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Abstract

Introduction: Atopic dermatitis (AD) is a chronic inflammatory disease caused by the complex interaction of genetic,
immune and environmental factors such as food and airborne allergens. The atopy patch test (APT) is a useful way
to determine delayed-type hypersensitivity reactions to food and aeroallergens. Many studies have also suggested
that food additives are associated with dermatologic adverse reactions and the aggravation of pre-existing atopic
dermatitis symptoms.

Aim: To elucidate the contact sensitivity to food additives in children suffering from AD by using standardized atopy
patch testing.

Material and methods: A total of 45 children with AD and 20 healthy children have been enrolled. All the children
have regularly consumed food containing additives, and were subjected to atopy patch tests.

Results: In total, 28 (62%) children with AD and 4 (20%) healthy children have had positive patch test reactions
to > 1 allergens. There has been a significant difference (p = 0.04) between the groups in terms of the positivity
rate in the patch test and the most common allergen that elicited positive patch test results in the AD group was
azorubine (n = 11, 24.4%, p = 0.014).

Conclusions: In our study, contact sensitivity was detected more frequently in AD patients. Food additives may
play a role in the development and exacerbation of AD. Atopy patch testing with food additives can be useful in the

treatment and follow-up of children with AD.
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Introduction

Atopic dermatitis (AD) is a chronic inflammatory
skin disease characterized by pruritic and eczematous
skin lesions [1]. A number of environmental factors have
been implicated in the pathogenesis of AD. Food aller-
gens (mostly in children) and aeroallergens are the most
relevant allergens in AD [2]. In the chronic inflammatory
process of AD, type 1 and type 4 hypersensitivity reac-
tions to allergens may be responsible. Elevated serum
Immunoglobulin E (IgE) levels can be demonstrated in
80% to 85% of patients with AD, and a similar number
have immediate skin test response or positive in vitro
tests to food and inhalant allergens. The relationship
between the course of AD and implicated allergens has
been difficult to establish [3].

Food additives are extensively used in the food in-
dustry and include thousands of natural and synthetic
substances used as flavourings, colorants, preservatives,

sweeteners, antioxidants and thickeners [4]. “Food ad-
ditive” means any substance not normally consumed as
a food by itself and not normally used as a typical ingre-
dient of the food, whether or not it has nutritive value,
the intentional addition of which to food for a techno-
logical purpose in the manufacture, processing, prepara-
tion, treatment, packing, packaging, transport or holding
of such food results, or may be reasonably expected to
result, in it or its by-products becoming a component of
or otherwise affecting the characteristic of such foods [5].
Food additives are associated with dermatologic adverse
reactions, such as urticaria, angioedema and the aggra-
vation of atopic dermatitis symptoms [6]. Atopy patch
tests (APT) which are devoid of any side-effects have
been introduced as part of the diagnostic work-up for the
diagnosis of non-Igk mediated allergy, seen in conditions
like AD [7]. However a few studies have investigated the
atopy patch test for food additives in patients with AD.
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Aim
The present study is aimed to elucidate the contact

sensitivity to food additives and determine if food addi-
tives play a role in the aetiology of AD.

Material and methods

The study participants have comprised of 65 children
whose age range has been between 2 and 18. All the
children have been followed prospectively and clinically
evaluated by the same allergist. The definition of atop-
ic dermatitis has been made with reference to Hanifin
and Rajka [8]. Inclusion criteria for the test have been
regular consumption of foods containing additives (e.g.,
chocolate, chips, ice cream, fruit juice, gumdrops, candy,
biscuit, baked goods, fruit yoghurt, pudding, jam, syrup,
meat products, ketchup and chewing gum).

Patients with systemic, acute infectious, autoim-
mune and other allergic diseases have been excluded
from the study. Children have not taken any oral im-
munosuppressive drugs including oral corticosteroids
and phototherapy for at least 1 month before the test.
Oral antihistamine drugs and topical treatment of the
back with corticosteroids have been discontinued for at
least 7 days before the test. Twenty healthy individuals
with no personal or family history of asthma and other
atopic diseases have been selected as the control group.
All children enrolled have completed a questionnaire de-
signed to observe the presence of a food additive-related
hypersensitivity and have undergone the patch test. Both
groups have responded to a questionnaire evaluating the
frequency of consumption of chocolate, chips, ice cream,
fruit juice, gumdrops, candy, biscuit, baked goods, fruit
yoghurt, pudding, jam, syrup, meat products (salami and
sausages), ketchup and chewing gum.

Leukocyte, neutrophil, lymphocyte, eosinophil count
measurements have been performed within approxi-
mately 60 min after blood sampling with Coulter Hmx
Hematology Analyzer (Beckman Coulter, Inc., CA, USA)
with the use of original method and reagents. The ra-
tios of blood cells have been calculated by dividing the
percentage of cells in complete blood count analysis.
Skin prick testing has been carried out using a panel
of standardized allergens (Stallergenes SA, Antony,
France) including cow’s milk, egg yolk, wheat, nuts and
soya. A positive prick test response has been defined as
a wheal diameter of 3 mm or larger to at least one of
these allergens. Total serum IgE has been determined by
ImmunoCAP (Phadia, Uppsala, Sweden).

Atopy patch tests (APT) have been performed pursuant
to the European Task Force on Atopic Dermatitis (ETFAD)
on the non-lesional skin. The occlusion time has been 48 h
and the patch test have been read at 48 and 72 h. The APT
results have been graded according to ETFAD standards:
no reaction or erythema without infiltration (=), erythema
and infiltration (+), erythema and few papules (++), erythe-
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ma and many or spreading papules (+++), erythema, pap-
ules and vesicles (++++) [9]. Atopy patch testing has been
performed using 8 mm patch test chambers (AllergEAZE,
Smart Practice, Phoenix, AZ) with food additive series (Bri-
al Allergen, Greven, Germany) including aspartame, azoru-
bine, amaranth, benzoic acid, butylhydroxyanisole, brilliant
black, butylhydroxytoluene, cochineal red (ponceau 4R),
carmine, erythrosine-b, formic acid, patent blue, pectin,
quinoline yellow, sorbic acid, monosodium glutamate, so-
dium diphosphate, sodium disulphite, sulfur dioxide, sac-
charine, sodium formiate, sodium alginate, and tartrazine.
In our study, SCORAD calculation and the readouts of skin
and atopy patch tests have been performed by a single
expert (the author) in order to minimise manual errors.

E numbers are number codes for food additives and
are usually found on food labels throughout the Euro-
pean Union. The ‘E’ stands for Europe or European Union.
Normally, each food additive is assigned a unique num-
ber, and though occasionally, related additives are given
an extension to another E-number. The concentrations of
food additives, vehicles and E numbers used for allergens
are given in Table 1.

This study has been approved by the institutional re-
view board of the Faculty of Medicine. Informed consent
has been obtained from parents of each patient before
his or her inclusion in the study. The study has been con-
ducted in compliance with the Declaration of Helsinki.

Statistical analysis

Statistical analyses have been performed via SPSS
statistical software (version 21.0; Armonk, NY, USA). Con-
tinuous variables are presented as mean + SD and medi-
an (range). Categorical variables are shown as frequency
and percentage. Student t tests, Pearson x? analysis, and
Mann-Whitney U-test have been used to compare differ-
ences between two specific groups, and Spearman rank
correlation coefficients have been assessed as the mea-
sures of correlation between variables of interest. The
level of statistical significance has been set as p = 0.05.

Results

Forty five patients (28 girls, 17 boys) within the age
range of 24 months to 17 years (median age: 7 years)
with AD and 20 healthy children (12 girls and 8 boys)
within the age range of 36 months to 17 years (medi-
an age: 8 years) have been included in this study. The
age and gender distributions of the patient and con-
trol groups have been similar (Table 2). White blood cell
count, eosinophil count and the percentage of eosinophil
in hemogram have been significantly higher in the AD
group than those of the control group.

According to the SCORAD index, 80.2% of AD patients
have had mild disease while 19.8% have had moderate to
severe disease. Age, gender, eosinophil count and serum
total IgE levels have not differed significantly between the
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Table 1. Concentrations of food additives, vehicles and
code for allergens

Allergen Concentration % Vehicle Code
Aspartame 0.1 Coca E-951
Azorubine 0.1 EtOH E-122
Amaranth 0.1 Coca/glyc E-123
Benzoic acid 1 EtOH/glyc E-210
Butylhydroxyanisole 2 EtOH E-320
Brilliant black 0.1 Coca/glyc E-151
Butylhydroxytoluene 1 EtOH E-321
Cochineal red 1 Coca/glyc E-124
Carmine 0.5 Coca/glyc E-120
Erythrosine-B 0.25 EtOH/glyc E-127
Formic acid 1 Water E-236
Patent blue 0.25 Coca/glyc E-131
Pectin 1 Coca E-440
Quinoline yellow 0.1 Coca/glyc E-104
Sorbic acid 2 EtOH/glyc E-200
Sodium glutamate 1 Coca E-621
Sodium diphosphate 1 Coca/glyc E-450
Saccharine 0.1 Coca/glyc E-954
Sodium disulphite 1 Petrolatum E-221
Sodium nitrite 2 Wat/glyc E-250
Sodium formiate 2 Coca/glyc E-237
Sodium alginate 1 Coca E-401
Tartrazine 1 Coca/glyc E-102

Table 2. Demographic and laboratory characteristics of
the children

Parameter Atopic Control  P-value
dermatitis (n = 20)
(n = 45)

Gender (F/M) 28/17 12/8 > 0.05
Age [year] mean + SD 7.44 £419  8.15+4.45 > 0.05
White blood cell count 8326 +2685 6955 #1124  0.032
[x 10%/pl]

Neutrophil count [x 10%/ul] 4097 +2078 3335 +1143 > 0.05
Lymphocyte count [x 103/ul] 3208 £1429 2845 +934 > 0.05
Ratio of neutrophil:

Lymphocyte (N/L) 1.55#1.24  1.38+0.88 > 0.05
Percentage of eosinophil (%) 3.1 +2.55 192 +1.63  0.046
Eosinophil count [x10%/pl] 262 +21 140 £127 0.015
Serum total IgE [IU/ml] 399 +791 68.2 #4100 > 0.05
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mild AD and the moderate to severe AD group. Ten (22%)
patients in the AD group have had positive skin prick test
results, 40% of which were positive to hen’s egg, 40% to
cow’s milk, and 20% to both. But none of them have had
any food allergy history. None of the individuals in the con-
trol group have shown sensitization to SPT.

Sixty (92.3%) children have consumed an average
of three kinds of snacks containing food additives daily.
Although the consumption of gumdrops, sausages and
salami were comparable between the AD and control
groups, consumption of fruit yoghurt, ice cream, jam, and
cake was significantly higher in the AD group (p = 0.005).

Atopy patch tests have been performed for all the
children, 62% (n = 28) of the AD group have had positive
APT results. The APT results for food additives are shown
in Table 3. The most common allergen to yield positive
APT results has been azorubine (n = 11, 24.4%). Twenty-
eight of 45 patients have had positive APT results, mean-
ing that they are allergic to 23 different food additives;
9 of these positive reactions have been 3+, 28 have been
2+, and the remaining 8 have been 1+. In the control
group, 4 of 20 children have had positive APT results to
five different food additives; all of the positive reactions
have been 1+. Compared with the control group, the AD
group have had higher positive APT results for azorubine
(24.4% and 0%, respectively, p = 0.014). In the AD group
11 patients have had positive APT results for azorubine
(n=3,3+;n=5,2+n=3,14).

There has been no significant difference in terms of
age, gender, SCORAD index, the presence of eosinophil-
ia, serum total IgE levels, neutrophil count, lymphocyte
count, ratio of neutrophil lymphocyte between the APT-
positive and negative patients with AD.

Discussion

AD is an inflammatory disease of the skin. Patients
with AD have been observed to have a neutrophilic in-
flammation with eosinophilic inflammation [10-12]. In our
study, the mean white blood cell, eosinophil count and the
percentage of eosinophil have been significantly higher in
the AD group than those of the control group. The mean
neutrophil and neutrophil-lymphocyte ratios (NLR) in
children with AD have not been statistically significant
compared to those of the control group. Although AD is
an inflammatory skin disease and neutrophil and NLR are
markers of inflammation, the reason of the nonsignificant
neutrophil and NLR values between the groups may be
due to the small number of patients and having mostly
mild to moderate AD. The number of eosinophils in AD
may be higher than the normal values [13].

Although food additives have been used since an-
cient times, allergic reactions to additives have been
reported in very few population-based studies and case
reports. The prevalence of reactions to food additives is
estimated at 1-2% in unselected populations of healthy
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children, and higher in atopic children, ranging from 7%
to 2% [14, 15].

Studies document the association of food additives
with adverse skin reactions, such as urticaria, angio-
edema, and aggravation of pre-existing AD; however,
the evidence of a causal relationship is discrepant [16].
Ehlers et al. [17] have confirmed the role of hypersensi-
tivity to certain food additives (including, azo and non-
azo food) in children with chronic urticaria. Of 16 chil-
dren with moderate to severe chronic urticaria, 13 (81%)
have entered a remission period under a stringently
controlled low-pseudoallergen diet, and all have react-
ed with wheals later upon discontinuation of their diet.
They have reported that in children with chronic urticaria
food additives play a more important role in eliciting hy-
persensitivity reactions than in adult patients. Studies
carried out with both children and adults have shown
a discrepancy between the perception of patients and
the reported prevalence of reactions to food additives.
Rajan et al. [18] have assessed hypersensitivity to food
additives based on the challenge testing in patients with
chronic idiopathic urticaria. Among the 100 patients, only
2 have had a positive urticarial response on single blind
challenge to 11 common food additives.

APTs show a higher specificity than skin prick and
specific IgE tests since the pathophysiological mecha-
nism of the reaction induced is very similar to that which
occurs in AD lesions. We have found positive APT to food
additives in 62% of children with AD. APT positivity has
been significantly more common in patients with AD
than that of healthy groups (p = 0.004). In the AD group,
28 of 45 patients have had 45 positive APT results to
23 different food additives, and 4 of 20 children have had
positive APT results to five different food additives. All of
the positive reactions have been 1+ in the control group.
These findings suggest that atopy patch testing in indi-
viduals with AD is more specific than in those without
and food additives other than carmine did not seem to
be associated with AD.

Until now, a few controlled studies about the food
additives role in AD have revealed similar results. Park
et al. [6] have shown positive APT to food additives in
5.6% of patients with allergy, and this lower result could
be related to fewer types of food additives (7 vs. 23 in
our study). Since there is a possibility that false positive
APT occurs to additives due to irritation, control APT has
been conducted on non-allergic individuals in our study.
The absence of strong and much positive APT results in
the control group supports the effectiveness of APT in
diagnosis of food allergy in children with AD.

Paediatric AD patients may have an increased risk
of allergen penetration through the skin, and most al-
lergies are initiated in childhood. Therefore, we believe
that food additives could worsen AD, especially in pae-
diatric patients but the selection of the standard test for
discriminating hypersensitivity to food additives is still
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Table 3. The most common patch test results and the
associated allergens

Parameter Atopic dermatitis Control P-value
(n = 45) (n =20)

Number of individuals 28 (62) 4(20) 0.004

with positive reactions

Azorubine, n (%) 11 (24.4) 0 (0) 0.014

Formic acid, n (%) 7 (15.6) 3 (0) > 0.05
Carmine, n (%) 6 (13.3) 1(0) > 0.05
Cochineal red, n (%) 6 (13.3) 1(0) > 0.05
Amaranth, n (%) 6 (13.3) 1(0) > 0.05

under investigation. The APT is a useful tool for deter-
mining delayed-type hypersensitivity reactions to foods
and aeroallergens in AD [19].

In a recent study, Catli et al. [20] have investigated
the role of food additives sensitivity based on atopy
patch tests in AD children. They have reported that forty
one percent of the atopic dermatitis group (n = 14) and
15.2% (n = 5) of the healthy children have had positive
APT results to food additives (p = 0.036). They have also
reported the following positive reactions: cochineal red
in 8 patients; carmine in 6 patients; sodium nitrite in
4 patients; pectin, erythrosine and benzoic acid in 3 pa-
tients; sorbic acid, sodium disulphide, and aspartame
in 2 patients; patent blue, quinolone yellow, sodium
glutamate, sodium alginate, and tartrazine in 1 patient.
Among their patients, positive APT results for carmine
have been significantly higher in the AD than those of
the control group, whereas the differences for other food
additives have not been statistically significant. In our
study, 62% of the patients have had positive reactions,
and 24.4% of them have been azorubine. In contrast to
Gatli et al., most of the present study’s atopic children
have had a positive reaction to azorubine and not to car-
mine. They have indicated that food additives hypersen-
sitivity should be considered as an additional precipitat-
ing factor in children with AD.

Azo dyes are a large class of synthetic organic dyes
some of which are used as food colorants. Azorubine is
mostly used in ice cream, yoghurt, soft drinks, instant
puddings, flavoured chips, cake mixes, custard, candy,
and fermented dairy products. They are also used in
some pharmaceutical products, cosmetics, moisturizers
and crayons [21]. There are reports showing that they
may cause attention deficit and hyperactivity disorder in
children and teenagers [22]. In the literature, there is no
study or case report about the relationship between azo-
rubine and AD. Giilseren et al. [23] have studied the as-
sociation between food additives and recurrent aphthous
stomatitis. They have reported that 11 of 21 patients have
had a positive APT to azorubine.

In addition, Amin et al. [24] have detected altered
kidney and liver function and oxidative stress biomark-
ers after tartrazine and azorubine intake in male rats.
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According to their data, in the treated group the levels
of alanine aminotransferase, aspartate aminotransfer-
ase, total protein, and albumin have been significantly
increased in comparison to those of the control group,
especially at tenfold concentration exposure. Similarly, in
liver homogenates, the level of glutathione, superoxide
dismutase, and catalase have decreased, while malondi-
aldehyde levels have increased at tartrazine and azoru-
bine and as a result they possibly induce oxidative stress
[24, 25]. Increased tissue concentrations of enzymes in-
volved in the oxidative mechanisms indicate that these
food colorants may intervene in the multi-step process
of inflammation.

This study’s patch test findings suggest that food
additives and type 4 hypersensitivity play a significant
role as a precipitating factor of AD in some individuals.
The present study has investigated the role of food ad-
ditives in AD based only on patch testing; however, skin
prick testing in conjunction with anamnesis and physical
examination, and diagnostic skin testing are the corner-
stone for evaluating food allergy and investigating type 1
hypersensitivity involvement [26].

The high ratio of positive APT reactions to azorubine
and consumption of fruit yoghurt, ice cream, jam, and
cake significantly higher in patients with AD indicates
that azorubine may play a role in AD. Although the dou-
ble-blind placebo-controlled challenge test is the criterion
standard method for diagnosis of food allergy. Our study
has been limited primarily by the lack of oral challenge in
all patients with allergy and the control group. This may
lead to less precise estimation of hypersensitivity to food
additives. This could have been due to practical troubles
in performing challenge with various kinds of food ad-
ditives in all studied individuals. Also, there are no stan-
dardized protocols with food additives in the literature.

Conclusions

In the present study, about 62% of AD children with
a positive reaction to food additives showed positive APT,
it may be considered the potential utility of APT to iden-
tify the role of food additives in children with AD. This
study also showed that it might be useful to perform APT
with azorubine in children with atopic dermatitis who re-
port having had symptoms after eating foods containing
azorubine. Further larger and well-controlled observa-
tional studies are required in the future to consolidate
the association between food additives and AD.
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