test site without UV treatment for 4 weeks

Patient free of oral steroids

Patient free of oral Cyclosporin A or oral Tacrolimus
Avoidance of antihistamines for 5 days (to be evaluated)
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inflammatory skin disease with a variable component of IgE-
mediated immune dysregulation [21, 22]. The epidermal
skin barrier of AD patients is impaired in both damaged
and apparently healthy skin. As a consequence, protein aller-
gens may penetrate the stratum corneum, where they are taken
up by Langerhans cells (LC) with low-level high-affinity IgE
receptor (FceRI) expression or inflammatory dendritic epider-
mal cells (IDEC) with high-level FceRI expression [23].

The histological correlate of a positive APT reaction is a
lymphohistiocytic infiltrate, which is accumulating within
days after the test application. Positive APT reactions are
characterized by a lymphohistiocytic infiltrate closely resem-
bling the early stages of an AD lesion [24].

After 24 h of APT application, infiltrating T cells show a
typical Th2 pattern with secretion of interleukin 4 and 13.
Another 24 h later, a shift towards a Th1 pattern with secretion
of Interferon gamma—as seen in chronic AD lesions—has
been described [25-27]. In addition, IDEC are recruited into
the APT lesions of both intrinsic and extrinsic AD patients
[28]. Extrinsic AD patients with a positive APT reaction to
house dust mite carry IgE on their Langerhans cells even in
non-lesional skin [29], thus suggesting a role of IgE-bearing
Langerhans cells in the development of the APT lesion. The
description of positive APT reactions to house dust mite
allergen in intrinsic AD patients lacking specific IgE to house
dust mite antigen argues against a prerequisite of type I allergy
for developing APT reactions [30]. Those AD patients with
allergen-specific proliferation of peripheral blood lympho-
cytes show positive APT results more frequently than those
with negative lymphocyte proliferation results [31].

Technical Aspects

Allergens: native food, prick test solutions on filter paper,
purified allergens in hydrogel, and purified allergens in pet-
rolatum have been used for APT [14, 32, 33]. Purified
allergens with known protein content have demonstrated a
better reproducibility in multicenter studies. A concentration
between 5.000 and 7.000 protein nitrogen units (PNU)/g or
200 IR (biological units)/g petrolatum base yields the most
useful ratio between sensitivity and specificity [14, 34]. The
allergen concentration needed for an APT is higher than for
SPT. In children, approximately half the adults’ dose can be
used with good success [34]. Petrolatum is preferred over
hydrogel as vehicle for all aeroallergen lyophilisates, be-
cause the preparations are more stable and the reaction
frequencies obtained are consistently higher [1]. A negative
(petrolatum) vehicle control must be applied with each APT.
No irritant reactions were found in APT using lyophilized
and commercial food allergen extracts and commercial ex-
tracts of house dust mite and American cockroach in non-
atopic subjects [35].
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Test chambers: throughout Europe, large Finn chambers
(12 mm diameter) are generally preferred for APT over the
smaller chambers (6 mm diameter) widely used for hapten
PT, which is based on the better reaction rates for food
allergens in a pediatric setting [36] and for aeroallergens
[34]. In terms of pathophysiology, the larger occluded test
area will allow for a better penetration and subsequent allergen
presentation of the intact protein allergens. This is in line with
our finding that most patients with a positive APT reaction
using 12-mm chambers show a negative repeated open appli-
cation test (ROAT) if retested without occlusion [13]. The
recommended large Finn chambers on Scanpor (a hypo-
allergenic plaster tape) are available from commercial sources.

Selection of test site and pretreatment: the test site on the
patient’s back must be non-lesional, must not have been
treated with topical steroids for 5 days, and should not have
received UV-radiation for several weeks. The washout peri-
od after systemic glucocorticosteroids depends on dose and
duration of use and is handled similarly to hapten PT. As
there are limited and conflicting data about influences of oral
antihistamines on the APT, it is on the safe side to avoid
them. An APT should not be performed during acute flares of
AD or during pregnancy. It is known that mechanical or
chemical disruption of the epidermal barrier of the test area
immediately before application of the APT by tape stripping
or acetone painting will increase the number of positive as
well as irritative reactions [37, 38]. The ETFAD procedure
favors a higher specificity over higher sensitivity, and conse-
quently does not include any pretreatment of the skin [13, 14].

Test procedure: the test chambers are removed after 48 h
from the patient’s back and the first reading is done. The final
reading is preformed at 72 h. In contrast to the conventional
PT for allergic contact dermatitis, a decrescendo phenome-
non between the first (48 h) and the second (72 h) reading is
frequently observed in biologically meaningful, positive test
reactions trials [12], which may be a consequence of the
different allergen penetration kinetics. In our institutions,
we follow the test criteria and reading key of the ETFAD
(Table 2), which has been revised in October 2003 [12]. It is
based upon the appearance of the erythema and the number
and distribution pattern of the papules. Only palpable re-
actions with infiltration, but not erythema-only-reactions,
are considered positive.

Sensitivity, Specificity and Reproducibility

As the APT does not target immediate type reactions, it does
not make sense to calculate sensitivity and specificity against
SPT results or specific IgE levels. It is, however, biologically
meaningful to assess sensitivity and specificity against the
clinical data and challenge test results. As variations in the
APT protocol will strongly influence the test results, sensi-
tivity, specificity, and reproducibility must be assessed for
each test procedure separately and must not be assumed the
same for different procedures.

The sensitivity of the ETFAD procedure (Table 3), as
determined against the history of exacerbation due to prov-
ocation factors obtained before testing, ranges for different
allergens from 75 % in monocentric to 42-56 % in
multicentric settings, whereas the specificity lies between
84 and 69-92 % [14, 39]. In a pediatric setting, the clinical
study of Niggemann et al. showed a sensitivity of 76 % and
specificity of 95 % of APT to late-phase clinical reactions and
is therefore considered to be a helpful, additional diagnostic
tool [18]. Evidence for a good predictive value showed the
APT of patients with delayed reactions in food challenge tests,
which were positive in 89 % of patients. In contrast, only 26 %
of cow’s milk allergic children were detectable by APT using
a test protocol from Finland [40, 41].

The results for monitoring the progress of food allergy
using the APT are quite diverse: The APT has been used to
follow the course of an elimination diet in children with
cow’s milk allergy with sensitivity of 67.95 %, and specificity
0f 88.3 % [42]. In contrast, the APT had a very low sensitivity
of 11.8 %, and a specificity of 85.7 % for testing children with
food protein-induced enterocolitis [43].

In AD patients, the ETFAD protocol developed by
Darsow et al. showed a reproducibility of 94 % of all positive
APT reactions within a mean 16-month observation period
using non-commercial high standard APT preparations of
house dust mite, grass pollen, and birch pollen in petrolatum,
12-mm-diameter Finn chambers on non-irritated, non-
abraded, or tape-stripped skin [34]. Comparing a tape-
stripped and an unstripped technique with 3 standard aller-
gens from 2 different suppliers, the reactions were reproduc-
ible upon retesting after 4-12 weeks in 56 % of AD patients.

Table 3 The ETFAD protocol for APT

Table 2 The ETFAD

APT reading key - Negative
? Only erythema, questionable
+ Erythema, infiltration
++ Erythema, few papules
+++ Erythema, many or

spreading papules

-+ Erythema, vesicles

Test area upper back

No tape stripping or acetone treatment

Large Finn chambers on Scanpor

Purified allergen in petrolatum as test substance

Allergen concentration standardized in biological units or
pg/ml major allergen content

Reading at 48 and 72 h
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The re-test was performed with the previously positive tested
substances on tape-stripped and unstripped test skin. The
first APT was performed on the patients’ back, whereas the
retest site was on the forearms. The correlation of results
achieved with the same allergens from different providers
was remarkably low [44].

Correlation of APT Results to Clinical Features

Though a positive APT reaction is frequently observed in
patients with corresponding type 1 sensitizations in SPT or
in vitro IgE tests, there is no need for a positive SPT or
in vitro IgE test in a patient to develop a positive APT
reaction [30]. A standardized APT shows a higher specificity
for an allergen regarding clinical relevance for AD than the
SPT, though the APT has a lower sensitivity [45]. At high
levels of allergen-specific IgE, APT often reacts positively.
Remarkably, in 7 % of AD patients, APTs are positive
without evidence of specific IgE or positive SPT. Especially
in those patients, the APT may play an important role for the
detection of a relevant sensitization [30].

A German multicenter study involving 571 patients patch
tested for allergic contact dermatitis showed 33 % positive APT
reactions to Dermatophagoides pteronyssinus or D. farinae
extracts in petrolatum (Mx 21B 20 %; Chemotechnique Di-
agnostics, Malmo). In this study, the allergens were applied for
24 h in small Finn chambers as used for routine hapten patch
testing [46]. Using this technique, no correlation was found
between a positive APT and an atopic diathesis, as defined by a
history of AD, hay fever or allergic asthma, positive skin prick
test results, or an elevated total serum IgE. The remarkable high
percentage of positive Dermatophagoides patch tests suggests
that some irritative reactions may have been counted positive,
whereas the smaller Finn chamber size may have decreased the
number of truly positive reactions.

An Italian study performed APTs in 75 subjects to com-
pare patch test reactions to house dust mite in atopic and non-
atopic patients. Reactivity to house dust mite was found in
23 % of non-atopic patients in comparison to 49 % of the
atopic patients. The non-AD patients showed a lower reac-
tion strength of APT reactions than the AD patients [47].
Another Italian study also found that the APT with house
dust mite is more frequently positive in extrinsic (47.4 %)
and intrinsic (66.6 %) AD patients than in non-atopic in-
dividuals (12.2 %) [48]. Most positive APT reactions are
seen with house dust mite (D. pteronyssinus) 36 %, cat
dander 22 %, and grass pollen 16 % [1].

Patients with AD clinically involving “air-exposed” areas
have significantly positive results more often in APT (69 %)
than patients with an AD elsewhere (39 %) [49]. In cases of
worsening or flare-up of AD during spring and summer, the
APT more often showed significantly positive reactions to
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grass pollen (75 %) than in patients without such a history
(16 %).

In children, where sensitizations against food allergens
are more common, the patch testing of certain food proteins
can be helpful to avoid unnecessary diets and sometimes
make an oral food challenge unnecessary [32, 40].

Evidence for another valuable use of the APT comes from
Greece, where the APT was positive in 32/54 children suffer-
ing from chronic constipation. After withdrawing the APT-
positive foods, constipation had improved in 28/32 children.
There was no correlation of APT with IgE levels [50]. During
infancy and childhood, age does not seem to have an influence
on the APT result [S1]. A study from Italy suggests that the
APT has a better sensitivity for peanut allergy than the SPT,
especially in children younger than 12 years [47].

Evidence from a laboratory study performed in patients
with a positive APT to Malassezia sympodialis revealed a
strong correlation between the presence of circulating
Malassezia-specific T cells with a Th2 profile in the periph-
eral blood and positive APT reactions to M. sympodialis
[52]. Sensitization to cockroach could also be shown with
the APT without a significant relationship between cock-
roach and house dust mite sensitivity. This positive APT to
cockroach in 43 % of the atopic patients had no significant
correlation with SPT or specific IgE levels [53].

Outlook and Conclusions

The APT has been used in an experimental setting as a model
for early AD lesions [28]. In addition, the APT seems to be a
valuable additional tool for the diagnosis of food allergies in
AD patients [54], whereas it is clearly not suitable for diagnos-
ing immediate type food allergy—this is reflected in different
guidelines. A standardized APT, such as the ETFAD procedure,
may show a higher specificity than SPT and specific IgE levels.
The reliability of such a standardized APT with aeroallergens is
very high, while the positive predictive value of food APTs
must be improved to avoid unnecessary diets [55]. Ongoing
clinical and experimental trials may further optimize various
aspects of this technique. The routine use of APT will increase
only if reimbursement for APT becomes adequate, because
stable and good quality APT substances are considerably more
expensive than standard hapten PT allergens.
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