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Abstract
Introduction: Atopic dermatitis is one of the most common skin disorders in children. There is only scarce literature data 
on the prevalence of contact allergy in children with atopic dermatitis.
Objectives: To assess the prevalence of contact allergy among children with atopic dermatitis, seborrhoeic dermatitis and 
in a population of healthy children.
Material and methods: Patch tests were performed in 104 children aged 1-20 years treated for atopic dermatitis in the 
Department of Dermatology, University of Medical Sciences, Poznań, and also in 2 control groups: 15 subjects with seborrhoeic 
dermatitis (15-20 years) and 36 healthy children (1-20 years).
Results: In children with atopic dermatitis, contact allergy was observed in 47/104 patients (45.2%). With regards to the 
3 age subgroups, positive patch test results were detected in 30/43 in children aged 1-5 years (69.8%), 13/36 in children 
aged 6-14 years (36.1%) and in 4/25 adolescents 15-20 years of age (16%). The highest proportion of positive patch tests was 
detected in the youngest subgroup of healthy children. Comparative analysis revealed type IV hypersensitivity statistically 
significantly more frequent in children with atopic dermatitis than in the 2 control groups.
Conclusions: The statistically significant positive results in the highest proportion of patch tests in the youngest age 
subpopulation of children with atopic dermatitis, and detection of contact allergy most commonly in the youngest subgroup 
of healthy children, may suggest nonspecifically positive results associated with the immaturity of the epidermal barrier 
during the first years of life. Concentrations of contact allergens included in current pediatric sets of patch tests seems to 
be too high and should be verified.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin 
disease affecting a large number of children and adults, 
mostly in industrialized countries. Over the past 30 years, a 
worldwide increase in prevalence of AD has been observed 
(2–3-fold), and currently affects up to 18% of children and 
up to 5% of adults, depending on the analyzed population. 
In spite of systematically broadened research methods, the 
etiopathology of the disease has not yet been fully elucidated 
[1, 2, 3, 4].

In children suffering from AD, food allergens may play a 
noticeable role in the development of inflammation in the 
skin. Food allergy usually results from structural, functional 
and immunological immaturity of the gastrointestinal 
system, exposed to potent allergens, such as cow’s milk 
proteins. Allergy to food is defined as a hyperreactive 
immunological response to particular components of a diet 

and it is also mediated by antibodies and cells. The antibodies 
most commonly involved in food allergy belong to the IgE 
class [4, 5, 6, 7, 8].

It has long been known that environmental substances such 
as aeroallergens (airborne allergens) may be the cause of flares 
in AD patients. Both perennial allergens (house dust mites, 
cockroach, animal dander) and seasonal allergens (pollens, 
moulds) are of high significance. In the case of AD patients, 
application of aeroallergens such as cat dander or house 
dust mites in the so-called atopy patch test shows that there 
is a possibility of eliciting eczematous skin lesions only by 
external application of aeroallergens to the skin. Literature 
data suggests that in patients showing positive results of atopy 
patch tests, a higher number of IgE-bearing dendritic cells 
can be found in the epidermis and dermis than in patients 
with negative atopy patch test reactions [8, 9, 10, 11, 12].

Allergic contact dermatitis (ACD) is an example of delayed-
type hypersensitivity reaction, caused by skin contact with 
haptens, activating antigen-specific T cells in sensitized 
patients. ACD affects approximately 7% of the general 
population, between 13-24% of paediatric patients and 33-
64% of the elderly population. Literature data suggests that 
approximately 85,000 chemicals are recognized in the human 
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environment, and among them, more than 3,700 compounds 
have been identified as contact allergens. Nickel is one of 
the most common contact allergens, causing ACD in about 
4-8% of male subjects and 18-30% of female subjects in the 
industrialized world. Cosmetics, fragrances, and botanicals 
are also important causes of ACD [13, 14, 15, 16, 17].

AD and ACD are diseases manifesting clinically as 
dermatitis and pruritus. Due to identical morphology of skin 
lesions, diagnosing contact allergy in AD patients may be 
difficult. In case of suspicion of delayed-type hypersensitivity, 
the ‘gold standard’ in the diagnosis includes patch testing. 
Despite most researchers use patch tests series, consisting of 
the most common potentially sensitizing haptens, significant 
differences are observed in the incidence of delayed-type 
hypersensitivity in children suffering from AD. The 
percentage of patch tests positive results is defined in rather 
broad terms – 14.9- 64.2% [17, 18, 19, 20, 21, 22, 23, 24].

OBJECTIVES

The main objective of the paper was assessment of the 
prevalence of contact allergy among children with AD, 
and comparison of results with a group of patients with 
seborrhoeic dermatitis and a population of healthy children.

MATERIAL AND METHODS

During the period from October 2008 – March 2011, 
patch tests were performed in 104 children aged 1-20 years 
(mean 8.2 years) treated for AD in the Department of 
Dermatology, University of Medical Sciences in Poznan. 
The group consisted of 51 boys (49%) and 53 girls (51%). 
Diagnosis of AD was established on the basis of Hanifin and 
Rajka criteria [25]. Patients who presented with skin lesions 
on the upper part of the back were excluded from the study. 
Relatively stable clinical status allowed discontinuation of 
oral antihistamines and systemic corticosteroids for at least 
2 weeks before the scheduled examination. Patch tests were 
also performed in the 2 control groups. The first control 
group consisted of 15  subjects suffering from seborrhoeic 
dermatitis, aged 15-20 years (mean 17.5 years): 8 girls (53.3%) 
and 7 boys (46.7%). The second control group consisted of 
36 healthy children: 19 girls (52.8%) and 17 boys (47.2%) aged 
from 1-20 years (mean 8.1 years).

In children aged 1-5 years (belonging to the test group 
and control groups) who presented with a small skin area 
of the back, a paediatric set (established in our Department) 
consisting of 12 haptens was used (Tab. 1). In relation to 
older children and adolescents aged 6-20 years of age, a 
classic set of haptens belonging to the European standard 
series was used. Patch test substances (Chemotechnique 
Diagnostics, Vellinge, Sweden) were used mounted on the 
skin with the use of Finn chambers with Scanpore tape. 
Patch tests reading was performed after 48 and 72 hours 
in accordance with the guidelines of International Contact 
Dermatitis Research Group (ICDRG). Statistical analysis 
regarding differences in the incidence of contact allergy 
between examined populations was conducted using Fisher’s 
exact test. Calculations were performed using the statistical 
package STATISTICA (data analysis software system), v 9.0. 
and Cytel Studio-package StatXact-8.

RESULTS

In the group of children suffering from AD, contact allergy 
was observed in 47 out of 104 patients (45.2%). With regards 
to the 3 age subgroups, positive patch tests results were 
detected in 30 out of 43 in children aged 1-5 years (69.8%), in 
13 out of 36 children aged 6-14 years (36.1%) and in 4 out of 
25 adolescents aged 15-20 years (16%). In 29 children (27.9%), 
delayed-type hypersensitivity was detected against at least 
2 allergens. 15 children (14.4%) showed contact sensitization 
in relation to the 2 test substances, and 13 children (12.5%) 
to 3 test substances, while in one case (1%), sensitivity to 
4 contact allergens was detected.

The highest number of positive patch tests results was found 
in relation to metal salts: 26 patients (25%) presented positive 
patch tests to nickel, 25 (24%) to cobalt and 22 patients (21.2%) 
to chromium (Tab. 2, 3). Repeatedly positive results of patch 
tests were detected in 5 cases (4.8%), both to nickel and 
chromium, in 4 cases (3.8%) to nickel and cobalt, in 3 (2.9%) 
to cobalt and chromium, while in 9 patients (8.7%) contact 
allergy was revealed to all 3 metals.
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Table 1.  Patch testing – paediatric set of haptens

Hapten Substance Base Concen -
tration [%]

Cobalt Cobalt chloride (II) x 6 H2O Petrolatum 1

Sesquiterpene lactone Sesquiterpene lactone mix Petrolatum 0.1

Colophony Colophony Petrolatum 20

Epoxy resin Epoxy resin Petrolatum 1

Fragrance mixture I Fragrance mixture I Petrolatum 8

Mercaptobenzothiazol 2-mercaptobenzothiazol Petrolatum 2

Nickel Nickel sulfate x 6H2O Petrolatum 5

Paraphenylenediamine Paraphenylenediamine Petrolatum 1

Potassium dichromate Potassium dichromate Petrolatum 0.5

Balsam of Peru Balsam of Peru Petrolatum 25

Parabens Paraben mix Petrolatum 16

Wool alcohols Wool alcohols Petrolatum 30

Table 2. Incidence of positive patch test results in the group of children 
suffering from atopic dermatitis and in control populations

  Age (years)

1-20 1-5 6-14 15-20

Atopic dermatitis 
patients

No. of patients 104 43 36 25

No. of positive patch 
tests results

47 30 13 4

Percentage of positive 
patch tests results (%)

45.2 69.8 36.1 16

Patients with 
seborrheic dermatitis

No. of patients - - - 15

No. of positive patch 
tests results

- - - 1

Percentage of positive 
patch tests results (%)

- - - 6.7

Healthy controls

No. of patients 36 15 13 8

No. of positive patch 
tests results

5 3 2 0

Percentage of positive 
patch tests results (%)

13.9 20 15.4 0
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Considering other allergens, 3 patients (2.9%) presented 
type IV hypersensitivity in the fragrance mix I, while 
in 2 children (1.9%) contact allergy was confirmed to 
mercaptobenzothiazole, paraphenylenodiamine, balsam of 
Peru, mercaptan, neomycin and lyral. In a few cases (1%) 
positive results were obtained with epoxy resin, formaldehyde, 
Quaternium 15, and allergens included in fragrance mix II. 
Other haptens included in standard series were negative.

In the group of children suffering from seborrhoeic 
dermatitis, 15 patients presented with a positive outcome 
of the patch tests (6.7%) with respect to nickel sulphate. In 
the control group of 36 healthy children, contact allergy was 
demonstrated in 5 cases (13.9%). With regards to the 3 age 
subgroups, positive patch tests were detected in 3 out of 
15 children aged 1-5 years (20%), in 2 out of 13 children aged 
6-14 years (15.4%), and in none of the adolescents aged 15-20 

years (Tab. 2). Patch tests were positive to nickel in 5 subjects 
(13.9%), while in 3 cases (8.3%) to potassium dichromate.

Comparative analysis regarding prevalence of contact 
allergy in the population of children suffering from AD 
and control groups, revealed statistically significantly 
more frequent type IV hypersensitivity than in patients 
suffering from seborrhoeic dermatitis (p=0.0041, odds ratio 
– OR=11.5 with 95% confidence interval 1,463-91.1), and 
also in the population of healthy children (p=0.0007, odds 
ratio – OR=5.112 at 95% confidence interval 1.842-14.187). 
In the group of AD children, the chance for occurrence 
of delayed-type allergic reaction was therefore 5.1 times 
higher compared to healthy children, and 11.5 times higher 
compared with patients with seborrhoeic dermatitis.

The prevalence of contact allergy between analogous age 
subgroups in the study population and healthy children 
was also analysed. A statistically significantly greater 
number of patch tests positive results were found only in 
AD children aged 1-5 years than in healthy children of 
similar age (p=0.0017). However, there were no statistically 
significant differences between the other analogous age 
subgroups, belonging to the population of AD children and 
healthy children. Subsequently, a comparative analysis of 
the incidence of patch tests positive results between the 
control groups was carried out, which revealed no statistically 
significant differences. Afterwards, a comparative analysis of 
the incidence of contact allergy among the 3 age subgroups of 
the study population was conducted. Type IV hypersensitivity 
reaction significantly more often was detected among 
AD children aged 1-5 years than among patients aged 
6-14  years (p=0.0034) and 15-20 years (p=0.0001). There 
was no statistically significant difference in the incidence 
of contact allergy among patients suffering from AD at the 
age of 6-14 years and 15-20 years. Comparative analysis of 
the incidence of contact hypersensitivity among the 3 age 
subgroups of the healthy population showed no statistically 
significant differences.

Another comparative analysis, relating to differences in 
the incidence of contact allergy detailing the differences in 
the incidence of contact allergy, particularly regarding the 
most common allergens, such as metal salts, between girls 
and boys in the population of atopic children and within the 
control groups showed no statistical significance.

DISCUSSION

Increasing attention has been paid lately to the occurrence 
of contact allergy in the paediatric population. A review of 
English-language scientific literature for 1999-2010 shows 
that the percentage of positive patch test results in selected 
populations of children with eczema or suspicion of contact 
allergy is estimated at 26.6-95.6% [26]. On the other hand, in 
the population of healthy children, the incidence of contact 
allergy is estimated at 13.3-24.5% [20, 27, 28, 29]. Regarding 
the population of AD children, the incidence of contact 
allergy is estimated at 14.9-64.2% [17, 18, 19, 20, 21, 22, 23, 
24]. Some authors emphasize that atopy may be regarded 
as a predisposing factor for the development of type IV 
hypersensitivity reaction [18, 19, 20], while others indicate 
that there is no association between AD or other atopic 
diseases and increase of the risk of sensitization to contact 
allergens [21, 22, 23, 24]. In all the studies cited above, the 
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Table 3.  Incidence of sensitization to various contact allergens among 
children with atopic dermatitis

Allergen No. and 
percentage of 
children with 
atopic dermatitis 
and results of 
positive patch 
tests 

No. and 
percentage of 
children with 
atopic dermatitis 
(age 1-5) 
and results of 
positive patch 
tests 

No. and 
percentage of 
children with 
atopic dermatitis 
(age 6-14) 
and results of 
positive patch 
tests

No. and 
percentage of 
adolescents with 
atopic dermatitis 
(age 15-20) 
and results of 
positive patch 
tests

Nickel 26 (25%) 19 (44.2%) 6 (16.7%) 1 (4%)

Cobalt 25 (24%) 18 (41.9%) 7 (19.4%) 0 (0%)

Chromium 22 (21.2%) 17 (39.5%) 5 (13.9%) 0 (0%)

Fragrance mix I 3 (2.9%)  0 (0%) 2 (5.6%) 1 (4%)

Mercaptobenzotiazole 2 (1.9%)  2 (4.7%) 0 (0%) 0 (0%)

Balsam of Peru 2 (1.9%)  0 (0%) 2 (5.6%) 0 (0%)

Paraphenylenodiamine 2 (1.9%)  1 (2.3%) 1 (2.8%) 0 (0%)

Epoxy resin 1 (1%)  1 (2.3%) 0 (0%) 0 (0%)

Mercaptans 2 (1.9%)  - 1 (2.8%) 1 (4%)

Neomycine 2 (1.9%)  - 2 (5.6%) 0 (0%)

Lyral 2 (1.9%)  - 0 (0%) 2 (8%)

Quaternium 15 1 (1%)  - 0 (0%) 1 (1%)

Fragrance mix II 1 (1%)  - 0 (0%) 1 (1%)

Formaldehyde 1 (1%)  - 1 (2.8%) 0 (0%)

Colophony 0 (0%)  0 (0%) 0 (0%) 0 (0%)

Paraben mix 0 (0%)  0 (0%) 0 (0%) 0 (0%)

Wool alcohols 0 (0%)  0 (0%) 0 (0%) 0 (0%)

Sesquiterpene lactone 
mix

0 (0%)  0 (0%) 0 (0%) 0 (0%)

4-phenylenediamine 0 (0%)  - 0 (0%) 0 (0%)

Thiuram mix 0 (0%)  - 0 (0%) 0 (0%)

Benzocaine 0 (0%)  - 0 (0%) 0 (0%)

Clioquinol 0 (0%)  - 0 (0%) 0 (0%)

N-Isopropyl-N-phenyl-
4-phenylenediamine

0 (0%)  - 0 (0%) 0 (0%)

4-tert-butylphenolform-
aldehyde resin

0 (0%)  - 0 (0%) 0 (0%)

Primin 0 (0%)  - 0 (0%) 0 (0%)

Budesonide 0 (0%)  - 0 (0%) 0 (0%)

Tixocortol 0 (0%)  - 0 (0%) 0 (0%)

Methyldibromo-
glutarontrile

0 (0%)  - 0 (0%) 0 (0%)
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researchers used haptens for patch testing in concentrations 
suited for adult patients. The differences between these 
publications were associated primarily with the number 
of tested allergens, as well as the age of examined children.

As demonstrated in th presented study, a statistically 
significantly higher incidence of contact allergy was detected in 
the population of children suffering from AD, in comparison 
to healthy children and to the population of patients with 
seborrhoeic dermatitis. The described phenomenon may 
be associated with impaired epidermal barrier function in 
patients with atopy [30, 31, 32, 33, 34]. Filaggrin gene defect 
and excess serine protease activity that leads to a reduction 
in the thickness of the stratum corneum and the occurrence 
of disturbances in the production of ceramides, may affect 
the penetration of contact allergens into the skin. It seems 
that these disturbances have an impact on the development 
of delayed-type hypersensitivity, particularly in the youngest 
population of AD patients, as indicated by the statistically 
significantly higher incidence of delayed-type hypersensitivity 
detected only in atopic children aged 1-5 years, compared 
to healthy subjects being the same age. In relation to the 
other two age subgroups, there was no statistically significant 
difference detected in the incidence of contact allergy between 
the study population and the second control group.

These observations may indicate that in children suffering 
from AD, dynamic, age-related changes take place considering 
the skin-barrier dysfunction, which affect epidermal immune 
responses induced by contact allergens.

The most common contact allergens sensitizing children 
with AD were metal salts, especially nickel sulfate. The 
presented results are consistent with the literature [17, 20, 
24, 35]. Nickel is commonly regarded as one of the most 
common contact allergens among children suffering from 
AD, as well as in the general paediatric population. Some 
authors suggest that AD, presenting with filaggrin gene 
mutations, are predisposed to the development of delayed-
type hypersensitivity towards this metal [36, 37]. Thyssen 
draws attention to the fact that filaggrin gene mutations 
occur frequently in the population of patients with AD, 
lead to changes in the structure of filaggrin, which prevents 
penetration of nickel skin deep [37]. It should be noted 
that the literature includes studies showing no association 
between the presence of filaggrin gene mutations and an 
increased risk of contact produce an allergic reaction in 
relation to the nickel salt [38].

Both for the population of AD children as well as in 
relation to both control groups there was no statistically 
significant difference found in the incidence of delayed-type 
hypersensitivity between girls and boys. This observation is 
in accordance with the results published by some authors. 
Research conducted by Seidenari and Brasch [24, 39] among 
children in the general population of dermatological patients 
have shown an equal incidence of contact allergy between girls 
and boys. A similar observation conducted on a population 
of children suffering from AD was published by Gioradano-
Labadie [35]. On the other hand, different observations were 
made by Dotterund who separated a group of children with 
a history of atopic diseases from a random population of 
students aged 7-12 years. The author found a statistically 
significantly higher incidence of positive patch test results 
in healthy girls (22.3%) than in healthy boys (14.4%) and also 
in girls with a history of atopic diseases (37.4%) compared to 
a similar population of boys (20%) [19].

What seems surprising, however, is revealing the largest 
number of positive patch tests results among the youngest age 
subgroups, both in the population of AD and in the group of 
healthy children. In addition, in the AD group the difference 
in the incidence of contact allergy in children aged 1-5 years 
compared to those aged 6-14 years and 15-20 years proved 
to be statistically significant. The predominance of contact 
allergy in the youngest age subgroup study population seems 
to be illogical, because the phenomenon of delayed-type 
hypersensitivity reaction is not characterized by spontaneous 
deterioration. Sensitized memory T cells remain in constant 
readiness to initiate the effector phase of an allergic reaction 
from contact with the sensitizing substance, even years after 
the last exposure, often for the entire life of the patient. Other 
authors, studying the incidence of contact allergy among 
children with AD, also showed the highest percentage of 
positive patch tests results among the youngest age groups. 
Both Roula and Seidenari observed statistically significantly 
higher incidence of delayed-type allergic reactions in children 
under 3 years compared to older patients [22, 24]. Similarly, 
Manzini showed the highest percentage of positive patch 
tests results in AD patients under 3 years of age, with no 
information of the statistical significance, however. It should 
be noted that authors of some publications have also shown 
increased incidence of contact allergy with increasing age 
of children with AD. Giordano-Labadie study showed, that 
contact allergy is detected statistically significantly more 
frequently above 5 years of age than in younger patients [35].

The reason for the highest number of positive patch tests 
results in the group below 5 years of age (both among healthy 
children and patients with AD), may be associated with 
immaturity within dermo-epidermal barrier in terms of 
both structure and function during the first years of life. 
Differences in the histological structure of epidermis between 
younger children and adults are now well known. Stratum 
corneum thickness, on average, is 30% lower, while the 
whole epidermis, on average, is 20% thinner in children 
aged 6 months to 2 years than in adults [40]. In addition, the 
study on the granular layer of the epidermis, conducted using 
a confocal laser scanning microscope, and the comparative 
measurements of cells collected by means of adhesive tape 
showed that the size of keratinocytes is significantly lower in 
children in the first years of life. Dynamic changes associated 
with aging skin is subject to the degree of hydration and 
lipid composition of the dermal-epidermal barrier. At 
birth, the skin of a baby is more dry, resulting in increased 
transepithelial water loss (TEWL) values, in comparison with 
adult skin. During the first months of life, TEWL decreases, 
and hydration of the body surface area increases, peaking 
at 12 months of age in a degree exceeding hydration of the 
adult skin. Moreover, younger children have a lower lipid 
content and lower level of natural moisturizing factor, as well 
as higher skin pH, compared to older children and adults 
[41, 42]. The above characteristics of the skin of a baby during 
the first years of life may significantly affect the penetration 
of haptens and facilitate the development of delayed-type 
immune response. Dynamic changes associated with 
maturation of the dermo-epidermal barrier may therefore 
be responsible for the occurrence of unspecifically positive 
reactions in patch tests, which become negative in later life.

For a long time there have been attempts to determine 
the appropriate concentrations of contact allergens used for 
testing children. Some authors have not found the need to 
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reduce the concentrations of the test substances [18, 21, 39, 
43, 44]. Others indicate that concentrations of allergens used 
for the performance of patch tests in the youngest patient 
population should be reduced [45, 46, 47, 48]. Excessive 
reactivity of the skin of children under the age of 18 months of 
age, manifesting by transiently positive patch test results, has 
been demonstrated by Jøhnke who in 542 randomly selected 
children performed patch tests with fragrance mix and nickel 
sulphate in 3 different concentrations: 22 µg/cm², 66 µg/cm² 
and 200 µg/cm² [47]. In 304 out of 542 patients, the study 
was conducted both at 12 and 18 months of age. Particularly 
noteworthy was the fact that as many as 111 subjects had a 
single, temporary positive result with the highest patch tests 
concentration of nickel sulfate (as used in adults), while only 
in 26 children (8.6%) the results were repeatedly positive in 
both studies. The author suggests that for the performance 
patch tests in younger children the concentration of nickel 
sulphate is too high. On the contrary, other authors point to 
the need to use lower concentrations, also in relation to other 
allergen contact during patch tests conducted in children. 
Fisher proposed the use of 0.25% aqueous formaldehyde 
solution, and also the following concentrations with the 
use of petrolatum: Quaternium 0.5% and 0.25% potassium 
dichromate [45]. According to the author, in children over 
10 years of age, mercaptobenzothiazole and tiuram mix 
may be used in concentrations used for testing in adults, 
but younger children should be tested using concentrations 
divided by half. Observation by Mobley suggest that children 
above 8 years of age may be patch tested with formaldehyde 
and nickel in concentrations used in adults [48]. According 
to the author, children aged under 8 years should be tested 
with concentrations lowered by half. Hjorth suggests that the 
concentration of patch test haptens should be tailored to the 
age of the children [46], and proposes that a positive patch 
test result in this case should be an indication for retesting 
with a concentration lowered by half.

CONCLUSIONS

It seems that concentrations of contact allergens included 
in the current patch tests sets for the paediatric population 
are too high and should be verified – the authors of the 
presented study plan to include reexamining patients aged 
1-5 years after 5 years in order to determine incidence of 
nonspecifically positive results of patch tests, using the same 
set of haptens.

There is certainly a need to develop a paediatric set of patch 
tests differing in concentrations from those previously used; 
large-scale studies regarding this problem should engage 
research centers as well as companies producing patch tests 
allergen series.

REfERENCES

1. Polańska A, Dańczak-Pazdrowska A, Silny W, Jenerowicz D, Osmola-
Mańkowska A, Olek-Hrab K. Evaluation of selected skin barrier 
functions in atopic dermatitis in relation to the disease severity and 
pruritus. Postep Derm Alergol. 2012; 5: 373-377.

2. Darsow U, Wollenberg A, Simon D, Taïeb A, Werfel T, Oranje A et al. 
ETFAD/EADV eczema task force 2009 position paper on diagnosis 
and treatment of atopic dermatitis. J Eur Acad Dermatol Venereol. 
2010; 24: 317-328.

3. Rosińska-Więckowicz A, Czarnecka-Operacz M. Disease extent and 
severity in patients with atopic dermatitis and food allergy. Postep 
Dermatol Alergol. 2011; 5: 382-388.

4. Żukiewicz-Sobczak W, Krasowska E, Zwoliński J, et al. Allergic diseases 
– current state of knowledge. Postep Derm Alergol. 2012; 6: 451-455.

5. Cudowska B, Marcinkiewicz S, Kaczmarski M. Sensitization to cereal 
allergens in children with atopic dermatitis. Postep Dermatol Alergol. 
2011; 3: 181-186.

6. Jenerowicz D, Silny W, Dańczak-Pazdrowska A, Polańska A, Osmola-
Mańkowska A, Olek-Hrab K. Environmental factors and allergic 
diseases. Ann Agric Environ Med. 2012; 19: 475-481.

7. Świnoga M, Kłos M, Miniszewska J, Zalewska-Janowska A. Health-
related quality of life in dermatological and allergo-dermatological 
patients. Postep Dermatol Alergol. 2012; 2: 69-73.

8. Kaczmarski M, Wasilewska J, Jarocka-Cyrta E et al. Polish statement 
on food allergy in children and adolescents. Post Dermatol Alergol. 
2011; 5: 331-367.

9. Pałgan K, Bartuzi Z. Genetic aspects of food allergy. Postep Dermatol 
Alergol. 2011; 2: 103-106.

10. Ring J, Darsow U, Behrendt H. Role of aeroallergens in atopic eczema: 
proof of concept with the atopy patch test. J Am Acad Dermatol. 2001; 
45: S49-S52.

11. Puc M. Influence of meteorological parameters and air pollution on 
hourly fluctuation of birch (Betula L.) and ash (Fraxinus L.) airborne 
pollen. Ann Agric Environ Med. 2012; 19: 660-665.

12. Kerschenlohr K, Decard S, Darsow U, Ollert M, Wollenberg A. Clinical 
and immunologic reactivity to aeroallergens in „intrinsic“atopic 
dermatitis patients. J Allergy Clin Immunol. 2003; 111: 195-197.

13. Nowak M, Szymańska A, Grewling Ł. Allergic risk zones of plane tree 
pollen (Platanus sp.) in Poznan. Postep Derm Alergol. 2012; 3: 156-160.

14. Brinchmann BC, Bayat M, Brogger T, Muttuvelu D, Tjonneland A, 
Sigsgaard T. A possible role of chitin in the pathogenesis of asthma 
and allergy. Ann Agric Environ Med. 2011; 18:7-12.

15. Thyssen JP, Linneberg A, Menne T, Johansen JD. The epidemiology of 
contact allergy in general population – prevalence and main findings. 
Contact Dermatitis. 2007; 57: 287-299.

16. Kieć-Świerczyńska M, Kręcisz B, Chomiczewska D, Sobala W. Trends in 
allergy to the 10 most frequent contact allergens in patients examined 
at the Nofer Institute, Lodz, Poland in 1996-2009. Postep Dermatol 
Alergol. 2012; 1: 19-24.

17. Klimańska M, Żmudzińska M, Jenerowicz D, Czarnecka-Operacz M. 
The importance of exposure to contact allergens in patients with allergic 
contact dermatitis. Post Dermatol Alergol 2011; 3: 203-211.

18. Rudzki E. Alergia kontaktowa. Przeg Alergol. 2005; 2: 30-33.
19. Ograczyk A, Malec J, Miniszewska J, Zalewska-Janowska A. 

Psychological aspects of atopic dermatitis and contact dermatitis: 
stress coping strategies and stigmatization. Postep Dermatol Alergol. 
2012, 1: 14-18.

20. Foti C, Bonifaci E, Casulli C, et al. Contact allergy to topical 
corticosteroids in children with atopic dermatitis. Contact Dermatitis. 
2005; 52: 162-163.

21. Manzini BM, Ferdani G, Simonetti V, Donini M, Seidenari S. Contact 
sensitization in children. Pediatr Dermatol. 1998; 15: 12-17.

22. Dotterund LK, Falk ES. Contact allergy in relation to hand eczema and 
atopic diseases in north Norwegian schoolchildren. Acta Paediatrica. 
1995; 84: 402-406.

23. Stoðkutë L, Dubakienë R, Tamoðiûnas VA. Allergic contact dermatitis 
and patch testing in children. Acta Medica Lituanica. 2005; 12: 71-74.

24. Motolese A, Manzini BM, Donini M. Patch testing in infants. Am J 
Contact Dermatitis. 1995; 6: 153-156.

25. Roul S, Ducombs G, Taieb A. Usefulness of the European standard 
series for patch testing in children. Contact Dermatitis. 1999; 40: 
232-235.

26. Mortz CG, Andersen KE. Allergic contact dermatitis in children and 
adolescents. Contact Dermatitis. 1999; 41: 121-130.

27. Seidenari S, Giusti F, Pepe P, Mantovani L. Contact Sensitization in 
1094 Children Undergoing Patch Testing over a 7-Year Period. Pediatr 
Dermatol. 2005; 22: 1-5.

28. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta 
Derm Venereol Suppl (Stockh). 1980; 92: 44-47.

29. Simonsen AB, Mette D, Johansen JD, Sommerlund M. Contact allergy 
and allergic contact dermatitis in children – a review of current data. 
Contact Dermatitis. 2011; 65: 254-265.

30. Barros MA, Baptista A, Correia M, Azevedo F. Patch testing in children: 
a study of 562 schoolchildren. Contact Dermatitis. 1991; 25: 156-159.

31. Bruckner AL, Weston WL, Morelli JG. Does sensitization to contact 
allergens begin in infancy? Pediatrics. 2000; 105: e3.

59



Annals of Agricultural and Environmental Medicine 2013, Vol 20, No 1

Wojciech Silny, Leszek Bartoszak, Dorota Jenerowicz, Wioletta Żukiewicz-Sobczak, Małgorzata Goździewska. Prevalence of contact allergy in children suffering from…

32. Mortz CG, Lauritsen JM, Bindslev-Jensen C, Andersen KE. Prevalence 
of atopic dermatitis, asthma, allergic rhinitis, and hand and contact 
dermatitis in adolescents. The Odense Adolescence Cohort Study on 
Atopic Diseases and Dermatitis. Br J Dermatol. 2001; 144: 523-532.

33. Imokawa G, Abe A, Jin K, et al. Decreased level of ceramides in stratum 
corneum of atopic dermatitis: an etiologic factor of atopic dry skin? 
J Invest Dermatol. 1991; 96: 523-526.

34. Di Nardo A, Wertz P, Giannetti A, Seidenari S. Ceramide and cholesterol 
composition of the skin of patients with atopic dermatitis. Acta Derm 
Venerol. 1998; 78: 27-30.

35. Irvine AD, McLean WH. Breaking the (Un)Sound Barrier: Filaggrin 
Is a Major Gene for Atopic Dermatitis. J Invest Dermatol. 2006; 126: 
1200-1202.

36. Palmer CN, Irvine AD, Terron-Kwiatkowski A, et al. Common loss-of-
function variants of the epidermal barrier protein filaggrin are a major 
predisposing factor for atopic dermatitis. Nat Genet. 2006; 38: 441-446.

37. Sandilands A, Smith FJ, Irvine AD, Mc Lean WH. Filaggrin‘s fuller 
figure: a glimpse into the genetic architecture of atopic dermatitis. 
J Invest Dermatol. 2007; 127: 1282-1284.

38. Giordano-Labadie F, Lance F, Pellegrin F, et al. Frequency of contact 
allergy in children with atopic dermatitis: results of a prospective study 
of 137 cases. Contact Dermatitis. 1999; 40: 192-195.

39. Novak N, Baurecht H, Schäfer T, et al. Loss-of-Function Mutations in 
the Filaggrin Gene and Allergic Contact Sensitization to Nickel. J Invest 
Dermatol. 2008; 128: 1430–1435.

40. Thyssen JP, Menné T. Metal allergy--a review on exposures, penetration, 
genetics, prevalence, and clinical implications. Chem Res Toxicol. 
2010; 23: 309-318.

41. Carlsen BC, Johansen JD, Menné T, et al. Filaggrin null mutations and 
association with contact allergy and allergic contact dermatitis: results 
from a tertiary dermatology clinic. Contact Dermatitis. 2010; 63: 89-95.

42. Brasch J, Geier J. Patch test results in schoolchildren. Contact 
Dermatitis. 1997; 37: 286-293.

43. Stamatas GN, Nikolovski J, Luedtke MA, Kollias N, Wiegand BC. 
Infant skin microstructure assessed in vivo differs from adult skin 
in organization and at the cellular level. Pediatr Dermatol. 2010; 27: 
125-131.

44. Giusti F, Martella A, Bertoni L et al. Skin barrier, hydration, and pH 
of the skin of infants under 2 years of age. Pediatr Dermatol. 2001; 
18: 93-96.

45. Nikolovski J, Stamatas GN, Kollias N, Wiegand BC. Barrier function 
and water-holding and transport properties of infant stratum corneum 
are different from adult and continue to develop through the first year 
of life. J Invest Dermatol. 2008; 128: 1728-1736.

46. Ayala F, Balato N, Lembo G et al. A multicentre study of contact 
sensitization in children. Gruppo Italiano Ricerca Dermatiti da 
Contatto e Ambientali (GIRDCA). Contact Dermatitis. 1992; 26: 307-
310.

47. Stables GI, Forsyth A, Lever RS. Patch testing in children. Contact 
Dermatitis. 1996; 34: 341-344.

48. Fisher AA. Patch testing in children including early infancy. Cutis. 
1994; 54: 387-388.

49. Hjorth N. Contact dermatitis in children. Acta Derm Venereol. 1981; 
95: 36-39.

50. Jøhnke H, Norberg LA, Vach W et al. Reactivity to patch tests with 
nickel sulfate and fragrance mix in infants. Contact Dermatitis. 2004; 
51: 141-147.

51. Mobley SL, Mansmann HC. Current status of skin testing in children 
with contact dermatitis. Cutis. 1974; 13: 995-1000.

60


