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The results of skin testing with food additives and
the effect of an elimination diet in chronic and
recurrent urticaria and recurrent angioedema
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Summary

Ninety-one subjects suffering from chronic or recurrent urticaria or recurrent angi-
oedema of 2 months to 17 yr duration were skin-prick and scratch tested with 18 various
food additives. Twenty-four of the subjects (26%) had at least one histamine equivalent
skin test (ST) reaction. In contrast, only 24 (10%) of 247 non-urticaria control subjects
showed comparable results. An oral provocation test with food additives was carried
out on 10 of the 24 ST-positive subjects with urticaria or angioedema, but only one
positive reaction, caused by benzoic acid, was recorded. All 91 subjects were advised to
follow an additive-free diet. The effect of the diet was investigated with a retrospective
postal survey. Twenty-three ST-positive subjects returned the questionnaire, 18 had
followed the diet, and 16 (89%) of these 18 had experienced marked relief of their
symptoms. Correspondingly, 42 of the 47 ST-negative subjects had followed the diet,
and 17 (40%) had improved. The difference was significant ( P < 0 05). Our results
suggest that skin tests with food additives can be used to measure skin hyperreactivity
and that they may have a predictive value in identifying patients who will respond to an
additive-free diet.
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Introduction

Chronic and recurrent urticaria and recurrent angi-
oedema are common dermatological problems, and
several authors have reported alleviation of symptoms
during an additive-free diet [1-10], although in other
reports the role of food additives has been questioned
[11,12]. Oral provocation tests (OPT) with various food
additives have been used to establish the causative or
exacerbating agents [1-4,6-8,10-14].

Skin tests (ST) have been used to detect allergy to
various foods [15-18]; skin-prick, scratch and intra-
dermal tests with sodiuni bisulphite and potassium
metabisulphite, two common food additives, have
appeared useful in some cases [19,20]. Positive patch test
results with benzoic acid have, however, shown poor
correlation with OPT [21,22].

The aim of this study was to investigate the value of
skin-prick and scratch tests and OPT with food additives
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in subjects with chronic or recurrent urticaria and
recurrent angioedema, and to find out if any correlation
exists between the ST results and the effect obtained
during an additive-free diet.

Subjects and methods

The study group consisted initially of 91 subjects suffering
from chronic or recurrent urticaria or recurrent angi-
oedema with a duration of 2 months or more. The
physical urticarias were excluded. Two hundred and
forty-seven subjects served as controls. The subjects were
examined in the Department of Dermatology of Turku
University Central Hospital between June 1983 and
October 1986. Skin-prick and scratch tests were per-
formed on all subjects and controls with the food
additives shown in Table 1. The preservative agents were
tested by the skin-prick method, and food colouring and
flavouring agents and tocopherol by the skin-scratch
method because of differences in the vehicle. Histamine
chloride (3 mg/ml) was used as positive and physiological
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Table 1. The food additives used in the skin tests

The conserving agents
(scratch tests)

Sodium benzoate
Benzoic acid
Sodium glutamate
p-Aminobenzoic acid
Parabens
(methyl-, ethyl-, propyl-.

butyl- and benzyl-p-
hydroxybenzoate, 3% each)

Propionic acid
Sorbic acid
Citric acid
Sodium metabisulphite

Food colouring and
flavouring agents and
tocopherol (prick test)

Patent blue
Tetrarome orange
Green colour*
Poppy redt
Chocolate brownj
Helioecht blau§
E. Orangery
Brown colour||
Tocopherol

Concentration
(%)

10
5

10
5

15

5
2-5
2-5

10

2-5

1
1

Vehicle

Water
Petrolatum
Water
Ethyl alcohol (70%)
Petrolatum

Water
Petrolatum
Water
Water

Water
Water
Water
Water
Water
Water
Water
Water
Petrolatum

* Mixture of indigo carmine and tartrazine; t> paraorange;
t, mixture of tartrazine, indigo carmine and paraorange;
§, indigo carmine; ][, amaranth; ||, mixture of azo dyes.

saline as negative control in both tests. The tests were read
at 15 min and interpreted as recommended [23]. Only
weals as large or larger than that of histamine were
considered positive. The subjects received information of
the results. The history of salicylate intolerance and atopy
was thoroughly investigated by the clinician. The subject
was considered as atopie if they had or had had atopie
dermatitis, allergic rhinitis or asthma or had at least one
positive ST reaction with common inhalant allergens.

During the first visit the subjects had been advised to
follow an additive-free exclusion diet. They were allowed
to take antihistamines when needed but the usage was not
recorded. At the end of 1986 all 91 subjects received a
questionnaire on the diet and the occurrence of symp-
toms. The product groups avoided during the diet were:
(I) non-steroidal anti-inflammatory drugs, (2) preser-
vative agents, (3) beers, (4) jams, (5) candies, cakes.

cookies and ice cream, and (6) soft drinks. The obser-
vance of the diet groups was based on a subjects own
notice and graded as follows: avoided completely =
3 points, almost completely = 2 points, and to some
degree = 1 point. The maximum scoring was thus 18
points if the elimination was optimal.

Ten ST-positive volunteers were challenged with the
food additives which had caused the positive ST result to
them. The dosage of OPT was gradually increased to the
approximated maximal daily intake level in Finland. The
additives were in capsules which were stained opaque
with titanium oxide, the solutions were given from dark
bottles. At the first day the patients received only a
placebo (lactose in gelatine capsules or water). The
protocol was as follows: benzoic acid 10, 50, 100 and
100 mg in capsules, propionic acid 10, 50, 100 and 100 mg
in lOOmlofwater, patent blue 0 2,1, 1 and 1 mgin 100 ml
of water, citric acid 100 and 200 mg in capsules. The
capsules or solutions were given at hourly intervals. Seven
subjects were challenged with benzoic acid, five with
propionic acid, two with patent blue and one with citric
acid. All challenges were carried out in hospital, and on
the same occasion the ST with food additives was
repeated. The subjects had been symptom-free from
2 weeks to 3 yr (median 1 month) before the OPT.

The differences between the two subject groups were
evaluated using the x^ test.

Results

Twenty-four of the 91 subjects were ST-positive with
histamine equivalent weals, and 67 were ST-negative.
Seventy subjects returned the questionnaire and formed
the final study group. Twenty-three of them (33%) were
ST-positive and 47 were ST-negative. Of the 247 control
subjects 24 (10%) were ST-positive. Ten (43%) ofthe ST-
positive subjects had suffered from recurrent angioedema
and 13 (57%) had had chronic or recurrent urticaria.
Eight (17%) ofthe ST-negative subjects had suffered from
recurrent angioedema and 39 (83%) from chronic or
recurrent urticaria.

ST-positive subjects

The age distribution of the 23 ST-positive subjects was
9-54 yr (mean 33 yr), 12 were females and 11 males. The
duration of symptoms varied from 2 months to 16 yr
(mean 4 yr 9 months). Three subjects had a history of
salicylate intolerance and seven proved to be atopies.

The ST results are shown in Table 2. Four subjects
reacted to more than one additive: one to patent blue,
chocolate brown and helioecht blau; one to p-amino-
benzoic acid and propionic acid; one to benzoic acid and
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Table 2. The positive skin test results of 23 subjects, 11 retested,
with initial and reproducible reactions indicated

Benzoic acid
Propionic acid
Sorbic acid
Citric acid
p-Aminobenzoic acid
Patent blue
Chocolate brown
Helioecht blau
Tetrarome orange

ST-positive
(23 subjects)

n

10
8
1
3
1
3
1
1
1

ST-positive
subjects
retested

n

1
3
0
0
0
2
1
1
0

Reproducible
reaction

n

6
3
0
0
0
1
0
0
0

propionic acid; and one to benzoic acid, propionic acid
and citric acid. One of the subjects with salicylate
intolerance had a positive ST with benzoic acid and two
others with propionic acid.

In 11 cases the tests were repeated 2 months to 3} yr
later (Table 2). A concordant result was obtained in nine
subjects. Two subjects who had been positive with
benzoic acid also reacted to propionic acid on the second
occasion. One patent blue-positive subject was also
positive with benzoic acid when re-tested. ST had become
negative in two subjects, of these one had reacted to
patent blue, chocolate brown and helioecht blau and the
other to benzoic acid.

OPT was performed on 10 subjects with the additives
which gave the positive ST results. Only one subject
reacted, the agent being benzoic acid which caused
reproducible itching and wealing.

Eighteen subjects had followed an additive-free diet for
at least 1 month. The points scored indicating the diet
observance (DO) ranged from 5 to 18 (mean 14). During
the diet the symptoms had totally ceased in six subjects
(33%) with a mean DO of 15 (range 10-17) and improved
markedly in 10 subjects (56%) with a mean DO of 14
(range 5-18). One subject (DO =15) found some, and
another (DO= 14) no benefit during the diet. A striking
improvement was thus observed by 16 subjects (89%).
Four subjects did not follow an additive-free diet, two
became free of symptoms and two had symptoms con-
tinuously. One subject gave incomplete information.

ST-negative subjects

The age distribution in this group was 10-75 yr (mean
41 yr), 34 were females and 13 males. The duration of

symptoms varied from 4 months to 17 yr (mean 3 yr 11
months). Ten subjects had a history of salicylate intoler-
ance and 17 proved to be atopies.

Forty-two of the 47 ST-negative subjects had followed
an additive-free diet (36 subjects at least for 1 month and
five for about 2 weeks). The DO ranged from 4 to
18 points (mean 13 points). During the diet the symptoms
had totally disappeared in three subjects (7%) with a
mean DO of 16 (range 15-17). Fourteen subjects (33%)
were markedly better, with a mean DO of 13 (range 6-18);
this group included two subjects who only followed the
diet for about 2 weeks. The symptoms improved slightly
in 11 subjects, with a mean DO of 12 (range 6-17) and
14 subjects showed no change with a mean DO of 13
(range 4-18); this group included three subjects who only
followed the diet for about 2 weeks. A striking improve-
ment was thus observed by 17 subjects (40%). The
proportion of subjects whose symptoms decreased during
the diet was significantly greater in ST-positive than in
ST-negative subjects ( / '<0 05). Five subjects did not
follow an additive-free diet; one became free of symptoms
while the four others had symptoms continuously.

For unknown reasons 21 subjects never returned the
questionnaire. Their ages varied from 11 to 55 yr (mean
31 yr), 12 were females and nine males. One subject had a
history of salicylate intolerance and five were atopies. Six
of the subjects had suffered from recurrent angioedema
and 15 from chronic urticaria. One of the subjects had a
histamine equivalent weal with benzoic acid.

Discussion

In the literature there are not many reports of skin-prick
or scratch tests with food additives. In some cases, e.g.
with sodium metabisulphite, they seem to indicate IgE-
mediated allergy [19,20]. On the other hand salicylate
intolerance is common in urticaria patients [1-4,
6-8,10,13] and many of them react to food additives taken
orally [1-4,6,10]. We wanted to study the possibility of
using skin tests with food additives as predictors for this
kind of hyperreactivity, especially skin-prick and scratch
test methods with strict criteria for the positive skin test
results.

It was evident that urticaria and angioedema subjects
were more frequently ST-positives than non-urticaria
controls. Among the 247 non-urticaria control subjects
only 10% were ST-positive and showed histamine equiva-
lent wealing compared with 26% from the 91 urticaria
and angioedema subjects. From the study groups the
subjects who presented with recurrent symptoms, espec-
ially angioedema, showed most of the skin reactions
although the ages of the subjects, duration of symptoms,
history of atopy or salicylate intolerance did not differ.
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The additives which gave the greatest number of the ST
reactions were benzoic acid and propionic acid. These
reactions were also reproducible in the majority of
subjects re-tested. The skin test reactions recorded repre-
sent liberation of inflammatory mediators, diflerent food
additives have various pathomechanisms to cause the
wealing. Allergen dependent histamine liberation may
occur [19,20]. However, the majority of the positive tests
seen were caused by benzoic acid which is known to cause
non-immunological reactions. According to earlier
studies mediators other than histamine are involved in
weal formation with benzoic acid [24,25].

The value of an additive-free diet has been questioned
as a treatment modality for chronic urticaria [11,12],
however, several authors have found it beneficial [1-10].
The estimation of the effect of diet is difficult because of
the capricious nature of the disease and possible differ-
ences in the usage of antihistamines. In this study there
may also be a bias in the results caused by the loss of
21 subjects who did not reply and also the ST-positive
subjects' greater reply rate. Placebo effect or stricter
observance of the diet among ST-positives is also possible
as the subjects were informed of the test results. The
duration of the diet required to get any effect makes it
impossible to objectively follow the subject at hospital.
The registration therefore depended on the subjects' own
observance and announcement, which can never be
absolutely reliable. The number of subjects who did not
follow an additive-free diet was too small to form reliable
control groups, and therefore we compared only those
who had been on the diet. In this study a favourable
response was particularly noticed among ST-positive
subjects, with 89% experiencing a significant improve-
ment compared to 40% of the ST-negative subjects
( / '<0 05). There was no significant difference in the
observance points between these groups and there was no
strict relationship between the observance of the diet and
the occurrence of symptoms. The OPT results were
controversial, as documented earlier [21,22]. The test was
positive only once from the 10 ST-positive subjects
challenged, despite the favourable effect of the diet.
Longer exposure times or other simultaneous factors
would perhaps be needed to provoke the reactions.

In conclusion, the skin test models used offered an
opportunity to measure the skin hyperreactivity among
urticaria and angioedema patients. The skin test results
also appeared to have a predictive value in identifying
patients who responded to an additive-free diet. Skin
tests, especially those using benzoic acid and propionic
acid, may offer the possibility of studying the underlying
pathomechanisms, and are therefore worth further in-
vestigations.
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