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hen’s egg and cereals) (4-9). Despite the need 
for standardization, especially for food APT (10-
11), this test has an acknowledged clinical role, 
especially in the diagnosis of atopic dermatitis 
and food allergy (5, 12). Among several variables 
that can strongly influence the results of APT are 
allergen concentration, skin site and devices used for 

Although atopy patch tests (APT) seem a valuable additional tool in the diagnostic work-up for food 
allergy in children with atopic eczema/dermatitis syndrome, the immunopathology and some technical 
aspects of testing remain controversial. Few published data are available on the reproducibility of 
APT with inhalants and only two studies include fresh food allergens. In this study we therefore 
investigated the reproducibility of duplicate APT (left versus right side of the back) with native and 
commercially available food (cow’s milk, hen’s egg, tomato, wheat flour) and with inhalant allergens 
(Dermatophagoides pteronyssinus and mixed grasses) in a large unselected population of children. 
We tested a population of 277 Italian schoolchildren with three APT allergens: fresh food (cow’s milk, 
hen’s egg, tomato and wheat flour), standardised food allergens in petrolatum (the same four foods) and 
standardised inhalant allergens routinely used for skin prick testing. For the four food allergens (applied 
in the natural form or as the standardised commercial preparation) from one- to three quarters of the 
APT gave positive results on one side and negative reactions on the opposite side (Cohen’s κ coefficient 
between 0.38, fresh tomato and 0.81, fresh cow’s milk). Conversely, APT with inhalant allergens were 
invariably reproducible (Cohen’s κ = 1.00). The possible technical and immunologic reasons explaining 
why reproducibility of APT differed for the two types of allergens await an answer from extensive 
controlled studies.
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The atopy patch test (APT), an epicutaneous 
application of intact protein allergens followed 
by the evaluation of skin reactions after 48-
72 hours, is widely used as a diagnostic tool in 
patients with symptoms elicited by aeroallergens 
(particularly Dermatophagoides pteronyssinus) 
(1-3) and food allergens (especially cow’s milk, 
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same children (131 children, 58% males, age 9.40 ± 2.24 
years, 88 belonging to the younger and 43 to the older 
group) also underwent atopy patch testing with two 
solutions of inhalant allergen. All the tests were applied 
simultaneously on each side of the back.

The study was approved by the Ethical Committee of 
the Paediatric Clinic of Rome University ‘Sapienza’. 

Atopy patch tests (APT) 
All APTs were carried out in duplicate applying 

plastic quadratic chambers 10 mm in diameter (Finn 
Chambers, Haye’s, the Netherlands) on each side of the 
back. One drop of each allergen (50 μL) was placed into 
the chambers which were attached to an area of unaffected 
skin on the children’s backs. As a negative control, 
physiological solution was used. In the younger group we 
applied four fresh food allergens: cow’s milk (containing 
3.5% fat), whisked hen’s egg (egg white and yolk), 
tomato and wheat flour (dissolved in saline, 1g/10 mL). 
In the older group we carried out APT with standardised 
food allergens (cow’s milk 10%, hen’s egg 10%, tomato 
20%, wheat flour 10%) dissolved in petrolatum (Lofarma 
S.p.a., Milano, Italy). In a subgroup of children (taken 
from the older and younger groups) we also performed 
APT with two standardised inhalant allergen solutions for 
skin-prick testing (Dermatophagoides pteronyssinus and 
mixed grasses: Avena sativa, Hordeum vulgare, Secale 
cereale, Triticum sativum; ALK-ABELLO, Hørsholm, 
Denmark). The occlusion time was 48 hours. The results 
were read 20 min after the chambers were removed and at 
72 hours for the final test evaluation. The reading criteria 
were those recommended by the revised European 
Task Force on atopic dermatitis for APT reading (11). 
Reactions were classified as positive if they caused either 
erythema with infiltration or papules. Erythema without 
palpable infiltration was considered as questionable. In 
the final judgment questionable results were considered 
as negative.

Statistical methods
Data were analysed with the software package SPSS 

version 9.0 (SPSS Inc. Chicago, IL, USA). Chi square 
(χ2) test or Fisher’s exact test were used for statistical 
comparison. P values less than or equal to 0.05 were 
considered to indicate statistical significance. The 
reproducibility of the APT was evaluated by assessing the 
percentage of agreement and by the κ statistic (Cohen’s 
test). 

RESULTS

Each of the three types of allergens tested on 
the two sides of the back elicited identical mean 

allergen application, and reading time or criteria for 
defining positive reactions. These variables seem to 
be specific for each allergen (7, 13-17).

Before any diagnostic test is applied in routine 
clinical practice its results must meet the criteria for 
reproducibility. The studies on APT reproducibility 
leave important unsolved issues because of peculiar 
study design (including retesting at variable 
intervals only of subjects with positive tests), small 
numbers of studied subjects, variable quality and 
concentrations of allergens, and non-homogenous 
criteria for reading and reporting positive tests. 
APT positive reactions and scores often differ in 
patients (especially those with atopic dermatitis) and 
healthy controls (1, 13, 14, 18, 19), a finding which 
should be considered in the many studies involving 
selected patients (18, 20-23). For these and many 
other reasons, APT performed in parallel with the 
same allergen in the same individual has been found 
reproducible for chemical substances (24-27) but 
the results varied from absolute agreement (20, 23, 
28-29) to very poor reproducibility (18-19, 21, 30) 
for APT with inhalant allergens. No satisfactory 
data exist on the reproducibility of APT with food 
allergens (18, 22). Results from studies comparing 
two APT performed at different times in the same 
individual are less reproducible than tests performed 
at the same time in two different skin sites (18-19, 
21, 31-34).

In this study, we investigated the reproducibility 
of duplicate APT (left versus right side of the 
back) with food (cow’s milk, hen’s egg, tomato, 
wheat flour) in its native form and as supplied by 
a commercial company, and with inhalant allergens 
(Dermatophagoides pteronyssinus and mixed 
grasses) in a large unselected population of school 
children.

MATERIALS AND METHODS

Study populations
We enrolled an unselected population of 277 children 

attending two primary schools in the north of Rome 
(Italy) from October 2005 to March 2006. We studied the 
children in 2 age groups: the younger group (184 children, 
52.7% males, age 8.71 ± 1.41 years) underwent APT with 
fresh food allergens and the older group (93 children, 
50.5% males, age 12.92 ± 0.81 years) with standardised 
food allergens in petrolatum vehicle. A subgroup of the 
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APT positive reactions – we observed the same 
frequencies of positive APT results on both sides of 
the back for each allergen in the studied population (p 
non significant; χ2 test or Fisher’s exact, Table I). The 
prevalence of positive APT for cow’s milk tended 
to be lower in older children (standardised food 
allergens). The mean number of positive reactions on 
the two sides remained unchanged regardless of the 
criteria used to define positivity (Table I).

The four food allergens applied as standardised 
commercial preparations yielded reproducible 
results in 50-57% of the tests (Cohen’s κ between 
0.65 and 0.71). Among fresh food allergens, tomato 

(Cohen’s κ = 0.375) and wheat flour (Cohen’s κ = 
0.490) gave reproducible results in 25-32% of the 
tests, whereas fresh cow’s milk yielded reproducible 
results in 70% of positive reactions and achieved the 
highest Cohen’s κ (0.81) (Table II). 

Conversely, inhalant allergens invariably gave 
optimally reproducible results. All the positive APT 
reactions were positive on the opposite side of the 
back and negative reactions were negative also on 
the other side (Cohen’s κ = 1.00 for both allergens) 
(Table II). 

All the reported reproducibility rates were the 
same in males and females (p non significant; χ2 test 

Table I. Prevalence of atopy patch tests with food allergens (fresh and standardised) or inhalant allergens.

Atopy patch test performed
with fresh  

food allergens 
(n = 184)

with standardised
food allergens 

 (n = 93)

with inhalant allergens

(n = 131) 
 Left right left right  left right 
Cow�s milk  Dermatophagoides pteronyssinus
neg. 153 (83.2%) 154 (83.7%) 80 (86%) 85 (91.4%)  91 (69.5%) 91 (69.5%) 
� ? 10 (5.4%) 10 (5.4%) 8 (8.6%) 2 (2.2%)  1 (0.8%) 1 (0.8%) 
� + 7 (3.8%) 8 (4.3%) 5 (5.4%) 6 (6.5%)  0 0 
� ++ 11 (6.0%) 10 (5.4%) 0 0  5 (3.8%) 4 (3.1%) 
� +++ 3 (1.6%) 2 (1.1%) 0 0  34 (26%) 35 (26.7%) 
pos. (�+�+�) 21 (11.4%) 20 (10.9%) 5 (5.4%) 6 (6.5%)  39 (29.8%) 39 (29.8%) 
Hen�s egg Mixed grasses 
neg. 155 (84.2%) 161 (87.5%) 86 (92.5%) 88 (94.6%)  126 (96.2%) 126 (96.2%) 
� ? 14 (7.6%) 12 (6.5%) 4 (4.3%) 2 (2.2%)  0 0 
� + 6 (3.3%) 5 (2.7%) 3 (3.2%) 3 (3.2%)  0 0 
� ++ 6 (3.3%) 5 (2.7%) 0 0  2 (1.5%) 3 (2.3%) 
� +++ 3 (1.6%) 1 (0.5%) 0 0  3 (2.3%) 2 (1.5%) 
pos. (�+�+�) 15 (8.2%) 11 (6.0%) 3 (3.2%) 3 (3.2%)  5 (3.8%) 5 (3.8%) 
Tomato
neg. 171 (92.9%) 170 (92.4%) 51 (96.2%) 51 (96.2%) 
� ? 5 (2.7%) 7 (3.8%) 1 (1.9%) 0 
� + 3 (1.6%) 1 (0.5%) 1 (1.9%) 1 (1.9%) 
� ++ 3 (1.6%) 4 (2.2%) 0 0 
� +++ 2 (1.1%) 2 (1.1%) 0 1 (1.9%) 
pos. (�+�+�) 8 (4.3%) 7 (3.8%) 1 (1.1%) 2 (3.8%) 
Wheat flour
neg. 165 (89.7%) 163 (88.6%) 83 (89.2%) 85 (91.4%) 
� ? 8 (4.3%) 9 (4.9%) 5 (5.4%) 4 (4.3%) 
� + 2 (1.1%) 2 (1.1%) 3 (3.2%) 3 (3.2%) 
� ++ 7 (3.8%) 8 (4.3%) 1 (1.1%) 1 (1.1%) 
� +++ 2 (1.1%) 2 (1.1%) 1 (1.1%) 0 
pos. (�+�+�) 11 (6.0%) 12 (6.5%) 5 (5.4%) 4 (4.3%) 
neg. - negative reaction; � ? � erythema without infiltration; � + - erythema with palpable infiltration; � ++ - erythema and less than 3 papules; � +++ - erythema and 4 or more or spreading 
papules; pos. � positive reaction. 

Table I. Prevalence of atopy patch tests with food allergens (fresh and standardised) or inhalant allergens.

neg. - negative reaction; � ? – erythema without infiltration; � + - erythema with palpable infiltration; � ++ - 
erythema and less than 3 papules; � +++ - erythema and 4 or more or spreading papules; pos. – positive reaction.



32 F. GRAZIANI ET AL. 33J. Biological Regulators

or Fisher’s exact test).

DISCUSSION

In this study, carrying out APT on both sides of 
the back with food allergens (fresh or standardised) 
in two unselected groups of schoolchildren aged 9 
or 13, we achieved poor reproducibility between 
the two sides of the back: 25-75% of positive APT 
resulted negative when repeated on the opposite side. 
Conversely, APT with standardised inhalant allergens 
(Dermatophagoides pteronyssinus and mixed 
grasses) yielded optimal overall reproducibility with 
100% of the tests giving identical results in the two 
sides. 

The much better APT reproducibility obtained 
with inhalant allergens than with food allergens 
cannot be added to current knowledge because of 
insufficient information concerning food allergens 
(18, 22). Although reproducibility might have differed 
owing to technical aspects of the procedure (allergen 
origin, diameter and form of the chamber, duration 

of application and time of reading, and criteria for 
defining positive reactions)  (7, 13-17, 20), we think 
this unlikely considering our standardised technique 
produced perfectly reproducible results for the two 
inhalant allergens. With fresh foods we achieved 
rather better reproducibility, especially with fresh 
cow’s milk (the highest Cohen’s kappa) than with 
standardised food allergens. Canani et al observed 
the differences in the diagnostic accuracy of APT 
with the same food allergen in two different forms 
(native foods and freeze-dried purified food extracts 
in petrolatum). The better results were achieved with 
fresh food allergens. These differences could be due 
to various factors, including protein purification 
procedure, antigen concentration or capability of 
penetrating the skin (9). Hence, on the basis of 
our findings and of the convincing literature data 
showing that patch tests with chemical substances 
yield good reproducibility rates (discordance less 
than 10%) (24-27) we conclude that APT results 
strongly depend on the tested allergens, with food 
allergens being at the bottom of reproducibility 

Table II. Atopy patch test reproducibility (comparison of the two sides of the back tested). 

Atopy patch tests with  
fresh food allergens 

(n = 184) 

Atopy patch tests with  
standardised food allergens 

(n = 93) 
 Left +/ 
Right + 

Left -/ 
Right-

Left +/Right- 
Left-/Right+

Cohen�s
kappa

 Left +/ 
Right + 

Left -/ 
Right-

Left +/Right- 
Left-/Right+

Cohen�s
kappa

Cow�s
milk

17
(9.2%)

160
(87%)

7
(3.8%)

0.808 4 
(4.3%)

86
(92.5%)

3
(3.2%)

0.710

Hen�s egg 9
(4.9%)

167
(90.8%)

8
(4.3%)

0.670 2 
(2.2%)

89
(95.7%)

2
(2.2%)

0.656

Tomato 3
(1.6%)

172
(93.5%)

9
(4.9%)

0.375 1 
(1.9%)

51
(96.2%)

1
(1.9%)

0.658

Wheat
flour

6
(3.3%)

167
(90.8%)

11
(6%)

0.490 3 
(3.2%)

87
(93.5%)

3
(3.3%)

0.650

Atopy patch tests with  
inhalant allergens 

(n = 131) 
 Left +/ 
Right + 

Left -/ 
Right-

Left +/Right- 
Left-/Right+

Cohen�s
kappa

Dermatophagoides pteronyssinus 39
(29.8%)

92
(70.2%)

0 1.000 

Mixed grasses (Avena sativa, Hordeum vulgare, 
Secale cereale, Triticum sativum)

5
(3.8%)

126
(96.2%)

0 1.000 

Table II. Atopy patch test reproducibility (comparison of the two sides of the back tested).



32 F. GRAZIANI ET AL. 33J. Biological Regulators

scale. No doubt, also for inhalant allergens a certain 
variability of results has been reported in literature: 
using inhalant allergens, Weissenbacher et al (23) 
found a concordance of only 69% by comparing 
the two arms of the same individual at the same 
time. In their study, Heinemann et al (21), taking 
into consideration inhalant allergens obtained 
from two different commercial sources, two sites 
of application and results obtained at an interval 
of 4-12 weeks, observed a reproducibility of only 
56%. Using inhalant allergens from two different 
commercial sources, two sites of application (back 
and arms) and results in eczematous and healthy 
subjects re-tested after 2 to several weeks, Bygum 
et al (18) and Ingordo et al (19) report an APT 
reproducibility of less than 70% corresponding to 
a Cohen’s kappa of 0.60- 0.85). Although Cohen’s 
kappa statistic optimally takes into account all the 
outcomes of a repeated diagnostic test (concordant 
and discordant positive and negative results), it is 
influenced by the prevalence of positive as well as of 
negative results: if the prevalence of positive test lies 
between 1 and 11%, a “satisfactory” (19) kappa value 
(>0.60) corresponds to a reproducibility of positive 
APT reactions in only about 50% of cases and a 
“highly satisfactory” (19) Cohen’s kappa (>0.81) 
corresponds to the reproducibility of only about 66% 
of positive tests. The fact that certain allergens elicit 
dissimilar positive reactions in two different skin 
sites and that the variability of the results increases 
significantly when the test is repeated after a certain 
time, even for patch tests performed with chemical 
allergens (31-34), certain individual characteristics 
relevant for the APT result can differ in different 
parts of the body or can change over time.

We conjecture that local skin conditions such as 
permeability, perfusion, humidity or transpiration 
can be naturally heterogeneous or subtly modulated 
by environmental factors including micro-trauma, 
quality of clothing, environmental temperature, 
duration and timing of physical activity, and 
emotional and psychological factors. These and 
other appropriate factors could be sufficient to 
modify locally the status of the skin and significantly 
influence the degree of allergen contact with the skin 
and its penetrance. Presumably these factors would 
be relevant for food allergens but far less relevant for 
chemical or inhalant allergens. 

In conclusion, our study shows that APT 
performed simultaneously in two back sites 
in unselected children with the recommended 
standardised technique yield absolutely reproducible 
results with inhalant allergens but reproducible 
results in only about 33% (tomato and wheat flour) 
to 71% (cow’s milk) of tests with food allergens. 
We need further extensive studies investigating and 
developing the optimal testing material (optimal 
allergen source and form, sufficient concentration 
of main allergens, procedure of its preparation) for 
APT which could lead to better reproducibility of 
the results. In particular, APT should be standardised 
not only for the amount of antigen deposited in the 
Finn Chamber but also for the amount of antigen 
able to reach the reactive cells in the skin (9). 
Reaching good reproducibility of APT re-testing at 
the same time, the clinical validity of APT with food 
allergens will become more stable and evident.  Our 
study supplies sound data suitable for opening the 
discussion on children regarding the clinical mean of 
these tests widely used in practice. 
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