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Hypersensitivity reactions to food additives
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Only seldom have food additives been shown to cause true allergic (immunologicjil)
reactions. Adverse effects due to various pharmacological or other mechanisms are much
more common. The individual tolerance may be decreased for one reason or another,
and may fluctuate from time to time. Many patients suffering from food additive
reactions have atopic constitutions and such clinical symptoms as fiexural dermatitis,
rhinitis and asthma. The most important skin symptoms caused by food additives are
urticaria, angioneurotic edema, and contact urticaria. Azo dyes, benzoic acid and several
other common food additives may aggravate or, more rarely, even cause urticaria. Spices
are one of the most common causes of immunological contact urticaria. Non-immu-
nological contact urticaria is produced by numerous spices, benzoic acid, sorbic acid,
cinnamic acid, and many essential oOs. Asthma and rhinitis are the main hypersensitivity
symptoms in the respiratory tract, and azo dyes, benzoic acid, and sulfitic food additives
are the most common causative agents. Systemic and respiratory reactions to food
colorants and benzoates have been claimed to occur more frequently in acetylsalicylic
acid- (ASA-)sensitive patients than in non-reactors. Hypersensitivity reactions in organs
other than the skin and respiratory tract are rare or poorly documented. Psychological
factors play an essential role in both food and food additive reactions.
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DEFINITIONS. PREVALENCE OE
HYPERSENSITIVITY REACTIONS

Strictly speaking, allergy means a harmful physio-
logical reaction caused by immunological mechanism.
If the mechanism is not an allergic one but the
reaction resembles allergic reaction, the term intole-
rance is often used. The symptoms mimic those
seen in real allergic reactions but the amount of
agent producing the reaction is small enough not to
cause a toxic reaction. When the mechanism is not
known, it is better to talk about hypersensitivity, which
can mean both allergic reaction and intolerance.

Many authors avoid the use of the terms allergy
and atopy in connection with food additive reac-
tions and prefer hypersensitivity or intolerance in-
stead. Terms such as false allergies (101) have been
suggested. All these definitions emphasize the
non-specific, non-immunological nature of these
reactions.

The prevalence of hypersensitivity reactions
to food additives has been estimated to be 0.03-
0.15% in the whole population (26, 68, 100,
116). Juhlin (68) estimated that 30-50% of
patients with chronic urticaria react to one or
more food additives. Earr et al. (38) reached the
conclusion that 4-6% of acetylsalicylic acid-
(ASA-)sensitive asthmatics react to tartrazine.
Sulfite-induced asthma is thought to affect
5-10% of asthmatics. (19, 137). Weber et al.
(152) estimated that bronchoconstriction pro-
voked by food dyes and preservatives occurs in
about 2 % of all asthmatics.

One to two per cent of adult patients with hay
fever and asthma have experienced harmful
symptoms from spices. (36). Immediate skin test
reactions to spices are seen in 20 % of atopic
patients, especially in those with birch pollen
allergy (108).

Many salad dressings contain benzoic acid or
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sorbic acid sufficient to elicit contact urticaria
on the lips and oral mucosa. Most of us have
noticed the "fresh" feeling in the mouth after
using mouth washes and tooth pastes and after
eating spiced food. This feeling is nothing but
non-immunological contact urticaria. Such
reactions can thus often be desirable rather than
harmful.

MECHANISMS

Immunological reactions to food additives

Some low molecular weight additives can act as
haptens and convert to allergens only after they
bind to some carrier protein (22). Azo dyes, in
particular, have been suggested to act in this
way. The same phenomenon is observed with
drugs, or frequently with their metabolites.
Experimentally, the existence of IgE antibodies
against tartrazine has been demonstrated by
Moneret-Vautrin et al. (98). There is no evi-
dence at present that untoward reactions to
food colours are mediated through specific IgE
antibodies normally implicated in Type I
allergic reactions (96).

Weliky et al. (154) found IgD antibodies
specific to tartrazine in six allergic subjects. The
role of these antibodies is not known. Tar-
trazine has also been shown to induce specific
IgE antibody production in rabbits when bound
to a protein carrier (67). Miller (96) states,
however, that demonstrating that a tartrazine
conjugate is antigenic when injected and gives
rise to a normal humoral response in an animal
model does not imply that it can provoke an
allergic reaction.

In some metabisulfite-sensitive patients skin
tests, peroral challenge tests and passive cutane-
ous transfer tests with metabisulfite have been
reported positive, suggesting that some meta-
bisulfite-induced reactions might be mediated
by IgE (158).

A delayed type of hypersensitivity (Type IV)
is possible after ingestion of additives (azo dyes,
BHT, BHA, parabens, etc.), manifesting as
eczema (101). Sensitization may originally de-
velop after skin contact with the additive, e.g..

occupational contact with foods, ointments or
cosmetics.

Immunological contact urticaria (ICU) reac-
tion is mediated by specific IgE, thus being a
Type I allergic reaction. The mechanisms
underlying non-immunological contact urticaria
(NICU) are mostly unknown. Histamine is
obviously not involved in NICU (80). The
NICU reaction can be abolished with peroral
aspirin, suggesting that prostaglandins are at
least in part responsible for the wheal and flare
reaction (82).

Pharmacological and other mechanisms

According to the results of several studies, in
8-25% of patients with asthma or chronic
perennial rhinitis the symptoms are provoked
by ASA. In patients with chronic or recurrent
urticaria the figure is about 20% (55). ASA
interferes with the synthesis of prostaglandins
and leukotrienes. Adverse reactions to ASA
may be caused by the inhibition of cyclooxygen-
ase, which provokes inhibition of prostaglandin
synthesis, particularly PGE. It acts normally as
a bronchodilator.

It is possible that some food additives have
the same kind of action as ASA on the
cyclooxygenase pathway. This is supported by
the observation that many patients who are
intolerant to ASA also experience adverse reac-
tions to tartrazine, other dyes and benzoates.
However, tartrazine has not been observed to
inhibit the prostaglandin pathways (47). There
is some evidence that leukotrienes (13), bra-
dykinin (106), and leucocyte inhibition factor
(151) may be involved in adverse reactions to
food additives.

Augustine & Levitan (8) have observed that
some colouring agents, xanthines and erythrosin,
alter the membrane permeability of neurons in
animal studies. They suggested that this action
may explain the behavioural disorders which
have been attributed to colorants.

Sodium nitrite is used as an antioxidant and
antimicrobial agent in various foodstuffs, e.g.,
cooked pork meats. The authorized and widely
accepted daily intake is 0.2 mg/kg. Daily con-
sumption commonly exceeds this figure, par-
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ticularly in children. Moneret-Vautrin et al.
(99) have shown that an oral challenge test with
30 mg sodium nitrite may cause urticaria, intes-
tinal disorders or headache. This has been con-
firmed, e.g., by Henderson & Raskin (62). The
mechanism by which sodium nitrite acts is
unclear. It may cause cellular anoxia and inhi-
bit the protective enzymatic activities of the
intestinal mucosa. This may lead to increased
permeability of the mucosa to allergens. In
addition, sodium nitrite may in some way
enhance the effect of histamine present in many
foods.

Intolerance to wines is fairly common. Usu-
ally, only small quantities of a certain wine are
enough to induce adverse effects: flush, tachy-
cardia, palpitations, rhinitis or asthma, and
skin symptoms (14). The reactions are not
immunologically mediated. Moneret-Vautrin
(101) has suggested several mechanisms as an
explanation:

- the histamine-releasing action of ethanal
(aldehyde)

- richness of histamine in certain red or
white wines

- intolerance to benzoates, which are present
in great quantities in certain grapes

- intolerance to quinine, present in many
aperitifs

- intolerance to some preservatives, such as
sulfur dioxide.

Harada et al. (60) showed that vasomotor and
cardiac problems arise particularly in subjects
who have hepatic aldehyde dehydrogenase defi-
ciencies, in association with a raised level of
blood acetaldehyde.

Acute urticaria attacks provoked by alcohol
itself have been occasionally observed (70,
109).

Sulfur dioxide, sodium and potassium bisulfite and

metasulfites are widely used for the prepara-
tion, processing and storage of foods (131).
Sodium and potassium bisulfite and meta-
bisulfites are converted into sulfurous acid in
solutions, and sulfur dioxide itself. A restaurant
meal can contain up to 100 mg of sulfites (137),
and 100 ppm of sulfur dioxide can be found in
soft drinks (44).

The mechanisms by which sulfur dioxide
produces symptoms mimicking allergy are
open to speculation. Asthmatic symptoms 1-2
min after ingestion of soft drinks may be due
to inhalation of gas, or rapid absorption across
the buccal mucosa (44). Inhalation of sulfur
dioxide at 1 ppm may cause bronchoconstric-
tion in asthmatics (74-76). Ingestion of encap-
sulated potassium metabisulfite also produces
severe systemic symptoms in some sensitive
asthmatic patients (76, 137). This may be due
to deficiency of a reactive sulfite oxidase in
sulfite-sensitive asthmatics (66). Delohery et
al. (31) suggested that ingested metabisulfite

Table 1

Symptoms and signs in the skin caused by food additives

Symptoms and signs Mechanism(s) underlying the reaction

Acute urticaria
Exacerbation of chronic and

recurrent urticaria
Angioedema
Contact urticaria

- immunological (ICU)
- non-immumological (NICU)

Purpura

Fixed and lichenoid eruptions
Primary irritant dermatitis
Allergic contact dermatitis
Photodermatitis

Type I allergy (IgE-mediated)
Type III allergy (immunocomplex disease)
Intolerance

Type I allergy (IgE-mediated)
Mechanism(s) unknown
Thrombocytopenia (Type II reaction)
Allergic vasculitis (Type III reaction)
Unknown (non-thrombocytopenic purpura)
Type IV allergy?
Irritancy
Contact allergy (Type IV)
Photoallergic or phototoxic
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may initiate ap orobronchial reflex or variable
inhalation of SO.̂  during swallowing.

REACTIONS IN THE SKIN

The most important skin symptoms are listed in
Table 1. In addition to these, exanthematous
rashes mimicking virus exanthemas are often
suspected to be caused by foods and food addi-
tives. Such reactions will not be discussed in
detail because they are difficult to distinguish
from exanthemas due to several other causes.

Urticaria and angioneurotic edema

Chrome and reeurrent urtiearia from ingested food

additives has gained more attention than other
possible side effects from these chemicals (Table

2).
The provocative effect of ASA in urticaria

was realized in the late fifties (20, 148). It was
soon found that this phenomenon was not
restricted to ASA but that other salicylates were
also capable of exacerbating urticaria (102).
Later, all the newly introduced inhibitors of the
cyclooxygenase pathway of arachidonic acid
metabolism (indomethacin, ibuprofen, naprox-
en, diclofenac, etc.) have been found to worsen
urticarial symptoms.

Since 1959 azo dyes, particularly tartrazine,
new coccine, and sunset yellow, have been
known to be precipitating factors in chronic
urticaria (33, 45, 69, 88). Urticarial reactions
from azo dyes, benzoic acid and other common
food additives have been found in ASA-sensi-
tive patients more often than in patients non-

Table 2

Food additives causing or aggravating urticaria and angio-
neurotic oedema

Benzoic acid, benzoates
Sorbic acid, sorbates
Azo dyes (tartrazine and others)
Ganthaxanthine, beta-carotene
Annatto
Quinoline yellow
Butylhydroxytoluene (BHT), Butylhydroxyanisole (BHA)
Nitrites and nitrates
Spices (e.g. cinncumon, clove, white pepper)
Ethanol

reactive to ASA and other inhibitors of pros-
taglandin synthesis (23, 69, 94, 123). Because
of the frequent harmful reactions (urticaria and
asthma) azo dyes have been removed from most
foodstuffs and medicines in many Western
countries.

In alcoholic beverages there are several
agents which can cause urticaria and angio-
neurotic edema, e.g., salicylates, flavouring
substances, and ethanol itself (39, 63, 70, 89,
109). The mechanism of ethanol urticaria is
unclear. In the case of Ormerod & Holt (109),
neither HI nor HI -i- H2 antihistamines pre-
vented whealing, but indomethacin, 25 mg qds,
Naloxone infusion, 0.4 mg/min, and sodium
cromoglycate, 100 mg qds, did.

In recent years, butylhydroxytoluene (BHT),
butylhydroxyanisole (BHA), sorbic acid, can-
thaxanthine, quinoline yellow, nitrites and
nitrates, clove, and cinnamon have been added
to the list of urticaria inducers (55, 68, 150)
(Table 2).

Angioneurotic edema is a common accompanying
symptom in chronic and recurrent urticaria,
occurring in two thirds of the patients, usually
on the face (lips, eyelids, cheeks), tongue and
on the hands and feet (23, 68). Other symptoms
frequently reported by patients with chronic
urticaria are vasomotor or intrinsic rhinitis
(132), and abdominal troubles, such as aches
and pain in the upper abdomen, diarrhoea, and
abdominal swelling (68).

Contact urticaria appears as a wheal and flare
reaction on normail or eczematous skin within
some minutes to a hour after agents capable of
producing this type of contact reaction have
been in touch with the skin. Mild reactions
show only redness and itching but no wheals.
The difference between an immediate irritant
(toxic) reaction and contact urticaria is far from
clear and there is much confusion in using
terms such as contact urticaria, immediate contact

reaction, atopic contact dermatitis, and protein contact

dermatitis. Immediate contact reaction includes
both urticarial and other reactions, whereas
protein contact dermatitis signifies allergic or
non-allergic eczematous dermatitis caused by
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proteins or proteinaceous materials. Dermatitis
is usually seen in food handlers, veterinarians
and slaughterhouse workers (65). Atopic con-
tact dermatitis is an immediate type of allergic
contact reaction in atopic people (54). It may be
regarded as a special form of immunologiceil or
allergic contact urticaria.

Contact urticaria is also known as contact
urticaria syndrome (91), which, in additon to
localized urticaria and eczematous dermatitis,
also includes generalized urticaria or asthmatic
symptoms.

According to the mechanism underlying the
urticarial reaction, contact urticaria is divided
into two main types: immunological (ICU) and
non-immunological contact urticaria (NICU).
There are still some substances which cannot be
classified as agents causing either ICU or
NICU.

Immunological contact urticaria (ICU). Of the many

food additives, spices are the most common
causes of ICU (Table 3). Mustard, cinnamon,
and cayenne produce both ICU and NICU
reactions, but many other spices, such as car-
damom, caraway and coriander, produce
mostly ICU. Persons working in grill-bars and
pizzerias are exposed to many powdered spices
and may get occupational ICU dermatitis on
the hands and face. The most common non-
occupational ICU reactions from spices appear
as cheilitis, perleche and eczema around the
lips, as well as mucosal edema in the mouth
("lump" in the larynx), especially in children

Table 3

Food additives causing immunologic contact urticaria

Various spices
- cinnamon
- mustard
- cayenne
- cardamom
- caraway
- coriander, etc.

Cremodan SE 40 (di- and triglycerides)
Polysorbate 80
Sodium alginate
Guar gum
Carrageen

(108). Systemic reactions from ingested spices
are occasionally to be expected. Peppers have
caused nasobronchial and gastrointestinal
symptoms and shock (121), and cinnamon and
clove chronic urticaria (55, 150).

Immediate allergy to various spices is usually
connected with birch pollen allergy (108).
There are obviously common antigenic deter-
minants in birch pollen, various fruits, such as
apples and pears, and carrot, celery tuber (53),
and spices.

Cremodan SE 40®, a food consolidator con-
taining mono-, di- and triglycerides of fatty
acids, sodium alginate, polysorbate 80, guar
gum, carrageenan (21), and butylhydrox-
ytoluene (111), have been reported to be the
cause of contact urticaria in a few cases.

Non-immunological contact urticaria (NICU). Of

the spices, cinnamon, mustard and cayenne
are the most well-known producers of NICU
(Table 4). Balsam of Peru, benzoic acid and
benzoates, sorbic acid and sorbates, cinnamic
acid and cinnamates, and cinnamaldehyde
readily produce contact urticaria when applied
to the skin.The concentration capable of caus-
ing NICU depends on the vehicle, the skin
region exposed, and on the mode of exposure
(80, 81). Sorbic acid, for example, causes
whe5d and flare reactions when tested at 5 %
in petrolatum, but only a few people react to
a 0.2% mixture.

The back skin, the face, and the extensor
sides of the upper extremities react to NICU
agents more readily than other parts of the
body, the soles and palms being the least sensi-
tive areas (51, 80).

NICU reactions on the hands are to be ex-
pected among employees handling food additives
in the food industry. In a kindergarten, Scdad

Table 4

Food additives producing non-immunologic contact urticaria

Benzoic acid and benzoates
Sorbic acid and sorbates
Cinnamic acid and cinnaimates
C innam aldehyde
Various spices (cinnamon, mustard, etc.)
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dressing containing benzoic acid and sorbic acid
raised perioral NICU reactions when the chil-
dren had fun smearing dressing around their
mouths (25).

Purpura. Allergic purpura appeared 3 h after per-
oral provocation with 10 mg of tartrazine in a 51 -
year-old man suffering from cold urticaria and
recurrent episodes of purpura (113). The provo-
cation was repeated 4 times, resulting in purpura
each time. Purpura with fever, malaise, and
pains in the abdomen and joints in five patients
(95) and allergic purpura in one patient (28) were
apparently caused by tartrazine. Thrombocyto-
penic (10) and non-thrombocytopenic purpuras
(86) from quinine are well documented.

Fixed, bullous and lichenoid eruptions. Quinine fre-

quently produces lichenoid eruptions (3), and
less frequently bullous and fixed eruptions
(fixed erythema) (32).

Primary irritant contact dermatitis. The usual causes

of irritant dermatitis in food handlers are wet

Table 5

Gauses of primary irritant contact dermatitis
(especially in bakers)

Emulsifiers
Acetic, ascorbinic and lactic acids
Potassium bicarbonate
Potassium bromate and iodide
Galcium acetate and sulfate
Bleaching agents

Table 6

Food additives inducing contact allergies

Parabens
Sorbic acid
Butylhydroxytoluene and -anisole
Gallates (octyl-, lauryl-)
Vitamin E (tocopherols)
Propylene glycol
Spices, essential oils and balsams
Azo dyes
Karaya gum
Benzoyl peroxide
Ethanol

work and detergents. However, some food
additives are possible irritants and may partly
be responsible for hand dermatitis. Table 5 lists
some of the irritants which bakers may encoun-
ter (43).

Allergic contact dermatitis. Parabens are important

contact allergens in cosmetics and other der-
matological preparations. They are also used as
preservatives in food and drugs (Table 6).
Although parabens occasionally cause allergic
contact dermatitis among workers in the food
industry, they do not seem to affect consumers,
even those who are sensitized (126).

Sorbic acid has become more and more pop-
ular as a preservative in bakery products in
recent years. Contact allergy is fairly infrequent
and is mostly due to the use of creams con-
taining sorbic acid. Ingested sorbic acid has not
been reported to produce or worsen eczematous
dermatitis.

Contact sensitivity to BHT and BHA is rare.
Roed-Petersen & Hjorth (118) reported two
female patients with hand dermatitis. One
patient was allergic to BHT but not BHA; the
other reacted to both BHA and BHT. A cook
had skin trouble after handling and eating may-
onnaise containing BHA (41).

Gallates in margarine and peanut butter have
been reported to cause occupational hand der-
matitis. (15, 16, 18, 71). Ingested gallates
appear to be harmless even in hypersensitive
individuals.

Vitamin E (tocopherol) is a potent contact
sensitizer (42). Ingested vitamin E, however,
has not been reported to produce allergic reac-
tions.

Propylene glycol (PG) is a good solvent and
vehicle for many substances, in addition to
which it is antimicrobic and hygroscopic (iso-
tonic concentration about 2 % in water) (92).
According to the FAO/WHO its estimated
acceptable daily intake is up to 25 mg per kg
body weight, i.e. 1.75 g/70 kg. Our average
daily intake of PG is estimated to be about 0.5 g

(4).
Peroral ingestion of 2-15 ml of PG produced

an exanthematous reaction in 8 of 10 persons
with a positive patch test with 2 % PG in water.
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The corresponding number among those react-
ing to 10-100% PC in patch testing was seven
of 28 cases and none of 20 control subjects (57).
In one of the patients, PG in food was the
apparent cause of recurrent rashes. In another
study, 15 ml of PG produced an exanthematous
rash in two of five patients with a positive patch
test to 2-100% PG (5). Thus, PG is a rare but
possible cause of exanthematous rash even in
amounts ingested in daily food.

Many spices and other flavouring agents are
potent contact allergens but the exact composi-
tion of the chemicals responsible for contact
sensitization is not usually known. Eugenol,
cinnamic etldehyde, cinnamic acid, and cin-
namyl alcohol are well-known sensitizers pres-
ent in various balsams, spices and perfumes
(64, 97).

Niinimaki (107) made challenge tests with
various spices (30 mg in gelatine capsules) in 71
patients with Peru balsam allergy and in 50
dermatological patients with negative patch test
results. Seven of the Peru balsam allergic
patients (10%) had objective symptoms (urti-
caria, facial dermatitis, conjunctival irritation,
and pompholyx of the hands). None of the 50
control patients had symptoms from ingested
spices.

Rare causes of occupational allergic hand
dermatitis in bakers are benzoyl peroxide,
karaya gum, and azo dyes (43). Ethanol is also
cabable of producing contact allergy, and
allergic patients may have an erythematous rash
after drinking alcoholic beverages (29, 35).

Photodermatitis. Cyclamate is the only food additive
which has been reported to cause photodermatitis
via an apparently allergic mechanism (73, 83).

REACTIONS IN THE AIRWAYS

Asthma, rhinitis and nasal polyposis are the
main hypersensitivity symptoms of the respira-
tory tract.

Azo dyes and benzoates

In the late 1950s it was discovered that food
colorants provoked asthma (88, 134). Of them.

tartrazine has been the most studied and its role
in asthmatic reactions was established in the
1960s (22).

Since 1919 ASA has been reported to cause
serious reactions in some patients with asthma
(27). The reported figure of intolerance to ASA
and other non-steroidal anti-inflammatory
drugs (NSAID) in patients with asthma differs
widely, from 1 to 44% (146, 152). In an
unselected population an incidence of 0.5% has
been reported (125).

Patients can have had rhinitis associated with
nasal polyps for many years before manifesting
asthmatic intolerance to ASA. It is possible that
the intolerance to ASA will extend to food addi-
tives, resulting in adverse reactions via much
the same mechanism as that producing ASA
intolerance. However, reactions to food addi-
tives also occur without ASA-sensitivity (120,
135). Concomitant reactivity to tartrazine has
been reported in 8-50 % of ASA-sensitive asth-
matic patients (123, 132, 133, 136). Similar
concomitant reactivity with various benzoates
has also been found (69). One explanation may
be the similarity of the molecule structure (96).
Many of the natural salicylates are present in
food products, such as wines. Synthetic salicyl-
ates are flavouring agents in sweets, ice-cream,
soft drinks, etc.

Rosenhall (120) tested 504 patients with asth-
ma and rhinitis, 106 of whom reacted to food
colorants, preservatives or analgesics. Of 33
patients who reacted to tartrazine, 42% were
also intolerant to ASA and 39% to sodium
benzoate. Stenius & Lemola (136) tested 140
asthmatics of whom 17 reacted to tartrazine.
Six of the 17 subjects did not react to ASA. One
third of the patients with a positive reaction to
tartrazine also had a history of reactions to
drinks or foods containing colorants. In an open
oral challenge test, 6% of urticaria patients,
7% of asthma patients and 14.5% of urticaria
and asthma patients were intolerant to tar-
trazine (157). Intolerance to benzoate varied
from 2.5% in rhinitis to 11.5% in asthma.

Some of the asthmatic patients experience
rhinitis only when challenged with ASA, tar-
trazine or benzoates. There were 104 patients
with chronic rhinitis in the Rosenhall study
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(120); 4% of them had a positive reaction with
nasal symptoms and 16 % had a doubtful reac-
tion when challenged.

It has been assumed that adverse reactions of
the respiratory tract to food additives are less
frequent in children than adults. Vedanthan et
al. (146), Osterballe et al. (112) and Weber et
al. (152) found only few asthmatic children who
reacted to ASA, food colorants and benzoates.

Many of the studies on food colorants have
been open and poorly controlled. Recently,
Morales et al. (103) made a placebo-controlled
study and challenged 47 asthmatic patients with
intolerance to ASA. Only one patient had a
respiratory reaction to tartrazine on two succes-
sive occasions. Genton et al. (46) also made a
placebo-controlled study and challenged 17
asthmatics, whose case history suggested an
intolerance to ASA or additives, with tartrazine
and sodium benzoate. Only two patients had a
mild positive reaction. Additonally, two pa-
tients reacted with urticaria.

At present it seems that adverse respiratory
reactions to food colorants and benzoates are
infrequent. Asthmatic patients with ASA-
intolerance may have a greater risk of experi-
encing these reactions. If the reaction occurs, it
is usually mild; life-threatening reactions are
extremely rare (139, 140).

Sulfites

Prenner & Stevens (117) were the first to report
on a patient who experienced an anaphylactic
reaction after ingestion of sulfites in foods. Sul-
fur dioxide and sulfites in foods have been
estimated to precipitate acute asthma in 5 to
10% of asthmatics (93). Bronchoconstriction
after oral administration of sulfur dioxide was
seen in four of 17 adult asthmatics by Genton et
al. (46). Towns & Mellis (144) reported that as
many as 19 of 29 children with chronic asthma
reacted with bronchoconstriction when chal-
lenged with metabisulfite in a solution of 0.5%
citric acid. None of the children reacted to
metabisulfite in capsule form. Wolf & Nicklas
(155) have described a 7-year-old child who
experienced cough and chest tightness imme-
diately after ingestion of a restaurant salad. The

reaction was confirmed in an oral challenge
test. There is a significant amount of sulfur
dioxide in many wines and beers. A glass of
wine could have an additive effect in viral-
induced bronchospasm and become clinically
important (48). Sulfites in medicaments have
caused bronchoconstriction in a few cases (74,
76, 128, 129, 145).

It seems that sulfites cause adverse respira-
tory reactions much more often than food color-
ants and benzoates. These reactions are ob-
viously non-specific in nature, similar to the
response to metacholine or histamine (19).
Reactions to sulfite may be severe and not
readily recognized if not suspected. There are
only a few reports of adverse reactions to sul-
fites in non-asthmatics.

Other agents

"The Chinese restaurant asthma" is suggested
to be caused by monosodium 1-gIutamate (1, 2,
124). There are, however, studies in which
double blind provocation tests have produced
no asthmatic symptoms at all (49, 52, 104).
Numbness of the neck, headache, facial pres-
sure, and chest pain have also been claimed to
be symptoms of the "Chinese restaurant syn-
drome" in some individuals (79).

Occupational asthma induced by inhalation
of dust from spices, such as powdered cor-
iander, curry and paprika, has been described
(143).

REACTIONS IN OTHER ORGANS

Hypersensitivity reactions to food additives in
other organs than the skin or respiratory tract
are rare and poorly documented. When other
symptoms are absent, the incidence of gastroin-
testinal manifestations associated with additives
is not known. Farah et al. (37) showed con-
vincingly that only a small number of patients
with gastrointestinal symptoms have verifiable
specific food intolerance; the greater number
have symptoms attributable to psychogenic
causes. It is more than probable that the same
conclusions also apply to food additives (85, 90,
114, 115). Headaches and migraine, even joint
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and muscular pains, arthralgias and arthritis
have been claimed to be provoked by food
allergies (121, 156), but the objective evidence
is sparse.

Overreactivity, with concentration and learn-
jng difficulties, may be present in 1-5% of
young children (84). Feingold (40) claimed that
hyperactivity in children is associated with the
ingestion of salicylates and cross-reacting food
additives. He reported that 30-50% of hyperac-
tive children in his practice had complete remis-
sion of symptoms on a salicylate and additive
free diet. However, these observations have not
been confirmed in double blind studies. The
US National Institutes of Health (105) evalu-
ated the evidence and concluded that it does not
support the Feingold hypothesis, although it
does not exclude the possibility that hyperactive
behaviour could be attributable to food dyes in
a minority of cases. Weiss et al. (153) observed
deterioration of behaviour in two of 22 hyper-
active children challenged with a mixture of
food dyes after 3 months on an additive-free
diet.

TESTS FOR HYPERSENSITIVITY
REACTIONS

Because of the large variety of hypersensitivity
and other untoward reactions to foods and food
additives there is no simple all-embracing in vivo
or in vitro test method to detect the cause of such
reactions. In immediate (type I) allergic reac-
tions, the allergen is usually a protein inducing
IgE production; this can be shown both with
skin and challenge tests as well as in vitro test in a

laboratory

Patch tests are needed for detecting contact
allergies. The tests are applied to the skin of the
back or upper arm for 24-48 h, and the results
are read 24-72 h after the removal of the
patches. Both irritant and allergic reactions
may develop (9).

Open application tests and rub tests are used in

seeking the causes of contact urticarial and
other immediate reactions and sometimes also
in detecting delayed contact allergies. In the

open application test a small amount (approx.
0.1 ml) of test substance is applied to healthy
skin on a 5 x 5 cm area of the extensor side of
the upper extremity or on the back (56).
Allergic (ICU) reactions are seen in 15-20 min,
non-immunologic reactions in 1 h. It is also
possible that, in spite of a patient history sug-
gestive of contact urticaria, normal-looking skin
is non-reactive but a positive reaction can be
seen in diseased skin. Therefore, open applica-
tion tests are often done on the back of the
hand.

The rub test is a modification of the open
application test. The test substance is gently
rubbed into a skin area (usually the hands)
where the reaction had been.

A positive open application test result com-
prises a wheal and flare reaction, but in weaker
reactions only redness (80). In hands, especially
in the rub test, small vesicles may be the only
response, appearing within 15-30 min and dis-
appearing within a couple of hours (65, 77).

The repeated open application test (ROAT) is done in

questionable cases of delayed contact allergies
when the significance of the reaction seen in
patch testing is not clear (59). Approximately
0.1 of test substance is applied b.i.d. to a 5 x 5
cm area on the volar aspect of the forearm, on
the cubital fossa, on the outer aspect of the
upper arm, or on the back. In positive cases,
eczematous dermatitis appears on the test area,
usually on the second to the fifth day. If no sign
of dermatitis is seen in a week, the test is
discontinued and the result is considered nega-
tive.

The use test. The product suspected responsible
for the reaction is used as usual and the skin
response is followed for up to 1 month. Both
weak allergens and primary irritant substances
may produce reactions in the use test.

Oral challenge tests

Oral mucosal test. The simplest way to assess the
role of spices and other substances suspected of
producing reactions in the mouth and adjacent
areas is to spread the substances on the oral
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mucosa (108). Within 15-20 min, swelling of
the oral mucosa, lips or throat, an attack of
allergic rhinitis and/or conjunctivitis may
appear. In rare cases, a systemic reaction
(urticaria) may occur.

Peroral challenge test. The substance to be tested is
given to the patient in non-transparent gelatine
capsules preferably in a double blind manner.
The dose should be about the average daily
dose used by the population. In some cases,
individual doses are needed.

In cases of urticaria, possible reactions are
followed up to 24 h, although the reaction is
usually seen within 1-4 h. In patients with
purpura and in those with suspected internal
exacerbation of contact dermatitis, a longer
exposure and follow-up time (up to several
days) may be needed.

Subjective sensations are always regarded as
negative challenge test results. Only clear-cut
reactions are to be regarded as positive results.
In chronic and recurrent urticaria, a marked
worsening of urticaria with or without angio-
neurotic edema is suggestive of a true hypersen-
sitivity reaction. In cases of purpura, wide-
spread purpurEil patches, and in cases of
internal exacerbation of contact dermatitis,
eczema and/or pompholyx reactions are signifi-
cant. The assessment of respiratory symptoms
must also be based on objective criteria. In
rhinitis, the number of sneezes are counted, the
mucus flow from the nose measured and hand-
kerchiefs used counted. Nasal obstruction is
usually measured by a peak flow meter (nasal
peak expiratory flow) or a rhinomanometer.
The asthmatic response is expressed as change
in PEF (peak expiratory flow) or FEV, (forced
expiratory volume in 1 s). A drop of 20% is
regarded as significant. The respiratory reac-
tion may be delayed up to 8 h. All equivocal
and positive challenge tests should be repeated.

The importance of the double blind challenge
test technique was clearly demonstrated in a
study by Hannuksela & Lahti (58). Peroral
challenge tests with common food additives
were nnade in 44 patients with chronic urticaria,
in 91 patients with atopic dermatitis, and in 123
patients with non-atopic eczematous dermatitis

as a control group. Positive and equivocal reac-
tions were seen in all groups, and there were no
differences between the various additives and
the placebo in their capacity to produce these
reactions.

In vitro test

Very few untoward reactions to food additives
other than spices are mediated by IgE and
therefore, as yet, there are no commercial
RASTs for food additives available.

The basophil degranulation test for immediate
allergy and lymphocyte transformation test
might well be worth trying in cases of food addi-
tive sensitivity (11). Cytotoxic test has been used
in food allergy (12), but is difficult to reproduce
and unreliable (130), and the interindividual
results may vary grossly from time to time (122).

Summarizing, at present a controlled peroral
challenge is the only reliable means of testing
systemic reactions to food additives. Skin tests
are irreplaceable in the diagnosis of many skin
reactions.

TREATMENT

Avoidance diets

Dietary restrictions have been widely used as a
diagnostic and therapeutic tool in chronic and
recurrent urticaria. Good or excellent results
have been reported in 31-81 % of the patients in
these experiments (50, 72,87,94, 119, 147, 149).
August (7) successfully treated 22 urticaria
patients, sensitive to tartrazine and sodium ben-
zoate, with disodium cromoglycate (DSCG) and
an exclusion diet. A diet free from NSAIDs and
food additives had a favourable effect in six of
nine asthmatics and in 14 of 15 patients with
urticaria (46). The studies mentioned above
were, however, all uncontrolled and therefore the
results are open to doubt.

The duration of the sensitivity to food additives,
whether permanent or temporary, has never been
evaluated. For ASA-intolerance it is known that
once it has developed it lasts for years, and caution
for an indefinite period is advocated.
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Over 10 years ago, a temporary refractory
state was found to follow intake of ASA in
ASA-induced asthma (159). Since then, this
type of induced tolerance, and treatment of
asthma with low-dose ASA regimens has been
used with some success (24, 138), but long-term
ASA treatment seems to be less effective in
severe corticosteroid-dependent, ASA-sensitive
asthmatics (34). In chronic asthma, the avoid-
ance of tartrazine and benzoates has been found
of no use (141).

Five of six patients with ASA-provoked
urticaria became tolerant to ASA after a single
dose of 30-515 mg of ASA (6). These five
patients remained free of symptoms during the
following weeks when taking 650 mg of ASA
daily. We have succeeded in desensitizing some
asthma patients with ASA-sensitivity, but our
experience with urticaria has been disappoint-
ing.

Treatment voith drugs.

Ortolani et al. (110) showed that premedication
with 800 mg oral DSCG protects against the
effects of challenge with ASA and tartrazine in
patients with urticaria. They also reported that
8 weeks' treatment with DSCG ameliorates
symptoms caused by foods and additives, com-
pared to placebo. Conflicting results have also
been published (61, 142). Oral DSCG has been
found to prevent asthmatic reaction to meta-
bisulfite (127). Dahl (30) reported that oral
DSCG protected against an asthmatic reaction
to foods, but neither oral nor inhaled DSCG
protected the patient against bronchospasm
caused by ASA. Oral DSCG is poorly absorbed
and it is suggested that the activity occurs with-
in the gastrointestinal mucosa, and DSCG
modifies the way in which food allergens are
transferred and metabolized in the gut.

In ICU, peroral antihistamines are effective,
and in very rare cases systemic corticosteroids
may be needed. NICU reactions are mild and
no treatment is needed. Avoidance of causative
agent(s) is sufficient.

ASA and other inhibitors of prostaglandin
synthesis have been found to prevent diarrhoea
due to food intolerance (17).

Patients with irritant and allergic contact der-
matitis are treated with corticosteroid creams
and ointments when necessary.

In summary, in cases of food additive intol-
erance a diet and/or oral DSCG may be worth
trying, especially in sulfite-sensitive persons and
in certain cases of ASA-intolerance. It is also
possible that daily low-dose intake of natural
salicylates, benzoates and other food additives
might even be beneficial, analogically to low-
dose ASA in ASA-sensitive patients.
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