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Summary Atopic eczema/dermatitis syndrome (AEDS) is a 
chronic, intermittent, inflammatory, genetically predisposed 
skin disease characterized by severe pruritus and xerosis. 
AEDS is a common disorder in children with an increasing 
prevalence. A number of environmental factors have been 
implicated in the pathogenesis of AEDS. Atopy patch test 
(APT) is a patch test using type Ι allergens known to elicit IgE 
mediated reactions. Results are evaluated after 48 and 72 h. 
APT has been recognized as a useful diagnostic tool in the 
diagnosis of delayed type of reaction in AEDS since specific 
IgE (sIgE) and skin prick test (SPT) can be only correlated with 
early reactions. Standardized technique has been proposed by 
the European Task Force on Atopic Dermatitis. It consists of 
purified allergen preparation in petrolatum, applied in 12 mm 
diameter Finn chambers mounted on Scanpor tape to non-
irritated, non-abraded, or tape-stripped skin on the upper back. 
Optimal results were obtained with petrolatum, in aeroallergen 
concentration over 5000 PNU. Food allergy takes place in 
the first years of life, while the role of aeroallergens becomes 
more significant in older children and adults. A common 
scenario is development of allergy to cow’s milk early in life, 
usually accompanied by allergy to hen’s egg and wheat. Up 
to 3 years of age, the child usually becomes tolerant to food 
and sensitization to one of multiple aeroallergens occurs. The 
children that will develop clinically relevant reactions to food 
may benefit from elimination diets. APT has been recognized 
as a diagnostic tool in food allergy evaluation, but its role 
remains controversial and double blind placebo controlled 
food challenge remains the gold standard. It has a role in the 
detection of gastrointestinal manifestations of allergy and in 
eosinophilic esophagitis. When the symptoms occur at air-
exposed sites, the role of aeroallergens is possible. Today, 
the most commonly used aeroallergens are house dust mite, 
pollen and animal dander. 
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Introduction
	 Atopic eczema/dermatitis syndrome (AEDS) is 
a chronic, intermittent, inflammatory, genetically 
predisposed skin disease characterized by severe 
pruritus and xerosis (1-5). AEDS is a common 
disorder in children and there is evidence of an 
increasing prevalence, which has doubled since 
the 1970s in the western world. First symptoms 
are usually not present at birth and they appear 
by the age of 3 months. AEDS affects 10%-12% 
of infants and according to some authors even up 
to 25% in some countries (3-6). Prevalence stud-
ies indicate large variability among countries, with 
a ratio between low and high prevalence. A large 
international study (ISAAC) included more than 
190000 children from 56 countries and the preva-
lence ranged from 2% in Indian subcontinent and 
Iran to more than 22% in Sweden (7-10). There 
is an increasing number of patients with AEDS in 
adulthood with a prevalence of up to 1%-3 % (11). 
In 80% of children, symptoms occur by the age 
of one year, and in 90% by the age of five years 
(12). 
	 AEDS is part of the so-called atopic syndrome 
and is often associated with a family history of 
atopy and frequently predates the development 
of allergic rhinitis (AR) and/or asthma (AA) later 
in life (13-15). Atopy is an inherited predisposition 
that causes a tendency to suffer from one or more 
of the following ‘atopic diseases’: allergic asthma 
(AA), allergic rhino-conjunctivitis (AR) and AEDS. 
The diagnosis of ‘atopy’ is not based on a single 
distinctive clinical feature or laboratory test, but 
rather results from a combination of patient and 
family history and clinical findings. Recently, a 
new definition of atopy restricted to IgE produc-
tion has been proposed and is defined as personal 
or familial tendency to produce antibodies in re-
sponse to low doses of allergens, usually proteins, 
and to develop typical symptoms such as AA, AR 
or atopic dermatitis (16). 
	 Clinical phenotype is the result of a combina-
tion of genetics, specific environmental factors 
and individual immune characteristics (13,17,18). 
The diagnosis is based on the presence of charac-
teristic clinical features (1,19-22). Diagnostic crite-
ria given by Hanifin and Rajka still have advantage 
over the UK Working Party’s diagnostic criteria 
(1,21). The disease severity is usually scored by 
the SCORAD scoring system (2). Distribution of 
lesions depends on the age of the patient, and the 
most disabling symptom is severe pruritus that 
can be responsible for insomnia. 

	 Patients with AEDS frequently have elevated 
levels of IgE and the disease severity is usually in 
correlation with the level of IgE (23,24). The role of 
IgE is to facilitate allergen presentation to T cells 
via its binding to Fc receptors on Langerhans cells 
(25,26). It is still unclear whether IgE sensitization 
has a central role in the pathogenesis of AEDS, 
represents an epiphenomenon of the disease 
activity, or is just a cofactor for promoting certain 
gene-environment interactions (27). Although at-
opy is clearly associated with AEDS, a group of 
authors have published a paper stating that up to 
two thirds of AEDS patients are not atopic (27). 
The latest nomenclature of AEDS differentiates 
two forms of the disease. The more common form 
is the extrinsic type which is IgE dependent. The 
intrinsic type is characterized by the lack of spe-
cific IgE and negative immediate skin reactions 
to environmental allergens and food (11,28-30). It 
is interesting to mention that the European multi-
center study showed that 7% of patients with the 
‘intrinsic type’ of AEDS had positive atopy patch 
test (APT) (31). The same results with positive 
APT to Dermatophagoides are reported by Seide-
nari et al. and Manzini et al. (32-34). Ingordo et al. 
report that 8 of 12 patients with ‘intrinsic’ AEDS 
reacted to partially purified whole-mite preparation 
(35). 
	 A number of environmental factors have been 
implicated in the pathogenesis of AEDS. Food and 
aeroallergens are the most relevant allergens in 
AEDS (19). Food allergies are found predominant-
ly early in life, most commonly during the first few 
years. The prevalence of food allergy in children 
with AEDS varies from 40% to 80% (3,36-38). The 
risk of relevant food allergy increases with the se-
verity of symptoms and this subpopulation of chil-
dren will benefit from elimination diets (6,36). The 
common scenario is the loss of allergy to food, 
milk in particular, until the age of three years. Aller-
gy to aeroallergens usually develops after infancy, 
first to house dust mite (HDM) and animal epithe-
lium, and later to pollen. Sensitization to food (egg 
white, cow’s milk and wheat) in infants is usually 
associated with the appearance of IgE to inhalants 
later in life (39,40). 
	 The incidence of contact sensitization among 
AEDS patients is similar to that in non-atopic pop-
ulation (41,42). The most common contact aller-
gens in atopic adults are nickel, latex, fragrance 
mix and balsam of Peru (41,42). 
	 Atopy patch test involves epicutaneous ap-
plication of type I allergens known to elicit IgE-
mediated reaction, followed by evaluation of  
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eczematous skin reaction after 48 and 72 h (19). 
The first experimental study on patch test with 
aeroallergens was published in 1937 by Rosten-
berg and Sultzberger, and in 1982 by Mitchell et 
al. (43,44). The first study dealing with food dates 
from 1989 (45), and after that several authors have 
reported results in APT with foods (6,46-50). 
	 The value of APT seems to be highest in chil-
dren less than 2 years of age (6). There is a prob-
lem concerning the age and the fact that foods are 
studied in younger individuals, whereas aeroaller-
gens are studied in older children and adults (19). 
	 When biopsy is performed from allergen-induced 
eczematous APT site, allergen specific T cells are 
cloned (51,52). The TH2 cytokine pattern is initially 
present and after 48h TH1 pattern is predominant 
(51,53). An early influx of inflammatory dendritic 
epidermal cells into lesional skin has been dem-
onstrated (54). When allergen is captured by IgE 
molecules, it binds to IgE receptor on Langerhans 
cells. Antigen presentation results in specific T cell 
reaction which is responsible for eczematous reac-
tion observed clinically (25). T cells are responsible 
for the reaction occurring in lesional skin in AEDS 
and also in the skin in APT, and macroscopic and 
microscopic similarities indicate that APT is a valid 
model for inflammation found in AEDS (25,55,56). 
APT represents a T-lymphocyte-mediated allergen 
specific response (55,56). 
	 Literature data indicate that positive APT reac-
tions can occur in 15%-90% of AEDS patients, 
depending on the methodology used in testing 
(19,57,58). Healthy individuals as well as patients 
with respiratory atopy without a history of eczema 
have negative APT or react to HDM with lower 
frequency and intensity compared with AEDS pa-
tients (33,58).
	 Ronchetti et al. found positive APT with food in 
4%-11% and with aeroallergens in 4%-30% of an 
unselected children population, depending on al-
lergen tested (59), and these results are in conflict 
to other study results (60,61).
	 According to the literature, APT with food was 
positive in 89% of children whose SPT was nega-
tive (46). Also, a group of authors found no corre-
lation between positive APT and SPT for food, but 
found an association of APT and SPT with aeroal-
lergens (59). The possible explanation could be 
that aeroallergens have a pathomechanism involv-
ing IgE, while the reaction to food often involves 
other immune mechanisms (59). Skin biopsies in 
positive APT with food provided evidence for all 
four Coombs and Gell reactions (59). 

	 Various APT techniques have been described 
in the literature. In order to enhance the penetra-
tion of the allergen into the skin, skin abrasion, 
tape-stripping and sodium lauryl sulfate applica-
tion were used (60-66). Some authors perform 
stripping before allergen application in water so-
lutions which are not occlusive; others use vase-
line in order to have good penetration into the skin 
(58,60,64). Aeroallergens were tested with several 
vehicles, but optimal results were obtained with 
petrolatum (60). Today, APT is performed on non-
lesional, untreated skin in remission (31,60,67). 
The European Task Force on Atopic Dermatitis 
(ETFAD) has developed a standardized APT tech-
nique. It consists of purified allergen preparation 
in petrolatum, applied in 12 mm diameter Finn 
chambers mounted on Scanpor tape to non-irri-
tated, non-abraded, or tape-stripped skin on the 
upper back (31,68,69). The test is read after 48 
and 72 h and the reading key is the appearance of 
erythema, and the number and distribution pattern 
of the papules (69).
	 Usage of aeroallergen concentrations over 
5.000 PNU (protein nitrogen units)/g in petrola-
tum allows for testing on clinically uninvolved skin 
without potentially irritating tape-stripping (60,70). 
Various concentrations of allergens are described 
in the literature, ranging from 1 x SPT (10,000 AU/
mL) to 1,000 x SPT (60,64,71). Van Voorst Vader 
et al. conclude that the optimal allergen concentra-
tion should be 500 x SPT with exposure time of 48 
h (64). Langeveld-Wildschut et al. conclude that 
concentration should be equal to 10,000 AU/mL 
(1 x SPT) and according to their results increas-
ing the allergen concentration to up to 1,000,000 
AU/mL (10 x SPT) did not significantly influence 
the number of positive results (72). Darsow et al. 
noticed significant increase in positivity of APT re-
sults with a concentration of 10,000 compared to 
1000 PNU/g (60). Darsow et al. found that optimal 
test concentrations were 5,000 PNU/g for grass 
pollen and 7,000 PNU/g for Dermatophagoides 
pteronyssinus (D. pteronyssinus) and cat dander 
(71). The authors from Poland also studied the im-
pact of allergen concentration and found that 0.1 
x SPT was too low, while 10 x SPT concentration 
had significantly more positive reactions than 1 x 
SPT (58). They also observed that some patients 
had reactions after 24 hours, some after 48 hours, 
and one patient had reaction after 24 hours, but 
not after 48 hours. Some other authors observed 
a similar phenomenon (64,72). 
	 Commercial preparations for APT are avail-
able in a concentration of 200 IR/g (index of  
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reactivity) of aeroallergens in petrolatum. The po-
tency of 100 IR/g was designed as the strength of 
allergenic extract that elicited a geometric mean 
wheal diameter of 7 mm in SPT in patients sensi-
tive to the corresponding allergen (19). 
	 APT for food is still not well standardized and 
most of the studies performed APT with cow’s 
milk, hen’s egg and wheat. It is generally preferred 
to use fresh food rather than commercial extracts 
in testing. Niggemann et al. used one drop of fresh 
cow’s milk containing 3.5% fat, whisked hen’s egg 
and wheat dissolved in water (1 g/10 mL) and put 
on filter paper (37). 
	 Heine et al. published a proposal for standard-
ized interpretation of APT in children with AEDS 
and suspected food allergy (73). According to 
them, skin induration and papule formation were 
the most useful positive predictors for food al-
lergy, especially if both features were present at 
the same time. Extensive induration beyond the 
margins of the Finn chamber was also found to 
be highly specific. The cut-off number of the pap-
ules on the skin was seven. A combination of skin 
induration and at least seven papules was 100% 
specific and predictive for food allergy. Moderate 
erythema was highly specific, but less reliable. 
Moderate erythema as a solitary finding is not suf-
ficient as a criterion for APT positivity. Single skin 
sign such as skin induration, papules or moderate 
erythema alone were 47%-88% predictive; how-
ever, a combination of two signs was 86-100% 
predictive. The presence of all three signs is 100% 
specific and predictive (73). 
	 Specificity and sensitivity of APT greatly de-
pends on the allergen tested and the age of the 
patient (74). APT with cow’s milk was more sensi-
tive in children (median age, 13 months) with late 
reactions (45%) than in those with early (27%) and 
combined reactions (36%). For hen’s egg, APT 
was less sensitive for late (17%) than for early 
(45%) or combined reactions (32%). Wheat sensi-
tivity was higher in late (29%) than in early (22%) 
reactions and highest in combined reactions (50%) 
(74). Higher numbers for sensitivity and speci-
ficity of APT with fresh food have been reported 
by Niggemann et al. and Roehr et al., who used 
provocation outcomes to compare APT with fresh 
food and commercial products (3,31,75). There 
was great concern regarding the accuracy and 
reliability of APT in children less than 2 years old 
(6,76-78), but recent study results have confirmed 
that APT significantly increases the possibility of 
early detection of food allergy in small children 
(6,46,74,76-81). 

	 The frequency of positive APT in children over 
24 months decreases, which could be due to ac-
quisition of food tolerance or thicker skin in older 
child, resulting in less antigen penetrating the skin 
(6,79). According to literature data, the specificity 
of APT depends on the age of the patient (74,79). 
For hen’s egg, the highest specificity was found in 
children aged 1-3 years, while specificity for cow’s 
milk, wheat and soy increased with age, reach-
ing 100% for cow’s milk in children older than 2 
years, and for wheat and soy in children older than 
6 years (74). APT with food is most often found 
positive in children aged 6 months to 7 years (82). 
According to some authors, APT with food can be 
performed in children aged up to 12 years (73). 
	 Certain aeroallergens were tested in a multi-
center study for diagnostic sensitivity and speci-
ficity (31). Sensitivity analysis suggested that for 
some allergens a concentration over 200 IR/g 
may be necessary to demonstrate sensitization 
(31). The problem with aeroallergens is that there 
is no gold standard provocation test (31). On the 
contrary, results from APT with food can be com-
parable to the results of double-blind placebo-con-
trolled food challenge (DBPCFC) which is consid-
ered to be the gold standard in determining food 
allergy. Bindslev-Jensen et al. published a posi-
tion paper on standardization of food challenges 
in patients with immediate reactions to food, but it 
is known that some patients with AEDS can have 
only delayed type of reactions (83-90). Specific 
IgE and APT can be false positive, resulting in low 
positive predictive values (84). Due to poor reli-
ability of specific IgE and APT results, DBPCFC is 
still considered as gold standard for the appropri-
ate diagnosis of food allergy (84-90). 
	 Only few studies tackled reproducibility of ATP 
with food and inhalant allergens (91,92). Tests 
with aeroallergens were invariably reproducible. 
The reason for difference in reproducibility of test-
ing with food and aeroallergens is still unknown 
(91). 
	 There are several pitfalls for APT, such as irrita-
tive skin reactions with similar appearance to IgE 
mediated reaction and non-IgE mediated reaction 
(74,87). Patients with AEDS are prone to skin ir-
ritation and might therefore show more false-posi-
tive results (74). Variations can occur due to differ-
ences in food processing and preparation, route of 
exposure and because of the role of augmenting 
factors lowering the threshold value for clinical re-
action (87). Variations can occur because of the 
differences in the allergen (whole mite vs. mite 
extracts), allergen concentration, vehicle, skin 
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condition at the time of testing, site of testing and 
reading time (60,69,92-95). In a multicenter Eu-
ropean study, reactions to allergen-carrying test 
substances were also observed (31). 
	 Patients with AEDS can have two different pat-
terns of allergic response to allergens, i.e. IgE me-
diated and cell mediated (88,96). Therefore, APT 
can give positive skin test results in patients with 
negative SPT or sIgE (96). The outcome of APT 
can be only partially predicted by specific IgE or 
SPT results (96). 
	 Papers have been recently published on the 
modulation of APT and SPT by pretreatment with 
topical immunomodulators. Pimecrolimus cream 
had a potential to suppress the development of 
lesions induced by aeroallergens (97), whereas 
pretreatment with tacrolimus 0.1% ointment did 
not inhibit the APT reaction in patients with atopic 
dermatitis (98). 

Food Allergy
	 Allergy to food in general can present with gas-
trointestinal, respiratory and various skin symp-
toms (4,99-104). The role of food allergy in AEDS 
has been the biggest controversy in dermatol-
ogy, but today there is unquestionable evidence 
that it has an important role in the pathogenesis 
of AEDS (103,104). Food allergy typically affects 
infants and young children (103-105). When the 
treatment with topical corticosteroids and emol-
lients is not effective in a young child with AEDS, 
it is advisable to rule out or confirm food allergy, 
especially to cow’s milk (46,104-106). The propor-
tion of food allergy in children with AEDS has been 
reported to be 40% to 80% (38, 73-74, 90, 107). 
	 Identification of the offending allergen is impor-
tant in the management of AEDS, since unneces-
sary elimination of certain food can be harmful to 
the child’s health (105). Allergy to food depends on 
the child’s age, eating tradition of the family and 
country, but most often milk, eggs, soy, wheat, 
nuts, tree nuts and fish are involved (74). Breastfed 
infants can also become sensitized to food through 
the mother’s milk (6,106-111). It has been shown 
that severe eczema can be worsened by ingestion 
of certain food in older children and adults as well, 
and this is particularly true for ‘pollen-associated’ 
foods (99). In theory, all food containing proteins 
can be the cause of allergy. A food-allergen library 
has been formed and comprises well-characterized 
authentic natural and recombinant allergens (112).

	 Reactions to foods in AEDS can present as non-
eczematous reactions, isolated eczematous reac-
tions or a combination of these two (99). Non-ec-
zematous reactions include cutaneous symptoms 
such as pruritus, urticaria, rashes and/or non-cuta-
neous gastrointestinal or respiratory symptoms as 
well as anaphylaxis (99). Eczematous reactions to 
food are also called late or delayed reactions, and 
can appear isolated or in combination with other 
symptoms. Reactions to food can implicate IgE 
(immediate) or T cells (late phase) mediated im-
mune reactions (88,96). 
	 Immediate reactions to food are manifested 
by skin symptoms (pruritus, erythema, urticaria 
or macular and morbilliform rash), gastrointes-
tinal symptoms (nausea, vomiting, abdominal 
cramps, diarrhea) and respiratory symptoms (na-
sal congestion, rhinorrhea, wheezing) (101,104). 
SPT has been used for decades in determination 
of food allergy (113). There is clear relationship 
between positive SPT and immediate reaction 
and between positive APT and delayed reactions 
(6,37,46,50,80,81,114-116). However, a positive 
SPT result to food does not prove the role of a 
specific allergen in the pathogenesis of AEDS (6). 
Delayed reactions are more commonly found in 
AEDS with positivity in APT (36,114). According to 
one study, only 11% of children with AEDS have 
isolated immediate reaction to food, while 49% 
have delayed type of reaction (82). After oral food 
challenge, 50% of children with AEDS that reacted 
to food showed both immediate and delayed type 
of reaction and 15% of children had worsening of 
eczema only (84). 
	 Those patients that exhibit late reactions have 
higher levels of IL-2, IFN and TNF-α, confirming 
the role of T lymphocytes. T cells obviously play an 
important role in food-sensitive AEDS and it was 
shown in several recent studies (52,55,117,118). 
Sütas et al. found lower serum IL-10 concentra-
tions in subjects with late onset reactions, and it 
is well known that IL-10 is an inhibitory cytokine 
(117). Positive SPT/sIgE as markers of immedi-
ate onset reactions are usually found in children 
younger than 3 years, while the prevalence of de-
layed-onset reactions are higher in children over 3 
years of age (101,114).
	 APT has been recognized as a diagnostic tool 
in food allergy evaluation, however, its role re-
mains controversial (46,73,119-121). APT with 
food is not standardized and there are different 
methods of preparing test materials, thus produc-
ing controversial results (19). APTs with cow’s 
milk, hen’s egg and wheat are most commonly 
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used (6). Several commercial freeze-dried food 
extracts are now available, but their diagnostic ac-
curacy is still largely undefined (102). Canani et al. 
studied diagnostic accuracy of APT in children with 
food allergy-related gastrointestinal symptoms 
and used in parallel fresh food and freeze-dried 
purified food protein extracts contained in a com-
mercial kit. Commercial extracts were provided in 
20% protein concentration in a vaseline mixture, 
while APTs with fresh food were performed using 
one drop of 3.5% fat milk, soybean milk, whisked 
hen’s egg (egg white and yolk), and wheat powder 
dissolved in water at a concentration of 1 g/10 mL 
(102). So far, there is no standardization of test 
materials and there is a need to define wheth-
er there is a difference between fresh food and 
freeze-dried products (6). Fresh food is preferred 
over commercial extracts, although some authors 
found no difference between commercial milk and 
egg allergens and fresh food preparations (102). 
In other studies, better concordance with oral 
challenge test (6,122), as well as higher specific-
ity and sensitivity were detected when APT was 
performed with unprocessed food (3,37).
	 The work-up algorithm for children with AEDS 
and suspected food allergy starts with detailed his-
tory and medical examination. It is recommended 
to proceed with SPT or determination of specific 
IgE antibodies (36). A combination of SPT and 
APT can enhance the accuracy of diagnosis of 
specific food allergies (78,123,124). In some stud-
ies, APT showed best specificity and its predictive 
capacity can be further improved by combining it 
with sIgE determination and SPT, although data 
from some studies could not confirm it (125). In 
some patients, oral food challenge could become 
unnecessary by combining these three methods 
(3,74,86). 
	 The skin application food test (SAFT) is a reli-
able and child friendly alternative to SPT, especial-
ly for children less than 3 years old (36,126). SAFT 
is performed on the unabraded volar aspects of 
the lower or upper arm using medium (8 mm) Finn-
chambers on Scanpor. Results are read after 10, 
20 and 30 minutes (36,126). It investigates IgE-
mediated acute contact urticaria induced by ap-
plication of the allergen to the skin. It is more child 
friendly due to needle avoidance (76). However, 
Hansen et al. have reported severe systemic reac-
tions in SAFT with eggs (3/10), argued reproduc-
ibility, and pointed to discordant findings in half of 
the patients (76). Devillers et al. have pointed out 
their view regarding positive SAFT reaction and 
stated that all patients with positive SAFT reaction 

would have positive APT if the allergen would be 
left on the skin long enough. Their proposition is to 
change the name of SAFT to immediate-type APT 
reaction (36).
	 DBPCFC has been the gold standard in the 
diagnosis of food hypersensitivity for the last few 
decades (3,73,83,126-137). The classic proce-
dure is based on repeat food administration for 
some hours and observation during the next 48 
hours. However, oral challenge test carries the 
risk of anaphylaxis and sometimes there are diffi-
culties in the interpretation of delayed type of reac-
tion (132-134). Isolauri and Turjanmaa performed 
DBPCFC and repeat open food challenges (OFC) 
with cow’s milk and confirmed that open challenge 
test with close follow up could be appropriate in 
clinical practice (46). 
	 SPT has been used for decades to prove or ex-
clude sensitization to allergens, but the specificity 
of prick testing is controversial. A group of authors 
defined skin weal diameters in SPT to egg, milk 
and peanut above which open oral food challeng-
es were positive (100% specificity) (78,113,122). 
Quantification of sIgE to hen’s egg and cow’s milk 
has been suggested, and relationship was found 
between the sIgE levels and oral challenge thresh-
old (121,138-141). Recent studies have shown 
that a combination of quantification of sIgE (or 
SPT) and APT could significantly improve the di-
agnostic accuracy when food allergy is suspected 
(3,138-141). Saarinen et al. compared the value of 
sIgE, APT, SPT and oral challenge, and could not 
find the test or a combination of tests that could be 
compared to oral challenge (125).	
	 During the first year of life, cow’s milk allergy is 
responsible for allergy in 2%-7% of children, and 
the majority of these children have gastrointestinal 
symptoms such as gastroesophageal reflux, col-
ics, diarrhea, constipation, failure to thrive, or blood 
in stools (120). Reaginic antibodies are the cause 
of just one part of these reactions and therefore 
SPT or determination of sIgE has poor sensitivity 
(142). Current data on APT indicate 79% sensi-
tivity and 91% specificity in infants with gastroin-
testinal symptoms without skin involvement (120). 
APT has a considerably higher sensitivity than 
SPT, which is consistent with the predominant de-
layed type of allergy. Therefore, APT is very useful 
for detection of cow’s milk allergy (120). 
	 Majamaa et al. tested 143 children with AEDS 
up to 2 years of age, and 50% of them were posi-
tive in oral challenge test to cow’s milk. The au-
thors found 26% of infants to have positive milk-
specific IgE, only 14% of cases were positive for 
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milk in SPT, and APT was positive in 44% of chil-
dren whose allergy to milk was confirmed by DBP-
CFC (80).
	 The authors from Turkey combined APT and 
SPT for cow’s milk allergy and reported 100% 
sensitivity, 50% specificity, 100% negative predic-
tive value and 76% positive predictive value and 
concluded that APT with SPT could be a useful 
combination to exclude cow’s milk allergy in chil-
dren with allergic manifestations. They conclude 
that DBPCFCs are still obligatory in the presence 
of positive tests (143). 
	 There is an association of the disease sever-
ity and degree of sensitization in children with hy-
persensitivity to cow’s milk and hen’s egg. More-
over, sensitization to egg, and to a lesser extent to 
cow’s milk, indicates worse outcome in terms of 
persistence and severity of the disease (144). 
	 The authors from Poland performed APT, SPT 
and oral food challenge (OFC) in children with 
suspected milk-related AEDS (101). Children were 
divided into two groups, i.e. younger than 3 years 
and older than 3 years. Among positive reactions 
in OFC, 8.8% of children had an immediate type of 
reaction and the others had delayed type of reac-
tion to milk (101). All children with immediate re-
actions were younger than 3 years. The delayed 
type of reactions included skin, respiratory and 
gastrointestinal symptoms (101). The authors also 
found that specificity of APT was higher in older 
children (101). Some other study results con-
firmed the significance and accuracy of APT for 
diagnosing allergy to cow’s milk in all age groups 
(74,78,80,82,143). 
	 In the majority of cases, children acquire toler-
ance to cow’s milk by the age of three years, but 
IgE-mediated hypersensitivity to cow’s milk often 
persists to school age and is a risk factor for other 
atopic diseases. Non-IgE hypersensitivity to milk is 
considered to be a more benign condition and the 
child usually develops tolerance (125,144-148). 
About 80% of children will ‘lose’ their reactivity to 
milk over 1 to 3 years, developing multiple food 
allergies with AR and AA (101). Some studies in-
dicated multiple food sensitizations for cow’s milk 
and cereals (149). Cereal challenge was positive 
in 73% of children with cow’s milk allergy (149).
	 Osterballe et al. studied diagnostic accuracy of 
APT in the diagnosis of hypersensitivity to cow’s 
milk and hen’s egg in children 3 years of age and 
concluded that APT could not predict hypersensi-
tivity in this population (121). 
	 Egg allergy is one of the most common allergies 

in children. In children with AEDS it can present as 
itching in the mouth/throat, rhinitis, conjunctivitis, 
asthma, urticaria, vomiting, diarrhea and anaphy-
laxis (76,121,148). Sensitization to hen’s egg is 
considered to be the strongest predictor of AEDS 
persistence after childhood (13,144). Isolated de-
layed reactions (symptoms appearing more than 
2 h of ingestion) have been reported by some au-
thors, but Hansen et al. did not record this type 
of reaction to egg (76). Among cases of clinically 
positive allergy to egg with immediate reaction, 
40%-60% of children had positive reaction in APT 
(142). The authors conclude that this test is not 
relevant because of the positive reactions in egg 
tolerant children. No advantage of APT or SAFT in 
determination of egg allergy was found due to the 
lack of reproducibility. Also, APT and SAFT can 
cause systemic reactions, and therefore were not 
superior to SPT (76). Therefore, DBPCFC/OFC 
remains the gold standard for egg allergy.
	 APT has a significant role in determining de-
layed type allergy to wheat. Sensitization to cere-
als is much more common than it was believed 
before (101). In case of wheat allergy, patch test-
ing with cereals will significantly increase the prob-
ability of early detection of cereal allergy in infants 
with AEDS (99-101). There are speculations that 
positivity to cereals in SPT may in fact reflect grass 
pollen allergy (99-101). The group of patients with 
cereal allergy can develop cross reactions to pol-
len later in life. Stromberg et al. and Turjanmaa et 
al. found that APT was earlier positive than SPT in 
small children, especially with cereals (6,19). Chil-
dren with food allergy and AEDS can be sensitized 
to more than one allergen and multiple sensitiza-
tions have been observed, such as for cereals and 
cow’s milk (6,50). Järvinen et al. found that 73% of 
patients with cow’s milk allergy had positive cereal 
challenge (149). 
	 The prevalence of food allergy to peanuts is 
increasing in Western countries (123,150-152). 
The mean age at onset is 2 to 3 years (152). The 
prevalence is around 1/150 and is probably under-
estimated. Peanuts can be contained in vegetable 
oils used for baking products and pastries and are 
frequently ingested as hidden allergens (153). The 
onset of symptoms is usually abrupt and a very 
small amount of allergen is sufficient to induce se-
vere reaction. Determination of sIgE and SPT are 
routinely performed for detection of peanut allergy 
(123,135,148). However, SPT results are in poor 
correlation with delayed type reactions. Combined 
SPT and APT can represent a useful integration to 
standard testing modalities used for the diagnosis 
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of peanut allergy (123). SPT reactivity was more 
frequently observed in patients above 12 years, 
whereas APT was more often positive in children 
under 6 years (123). APT for peanuts was more 
sensitive than SPT, particularly in children under 
12 years of age (123). By measuring the levels of 
sIgE to peanuts, it is possible to identify a subset 
of patients that will very likely experience clinical 
reaction (138,139).
	 APT is also a useful diagnostic tool in patients 
with food-allergy-related gastrointestinal symp-
toms and the accuracy of the test is higher when 
fresh foodstuff is used (102). Food hypersensitivity 
in gastrointestinal tract can involve IgE mediated, 
T cell mediated or combined reactions. IgE medi-
ated reactions are found in oral allergy syndrome 
(pollen-food allergy syndrome) and gastrointesti-
nal anaphylaxis. T cell mediated gastrointestinal 
reactions include food protein induced entero-
colitis, proctocolitis and enteropathy and celiac 
disease. Mixed T cell and IgE mediated gastro-
intestinal type of reactions are found in allergic 
eosinophilic esophagitis and allergic eosinophilic 
gastroenteritis (103,104). Eosinophilic esophagi-
tis and gastroenteritis are most frequently seen 
during infancy through adolescence and typically 
present with symptoms of gastroesophageal re-
flux (103,104). Eosinophilic gastritis can occur at 
any age and it might present as pyloric stenosis 
with outlet obstruction and postprandial, projectile 
emesis. Weight loss and failure to thrive are hall-
marks of this disorder (103,104).
	 Eosinophilic esophagitis has an increasing in-
cidence in the USA and Australia (102,154-157). 
The symptoms are similar to those in gastro-
esophageal reflux, but do not respond to aggres-
sive treatment with medications used for gastro-
esophageal reflux. A combination of SPT and APT 
can help decide on the correct diets that will result 
in resolution of symptoms and normalization on 
esophageal biopsies in more than 95% of patients 
(155-157). 
	 Many children grow out of their food allergy, 
especially to milk and egg, but they often remain 
allergic to nuts and fish during their life (82). So, 
26% of children become tolerant to the specific 
food in the first year and another 11% in the sec-
ond year of diet. Saarinen et al. published a paper 
on the clinical course and prognosis of cow’s milk 
allergy, and found the IgE mediated cow’s milk al-
lergy to often persist to school age (125). 

Allergy to aeroallergens 
	 In general, APT positivity with food and aeroal-
lergens is less frequently found in older individuals 
(32,33,79,119). The possible explanation could be 
that the skin of children is thinner and allergens 
can more easily penetrate and generate the reac-
tion (19,158). The prevalence of allergy to inhal-
ants is higher in children over 3 years of age (101). 
A common scenario is the loss of allergy to food, 
especially milk until the age of three, and develop-
ment of allergy to multiple inhalants (101,119). 
	 If an adult patient develops symptoms on air-
exposed surfaces, the eliciting role of aeroal-
lergens is possible, especially if the patient has 
no symptoms in the areas covered by clothes 
(42,159). So, 15% to 70% of patients with AEDS 
have positive APT and it is observed that there is a 
high frequency of positive APT in patients with ec-
zematous lesions at air-exposed skin (159-164). 
The role of sensitization to aeroallergens is more 
relevant in older children and adults (42).
	 APT may be helpful in case of suspicion of aero-
allergen allergy (58,93). Positive aeroallergen APT 
results are observed in the majority of patients and 
can thus be regarded as an additional diagnostic 
criterion in AEDS (160). The most common aero-
allergens used in APT are house dust mite, animal 
dander and grass. Other aeroallergens used are 
trees (birch), weed pollen, moulds and cockroach 
(58,59,162). The degree of sensitization to aeroal-
lergens is directly associated with the severity of 
AEDS (164). When performing APT with aeroaller-
gens, both petrolatum and aqueous solution of the 
allergen can be used, but petrolatum is preferred 
(165). 
	 The usefulness of APT for aeroallergens has 
not yet been determined (93). The authors from 
Singapore found correlation of APT for house 
dust mite with RAST, while the results for cat fur 
correlated with SPT (93). APT proved efficient in 
the detection of pollen and house dust mite al-
lergy (3,31,159,166,167). APT results showed sig-
nificant concordances with the history, SPT and 
RAST for D.  pteronyssinus, cat dander and grass 
pollen (67,68,93,160). According to the authors, 
optimal test concentrations are 5,000 PNU/g for 
grass pollen and 7,000 PNU/g for D. pteronys-
sinus and cat dander (60,71). APT had a higher 
specificity (69% to 92%, depending on the aller-
gen) with regard to clinical relevance of allergen 
as compared with SPT (44% to 53%) and RAST 
(42% to 64%) (31,71). 
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	 One of the most common aeroallergens is 
house dust mite and sensitization to house dust 
mite should be considered when symptoms occur 
at uncovered skin (63,65-67,163,168,169). House 
dust mite is considered to be an important aggra-
vating factor in AEDS patients, especially during 
childhood and adolescence (32,168-176). Chil-
dren that have persistent AEDS are exposed to 
higher environmental levels of house dust mite al-
lergens and there is an association between posi-
tivity to aeroallergens and the severity of AEDS 
(164,172). The most important pathogens in Cen-
tral Europe are D. pteronyssinus and D. farinae 
(Derp and Derf). Their allergens are derived from 
their excretion (Derp1 and Derf1) and from the 
body of the mite (Derp2, Derf2). Swedish authors 
found that 56% of atopic patients were sensitized 
to house dust mite (173). There is a correlation be-
tween mite concentration in bed mattress and floor 
of the room with the severity of symptoms. One 
person leaves from 0.5-1 g of epithelium during 
one week, which is sufficient for feeding of thou-
sands of mites over few months (11). Measures of 
mite elimination result in symptom relief (174,175). 
There is evidence that later development of respi-
ratory allergy might be partially avoided by house 
dust mite avoidance (174). 
	 Although positive responses to mite patch tests 
are also observed in subjects without AEDS, their 
frequency and intensity are significantly lower 
compared to AEDS patients (33,61). Deleuran et 
al. report that irritant reactions to Derp1 and Derp2 
are more commonly found when testing is done 
with extracts (173). Some authors suggest that al-
lergy may not be the only mechanism involved in 
APT positivity to house dust mite (93,173). If mite 
extracts are used on testing, this could contribute 
to better immunoallergologic characterization of 
patients with AEDS and respiratory allergy (32). 
Italian authors confirmed the high value of APT in 
patients with mite-induced AEDS and respiratory 
allergy, and have suggested that its routine use 
might improve the diagnosis of respiratory allergy 
to house dust mite (176). According to their re-
sults, APT was more frequently positive than SPT 
(176).
	 The yeast Malassezia furfur (M. furfur) is part 
of normal cutaneous flora, but is also one of the 
triggering factors in AEDS. M. furfur can elicit an 
eczematous reaction in sensitized atopic patient 
and could be an important trigger (177,178). The 
M. furfur patch test could be of diagnostic value in 
this group of patients (177). There are published 
data on the correlation of positive APT to M. furfur 

with TH2-like peripheral blood mononuclear cells 
response (178). M. furfur recombinant proteins for 
APT are available (178). 
	 Animal epithelium is another common aeroal-
lergen, and sensitization is characteristic for pet 
owners, veterinarians and laboratory workers (42). 
Cat epithelium allergen named Feld 1 is present 
for long time in living places after the animal has 
been removed, therefore, clinical improvement 
cannot be expected immediately (169,179).
	 Pollen is also one of the allergens that can 
cause eczematous reactions (180). The possible 
role of sensitization to pollen should be considered 
if the flares occur seasonally (180). It is the most 
problematic aeroallergen to avoid (42,180). These 
patients are advised not to take part in outdoor ac-
tivities and personal hygiene is particularly impor-
tant (42). Patients carry pollen on themselves and 
it is very advisable to wash exposed areas of the 
body (daily hair wash) (42). 

Conclusions
	 Atopy patch test (APT) includes epicutaneous 
application of type I allergens known to elicit IgE 
mediated reaction, followed by evaluation of ec-
zematous skin reaction after 48 and 72 h. Current 
data show obvious relationship between AEDS 
and food allergy. Food allergy is observed early 
in life and most of the children outgrow it until the 
age of three. Food allergy can manifest as ec-
zematous reactions, non-eczematous reactions or 
their combination. Eczematous reactions are also 
called late or delayed reactions to food and have 
T cell reactions implicated in the pathogenesis. 
Determination of T-cell mediated reaction by APT 
could have more relevance than demonstration of 
IgE mediated sensitization. APT is a good mod-
el for T cell mediated hypersensitivity reactions. 
There is clear correlation between positive APT 
and delayed type, and between positive SPT and 
immediate type of reactions to food. Correlation 
of APT with clinical symptoms and OFC test has 
shown significance, pointing to the good accuracy 
of this diagnostic test. The number of positive APT 
reactions decreases after 2 years of age, probably 
due to thicker skin or as the result of induction of 
tolerance to the allergen. The test specificity is 
higher in older children. 
	 APT for aeroallergens is also very useful, es-
pecially if the patient develops symptoms on air 
exposed areas. Positive aeroallergen APT re-
sults are observed in the majority of patients and 
can thus be regarded as an additional diagnostic  
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criterion in AEDS. The most common aeroaller-
gens used in APT are house dust mite, animal 
dander and grass, trees (birch), weed pollen, 
moulds and cockroach. 
	 The European Task Force on Atopic Dermatitis 
(ETFAD) has developed a standardized technique 
for APT. It consists of purified allergen prepara-
tion in petrolatum, applied in 12 mm diameter Finn 
chambers mounted on Scanpor tape to non-irri-
tated, non-abraded, or tape-stripped skin on the 
upper back. There is no standardization of test 
materials and there is a need to define whether 
there is difference between fresh food and com-
mercial extracts. Some authors prefer fresh food 
because of better concordance with OFC test. It 
is recommended to use concentration for aeroal-
lergens over 5,000 PNU, and for some allergens 
concentrations should be even higher. Standard-
ized interpretation of the test has been proposed. 
The test is read after 48 and 72 hours and the 
reading key is the appearance of erythema, num-
ber and distribution pattern of the papules. 
	 The results of APT depend on technical vari-
ables (allergen concentration, size of the cham-
ber, occlusion time and site of application), and 
personal characteristics of the person tested, such 
as age and previous skin condition. Differences 
among different authors and study results derive 
from the fact that authors use different vehicles, 
allergen concentration, Finn chambers size, dif-
ferent preparation of tested allergens (fresh food 
or commercial, whole mite vs. extracts). There 
also are intra- and inter-observer variations during 
analysis of APT results. Atopic patients are prone 
to irritative skin reactions and this could be the 
cause of false-positive reactions. The sensitivity 
and specificity of the test greatly depend on the 
allergen tested and the age of the patient.
	 APT is not proposed as a single screening test 
in patients with AEDS. It should be used in addi-
tion to SPT and detection of sIgE. Results usually 
have to be confirmed by performing DBPCFC in 
order to prove reaction to food. Due to poor reli-
ability of specific IgE and APT results, DBPCFC 
is still regarded as the gold standard for an ac-
curate diagnosis of food allergy. Specific IgE and 
APT can be false-positive, resulting in low positive 
predictive values. Although in theory a combina-
tion of SPT and ATP may seem promising, there 
are conflicting results recently published in the lit-
erature on the clinical value of the combination.
	 So far, atopy patch test remains a useful tool 
in the hands of experienced clinician, who will  

skillfully combine these results with clinical ap-
pearance, sIgE determination, SPT and some-
times, if necessary, with oral challenges. None of 
these diagnostic tools has the power alone, but 
the combination enables better insight and under-
standing the nature of the atopic dermatitis/ecze-
ma syndrome.
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