
Epidemiology of atopy patch tests with food
and inhalant allergens in an unselected
population of children

The �atopy patch test� (APT), �a skin reaction
induced in patients with atopic dermatitis by
applying food allergens or aeroallergens on non-
lesional skin�, was first described in 1982 (1).
Thereafter, it was used in many studies in adults
and children with the purpose of obtaining
diagnostic results in allergology similar to those
obtained by dermatologists using an array of
chemical substances on the skin of patients with
contact dermatitis (2). Several technical proce-
dures, aimed at increasing the permeability of
the tested skin (including abrasion, stripping

and high concentrations of allergens vehiculated
in special solvents), were initially widely used to
facilitate positive test results (3–6). All of these
procedures were later abandoned, because they
proved unnecessary and difficult to standardize.
The current standard APT method entails the
use of commercial or naive food allergens, Finn
chambers, an occlusion time of 48 h and read-
ing at 48 and 72 h (7). APT is now a widely
applied procedure, especially aimed at the diag-
nosis of food allergy (8–14). Some points,
however, remain unresolved. The original idea
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Atopy patch test (APT) has been used as a diagnostic tool in patients
with suspected food or inhalant allergy. This study assessed the prev-
alence of positive APT with food or inhalant allergens in an unselected
population of schoolchildren. We also evaluated the link between
positive APT reactions and skin-prick tests (SPT) for food and inhalant
allergens, circulating eosinophils and histamine skin reactivity. We
studied an unselected population of 380 children aged 9 or 13 yr living
in Rome, Italy. APTs were carried out with food (native or standard-
ized) and inhalant allergens. All the children also underwent skin-prick
testing with five common inhalant and four food allergens. We also
measured eosinophil cell counts and histamine skin reactivity. The
prevalence of positive APT reactions for foods in unselected children
ranged between 4% and 11% for hen�s egg, tomato, and wheat flour
and was similar for both age groups studied. The prevalence of positive
APT for milk was significantly lower in children aged 13 than in chil-
dren aged 9 (p = 0.013). No concordance emerged between positive
APT and SPT for foods. Conversely, APT and SPT for inhalant aller-
gens yielded statistically significant concordance (p < 0.001). APT
produces positive reactions for food or inhalant allergens in a significant
number of subjects in the general population of schoolchildren. Age
influences the prevalence of positive APTs with cow�s milk to some
extent. Inhalant allergens probably induce a positive APT reaction
through an immunoglobulin E-linked process, while food allergens
probably do not.
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that a positive APT was an �eczematous� reac-
tion occurring on the skin of patients with
eczema, mainly because these persons had
unusually reactive skin (or skin with altered
permeability), naturally lead to the concept that
an APT would invariably be negative in patients
without eczema (15–18). This statement, sup-
ported by the results of some studies, has never
been clearly addressed or contradicted by an
experiment designed specifically to test it. How-
ever, several reports including groups of healthy
controls or atopic patients without eczema show
a considerable percentage of positive APTs in
non-eczematous patients (19–20). Existing data
suggest that the prevalence of positive APTs in
children selected for suspected food allergy is
higher in those with positive food challenges
than in those with negative food challenges
(9, 19, 21, 22). In general, in healthy or
symptomatic subjects, APT results differ widely
among tested allergens (naive or standardized
food) and depend closely on technical variables
(e.g. allergen concentration, size of the chamber,
occlusion time and site of allergen application)
(3–5, 23, 24) and on personal characteristics of
the tested person, e.g. age (2, 20, 23–25). Several
studies obtained similar results of APT using
inhalant allergens (2–6, 15–17, 19–20). Because
no study has assessed the influence of all these
variables on the prevalence of positive APT in
healthy or unselected children, the expected
prevalence in these populations is largely
unknown.
Another area of uncertainty is the relation-

ship between APTs and immunoglobulin E
(IgE) sensitization (atopy). Although an APT
can yield positive reactions in non-atopic sub-
jects with negative allergen skin-prick tests
(SPT) (9, 21, 25–27), evidence showing that
IgE-linked mechanisms intervene in the patho-
genesis of the skin reaction during the early
phases of the APT has been produced for
inhalant allergens, mainly Dermatophagoides
pteronyssinus (2–4, 6). Yet no similar informa-
tion is available for APTs with food allergens.
More generally, it is also not clear whether an
APT is more likely to yield a positive reaction in
atopic patients (19, 28, 29).
We designed this study to assess the preva-

lence of positive food APT reactions in unse-
lected schoolchildren aged 9 and 13. We also
evaluated the link between positive APT reac-
tions and SPT for food and inhalant allergens,
circulating eosinophils and histamine skin reac-
tivity. We performed APTs on 380 schoolchil-
dren aged 9 or 13 yr living in the north of
Rome, Italy.

Materials and methods
Study populations

We studied an unselected population of 380
children attending two elementary schools in the
north of Rome (Italy) from October 2005 to
March 2006. The population consisted of two age
groups. The older group, (196 children, aged
12.60 ± 0.89 yr), underwentAPTwith fresh food
allergens (103 subjects) or standardized food
allergens in petrolatum (93 subjects). The younger
group (184 children, aged 8.71 ± 1.41 yr)
underwent APT only with fresh food allergens.
A subgroup of children (131: 43 belonging to the
older group and 88 to the younger group, 58%
boys) underwent atopy patch testing also with two
inhalant allergens. For 1 wkbefore skin testing, all
children were asked to refrain from antihistamine
medications and from inhaled or oral corticoster-
oids.
The study was approved by the Ethical Com-

mittee of the Paediatric Clinic of Rome Univer-
sity �La Sapienza�.

Atopy patch tests

Atopy patch tests were carried out with plastic
quadratic chambers 10 mm in diameter (Finn
Chambers, Haye�s, the Netherlands). The aller-
gens were placed into the chambers and were
attached to an area of unaffected skin on the
children�s backs on both sides. As a control,
physiological solution was used. In the older
group, we applied APT either with fresh foods:
cow�s milk (containing 3.5% fat), whisked hen�s
egg (yolk and white of egg), tomato and wheat
flour (dissolved in saline, 1 g/10 ml) (103 sub-
jects) or with standardized food allergens (cow�s
milk 10%, hen�s egg 10%, tomato 20%, wheat
flour 10%) dissolved in petrolatum (Lofarma
S.p.a., Milano, Italy) (93 subjects). In the youn-
ger group (184 subjects), we applied the four
fresh food allergens. In the subgroup of 131
children from both groups (43 subjects aged 9 yr
and 88 aged 13 yr), we used for APT two
standardized inhalant allergen solutions for
SPT (Dermatophagoides pteronyssinus and mixed
grasses 1: Avena sativa, Hordeum vulgare, Secale
cereale, Triticum sativum; ALK-ABELLO,
Hørsholm, Denmark). The occlusion time was
48 h. The results were read at 20 min after the
chambers were removed and at 72 h for the final
test evaluation. The reading criteria were those
recommended by the revised European Task
Force on Atopic Dermatitis key for APT reading
(7). Reactions were classified as positive if the test
yielded erythema with infiltration, papules or
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both. Erythema without palpable infiltration was
considered questionable. In the final judgment,
questionable results were considered negative.
All test results were read by the same two
well-trained operators.

Skin-prick tests

HSPT were carried out in a pre-defined area on
the volar side of the left forearm, with a space
of at least 2.5 cm between each prick with the
following inhalant allergen panel: Dermato-
phagoides pteronyssinus, mixed grasses 1 (Avena
sativa, Hordeum vulgare, Secale cereale, Triti-
cum sativum), mixed trees (Betula verrucosa,
Corylus avellana, Alnus glutinosa), cat dander
and Alternaria alternata (ALK-ABELLO). On
the right volar forearm, we pricked the same
four fresh food allergens used for APT (whole
cow�s milk, whisked hen�s egg, tomato and
wheat flour dissolved in 1 mg/10 ml saline). We
also did a prick test with histamine dihydro-
chloride (10 mg/dl). As a negative control, 50%
glycerine in saline was applied on the right
forearm. We used 1-mm tip metallic lancets
(ALK-ABELLO). The lancet was pricked ver-
tically into the skin through each drop for 2 s
with firm pressure. A new lancet was used for
each prick test. Ten minutes after the proce-
dure was finished, the wheals were outlined
with a thin felt-tip pen. The contours were
transferred to the record sheet with translucent
tape. The size of each weal was measured as
the mean of the longest diameter and the
diameter perpendicular to it at its mid point.
An SPT with allergens was defined as posi-
tive if the wheal was ‡3 mm in its longest
dimension. All the tests were carried out by the
same two well-trained operators. The children
with at least one positive SPT to common
inhalant or food allergens were considered as
atopic.

Serum studies

Peripheral venous blood samples were drawn
from 278 children. Eosinophils were measured
within 2 h with an automated blood cell counter
(Advia 120, Bayer�, Leverkusen, Germany).

Statistical methods

All data are expressed as mean values ± s.d.
Data were analysed with the software package
spss version 9.0 (SPSS Inc. Chicago, IL, USA).
Student�s two-tailed t-test, chi-squared (v2) test
and Fisher�s exact test were used for statistical

comparison. p-Values £ 0.05 were considered to
indicate statistical significance.

Results

In unselected children, the prevalence of positive
APT reactions for foods ranged between 4%
and 11% for hen�s egg, tomato and wheat flour
and was similar for both age groups studied
(subjects aged 9 and 13 yr). Conversely, for
cow�s milk, the prevalence differed significantly
between younger and older children (11.4% vs.
4.1%, p = 0.013, v2-test) (Table 1). The differ-
ence was even more significant taking into
consideration only the results characterized by
the presence of �papules� (1.5% vs. 7.6%,
p = 0.009, Fisher�s exact test). APTs with the
two inhalant allergens (Dermatophagoides ptero-
nyssinus and mixed grasses) yielded significantly
different rates of positive reactions in the two
age groups (Table 1). Older children were more
atopic and showed higher histamine skin reac-
tivity than younger children.
Only for cow�s milk and only in children aged

9 did the prevalence of positive APT reactions
significant differ by sex; it was higher in boys
than in girls (19.0% vs. 6.1%, p = 0.018).
No concordance emerged between positive

APT and SPT for foods in either children aged
9 or those aged 13 (Table 2): none of the 100
positive APT reactions for the different food
allergens concorded with SPT carried out with
the same allergen. Conversely, APT and SPT
for inhalant allergens yielded statistically signifi-
cant concordance: about 50% of the children
who had positive SPT reactions also had
positive APT reactions for the same allergen
(Table 2).
The mean number of positive SPT was similar

in subjects with positive APT and those with
negative APT with food allergens. No differences
were found in histamine skin reactivity between
subjects with positive and negative APT reac-
tions. Eosinophil cell counts were also similar in
subjects with positive and negative APT
reactions.

Discussion

The first finding from our large epidemiological
study on APT in unselected schoolchildren aged
9 and 13 is that this diagnostic procedure
produces positive reactions for food or inhalant
allergens in a significant number of subjects in
the general population. This finding contradicts
some reported statements that APT, being an
�eczematous� reaction of the skin, is positive only
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in the subjects with atopic eczema (3, 6, 7, 16,
19).
The prevalence of positive APT for milk was

significantly lower in children aged 13 than in
children aged 9. This age-related decline in

positive APT reactions for cow�s milk by the
age of 13 would be even more significant if only
the presence of papules were considered as a
criterion of ATP positivity (APT for cow�s milk
elicited papules five times more frequently at
the age of 9 than at the age of 13). This finding
is in accordance with literature observations
that APT positivity with food and inhalant
allergens tends to be less prevalent in older
subjects (2, 24, 20).
When we evaluated the link between positive

APT reactions and SPTs, we found no association
for food allergens, but a statistically significant
association for inhalant allergens. It appears
therefore that the results of APT differ according
to the type of allergen tested. Given that SPT with
inhalant allergens evoke a positive reaction by
mean of a mechanism linked to IgE, our finding
suggests that APT reactions with inhalants are

Table 2. Concordance between the results of atopy patch tests and skin prick
tests with food (fresh or standardized) or inhalant allergens

Group 1
(APT with foods,

age 13 years) p

Group 2
(APT with foods,

age 9 years)

Cow�s milk
Left Left

neg. 174 (88.8%) 153 (83.2%)
�1 ? 14 (7.1%) 10 (5.4%)
�2 + 5 (2.6%) 7 (3.8%)
�3 ++ 1 (0.5%) 0.009 11 (6.0%)
�4 +++ 2 (1.0%) 3 (1.6%)
pos. (�2 +�3 +�4 ) 8/196 (4.1%) 0.013 21/184 (11.4%)

Table 1. Studied unselected population of children aged 9 and 13

Group 1
(APT with foods*,

age 13 years) p (1 vs. 2)

Group 2
(APT with foods,

age 9 years) p (2 vs. 3)

Group 3�
(APT with inhalants,

age 9 years)

Population
Number 196 – 184 – 131
Males 93 (47.4%) n.s. 97 (52.7%) n.s. 76 (58%)
Age (years) 12.60 € 0.89 <0.001 8.71 € 1.41 n.s. 9.40 € 2.24
Height (m) 1.57 € 0.08 <0.001 1.32 € 0.01 n.s. 1.29 € 0.08

Weight (kg) 50.86 € 10.21 <0.001 32.33 € 8.22 n.s. 29.74 € 6.75
Atopy patch tests (prevalence of positive results)�

Food allergens Inhalant allergens
Cow�s milk 8/196 (4.1%) 0.013 21/184 (11.4%) Dermatophagoides

pteronyssinus
39/131 (29.8%)

Hen�s egg 20/196 (10.2%) n.s. 15/184 (8.2%)
Tomato 6/156 (3.8%) n.s. 8/184 (4.3%) Mixed grasses 1 5/131 (3.8%)
Wheat flour 11/196 (5.6%) n.s. 11/184 (6.0%)

Skin prick tests (prevalence of positive results)
Inhalants

Dermatophagoides pteronyssinus 45 (23%) n.s. 31 (16.8%) n.s. 20 (15.3%)
Mixed grasses 1 39 (19.9%) 0.003 16 (8.7%) n.s. 6 (4.6%)
Mixed trees 16 (8.2%) <0.001 0 (0.0%) n.s. 1 (0.8%)
Cat dander 19 (9.7%) 0.010 (2.7%) n.s. 2 (1.5%)
Alternaria alternata 20 (10.2%) 0.047 8 (4.3%) n.s. 4 (3.1%)
At least 1 + SPT with inhalants 66 (33.7%) 0.003 36 (19.6%) n.s. 24 (18.3%)

Foods
Cow�s milk 4 (2.0%) n.s. 1 (0.5%) n.s. 0
Hen�s egg 2 (1.0%) n.s. 0 (0.0%) n.s. 0
Tomato 6 (3.1%) n.s. 2 (1.1%) n.s. 0
Wheat flour 3 (1.5%) n.s. 1 (0.5%) n.s. 0
At least 1 + SPT with foods 12 (6.1%) n.s. 4 (2.2%) n.s. 0
At least 1 + SPT with inhalants or foods 69 (35.2%) 0.002 38 (20.7%) n.s. 24 (18.3%)

Number of positive SPT, mean € s.d. 0.79 € 1.31 <0.001 0.35 € 0.76 n.s. 0.25 € 0.57
Histamine skin reactivity

(10 mg/ml wheal diameter, mean € s.d.) (mm)
5.93 € 1.25 <0.001 4.54 € 1.43 n.s. 5.30 € 1.47

Blood eosinophil cell count (103/1 ll) 0.26 € 0.53 n.s. 0.31 € 0.30 n.s. 0.31 € 0.31

*No significant difference was found in APT performed with fresh foods (103 subjects) or with commercial food preparation (Lofarma S.p.a., Milano, Italy; 93
subjects).
�43 children belong to group 1 and 88 to group 2.
�Results obtained with food allergens (fresh or standardized) or ihnalant allergens (preparation for skin prick test, ALK-ABELLO) in the left side of the back (include
all tests which gave infiltration with erythema and/or papules).
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also in someway produced by thismechanism, but
that positive APTs with food take place using
other immunological mechanisms. This finding is
in agreement with pathological findings reported
in the literature. Several studies show that APT
with Dermatophagoides are largely dependent on
an IgE-mediated mechanism (2, 4, 5, 27), whereas
in positive APT with foods, skin biopsies detected
immuno elements attributable to all four Gell and
Combs reactions (27).
In conclusion, our robust epidemiological

approach to APT with food allergens, evaluating
two large groups of unselected children at diffe-
rent ages with food allergens and one similar age
group with inhalant allergens, shows that APT
with both types of allergens can be found positive
in about 4–11% for food allergens and in about
4–30% for inhalant allergens of an unselected
children population. In our study, age influenced
the prevalence of positive APTs to some extent.
Inhalant allergens probably induce a positive
APT reaction through an IgE-linked process.
Conversely, the absence of a link between the
results of APTs with food allergens and SPTs
with the same allergen suggests that food aller-
gens do not.
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