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Abstract: The true prevalence of allergic contact dermatitis (ACD) in
children remains unknown. Our aim was to compare the results of patch
tests in children with suspected ACD between two different periods of time
and identify possible changes in emerging allergens. We compared contact
allergens, gender, age distribution, and personal history of atopic dermatitis
(AD), in correlation with the positivity of patch tests, between two equal
periods of time (232 children tested during 1980-1993, period A, and 255
children during 1994-2007, period B) in the same region and in the same
institution. Patch test positivity was 47.8% in period A, and 60% in period B
(p = 0.083). The most common allergens in period A were: nickel sulfate
(16.3%), cobalt chloride (8.6%), fragrance mix (7.3%), potassium dichromate
(4.3%), and thimerosal only (1.7%). In period B, the allergen distribution was
as follows: nickel sulfate (21.56%), thimerosal (18.03%), cobalt chloride
(12.9%), potassium dichromate (9.4%), and fragrance mix (4.7%). Girls were
more likely to have a positive patch test compared with boys, with reactions
in 53% of girls and 39% of boys in period A (p = 0.003), and 61% of girls and
58% of boys in period B (p = 0.691). Twenty-nine per cent of patients with
positive results had a personal history of AD in period A and 44% in period B
(p = 0.015). Differences in the positivity of allergens between different time
periods reflect changes in habits, of allergens exposure or preventive
measures.

Allergic contact dermatitis (ACD) is increasing in
childhood, presumably due to higher levels of exposure
to environmental allergens. The rate of positive patch test
results varies as a result of different selection criteria for
patch testing. Allergen exposure also varies, resulting
from different social and regional practices (1). In
industrialized countries, increases in ACD are occuring
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in parallel with increases in the number of potential
sensitizers (2). Children are commonly exposed to a
variety of allergens at a much younger age, partially due
to exposure to cosmetics, body piercing, and through
participation is sports and hobbies.

The aim of this study was to determine the most
common contact allergens among children with
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suspected allergic dermatitis, and to compare the results
between two different and equal periods of time (period
A during 1980-1993, and period B during 1994-2007) in
the same region and institution, to establish the changes
over time.

MATERIALS AND METHODS

We carried out two retrospective single-center case
studies at the largest hospital for skin diseases in Athens.
All patients were under the age of 16 years with sus-
pected ACD, 232 consecutive children (145 girls and 87
boys) during period A (3) and 255 consecutive children
(162 girls and 93 boys) during period B. Patients were
identified from an existing database of the contact der-
matitis clinic. The patient’s history and patch test results
were reviewed for each individual. In this study, rele-
vance is not mentioned because this information was not
available in all medical histories.

Patch testing was performed in a standard manner
and reactions were recorded by two dermatologists
according to the International Contact Dermatitis
Research Group scoring system (4). Allergens were
applied to intact skin on the patient’s upper back and
left for 48 hours. Readings were recorded at 49 and
96 hours. In case of doubtful reactions, the test was
repeated. All children were patch-tested with a mod-
ified European basic standard series (Trolab, Hermal,
Germany), and with additional series as indicated.
The concentrations of allergens used were the same as
those used for adults in our patch testing center. A
personal history of atopic dermatitis (AD) was
recorded according to the diagnostic criteria of
Hanifin and Rajka.

Pearson chi-squared test (or Fisher exact test, wher-
ever chi-squared test could not be applied) was per-
formed to test for differences in age, test result (positive—
negative), and personal history of atopy among male
and female patients for both the periods.

RESULTS

During the study period A, a total of 232 children were
referred for patch testing and of those, 111 (47.8%) had
one or more positive patch test results. During period B,
a total of 255 children were referred for patch test
investigation and of those, 153 (60%) had one or more
positive patch test reactions (p = 0.083).

The most common allergens we had in period A
were: nickel sulfate (5% in petpetrolatum (pet.).)
16.3%, cobalt chloride (1% in pet.) 8.6%, fragrance
mix (8% in pet.) 7.3%, potassium dichromate (0.5%
in pet.) 4.3%, and thimerosal (0.1% in pet.) 1.7%. In
period B, the allergen distribution was slightly differ-
ent: nickel sulfate (5% in pet.) 21.56%, thimerosal
(0.1% 1in pet.) 18.03%, cobalt chloride (1% in pet.)
12.9%, potassium dichromate (0.5% in pet.) 9.4%,
and fragrance mix (8% in pet.) 4.7%. Corticosteroids
did not elicit any reaction. Irritant reactions were
associated with metals especially in atopic individuals.
Table 1 shows the most common positive patch tests
to the modified basic series among children in both
periods.

Gender distribution was examined in correlation with
the positivity of patch test results for the two time peri-
ods. Girls were significantly more likely to have a positive
patch test compared with boys in periods A and B
(RR = 1.34,95% CI: 1.07-1.69).

In period B, the incidence rate of contact allergy
increased in all age groups as compared with period
A, with the exception of the age group “0-5 years”
where we had an important decrease in boys and a
stable male: female ratio (Table 2). The hands were
the most common site of involvement in period A,
whereas in period B, a majority of patients had
generalized lesions.

A positive history of AD was found in 31.5% of
patients during period A, and 48% of patients during
period B (p < 0.0005). Twenty-nine per cent of patients

TABLE 1. The Most Common Positive Patch Tests to A Modified Basic Series, Among Children of Period A (232 Children, 87

Boys/ 145 Girls) and Period B (255 Children, 93 Boys/162 Girls)

No. positive patch tests period A

No. positive patch tests period B

Allergens Boys Girls Total (%) Boys Girls Total (%) p value
Nickel sulfate, 5% 3 35 38 (16.4) 4 51 55 (21.6) NS
Thimerosal, 0.1% 2 2 4 (1.7) 20 26 46 (18) <0.001
Cobalt chloride, 1% 10 10 20 (8.6) 9 24 33 (12.9) NS
Potassium dichromate, 0.5% 6 4 10 (4.3) 9 15 24 (9.4) <0.05
Fragrance mix, 8% 8 9 17 (7.3) 6 6 12 (4.7) NS

NS, nonsignificant.
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TABLE 2. Gender and Age Distribution in 232 Patients During Period A (19801993 ), and in 255 Patients During Period B (1994—

2007)
Period A Period B
Boys Girls Boys Girls
Age (yrs) Tested, n Positive, n (%) Tested, n Positive, n (%) Tested, n Positive, n (%) Tested, n Positive, n (%)
0-5 12 6 (50) 2 1 (50) 6 1(17) 2 1 (50)
6-10 21 10 (48) 30 11 (37) 35 24 (68) 39 21 (54)
11-14 28 9 (32) 49 34 (49) 35 21 (60) 57 31 (54)
15-16 26 9 (35) 64 41 (64) 17 8 (47) 64 46 (72)
Total 87 34 (39) 145 77 (53) 93 54 (58) 162 99 (61)

TABLE 3. Patch Test Results in Atopic and Nonatopic Patients
During Period A and Period B

No. patients (%)

History of atopy-
period A

History of atopy-
period B

Test result No Yes No Yes

Patch test negative 80 (66.1) 41 (33.9) 47 (46.1) 55 (53.9)
Patch test positive 79 (71.2) 32 (28.8) 86 (56.2) 67 (43.8)
Total 159 (68.5) 73 (31.5) 133 (522) 122 (47.8)

with positive patch tests results in period A had a per-
sonal history of AD and 44% of patients in period B
(p = 0.015). In addition, no statistically significant dif-
ference in the prevalence of positive patch test results
between period A and period B was found between
atopic and nonatopic patients (Table 3).

Occupational contact dermatitis was diagnosed in
children aged between 13 and 16 years especially in
period A and most of them were hairdressers. In period
B, occupational contact dermatitis was diagnosed in
children aged 16 years and most of them were hair-
dressers as well.

DISCUSSION

Allergic contact dermatitis is an acquired eczematous
skin disease mediated by a type IV immune mechanism.
Patch testing is a realistic and credible method for the
identification of sensitizing allergens. Allergic contact
dermatitis in childhood has important repercussions for
the patient and may affect decisions regarding future
occupation in adulthood (5). The early patch test diag-
nosis of contact allergy is associated with improved
quality of life, increased response to treatment, and de-
creased prediagnostic cost of treatment (5,6).

In this study, the comparison of a large number of
patch tests over two time periods allows a relatively
comprehensive assessment of positive allergens in

children and an estimation of the evolution of contact
allergy over time. Because the information concerning
relevance was incomplete, our incidence rates are contact
sensitization rates and not allergic contact dermatitis
rates.

The overall incidence rate of positive patch test results
in children increased from 47.8% to 60% (p = 0.083).
In a United Kingdom (UK) study, contact allergy
increased over the beginning of the past decade from
32.6% to 49% towards the middle of that decade (7). In
France, contact allergy has been reported as high as 67%
in the latter part of the same decade (8). It is thought that
the increased rates may be due to increases in utilization
of personal health products in everyday life that contain
certain allergens and the fact that children are becoming
exposed to a wider variety of allergens at a younger age
(1,2). An alternative explanation is improved selection of
children who undergo patch testing. In this study, we
observed that girls were diagnosed to have positive patch
test significantly more than boys (34%), especially in the
group of 15-16 years of age, and this result is in accor-
dance with other studies (5,9-13).

Sensitization to nickel sulfate 5% was increased in
period B (from 16.4% to 21.6%, p = NS). Nickel was
the most common contact allergen in children younger
than 16 years. This is similar to findings in many other
studies (2,9,13-16). The trend for ear and body piercing
at younger ages, may be the main nickel source in girls
and this was reflected in the results of positive tests.
Nickel is the most common sensitizer in Europe and
North America, though the prevalence varies from
country to country (1,5,13—17). Boys can become sensi-
tized from body piercing, which is very popular among
teenagers, as well as through everyday exposure. A pre-
dominance for nickel sensitization in girls was observed
in both time periods and this is in absolute accordance
with other studies (1,17).

There was a significant increase in the rate of positive
patch tests to thimerosal 0.1% in period B. Thimerosal
was not patch-tested in our basic standard series before
1987. Thimerosal was ranked in the top four allergens
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Figure 1. Positive patch test to potassium dichromate (A),
above left, cobalt chloride (B), below left, and merca-
ptobenzothiazole (C), below right, in a child with shoe der-
matitis.

among children in several studies (15-17). Sensitization
to thimerosal may be related to the use of vaccines and
antiseptics containing this substance (18). However, the
clinical relevance of positive patch tests to thimerosal is
low (19,20). For this reason, it is now excluded from
many standard screening recommendations (19). In our
opinion, in countries where the positivity is high, such as
Greece, it should still be evaluated.

Allergy to cobalt chloride 1% was slightly increased in
period B. The majority of positive patch test was asso-
ciated with co-sensitization to nickel in the same patient.
This may be attributable to the fact that these metals are
commonly associated. Pure cobalt allergy was uncom-
mon, and this result is in accordance with other reports
(2,13).

Contact allergy to potassium dichromate 0.5% was
doubled in period B (from 4.3% in period A to 9.4% in
period B, p < 0.05). The most common cause of chro-
mate allergy in adults is cement. In children, leather
found in shoe uppers, which is traditionally chrome-
tanned, can be the main source of chrome and can
explain foot dermatitis (21,22). In addition, in Greece,
parents prefer leather shoes for their children (Fig. 1).

As compared with results of period A, children
had a lower rate of positive patch tests to fragrance
mix 8% in period B. This finding, which is consistent
with other reports (16), is very promising, as
fragrance allergy was very common in the past. The
policies of the cosmetic and toiletry industry and the
production of a variety of fragrance-free products

appears to have resulted in diminution of exposure to
fragrances in the younger population.

In period A, the hands were the most common site of
involvement, whereas in period B, a more generalized
pattern was observed. This can be explained by the fact
that in period B, we had more severe cases in association
with AD.

This report is consistent with other evidence that
contact allergy is common in children with AD as well as
in those without AD. The relationship between atopy
and contact allergy is not very well established. Some
older studies report lower rates of contact allergy in
atopic patients (23), whereas others indicate a similar
prevalence of contact allergy in patients with AD and
nonatopics (1,24). Atopy, according to many reports, is a
predisposing factor for contact hypersensitivity resulting
from the damaged epidermal barrier and the subsequent
increased penetration of allergens (5,25). In our study,
the rate of positive patch tests in atopics increased from
29% to 44% in period B (p < 0.0005), and this may
reflect the overall increase of AD in children (26). In a
recent study from the Netherlands, 55% of children with
allergic patch test reactions had AD (14). We found no
difference in the distribution of allergens among atopic
and nonatopic patients and this observation is not new
(4,25).

In period A, occupational contact dermatitis was
diagnosed in children aged between 13 and 16 years and
the majority were hairdressers. In period B, occupational
contact dermatitis was diagnosed in children aged
16 years and most of them were hairdressers as well. The
finding of occupational contact dermatitis in teenagers
has also been documented by Lewis et al. (27). This
suggests that patch testing can be a useful tool in the
choice of future occupations in such children.

In conclusion, as sensitization rates to different
allergens show great variation over time, it is important
to consider performing period patch test evaluation.
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