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SUMMARY 

The recent Position Paper of the European Academy and Clinical Immunology Subcommittee on 
Adverse Reaction to Food (ARF) divided the ARF into toxic and non-toxic. 

The latter are subdivided in immunomediated (in clinical practice represented quite exclusively by 
the IgE-mediated reactions) and non-immunemediated (enzymatic, pharmacologic and undefined 
intolerances). 

Toxic reaction to food affects all human beings exposed. The major sources of toxicity of 
foodstuffs are the toxic substances induced in food processing, contaminants and additives. 

IgE-mediated food allergy is the most frequent, the best known and the easiest to be diagnosed of 
the ARF. However the diagnosis of IgE-mediated food allergy must be made only when the 
relationship between the ingestion of a particular food and the symptoms is well established. 

An evident role in clinical food allergy of non-lgE-mediated food allergy (i.e. IgG responses to 
foods, immune complexes with food allergens, cell mediated immunity to food), at the moment 
has not yet been demonstrated, and this topic maintains only theoretical importance. 

Enzymatic food intolerances, except for lactase deficiency, are rare conditions, mainly due to 
inborn errors of metabolism. The pharmacological food intolerance includes: (1) the effects of 
vasoactive amine contained in some fruits; (2) the effects of mediator released by non-immunolo-
gic mechanism and (3) the intolerances to food additives. 

The symptoms of food allergy involve different organs. Oral allergy syndrome is frequent among 
patients with pollen allergy and it is provoked by sensitization to plant food allergens. This 
syndrome is frequently associated with birch or mugwort pollinosis. Rhinoconjunctivitis, asthma 
and otitis media with effusion are rarely due to food allergy. Acute orticaria/angioedema and 
atopic dermatitis frequently depend from food allergy. 

Many foods have been reported to provoke fatal food-induced anaphylaxis: i.e. milk, egg, peanut, 
seafood, nut, legumes, spices and fruits. Hidden foods have been demonstrated to be frequently 
responsible for anaphylactic fatalities. Exercise-induced anaphylaxis may be related to a food 
allergy. In these patients the ingestion of the culprit food without exercise does not provoke 
symptoms. 

Food allergy may provoke gastrointestinal reactions: gastrointestinal anaphylaxis is common in 
adults. In infancy, food intolerance may provoke some rare gastrointestinal syndromes, i.e. 
infantile colics, food-induced enterocolitis syndrome, food-induced colitis, food-induced malab­
sorption syndrome and food-induced hemosiderosis. Celiac disease and dermatitis herpetiformis 
are both gluten-related entero- and cutaneous-pathies in which a non-lgE mediated immune 
mechanism is probably involved. Allergic eosinophilic gastroenteropathy is a rare entity but only 
in some documented cases it is due to an IgE-mediated allergy. Lactose intolerance is a common 
disease due to acquired defect of intestinal lactase, more rarely the disease is dependent from an 
inborn lactase deficiency. 
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It is controversial whether clinical manifestations different from those listed above could be due to 

one food allergy. Medical knowledge and clinical studies provided by the literature do not justify 

the emphasis of some investigators and of the media in claiming the link between food allergy and 

unusual symptoms. Among atypical complaints migraine is the most suitable for a relationship 

with food intake. However the basic mechanism of the presumed food­adverse reaction is 

unknown and a true food allergy is unlikely. 

Among the immunologically mediated reactions to foods, IgE­mediated food allergy is the most 

exhaustively investigated regarding the pathogenesis. An important role in development of food 

allergy is played by the break of oral tolerance, an immunologic mechanism mainly supported by 

T­suppressor lymphocytes leading to a systemic hyporesponsiveness but local IgA hyperrespon­

siveness to antigens ingested in early infancy. Thus, immaturity of the immune system might 

account for the higher prevalence of food allergy in children than in adults. Also the characteris­

tics of some allergens, such as an enzymatic activity or the resistance to digestion, especially 

occurring with sequential allergens, may be important in determining food sensitization. In 

addition, recent studies showed that sensitization to cross­reacting allergens present in food and 

inhalant source may underlie the development of food allergy. 

Compared with the vast number of aeroallergens as yet identified, only a few food allergens are 

known, mainly because of the difficulty to recruit sufficient patients with positive IgE test and 

DBPCFC and to perform the laboratory technique for detecting allergens. So far, food allergens 

have been identified in cow's milk (a­lactoalbumin, ß­lactoglobulin, caseins), in hen egg (ovomu­

coid, ovalbumin, ovotransferrin in egg white, livetin in egg yolk), in fish (Gad c 1), in shrimp (Pen a 

1, Pen a 2), in peanut (Ara h 1, Ara h 2), in soybean (Gly m 1), in cereals (a series of proteins with 

m.w. from 26 to 79 kd as yet not named), in apple (Mal d 1), in celery (Api g 1), in fruits belonging 

to prunoideae (an allergen of 13 kd proposed as Pru ρ 1). 

Because of the importance of psychological factors in food allergy, great differences are observed 

between the 'self­perception', accounting for 15­20% of suspected allergy in the general popula­

tion and the real prevalence of food allergy as established by DBPCFC. Recent studies reported 

that the prevalence of true food allergy in adults was 1.4­1.8% in the United Kingdom, and about 

1% in the Netherlands. In children a prevalence as high as 8% was reported, with major 

importance for sensitization to cow's milk. As cow's milk allergy tends to outgrow with age, the 

findings on children and adults seem to be consistent. 

The diagnosis of food allergy should be based on clinical history and results of in vivo and in vitro 

tests, but a number of factors make their value questionable. In fact, clinical history is biased by 

the high 'self­perception' of food allergy, and skin tests and in vitro test have the drawback of 

unsatisfactory sensitivity and specificity due to the lack of standardized food allergen extracts. 

Thus, the 'gold standard' of diagnosis is the double­blind placebo­controlled food challenge 

(DBPCFC), the only test assessing the patient's reactivity to a suspected food in conditions free 

from patient's and physician's subjective influences. 

Epidemiological data on food allergy are few and incomplete, and there are no figures on the 

changing prevalence of allergic reactions for each individual food. Particularly, there are no 

studies on how food allergy has changed with respect to the changes in dietary habits. However 

an increased risk for food allergy should be expected for several reason: (1) An increasing use of 
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domestic items within the household (e.g. freezer, microwave oven, frying devices, etc.); these 
items inevitably lead to the increased consumption of prepackaged food products, particularly 
frozen products and baked goods; (2) changes in life styles and work schedules facilitate the 
consumption of meals outside the household (e.g. fast-food restaurants, snack bars, etc.); (3) the 
increased distribution and availability of widespread food goods has reduced the boundaries of 
regional cooking habits and introduced new food products; (4) the food industry's expanding 
market of products that are processed and handled òn an industrial scale. 

Methods that are not shown to be effective and safe by proper clinical trials should be considered 
'unproven methods' or 'non-validated methods'. Non-validated methods are not recommended in 
clinical practice, because the literature does not provide convincing data on the reliability of these 
methods and, in some cases, well-conducted studies do not show any difference between the 
investigated method and the placebo. The most commonly employed non-validated methods are 
discussed in Chapter 12. 

The only preventive measure able to interfere with development of food allergy is to postpone as 
much as possible the introduction into the child's diet of foods containing known allergens, such 
as cow's milk, egg, fish, and others. This is mainly done by prolonged breast-feeding; the 
preventive effect is improved by eliminating these foods from the mother's diet. Because of the 
difficulty to maintain such conditions it is not recommended to prolong breast-feeding over six 
months. As yet, there are not enough data to use hydrolyzed cow's milk formulas as a measure 
alternative to breast-feeding. 

Food allergic patients need to change their eating habits, to a varying extent. Once diagnosed, 
the treatment of a food allergy is the avoidance of the sensitizing food in order to prevent further 
episodes of ARF. This measure is easy for foods not predominant in the diet, like exotic fruits. 
However, the interaction with the eating habit is stronger when patients have to eliminate from the 
diet predominant foods or foods which may be masked and hidden in food products and 
preparations. However food allergens, especially in an occupational setting, may induce allergic 
reactions even when inhaled or after skin contact. Foods most commonly involved in occupational 
food allergy are: cereal flour, egg, milk, seafoods and legumes. The most effective measure to 
prevent occupational diseases due to exposure to food allergens is primary prevention, that is 
prevention of exposure to food-related substances that can induce allergic reactions. A second 
step is secondary prevention, that is the detection of diseases at an early stage. The earlier the 
diagnosis is made, the more likely workers are to recover. Tertiary prevention consists in 
appropriate medical care of diseased workers. Due to that mentioned above, it is clear that any 
effort should be directed to primary and not to tertiary prevention. 

There are two main problems that arise from food processing and preparation: (1) food processing 
may alter content and/or properties of food allergens, both reducing and increasing the allergeni-
city of the starting material; (2) most processed, packaged and canned foods contain additives 
and other 'hidden' ingredients of both natural and synthetic origin. Common food allergens such 
as milk, egg, soya, and wheat are constituents of a wide variety of prepared foods, and in most 
cases labelling is incomplete and often misleading. This can have devesting consequences for a 
food-sensitive person. In fact almost all patients who died from food anaphylaxis had a history of 
allergic reactions to the food allergen responsible for the death, but they were unaware that the 
allergen was present in the food they ate. Therefore it is imperative that all processed foods sold 
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in the European Community be clearly labelled with the list of the ingredients and of the starting 
materials. 

Hypoallergenic formulas (HF) may be used to treat allergic symptoms induced by cow's milk in 
sensitized children or to prevent food allergies in infants at high risk for the development of 
allergic disease. The important role that HF may play in the treatment of cow's milk allergy has 
been defined. In vitro and in vivo studies show that extensive casein hydrolysates are the less 
allergenic formulas in cow's milk allergic children. An elemental formula (Neocat) seems to be a 
good alternative as well. However it should be underlined that these formulas are hypoallergenic 
and not non-allergenic, because some highly sensitive milk-allergic infant may react adversely to 
being fed such formulas. 

The role of HF in the prevention of allergic diseases is still controversial. Although some studies 
indicate a protective role of some H F in preventing allergic diseases in high-risk babies, further 
studies are needed to elucidate this point. In vitro and animal studies should select new formulas 
suitable for milk substitutes in cow's milk allergic children. Preclinical screening of these hydroly­
sates should demonstrate the absence of intact proteins and more than 99% of the peptides with 
molecular weight < 1.5 Kd, and non-anaphylaxis in animals challenged with the formula under 
investigation. 

Hydrolysates selected by preclinical studies should then be screened by DBPCFC and open 
consumption, showing to be tolerated in cow milk allergic infants, in which the diagnosis of allergy 
to milk has been documented by positive DBPCFC. 

The optimal treatment of food allergy is to avoid the culprit food, but this may be very difficult as 
masked foods are present in a number of preparations, exposing the allergic subject to unaware 
consumption. A series of fatal reactions derived from eating apparently unsuspected foods has 
been reported. In recent years, specific immunotherapy was considered as a treatment of food 
allergy and a first double-blind placebo-controlled study performed in patients allergic to peanut 
with a defatted peanut extract demonstrated, by a marked reduction of symptoms scores to 
DBPCFC and decrease of skin sensitivity to peanut extract in actively treated patients, that this 
treatment may be effective. 

A new idea of prevention in food allergy must take into account the production of hypo- or non-
allergenic food. Current means used to induce hypoallergenicity are heating, enzymatic hydroly­
sis and selection of vegetable stocks which synthesises little or no major allergenic protein (e.g. 
wheat deficient in gliadins). This last goal could be obtained by the biogenetic engineering with 
the production of transgenic plants. 

Public health's role will be to make more effort than in the past to spread correct information on 
food allergy to the medical profession and to the public so as to provide an authoritative bulwark 
to the spread of unorthodox practices which are the main source of controversies on this topic. 
Measures will have to be taken to prevent or deal with serious allergic reactions, instructing those 
in charge of restaurants, hotels and school canteens on what should be done in cases of severe 
anaphylactic reactions. Constructive relations must be established with the food industry to make 
sure the user receives accessible information on food products, and jointly to promote studies to 
set in motion the farthest-reaching positive approaches. 
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C L A S S I F I C A T I O N AND T E R M I N O L O G Y OF A D V E R S E 
R E A C T I O N S TO FOOD 

SYNOPSIS 

The recent Position Paper of the European Academy and Clinical Immunology Subcommittee on 
adverse reaction to food (ARF) divided the ARF into toxic and non toxic. 

The latter are subdivided in immunomediated (in clinical practice represented quite exclusively 
by the IgE mediated reactions) and non-immune mediated (enzymatic, pharmacologic and 
undefined intolerances). 

The document, entitled 'adverse reactions to food' prepared by the American Academy of Allergy 
and Immunology Committee on Adverse Reactions to Foods and the National Institute of Allergy 
and Infectious Diseases in 1984, suggested an up-to-date terminology in the field of adverse 
reactions to food, with the aim of establishing a definite common meaning of all terms generally 
used by the medical community for food allergy and intolerance1 ·2. 

Recently the European Academy of Allergy and Clinical Immunology (EAACI) Subcommittee on 
Adverse Reactions to Food presented a Position Paper with a new classification for adverse 
reactions to foods, based on pathomechanisms, that is the development of the American manual3 

(Figure 1.1). 

ADVERSE 
REACTION 
TO FOOD 

^ ^ 
TOXIC 

y 

IMMUNE 
MEDIATED 
(FOOD 
ALLERGY) 

^ / 
NON TOXIC 

igE 

NON-lgE 

\ 
NON-IMMUNE 
MEDIATED 
(FOOD 
INTOLERANCE) 

ENZYMATIC 

PHARMACOLOGICAL 

UNDEFINED 

Figure 1.1. 

According to this classification, adverse reactions to foods are divided into toxic and non toxic 
food reactions. 
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1.1. Toxic food reactions 

Toxic food reactions are due to some substances that contaminate foods or that are naturally 
present in them, e.g. poison in non-edible mushrooms. Toxicity affects all human beings exposed 
to high doses of a certain toxin with the same mechanism and is not connected to an individual 
susceptibility. Allergists must be aware of toxic food reactions on account of their prevalence 
among adverse reactions to foods, in order to make a correct differential diagnosis, particularly 
when these reactions may mimic in some way an allergic symptomatology (e.g. scombroid 
syndrome). 

1.2. Non-toxic food reactions 

Non-toxic food reactions are due to an individual's susceptibility to certain foodstuffs and they are 
divided into immune-mediated and non-immune mediated reactions. Food allergy is the term 
commonly used for immune-mediated reactions, while food intolerance includes all non-immune 
mediated reactions. According to the immunological mechanism involved in the adverse reac­
tions. Food allergy is defined IgE-mediated and non-lgE-mediated. 

1 . 2 . 1 . IgE-mediated react ions 

IgE-mediated reactions can be diagnosed in atopic patients when IgE antibodies specific to food, 
that significantly correlate with the symptoms and/or the provocative tests, are detected by in vivo 
and/or in vitro tests. 

1 .2 .2 . Non- lgE-media ted food allergy 

Non-lgE-mediated food allergy includes: (a) immune reactions caused by, other than IgE, specific 
to food allergen/s; (b) food immune-complexes; (c) cell-mediated immunity specific to food. Also in 
this case, a correct diagnosis needs the demonstration of the existence of an immune mediated 
mechanism (other than IgE) against the suspected food by in vivo and/or in vitro tests and the 
clinical evidence of a correlation between the symptoms evoked by the ingestion of the suspected 
food and the immune reaction. Up to now no clear demonstrations exist in respect of food allergy 
mediated by (a) and (b). Food intolerance, that is non-immune-mediated food adverse reactions, 
is a term used when the causative role of a food in provoking complaints is irrefutable, as clearly 
shown by the history and/or the provocative tests, but there is no evidence of an immunological 
mechanism. Two mechanisms are likely to explain these reactions; they are enzymatic defects 
and pharmacological actions of drugs or other pharmacological active substances added to the 
food or naturally present in it. In this case the reactions are therefore subdivided into enzymatic 
and pharmacological reactions; while the non-immune mediated food adverse reactions due to an 
unknown mechanism are classified in the group of undefined reactions. 

Psychosomatic food-adverse reactions are not truly food dependent but are related to a primary 
mental disorder; therefore they are excluded in the EAACI classification. However, in clinical 
practice, most patients, who think they are allergic to some food, belong to this category4·5. 
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Unfortunately the individual beliefs of patients suffering from vague, recurrent symptoms, wrongly 
ascribed to some particular food, often find confirmation in many articles published in non-
specialized newspapers, that attribute a lot of symptoms to food allergy simply on the basis of 
non-validated hypothesis and anecdotal reports. Moreover many of these patients find their 
assumptions guaranteed by physicians who apply unorthodox non-validated diagnostic proce­
dures. In order to avoid these mistakes, official international allergy associations have published 
diagnostic protocols to be followed to diagnose adverse reactions to food3·6. 

REFERENCES 
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GENERAL O U T L I N E OF THE ROLE OF FOOD C O V E R I N G 
THE D I F F E R E N T H Y P O T H E S E S 

SYNOPSIS 

Toxic reactions to food affects all human beings exposed. The major sources of toxicity of 
foodstuffs are the toxic substances induced in food processing, contaminants and additives. 

IgE-mediated food allergy is the most frequent, the best known and the easiest to be diagnosed 
of the ARF. However the diagnosis of IgE-mediated food allergy must be made only when the 
relationship between the ingestion of a particular food and the symptoms is well established. 

An evident role in clinical food allergy (i.e. IgG responses to foods, immune complexes with 
food allergens, cell mediated immunity to food) has not been demonstrated conclusively, and 
this topic is still the object of investigation. 

Enzymatic food intolerances, except for lactase deficiency, are rare conditions, mainly due to 
inborn errors of metabolism. The pharmacological food intolerance includes: (1) the effects of 
vasoactive amine contained in some fruits; (2) the effects of mediator released by non immuno­
logic mechanism and (3) the intolerances to food additives. 

2. 1 Toxic reactions 

Many toxic substances may occur in foodstuffs. However, the amounts of these toxic substances 
are generally too small to cause symptoms, and habitual dietary variety keeps down the intake of 
any single toxin; this could explain the low prevalence of toxic reactions. Toxic substances in 
foodstuffs are: 

1. Naturally occurring, both endogenous and exogenous; 

2. Induced in food processing; 

3. Contaminants; 

4. Additives.1 

Some examples of naturally occurring toxins in animal and vegetal foods are shown in Table 2.1. 

Food toxicity mainly affects the CNS (headache, hallucination, incoherence and at times convul­
sions), liver and blood. Toxins induced in food processing, contaminants and additives are the 
major source of toxicity of foodstuffs today. Modern food technology enables us to produce, 
preserve and distribute large quantities of foods but there are frequent risks of breakdown in the 
food production and distribution chain, exposing many individuals to a high risk of food toxicity. 
The scombroid syndrome has become one of the major chemical food-borne illnesses reported in 
recent years.2·3 
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Table 2.1 
Naturally occurring toxins in food (by C. May,1 modified) 

TOXIN 

Cyanide 

Glucosinolites 

Atropine 

Pressor amines 

Solanine 

Aflatoxins 

Colza toxins 

Histidin & scombrotoxins 

Paralytic shellfish toxins 

FOOD 

Prunoideae fruits 

Cabbage 

D. stramonium 

Banana 

Potato (raw), Jerusalem cherry, 
unripe tomato, etc. 

Contaminants of corn, 
hypoallergenic milk 

Colza oil 

Spoiled fish 

Shellfish 

nuts and meats, 

SYMPTOMS 

Neuropathy, mental confusion 

Goiter 

Hallucination 

Headache, hypertension 

Headache, CNS depression, 
gastrointestinal 

Reye's syndrome, gastrointestinal, 
hepatic 

Gastrointestinal, CNS, muscular 

Scombroid poisoning 

CNS (paralysis), cardiovascular, 
gastrointestinal, respiratory 

2.2. Non-toxic reactions 

2 . 2 . 1 . I m m u n o l o g i c a l r e a c t i o n s ( f o o d a l l e r g y ) 

2.2.1.1. IgE-mediated food allergy 

Type I, IgE-mediated, reactions in food allergy are the most frequent, the best known and the 
easiest to be diagnosed. The presence of IgE antibodies to specific offending food support the 
existence of an IgE mechanism, although clearly the diagnosis of IgE-mediated allergy can be 
made only when the relationship between the ingestion of a particular food and the onset of 
symptoms is well established. Double-blind placebo-controlled food challenge (DBPCFC) is the 
gold standard to demonstrate this relationship in order to exclude psychological reactions, and 
physician's and patient's prejudice. The result of DBPCFC is considered the only objective 
evidence in food allergy. 

A variety of symptoms, likely to be secondary to an IgE-mediated response, are reported in 
controlled trials:4·5·6 anaphylaxis (associated with exercise in some cases); cutaneous manifesta­
tions, like urticaria-angioedema, atopic dermatitis and contact dermatitis; upper and lower respir­
atory symptoms, like rhinitis (rare), larynx edema and asthma; gastrointestinal disorders, like oral 
allergy syndrome (OAS), infantile colics, nausea, vomiting, diarrhoea and abdominal pain and 
neurological symptoms. However, in connection with these last complaints, there is no definitive 
evidence of a relationship between food and hyperactivity, depression or migraine. 
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Various foods have been found to cause most frequently IgE-mediated food allergy in a series of 
DBPCFC7 in adults and children. The foods found responsible of IgE-mediated food allergy listed 
in order of prevalence are: egg, milk, peanut, nuts, fish and soya in children, and peanuts, nuts, 
fish and shellfish in adults. 

The prevalence of reactions to specific foods may depend on the eating habits or other peculiari­
ties of a given population. For example soybean allergy is more common in Japan and fish 
allergy is more prevalent in Scandinavian countries. Patients suffering from allergy to certain 
pollens more often react with OAS to certain fresh fruits and vegetables.8·9 These patients with 
pollen allergy present very intense mucosal sensitivity to foods, such that local symptoms are 
evident within 15 minutes of food contact. OAS is IgE-mediated. The symptoms are generally 
localized in the oral cavity and pharynx, though more severe local or systemic manifestations may 
also occur, often within few minutes after the oral contact with the responsible food, they are 
angioedema of the oral cavity and pharynx, urticaria, conjunctivitis, orbital angioedema, asthma, 
gastrointestinal symptoms and even anaphylactic shock. The main foods inducing this IgE-
mediated syndrome are apple, peach, cherry, nuts, celery, carrot, tomato and fennel.8·9 

2.2.1.2. Non-lgE-mediated food allergy 

Non-lgE-mediated food allergy provides the evidence that the adverse reaction is the conse­
quence of an immune response, other than IgE-mediated specific for a certain food; immunoglo­
bulins, belonging to a non-lgE class, food immune-complexes or cell-mediated immunity are 
directly involved in the mechanism provoking the symptoms. lgG4 to specific food antigens are 
frequently present in patients with adverse reactions to foods,10 but these antibodies are also 
often detected in normal subjects or in patients with inflammatory bowel disease, and their 
pathogenetic role has not been demonstrated. Their presence is likely to be the consequence of 
prolonged exposure to ubiquitous antigens resulting in an lgG4 restricted response.11 Circulating 
IgG and IgE immune-complexes containing food antigens may be found in patients with food 
allergy suffering from asthma and eczema,10·12 but their pathophysiological role has been rarely 
unequivocally demonstrated. Furthermore there is no definitive evidence that either IgG or IgE 
food-immune complexes cause human disease.10·12 

There is ample indirect evidence that celiac disease (CD) may be provoked by a cell-mediated 
food allergy to gliadin, a prolamine contained in gluten.13·14 Τ cells appear to be involved in the 
pathogenesis of this disease,15·16 although, so far, there is no exhaustive proof that these 
immune phenomena are the direct original cause of the human disease. Recently an over-
representation of one TCR variant of the lymphocytes present in the gut mucosa in CD was found, 
suggesting a role for these cells in the disease.17 Some experiments showed that the immune-
mediated intestinal damage is similar to that provoked in the intestinal mucosa by the graft-
versus-host reaction.18·19 As yet the role of the increased IgAand IgG antigliadin antibodies in the 
immunopathogenesis of this disease is still unclear.17·18 

A clinical picture and histological alterations of the jejunal mucosa that mimic celiac disease are 
present in some infants with malabsorption syndromes; patchy villous atrophy with cellular 
infiltrate on jejunal biopsy is associated with the weaning period, and cow's-milk sensitivity is the 
most frequent cause of this syndrome.19 Sensitivity to soya, egg and wheat have also been 
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reported in this syndrome.20 Serum IgA and IgG antibodies specific to milk are elevated in cow's 
milk induced malabsorption.21 These abnormalities suggest both type-Ill (immunocomplexes) and 
type IV (cell-mediated) immunopathogenesis. 

The same mechanisms may be present in food-induced enterocolitis syndrome in infants.22 The 
jejunal biopsy shows flattened villi, edema and an increased number of lymphocytes, eosinophils 
and mast cells. The most prevalent responsible foods are cow's milk, soya protein or both 
together. These foods are also involved in food-induced colitis that differs from the above infantile 
syndromes in its mild clinical picture, generally characterized by the presence of gross or occult 
blood in the stools and a prominent eosinophilic infiltrate in the colonic mucosa.23 Heiner's 
syndrome, that is a food-induced pulmonary hemosiderosis, is very rare; it affects infants with 
non-lgE-mediated hypersensitivity to cow's milk; egg and pork have also been reported as the 
cause of this syndrome in some infants.24 

2 . 2 . 2 . N o n - i m m u n e m e d i a t e d adve r se r e a c t i o n s to foods 

2.2.2.1. Enzymatic food intolerance 

Enzymatic food intolerance is present in patients affected by enzymatic defect that causes a 
clinically evident adverse reaction to certain foods or food additives. The most common condi­
tions are: (1) disaccharidase deficiencies caused by a defect of lactase or sucrase; (2) galactose­
mia caused by a defect of galactose 1 phosphate uridyl transferase or uridine diphosphate-4 
epimerase; (3) phenylketonuria due to phenylalanine hydroxylase deficiency; (4) alcohol intoler­
ance consequent upon aldehyde dehydrogenase deficit; (5) favism due to a defect of glucose-6-
phospho dehydrogenase (G6PD). 

Except for lactase deficiency, these are very rare conditions or inborn errors of metabolism. 
However it is widely held that many undefined food intolerances may result from enzymatic 
defects. For example, a deficiency of diamine-oxidase has been postulated in patients with 
intolerance to histamine-containing foods,25 but clear evidence of a clinical syndrome due to this 
enzymatic defect has never been found. 

2.2.2.2. Pharmacological food intolerance 

The main substances that may be responsible for pharmacological food intolerance are: (1) 
vasoactive amines like histamine, octopamine, phenylephine and other biogenic amines: tyra-
mine, phenylethylamine (in chocolate), tryptamine (in tomatoes), 5-hydroxytryptamine (in banana 
and avocado), spermidine (in pork and cereal germs); (2) releasing factors present in foodstuffs 
causing indirect pharmacological reactions such as protamine, basic peptides, diamines and 
polyamines and peptones (histamine releaser foodstuffs);26 (3) food additives. 

Pharmacological food intolerance may depend on the direct effect of vasoactive amines naturally 
found in foods. Ingestion of large amounts of a food, containing one or more of these amines, will 
be followed by toxic symptoms. Some subjects, however, may have symptoms even after eating a 
very small amount of one of these substances. In particular, the threshold of susceptibility to 

21 



histamine may be lowered in some individuals, e.g. as stated above, subjects affected by diamine 
oxidase deficiency. Selected foods containing relatively large amounts of histamine or histidine or 
both can pose problems in these intolerant subjects.27 In scombroid poisoning factors potentiat­
ing histamine toxicity are involved and therefore this syndrome must be classified as a toxic food 
reaction.28 

The largest amounts of histamine and tyramine are found in fermented foods, such as cheese, 
alcoholic beverages, tinned fish, fish autolysates (Nuoc-Mam), sauerkraut, tuna, dry pork and 
sausage.29·30·31·32 Grapes, potatoes, and cabbage are rich in tyramine.33 

Some studies indicate that tyramine may play a role in migraine and chronic urticaria, especially 
in patients treated with a MAO inhibitor.27 In addition certain foods are said to have histamine 
releasing properties.27·34 Examples include egg white, shellfish, strawberries, tomatoes, choco­
late, citrus fruit, fish and pork. However there is no evidence of this effect in vivo. Studies 
generally quoted to support histamine release by these foods are non-controlled, very old and 
performed in laboratory animals. More appropriate studies are therefore necessary to validate this 
hypothesis. 

Pharmacological food intolerance might be evoked for the food intolerance present in patients 
with poor sulphoxidation ability. A poor sulphoxidation ability has frequently been documented in 
patients with ascertained food intolerance.35 The metabolism of foodstuffs containing sulphur, 
including thiophenes, sulphides and isothyocyanates might be impaired. 

2.2.2.3. Additive intolerance 

IgE-mediated additive allergy has been documented in some cases,36 but additive intolerance 
caused by non-toxic reactions does not seem to depend on immune-mediated mechanisms. 
Some observations suggest that additive intolerance may be consequent upon an enzymatic 
inhibition (e.g. sulphites and azo dyes).37 Other studies show non-specific mediator release in 
vivo induced by challenge with some additives (ASA, sulphites, etc.).38·39 So far, however, the 
mechanisms of additive intolerance remains largely unknown, therefore it seems more appro­
priate to include the adverse reactions to additives in the group of undefined food intolerance. 
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3. S Y M P T O M S OF FOOD A L L E R G Y AND FOOD I N T O L E R A N C E 

S Y N O P S I S 

The symptoms of food allergy involve different organs. Oral allergy syndrome is frequent 
among patients with birch or mugwort pollinosis and it is provoked by sensitization to plant food 
allergens. Rhinoconjunctivitis, asthma and otitis media with effusion are rarely due to food 
allergy. Acute orticaria/angioedema and atopic dermatitis frequently depend from food allergy. 
Many foods have been reported to provoke fatal food-induced anaphylaxis: i.e. milk, egg, 
peanut, seafood, nuts, legumes, spices and fruits. Hidden foods have been demonstrated to be 
frequently responsible for anaphylactic fatalities. 

Exercise induced anaphylaxis may be related to a food allergy. 

Gastrointestinal anaphylaxis is common in adults. In infancy food intolerance may provoke 
some rare gastrointestinal syndromes, i.e. infantile colics, food-induced enterocolitis syn­
drome, food-induced colitis, food-induced malabsorption syndrome and food-induced hemosi­
derosis. Celiac disease and dermatitis herpetiformis are both gluten related entero- and cutan-
eous-pathies in which a non-lgE-mediated immune mechanism is probably involved. Allergic 
eosinophilic gastroenteropathy is a rare entity but only in some documented cases is it due to 
an IgE-mediated allergy. Lactose intolerance is a common disease due to acquired defect of 
intestinal lactase, more rarely the disease depends from an inborn lactase deficiency. 

Foods may induce the production of IgE towards specific protein antigens and release of 
mediators in allergic subjects after exposure to the sensitizing food. Food allergic symptoms 
involve different organs. Symptoms may appear in the organs that come in contact with the food 
(such as lips, mouth, pharynx) and/or in other target organs. We recognize therefore 'oral' and 
'extra oral' symptoms. 

Food allergy symptoms may also be subdivided according to the type of contact mode with the 
food: i.e. symptoms due to food ingestion, contact or inhalation. 

3.1 Oral a l l e r g y s y n d r o m e (OAS) 

OAS is a food allergy syndrome due to the contact of the oral mucosal with allergenic foods, 
particularly plant allergens. The term OAS was used first by Amlot et al.1 to identify immediate 
symptoms in the lip, mouth, pharynx and larynx in subjects sensitized to food allergens. The 
symptoms may be present in organs other than the oral cavity. 

All foods may provoke this syndrome, however it is very common with fresh fruits and vegetables. 
This syndrome may be associated with pollinosis, particularly birch or mugwort pollen allergy. The 
first report of this association dates to 1942,2 but thereafter several clinical studies were conduct­
ed in Scandinavia,3·4·5 and in other European and American countries.6 

Nearly 60-70% of allergic patients with OAS suffer from allergic pollen rhinoconjunctivitis.7 The 
contact between food and oral mucosa provokes itching and swelling of the lip, tongue, uvula, 
and larynx. Systemic reactions of different severity such as urticaria, rhinitis, asthma, laryngeal 
edema or anaphylactic shock may also occur. 
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The oral symptoms appear within a few minutes after having eaten the offending food. In some 
cases the symptoms may appear in organs other than the mouth or generalized; and may develop 
30 to 60 minutes after contact with the offending food. This suggests that OAS may be defined as 
a variable syndrome in which immediate oral symptoms may be associated with delayed manifes­
tation of symptoms in other organs. 

The laryngeal edema may present as constriction of throat, cough, dysphonia, wheezing and 
tirage. The foods that more frequently cause OAS are apple, nuts, fruit, peach, fennel, cherry and 
celery. Some animal foods such as milk, egg and fish also may occasionally provoke OAS. Some 
patients have symptoms in response to more than one food, and a food may provoke different 
symptoms. Moreover some patients have symptoms only upon contact with fresh foods whereas 
they tolerate the same food when cooked. 

In food-allergic patients it is possible to detect associations between hypersensitivity to different 
foods. Some of these associations occur very commonly. Therefore we can identify some definite 
'clusters' of hypersensitivity. Some cross-reactivities respect the taxonomie classification, others 
do not. The clusters of food more frequently provoking OAS are: 

(1) peach, plum, apricot, cherry; 

(2) celery, carrot, fennel, parsley; 

(3) apple, apricot, cherry, pear; 

(4) hazelnut, pear; 

(5) peanut, almond, hazelnut; 

(6) watermelon, melon, tomato. 

Allergy to prunoideae may not be associated to a pollen allergy; food allergy to watermelon, melon 
and tomato cluster may be associated with grass pollen allergy; all the other clusters are 
correlated with birch pollen allergy. 

Several recent studies have investigated the immunological basis of these association. Andersen 
and Dreyfuss8 demonstrated a cross-reactivity between ragweed pollen and extracts of melon 
and banana; Hannuksela and Lahti,3 Eriksson and Formgren4 and Dreborg and Foucard5 found 
an association between birch pollen allergy and apple, nuts, peach, cherry pear, plum, carrot and 
potato allergy. Pauli and Bessot9 showed that a celery extract could inhibit RAST for birch and 
mugwort Staeger and Wuthrich10 confirmed the presence of common allergens between celery 
and birch and between celery, spices and mugwort. De Martino et al.11 found an association 
between grass pollen allergy and tomato allergy. Ortolani et al.7 found an association between 
grass pollinosis and tomato, melon and watermelon allergy. 

OAS is frequently associated with respiratory allergy from grass, birch and mugwort pollen. The 
importance of the pollinosis in relation to the subsequent development of food allergy was further 
demonstrated by the observation that in a study group the prevalence of birch pollinosis was four 
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times higher than in a control group (patients with pollinosis regardless of whether they were or 
were not affected by OAS). 

In conclusion OAS is a polymorphic disease related to IgE-mediated allergy in which local 
symptoms of the mouth may be associated with organ and systemic manifestations. 

3 . 2 . E x t r a o r a l s y m p t o m s 

3 . 2 . 1 . R h i n o c o n j u n c t i v i t i s 

Ocular and nasal symptoms may be isolated or associated to OAS. DBPCFC have demonstrated 
the appearance of ocular itching, lacrimation, conjunctival hyperemia, nasal itching, rhinorrhea, 
sneezing, obstruction, cough, wheezing and bronchospasm; these symptoms occur within five 
minutes to two hours after food intake. 

The frequency of respiratory symptoms due to IgE-mediated food allergy is higher in children. The 
temporal relation between food intake and the appearance of symptoms, and the ability to 
reproduce symptoms by DBPCFC, clearly attest to the food etiology. 

Eriksson12 reported that 46% of food allergic patients have conjunctivitis and rhinitis. Ortolani et 
al.7 observed rhinitis in 10% of these patients, 3.5% conjunctivitis and 7% asthma. There are no 
data regarding the prevalence of food allergy as a cause of chronic sinusitis even if the repeated 
exposure to food antigen, which is typical of the allergic disease, may be important for the 
chronicity of sinusitis. 

3 . 2 . 2 . S e r o u s o t i t i s m e d i a w i th e f f u s i o n 

The relation between serous otitis media with effusion and food allergy remains controversial. 
Some studies13 show an increased prevalence of otitis media in allergic children, but the true 
prevalence is unknown. Bernstein14 points out the association between serous otitis media and 
IgE-mediated allergy only in 35-40% of patients; the symptoms may be associated to allergy to 
bacteria, viruses, or to a mucociliary clearance defect. 

Milk, wheat, egg, peanut and soya may be etiologic factors in otitis media in children.15·16·17.18·19 

In a recent investigation Nsouli et al.20 noticed that in 81/104 pediatric patients there is a 
statistical correlation between food allergy and recurrent serous otitis; 70/81 had clinical and 
instrumental improvement after a period of elimination diet, 66/70 reported otitis after an open 
challenge with the suspected food. These data may be confirmed with double-blind challenges. In 
agreement with the above authors, foods may provoke serous otitis media with several mechan­
isms; food causes nasal congestion and obstruction with nasopharyngeal pressure increase and 
then reflux of pharyngeal secretion; the food induced nasal obstruction gives rise to a different 
nasopharyngeal pressure, with eustachian tube dysfunction (otodynia, tinnitus hearing loss, 
vertigo); foods could cause edema of eustachian tube due to weakness of tensor veli palatini 
muscle, and finally the middle ear could be the shock target organ of food allergy. In conclusion 
the possibility of an IgE-mediated allergy should be considered in all pediatric patients with 
recurrent otitis media. 
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3 . 2 . 3 . Asthma 

Patients spontaneously associate cutaneous symptoms to food allergy, whereas respiratory 
symptoms, particularly asthma, are rarely considered as associated to food allergy.24 Physicians 
must suspect food allergy when asthma appears in youth, when it is associated to atopic 
dermatitis with high levels of total IgE, and when asthma does not respond to treatment. Food 
allergic asthma is provoked in childhood by milk, egg, wheat and peanut.21·22 The disease 
appears in 4 to 6% of patients, whereas in asthmatic adults the prevalence of food allergic asthma 
is only 1-4%.23·25 

Food additives may cause asthma, perennial rhinitis and urticaria-angioedema in sensitized 
subjects. Tartrazine, sodium metabisulphite and sodium benzoate are the most important addi­
tives responsible for intolerance.26 

Respiratory symptoms may also be caused by inhalation of food allergens, particularly after 
industrial exposure in sensitized workers. In addition to the classic baker's asthma27 resulting 
from occupational airborne exposure to flour (wheat, but also alpha amylase), various agents may 
cause occupational asthma: hen egg,28 milk, vegetable dusts (green coffee, soya, castor bean), 
spices, and crustaceans. Some of these patients eat the foods which cause respiratory symptoms 
without problems. Allergic reactions to foods through inhalation of food particles have also been 
reported in housewives who were exposed to the steam from cooking legumes, chicken, peas, 
lentils, potatoes, or fish. In these cases most patients became sensitized in childhood via the 
gastrointestinal route and generalized symptoms usually occur after ingestion. The 'bird-egg 
syndrome' consists of respiratory symptoms following exposure to serum proteins from birds and 
then with allergy symptoms after egg ingestion. This phenomenon is caused by cross reactivity 
between bird proteins and egg yolk.29 The inverse situation was also described as 'egg-bird 
syndrome': (sensitization by the ingestion of egg proteins and reactions following inhalation 
exposure to birds and egg).30 In these cases, skin-prick tests (SPT) and serum IgE determination, 
are also essential to demonstrate an IgE-mediated mechanism. 

3 . 2 . 4 . Urticaria and angioedema 

Urticaria is a well-demarcated skin reaction clinically characterized by erythematous palpable 
lesions called wheals: these are evanescent areas of edema of the dermis that resolve within 
hours. Angioedema is characterized by a deeper swelling of the subcutaneous or submucosal 
tissues, often with normal-appearing skin, accompanied by a tingling or burning sensation rather 
than pruritus.31 If symptoms recur for less than six weeks the urticaria-angioedema is defined as 
acute, if the lesions persist or recur for more than six weeks, it is defined as chronic. Acute 
symptoms are generally provoked by food intake or contact. The most important foods are egg, 
milk, peanut, fish, cereals, crustacean and vegetables. Symptoms of OAS may precede the 
cutaneous symptoms.32 Chronic urticaria is rarely due to food allergy and an IgE-mediated allergy 
has been demonstrated only in a small percentage of patients with chronic recurrent urticaria 
(mainly due to cereals and legumes). 

Symptoms can appear an hour or more after a meal. The association between food intake and 
urticaria may not be made when symptoms are caused chronically by foods consumed on a daily 
basis. Moreover, the patient's response to the food may vary according to how the food is 
prepared: for example, some fruits may cause symptoms when raw and not when cooked. 
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3 . 2 . 5 . Atopie dermatit is (AD) 

AD is a chronic inflammatory skin disorder that occurs in 10% of the pediatric population;33 it is 
characterized by pruritus, patterned distribution and a chronic relapsing course. The pathogene­
sis of AD remains unknown. Recent studies on bone marrow transplantation suggest that the 
basic defect in AD resides in a bone marrow derived cell.34 It has been reported that patients with 
Wiskott Aldrich syndrome, who have eczema and elevated serum IgE that are comparable to AD, 
were noted to show clearing of their cutaneous symptoms and normalization of serum IgE titer 
after successful bone marrow transplantation.35 

Individuals receiving bone marrow from atopic donors developed atopic symptoms after trans­
plantation. Histological studies of skin lesions demonstrated cellular infiltration that is suggestive 
of a type IV cell-mediated hypersensitivity reaction. However, the exact relationship between AD 
and IgE-mediated sensitivity remains unclear. Approximately 2/3 of the children with AD have a 
positive family history for atopic disease; 50-80% of these children have or will develop allergic 
rhinoconjunctivitis and/or asthma.36·37 In 80% of the patients with AD serum IgE concentrations 
are elevated and skin tests and serum-specific IgE are positive for a large number of allergens. 
Many inhalant allergens cause eczematous cutaneous skin lesions: pollens,38·39·40·41 animals42 

and mould.43 The first studies concerning the first comprehensive description of AD and relation­
ship between house dust mite allergens and AD were published by Rost44 and Besnier;45 

thereafter, Piatt Mills et al.46 confirmed the importance of mites in AD. The above observations 
considered both the clinical improvement after mite allergen control measures and the appear­
ance of cutaneous symptoms after mite allergen exposure. The histological analysis of the 
eczematous lesions in AD demonstrate a prominent T-lymphocytes cellular infiltration. 

Investigators47·48·49·50·51 have carried out patch tests (evaluated after 48 to 72 hours) in AD 
subjects to demonstrate that such allergens may also cause delayed reactions and eczematous 
lesions. Several studies52 suggest that the application of mite allergens on the skin of subjects 
with AD may cause binding to allergen-specific IgE situated on Langherans' cells, thereby 
delaying the reaction to the patch tests. The recruitment of eosinophils may occur by the release 
of chemotactic factors by mast cells and Langheran's cells.53 Over 50 years ago Brunner, Waltzer 
and Wilson54·55 demonstrated that many food antigens cross the gastrointestinal barrier and 
come into conctact with cutaneous mast cells within minutes to hours after food intake.56 

Thereafter a large number of studies were aimed at clarifying the pathogenesis of food allergy in 
AD. Afterwards an attempt was made to establish the presumed prevalence of food allergy in AD. 
According to some authors nearly 1/3 of the patients evaluated in the dermatology and/or 
allergology clinic complained of the exacerbation of cutaneous symptoms after food intake. The 
frequency of food allergy in children with AD has been reported to be 5-20%. Other studies have 
reported a frequency of 60% independently of serum-lgE values.57 The latter study investigated 
the role of oral challenges in AD. The population described by Sampson was made up of young 
patients with AD and respiratory symptoms (47% had rhinitis and asthma, 28% only rhinitis, and 
4% only asthma); nearly all had reported an extensive history of cutaneous symptoms. The 
choice of food allergens used in the challenges was based upon the results of the diagnostic tests 
and/or a positive history of food allergy. The symptoms began within 15 to 120 minutes after the 
challenge, and were characterized by morbilliform rash and urticaria which resolved after 1 to 3 
hours. After this period of time the only lesions observed were those caused by scratching 
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(plasma histamine was monitored during the challenge to demonstrate that the symptoms were 
secondary to IgE mediated mast cell activation). Skin reactions were seen in 70% of the patients 
challenged; only 30% of the patients had an isolated cutaneous response.37 Studies performed 
on other patient groups revealed gastrointestinal symptoms in 55% of the cases and upper 
respiratory complaints in 39%. The high frequency of gastrointestinal symptoms has lead many 
authors to search for a defect in intestinal permeability by the lactulose/rhamnose test.58·59 These 
authors have demonstrated an increase of lactulose uptake and excretion, suggestive of malab­
sorption, only in those patients with food hypersensitivity. Egg, peanut, and milk are the foods that 
more frequently account for positive challenge in AD patients (70% of the cases).57 The latter 
three foods along with soya, fish, and wheat account for 90% of the food allergic reactions seen in 
patients with food allergy. Of these children, 38% did not have an allergic reaction to food, 28.5% 
reacted to one food, 20% to two foods, 9.5% to three foods, and 4% to four foods or more. This 
study demonstrated that eliminating the allergen from the diet for a period of one to two years 
allowed for the development of tolerance to the food eliciting the symptoms. There was a 
correlation between the development of tolerance and the type of food: less than 25% of the 
cases of hypersensitivity to egg, peanut, and milk, were lost during the dietary period, while one 
third of wheat sensitivity cases and one half of soya sensitivity cases were outgrown after one to 
two years of elimination diet.57 

3 . 2 . 6 . Acute contact urticaria and angioedema 

This syndrome appears 10 to 30 minutes after skin exposure to some foods.60 It can be provoked 
by an IgE-mediated mechanism and disappears within 24 hours. Contact urticaria may appear at 
the point of skin contact or in other cutaneous regions. In these patients the contact with the 
offending food may at times cause systemic effects in other target organs (e.g. rhinitis, conjuncti­
vitis, asthma, anaphylactic shock). The term 'contact-urticaria syndrome' coined by Maibach61 

indicates the above systemic reactions that appear in hypersensitized subjects after exposure 
and cutaneous absorption of the allergen. The symptoms consist of itching, tingling, erythema, 
and wheal formation; the erythematous reaction can be localized or systemic. The foods most 
commonly involved are egg, milk, wheat, peanut, vegetable, and fish. Most of these individuals 
handle food products through occupational exposure for extended periods of time before com­
plaining of symptoms. 

The name 'protein contact dermatitis' was suggested by Hjorth and Roed-Petersen62 to describe 
patients with chronic eczema who complained of exacerbations within 30 minutes after exposure 
of the affected skin to certain food protein such as those found in fish, wheat, milk, vegetable, and 
spices.63 The symptoms consist of itching, erythema, urticarial swelling of the fingers or extensor 
surface of the hand. 

3 . 2 . 7 . Systemic anaphylaxis 

Systemic anaphylaxis is a dreadful allergic reaction that usually occurs 1 to 30 minutes after food 
exposure, but may also take place up to two hours after the meal. Systemic anaphylaxis can be 
the initial manifestation of food allergy, or it may develop in subjects with previously documented 
reactions io a known food. 
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The term 'anaphylaxis'64 is used to describe a generalized and severe reaction that follows the 
release of various mediators that are able to provoke cutaneous, respiratory, cardiovascular, and 
gastrointestinal symptoms. Anaphylaxis can be fatal when severe symptoms rapidly progress and 
proper assistance is delayed. Many foods have been reported to cause anaphylaxis: milk, egg, 
peanut, seafood, nut, legumes, spices, and some exotic fruits. 

There is no reliable data on the prevalence and incidence of fatal and near fatal anaphylactic 
reactions. 

Yunginger et al. described seven cases of fatal food-induced systemic anaphylaxis that occurred 
immediately after intake (fish, peanut).65·66 These reactions did not occur at home and patients 
were unaware that the food they had eaten contained the responsible allergen. All had exper­
ienced a previous, less severe anaphylactic reactions to the same food. Sampson et al. described 
six fatal cases due to the ingestion of either peanut, nut, or egg.67 Five patients initially had oral 
and abdominal symptoms, later they developed various combinations of cutaneous, respiratory, 
gastrointestinal, and cardiovascular signs and symptoms. Dutau et al.68 described four cases of 
food-induced anaphylaxis: the offending food was milk in two cases, egg in one case, and snail in 
the other. Previously, the same author had pointed out the occurrence of severe symptoms after 
peanut intake in 7.5-25% of pediatric patients.69 Sampson et al.70 has reported that 50% of the 
children with peanut-induced anaphylaxis have symptoms so severe that oral challenges with 
peanut are not possible. A retrospective analysis of American and European studies on anaphy­
laxis shows that peanut is responsible in 50% of the cases. Milk71 ·72 and egg 73 are also known to 
cause severe reactions especially in pediatric patients; these reactions sometimes can follow 
unknown inhalation of food allergens. Ansaloni et al.74 reported 24 patients who had severe 
systemic reactions to food, of these patients nine had had anaphylactic shock and 13 laryngeal 
edema that were supported by medical records. The foods eliciting the severe symptoms were 
milk (three cases) and hazelnut (three cases); peach, cherry, kiwi, egg, fish, food crustácea (two 
cases for each food); apple, wheat, maize, mustard, pear, fennel, legumes (one case for each 
food). Symptoms appeared within 1 to 60 minutes after food intake. In this study laryngeal edema 
was the most frequently reported severe reaction, and milk and hazelnut were the foods most 
frequently responsible. The anaphylactic reactions due to milk are generally provoked by casein. 

Due to the increasing use of vegetarian foods, sesame seeds induced anaphylaxis75·76 has 
recently been described. Spices that are included in sauces and other foods, such as mus­
tard77·78·79·80 and coriander, can also provoke anaphylactic symptoms. It is important to consider 
a diagnostic protocol in order to reach a diagnosis of food induced anaphylaxis or other food 
induced life threatening reactions. The following are the main points of the diagnostic work-up: 

• verify the life-threatening event (anaphylactic shock, laryngeal edema, or severe asthma that 
requires emergency treatment) and substantiate it with medical documentations; 

• exclude other causes of anaphylaxis (insect sting, concurrent diseases, etc.); 

• determine the likelihood that the food eaten is the cause of the life threatening reaction; 

• positive skin tests and/or RAST to the suspected food(s) can confirm the IgE mediated 
mechanism. 
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3 . 2 . 8 . Exercise- induced anaphylaxis (EIA) 

EIA has been recognized as a distinct form of physical allergy characterized by flushing or 
urticaria associated with symptoms of the upper respiratory tract and/or gastrointestinal tract that 
in some cases can precede cardiovascular failure.81-82 

The intake of an offending food can elicit severe anaphylactic reactions when followed by 
exercise, whereas the ingestion of the food alone or exercise alone do not provoke symptoms. At 
times the offending food alone does not cause anaphylaxis but symptoms of anaphylaxis are 
elicited only when the food is combined with exercise. The pathogenesis of this syndrome 
remains unknown but it probably involves the degranulation of mast cell and an abnormal 
response of the autonomic nervous system. 

There are rare reports of this disease: Maulitz et al.83 report one reaction of exercise-induced 
anaphylaxis to shellfish; Kidd and Cohen81 report three cases after celery intake. In these patients 
symptoms appeared within 2 to 15 minutes after initiating exercise. In one patient it was clearly 
shown that exercise without prior food ingestion or exercise occurring two hours after an 
offending meal did not produce an anaphylactic reaction. Other cases have reported a delay in 
the onset of symptoms: usually apparent 1-4 hours after physical exercise. The diagnosis should 
become evident if DBPCFC is followed by exercise. 

In conclusion exercise-induced anaphylaxis is the result of an IgE-mediated reaction to a sensitiz­
ing food, occurring when physical exercise is performed after the ingestion of that food in a 
previously sensitized individual. 

3 . 2 . 9 . Gastro intes t inal hypersens i t iv i ty react ions to food 

Some diseases of the gastrointestinal tract can be caused by allergic reactions to food allergens. 
The gastrointestinal system converts the ingested foods into simple elements which are easily 
absorbed. During the digestive process immunological (GALT) and physiological mechanisms act 
to hinder the passage of foreign antigens through the gastrointestinal mucosal barrier. Food-
specific IgA antibodies that are secreted by the lymphatic structure into the lumen, aid in 
hindering the absorption of food antigens. In fact proteins or their fragments that cross the 
mucosal barrier are then inactivated in the systemic circulation mainly by Kuppfer cells of the liver 
and phagocytic cell of the retículo endothelial system. Disorders of intestinal barrier can allow 
macromolecules easily to reach the systemic circulation, triggering clinical reactions locally or at 
sites distant from the site of absorption.84 

Some allergic reactions of the gastrointestinal tract can be caused by more than one immunologi­
cal mechanism. Nonetheless, most reactions are IgE-mediated: i.e. oral allergy syndrome; 
gastrointestinal anaphylaxis (malaise, abdominal pain, vomiting, and/or diarrhoea) and infantile 
colic. 

Other adverse reactions to food depend on a non-lgE-mediated immunological mechanism: i.e. 
food-induced enterocolitis syndrome, allergic eosinophilic gastroenteropathy; food-induced coli­
tis, malabsorption syndromes, intolerance to lactose; dermatitis herpetiformis; celiac disease and 
food-induced pulmonary hemosiderosis. 
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3.2.9.1. Gastrointestinal anaphylaxis 

This disease is an IgE-mediated gastrointestinal hypersensitivity that accompanies allergic mani­
festations in other target organs.37 This results in a variety of symptoms that generally develop 
within minutes to two hours after food intake, mainly nausea, abdominal pain, vomiting, and/or 
diarrhoea. In children with atopic dermatitis and food allergy,59 the frequent ingestion of food 
allergens may induce partial desensitization of gastrointestinal mast-cells resulting in less pro­
nounced symptoms (poor appetite, periodic abdominal pain). In these patients the abnormal gut 
permeability has been shown to be related to histological alterations of the gastrointestinal tract. 

3.2.9.2. Infantile colics 

This is a syndrome characterized by a unrestrainable crying and intractability that develop during 
the first 3-4 months of life.85 A possible cause of the pain could be the hypersensitivity to cow's 
milk.86 In fact, psychosocial and dietary factors have been implicated in the etiology of this 
syndrome. However, recent double-blind crossover trials in bottle-fed and breast-fed infants 
suggest that IgE mediated hypersensitivity may be a pathogenic factor in some infants.87 This 
mechanism accounts for only 10-15% of all colicky infants, the etiopathology of the remaining 
cases remain unclear.88 

3.2.9.3. Allergic eosinophilic gastroenteropathy 

This disorder is characterized by peripheral eosinophilia, eosinophilic infiltration of gastric and 
intestinal mucosa, and exacerbation of symptoms.89 

A large number of gastropathies fall under the heading of 'eosinophilic gastroenteropathy', but an 
IgE-mediated food allergy has been recognized only in the disorder with the characteristics 
described by Waldman.90 Their patients simultaneously showed other atopic diseases. 

The eosinophilic infiltrate involves various gastric and intestinal layers. Eosinophilic invasion of 
the muscular layer lead to thickening and rigidity of the stomach and intestinal walls, along with 
eosinophilic infiltration of the serosal cells. Symptoms are post-prandial nausea and vomiting, 
abdominal pain, diarrhoea (occasionally steatorrhoea), weight loss in adults or failure to thrive in 
young infants. 

These patients have a form of the disease that is mainly localized to the mucosa; an IgE-mediated 
reaction to food has been identified as the cause of this disorder. This form of allergic eosinophilic 
gastroenteropathy can be accompanied by elevated IgE antibodies in duodenal and jejunal 
tissue, elevated serum IgE titres, positive prick tests to inhalant and foods allergens, peripheral 
blood eosinophilia, iron deficiency anemia, and hypoalbuminemia. Edema secondary to hypoal-
buminemia may occur in infants with protein-losing enteropathy with minimal gastrointestinal 
symptoms. A small number of patients have an improvement of symptoms after an elimination 
diet. Symptoms may resolve after eliminating the responsible food from the diet for a period of 6 
to 12 weeks. 

34 



3.2.9.4. Food-induced enterocolitis syndrome 

This disorder is seen in children within the third month of life; it is characterized by vomiting, 
diarrhoea, and malabsorption. Symptoms are provoked by hypersensitivity to cow-milk and soya 
proteins.91 The damaged intestinal mucosa and accompanying malabsorption may also be 
caused by intolerance to chicken, rice, fish, and egg. Stools may contain occult blood, eosino­
phils, neutrophils, and may also test positive for sugar malabsorption. Skin-prick tests for food are 
generally negative. Jejunal biopsy also shows mild atrophy of the mucosa that is similar to that 
seen in celiac disease. Vomiting and diarrhoea may occur within minutes to hours after a food-
challenge test. However, opinions regarding the pathogenesis of this syndrome remain discor­
dant. Although many authors consider this enteropathy as non-lgE mediated, an increase in IgE 
antibodies has been demostrated after challenge with the suspected foods.92-93 Studies per­
formed on intestinal biopsies showed evidence of an increase in plasma cells producing IgM and 
IgA.94·95 Recent investigations report the IgE-mediated activation of intestinal mast-cells. 

A milk-free diet induces a quick resolution of symptoms and many children tolerate milk by their 
first year of life, also in the presence of moderate abnormalities of the jejunal mucosa. 

3.2.9.5. Food-induced colitis 

This is a disorder that develops in the first few months of life; symptoms are caused by 
hypersensitivity to milk and soya proteins.96·97 The most important complaint is bloody diarrhoea; 
histologic lesions are seen in the large bowel and primarily consist of mucosal edema and 
eosinophilic infiltration of the epithelium and lamina propria. 

In these children, symptoms improve after eliminating cow's milk or soya from their diet or the 
mother's diet if the infant is being breast-fed. These children tolerate milk by the age of two. 

3.2.9.6. Food-induced malabsorption syndrome 

This disorder is present in the first several months of life and is characterized by diarrhoea, poor 
weight gain, and carbohydrate malabsorption.98 These patients are generally intolerant to either 
cow's milk proteins, soya, egg, or wheat. Jejunal biopsy is typically defined by patchy villous 
atrophy and cellular infiltration. Moreover these patients show elevated serum IgA and IgG 
antibodies specific for cow's milk proteins. 

3.2.9.7. Lactose intolerance 

Intestinal lactase is an enzyme able to hydrolyze lactose and glycosilceramide found in human 
milk. 99,100 

Isolated deficiency of this enzyme is rare and is usually manifested at birth. On the other hand, 
the acquired deficiency is frequently seen in adults, often after disease of the small bowel. The 
concentration of lactase in the intestinal brush-border cells tends to decrease in the long run. The 
prevalence of acquired lactase deficiency is elevated in Orientals, Negroes, and American 
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Indians (90%);101 in subjects of Northern Europeans the prevalence is only about 5%. In Italy the 
prevalence of lactase deficiency has been reported to be 4, 52, 55,102 and 78%, according to the 
different studies performed on healthy adults. Secondary lactase deficiency is present in some 
inflammatory bowel disorders, untreated celiac disease, bowel reactions in chronic alcoholism, 
and after anti-neoplastic chemotherapy. Identification of these patients is possible with the use of 
indirect methods: measuring glycemia after lactose load and H2 concentration assay in expiratory 
air after lactase ingestion (H2 breath test).103 The latter test is very sensitive for quantifying the 
lactose that is not absorbed. 

Management of the lactose intolerant patient is based on educating the patient on what foods 
reduce symptoms rather than instructing the patient to exclude those foods that contain lactose. It 
has been verified that lactase is an induceable enzyme and that patients with lactase deficiency 
can induce acquired tolerance to lactose by drinking large quantities of milk, thereby selecting the 
development of a bacterial flora that metabolizes lactose in the presence of an acidic environ­
ment.104 

3.2.9.8. Dermatitis herpetiformis 

This disease is a papular-vesicular skin disease often associated with gluten sensitive entero­
pathy (85% of patients). 

Dermatitis herpetiformis, as celiac disease, has an increased association with specific cellular 
surface antigens: 80-90% of these patients have the HLA B8 and DRW3 haplotype.10·69 The 
histology of the skin lesions is characterized by infiltration of PMN in the dermoepidermal 
junction. The derma of 85-90% of the patients with dermatitis herpetiformis reveals granular 
deposits of IgA with J-chains. This suggests that the IgA antibodies most probably originate from 
the mucosal surface of the small bowel. 

Linear IgA deposist without J-chains can be found in 5% of the patients, suggesting non-mucosal 
origin of these immune globulins.107'108 Intestinal biopsy in patients with granular IgA deposits 
indicates injury that is similar to celiac disease.109 On the contrary, patients with linear IgA 
deposits do not show the typical intestinal defects. 

Elimination of gluten from the diet leads to resolution of skin symptoms and normalization of 
intestinal intercellular structures over several months; and this permits the tapering of sulfones. 

3.2.9.9. Celiac disease (CD) 

CD is a gluten sensitive enteropathy caused by an abnormal intestinal immune response to 
gluten.110·111 It appears in individuals with genetic susceptibility and the haplotype HLA B8 DW3. 
interaction between gluten and the immune system not only involves intestinal mucosa but also 
the skin, oral mucosa, kidney, and joints. In the intestinal mucosa T-cell mediated immunity 
accompanies the histological and functional alteration: flat mucosa or normal crypts and villi with 
an intraepithelial lymphocytic infiltration of the villi. A clear correspondence between histological 
alteration and symptoms is not always present: therefore celiac disease has been defined as 
active, silent, latent, and potential celiac disease. 
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Villous atrophy, crypt hyperplasia, gastrointestinal symptoms, and malabsorption characterize the 
active form. In silent disease there is a scarcity of symptoms and the mucosa is flat. In latent 
celiac disease the intestinal mucosa is normal when on a free diet, but these patients can or will 
develop a flattened mucosa that normalizes after a gluten-free diet. The immunopathogenesis is 
not evident but recent studies suggest a cell-mediated mechanism. Pathological lesions of the 
small intestine consist of neutrophilic and eosinophilic infiltration of the mucosa with edema and 
increased vascular permeability. Subsequently the mucosa is infiltrated by mononuclear cells, 
plasma cells, and lymphocytes. In chronic celiac disease one sees a reduced flat intestinal 
mucosa with villous athrophy, plasma cells, and lymphocytic infiltration of the lamina propria. The 
increased antibody response (antigliadin antibodies or food-antigen antibodies) is a consequence 
of anti-inflammatory activity. It is unlikely that antigliadin antibodies (AGA) play an important role 
in the mucosal damage, although an activated complement system is evident in these patients. 
Some authors consider celiac disease to be an autoimmune disease caused by gluten ingestion, 
the target organ being the protein of the lamina propria after identification of Ab antireticuline, Ab-
antiendomysium, Ab-antijejunum.112·113·114'115 

The active form of celiac disease occurs in the first two years of life and is characterized by 
chronic diarrhoea, weight loss, vomiting, and anorexia. If extensive mucosal damage is present 
the patients may suffer from steatorrhoea, peripheral edema, pallor due to food loss caused by 
vitamin-K deficiency, and tetany due to calcium and magnesium deficiency. Recent instrumental 
investigations have shown new forms of the disease. These forms are frequent during late infancy 
and in adults with extraintestinal symptoms: iron deficency anemia (resistant to iron replacement 
therapy), retardation of puberty and low stature. The association between celiac disease and joint 
disease and the evidence of elevated transaminase levels and chronic hepatitis has also been 
reported. Moreover, an association has been indicated between celiac disease and epilepsy in 
patients with bilateral occipital calcifications. Dentinoenamel hypoplasia and recurrent aphtous 
ulcers can be symptoms of celiac disease. Granular IgA accumulations have been found in celiac 
patients. 

Treatment for celiac disease consists of a gluten-free diet. Clinical improvement, particularly in 
children, can be seen within days of dietary treatment and morphologic abnormalities are 
reversed in a matter of weeks. A life-long gluten-free diet is recommended for celiac disease 
patients regardless of symptoms. 

3.2.9.10. Heiner's syndrome or food-induced 
pulmonary hemosiderosis 

This is a syndrome characterized by recurrent episodes of pneumonia associated with pulmonary 
infiltrates caused by hemosiderosis, iron deficiency anemia due to gastrointestinal blood loss, 
failure to thrive, vomiting, cough, and dysplasia. Hemosiderin-laden macrophages may be found 
in the gastric fluid or on biopsy specimens of the lung; multiple serum precipitins to cow's milk 
may also be seen in the peripheral blood.116·117 

This rare syndrome is often associated with a non-lgE-mediated hypersensitivity to cow's milk but 
reactivity to egg and pork has also been reported: the immunological mechanisms are not known. 
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Rare studies report deposits of IgG, IgA, and C'3 in lung biopsy specimens. Antigen antibody 
complexes and lymphocyte mediated hypersensitivity responses to milk are postulated in the 
immunopathogenesis of this disorder. This hypothesis is based on the presence of elevated 
serum levels of milk specific IgG antibodies. The elimination of milk or other foods responsible 
resolves symptoms. 
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4. P A T H O G E N E S I S OF FOOD ALLERGY 

S Y N O P S I S 

Among the immunologically-mediated reactions to foods, IgE-mediated food allergy is the most 
exhaustively investigated regarding the pathogenesis. An important role in development of food 
allergy is played by the break of oral tolerance, an immunologic mechanism mainly supported 
by T-suppressor lymphocytes leading to a systemic hyporesponsiveness but local IgA hyperre-
sponsiveness to antigens ingested in early infancy. Thus, hyperresponsiveness to antigens and 
immaturity of the immune system might account for the higher prevalence of food allergy in 
children than in adults. Also the characteristics of some allergens, such as an enzymatic activity 
or the resistance to digestion, especially occurring with sequential allergens, may be important 
in determining food sensitization. In addition, recent studies showed that sensitization to cross-
reacting allergens present in food and inhalant sources may underlie the development of food 
allergy. 

4.1 Introduction 

Adverse reactions to foods can be classified in two main groups, the immunologically-mediated 
and the not-immunologically-mediated reactions, the latter comprising: (1) adverse reactions due 
to intolerance to carbohydrates, intestinal lactase deficiency being the most common cause of 
adverse reactions to foods; (2) toxic reactions to food contamination by pathogenic microbes or 
their toxins; (3) pharmacological reactions due to substances naturally occurring in foods such as 
caffeine and tyramine, or added in food preparation such as nitrites, or developing during storage 
such as histamine. 

Immunologically-mediated reactions comprise: (1) IgE-mediated reactions, the only ones that 
have been exhaustively evaluated from all clinical and pathogenetic aspects, since the results of 
double-blind placebo-controlled food challenge (DBPCFC) show they are the only reactions really 
reproducible in controlled conditions. IgE-mediated reactions cause symptoms such as urticaria, 
atopic dermatitis and asthma, but also anaphylactic shock and gastrointestinal symptoms such as 
vomiting and diarrhoea; (2) cell-mediated reactions, including gluten enteropathy and probably 
the child-at-breast enteropathies, whose typical histological aspects include atrophic villus and 
hyperplastic crypta, elicited by foods such as soya, fish and milk. 

IgE-mediated reactions are properly defined as allergic and are part of the large group of atopic 
diseases, involving both the exposure to certain antigens and a particular genetic disposition. 
However, a third factor is also likely to play a pivotal role in the case of IgE-mediated sensitization 
to foods, known as oral tolerance.1 

4.2. Oral tolerance 

The existence of oral tolerance has been known for a long time, but its mechanisms are only 
partially recognized. By this phenomenon the exposure to an antigen by the enteral route induces 
a specific systemic immunologic hyporesponsiveness, limited to IgE-mediated and cell-mediated 
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immunity, to subsequent exposures to the same antigen also by other routes, such as the 
parenteral one. Oral tolerance can be easily induced, especially with soluble antigens, but does 
not occur with replicant antigens and therefore oral tolerance cannot be induced to viral antigens. 
Oral tolerance has been demonstrated by a series of experimental models. For example some 
chemical aptens able to elicit contact dermatitis if administered in the experiment animal by the 
gastroenteric route significantly inhibited the contact sensitization compared to the control 
animals.2 First studies were performed by DNCB and demonstrated an inhibition of cell-mediated 
reactivity.3 Regarding food antigens, the most reproducible model is the oral tolerance to 
ovalbumin in mice, which can be induced by a single administration and can last up to two 
months. In a study a single administration of ovalbumin at different amounts induced a well-
measurable suppression of cell-mediated reactivity.4 This obviously gave rise to various theoreti­
cal speculations about the most convenient rhythms of feeding in man and on the importance of 
the so-called 'priming' effect.5 This is a well reproducible and measurable phenomenon, the 
mechanisms of which are incompletely known, regulating the immune response to antigenically 
intact absorbed proteins. However absorption of intact proteins occurs only rarely, since some 
mechanisms globally defined as mucosal barrier are aimed at interfering with the intake of 
macromolecules. The gut is constantly exposed to large amounts of soluble and particulate 
antigens, mostly derived from foods. To avoid massive absorption followed by non-selective 
immunization, particular mechanisms have developed in the intestine, some non-immunologic 
forming a barrier to the passage of macromolecules, and others immunologic regulating the 
immune response if this barrier is broken.6 

The intestinal barrier consists of mucus, gastric acid, duodeno-pancreatic enzymes. Gastric 
digestion by acid secretion and pepsinic hydrolysis provides a first degradation of food proteins, 
then completed by proteolytic enzymes determining a digestion in to simple peptides to be 
absorbed by the bowel. Therefore, the small bowel is reached only by a few intact proteins, the 
absorption of which is further prevented by the presence of the intestinal mucus. This is 
continuously produced by the mucus-secreting cells scattered in the intestinal epithelium and 
forms a viscous barrier trapping all the proteins with a molecular weight higher than 17 kd. 
However its major efficacy relies in being constituted by large glycoproteins with a prateie core 
and a carbohydratic contour. The latter account for about 80% of the molecular weight and have 
monosaccharidic terminal residues such as fucose and sialic acid. Many antigens, even of foods, 
adhere by such carbohydratic residue to enter in the enterocytes and thus the mucus acts by 
competition, blocking the food proteins as well as the cell walls of many microbes. The mucus, 
once trapped all refused substances, flows by peristaltic mechanisms. Another non-immunologic 
mechanism is represented by the selective permeability of the microvillum membrane of the 
enterocytes, which largely depends on age and maturation of the subject. 

Also an immunologic mechanism consisting in the immunoexclusion by secretory IgA antibodies 
can concur to the intestinal barrier. They are prevalently represented by the lgA2 subclass, 
probably because of its greater resistance to enzymatic degradation compared to lgA1 subclass. 
If secretory IgA certainly block some antigens, especially bacterial,7 their role with food protein is 
yet unclear. So far a correlation between deficiency of secretory IgA and food allergy has not been 
reported, however this mechanism is under continuous investigation because of the theoretical 
importance of the block by IgA to antigen intake. This block occurs at three levels, namely in the 
lumen where IgA are secreted, in the epithelium and in the lamina propria. Despite this, a small 
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quota of macromolecules, corresponding to about 2%, physiologically reach the intestine, on one 
hand giving rise to further production of secretory IgA and on the other the development of oral 
tolerance, which is an anergic mechanism but involves many regulatory mechanisms. 

Regulation of the immune response is based on the activity of anatomical structures such as 
Peyer's patches, M (microfold) cells, and other components of the immune system in the 
intestinal mucosa grouped under the umbrella term GALT (gut associated lymphoid tissue).8 

Intestinal lymphatic tissue is one of the most abundant in the human organism and its basic 
elements are Peyer's patches and a specialized epithelium represented by M cells in the ileum. 
Peyer's patches are certainly an unique element in lymphatic system and can be defined as sites 
of induction of IgA response. They are complexly structured and include three main areas: so-
called dome zones, in which are contained macrophagic dendritic cells and scattered Τ and Β 
lymphocytes, and two other well organized zones. These are the parafollicular zone where the Τ 
lymphocytes (T areas) are found and the follicular zone with two germinative centers where the Β 
lymphocytes (B areas) are the type of lymphocytes in the parafollicular zones which has been 
investigated in a number of studies and it has been possible to define, at least partly, the 
phenotype functions of these cells. Being Peyer's patches sites preferentially inductive of IgA 
response, they are provided of all the immunocompetent cells helping this response. Thus, in 
parafollicular zones Τ lymphocytes are essentially of CD4 phenotype with helper function, with 
only a small quote of CD8 lymphocytes.9 CD4 cells are lymphocytes regulating isotypic switch of 
Β cells from BlgM to BlgA. Peyer's patches are a site with a large concentration of BlgA, i.e. 
already capable of IgA production, however these are only 40% of resident Β cells, being 60% 
represented by cells that await the signal for switching.10 

Also other types of lymphocytes are present. Recent studies reported the presence of subtype 
TH2 of CD4 cells, as demonstrated by the model of immunization with heterologous red cells in 
mice showing that, once the switch has occurred, lymphocytes producing cytokines such as IL-4, 
IL-5 and IL-6 (characteristic of the TH2 pattern) were found.11 In particular, IL-5 is involved in 
further development and differentiation of Β lymphocytes in plasma cells producing IgA.12 

In Peyer's patches, an antigen-specific as well as an antigen-non-specific suppression may occur. 
The latter is demonstrated by the increase of oral response to certain antigens, the decrease of 
suppressor Τ cell response after oral challenge, and by the lack of oral unresponsiveness in 
animals genetically unresponsive to lipopolysaccharide.1 

Once the sensitization to the antigen has occurred a specific Β IgA (with its TCD4) leaves through 
the efferent lymphatics, arrives to mesentheric lymph nodes, passes in the thoracic duct and 
reaches the bloodstream, then homing in the lamina propria of the different secretory sites, where 
the effector IgA response is effective. Therefore, most Β IgA cells return to the intestinal lamina 
propria (which is the induction site), where they develop to plasma cells and produce the dimeric 
IgA which adhere by their secretory or J component and are transported to the luminal surface. 
However, Β IgA cells may also reach different sites located in the respiratory, urogenital and 
mammary tissues, being influenced by endothelial factors such as addressins.13 
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This gives rise to the concept of a common mucosal system,14 which makes it reasonable that a 
sensitization that occurred in the GALT can account for antigen-specific IgA in all secretory 
apparata. 

Considering the epithelium above Peyer's patches, M cells are caliciform cells lacking lysosomial 
organelles, thus allowing an unaffected passage of antigens, which reach intact macrophages, 
dendritic cells, and the dome zone of Peyer's patches, where they are processed and elicit the 
immune response. However M cells are only a minority in the intestinal epithelium, where the 
most common cell is the enterocyte. This cell absorbs the antigens and certainly plays an 
important role in the regulation of the immune response to food antigens because (1) it carries 
secretory IgA and joins them to J component (2) it has a rich lysosomial apparatus and expresses 
class II MHC antigens (3) it is in continuous contact with intraepithelial lymphocytes (IEL), to 
which deep investigation have been devoted from many years.15 These lymphocytes are an 
homogeneous group of Τ cells with CD3 + CD8 + phenotype, thus showing a suppressor/cyto-
toxic function, which represent 70-90% of human IEL16; those cells recently were attributed the 
function of suppressing the immune response at a systemic level.17 In rats and humans, antigen 
presentation by epithelial cells expressing class II MCH antigens is likely to induce a selective 
stimulation of CD8+ suppressor cells with subsequent block of the immune response to that 
antigen.18'19 It is reasonable to suppose that these activated CD8+ cells are IEL. 

From a theoretical point of view, as enterocytes present the antigen in conjunction with class II 
MHC molecules a preferential stimulation of CD4+ cells, i.e. helper lymphocytes, should occur, 
but on the contrary a suppressor stimulation takes place. This fact has not yet been explained, 
however recent studies reported that antigens produced by immature IEL can stimulate Τ 
suppression.20 Moreover, enterocytes express anomalous class II antigens and may produce 
tolerogenic substances.9 It is possible that the type of antigen presentation by the enterocyte may 
condition the activation of CD8+ lymphocytes, which once migrated in the spleen should induce 
anergy. 

The phenomenon of oral tolerance is currently under thorough investigation because it has been 
found that it can be used in treatment of immunologic diseases. For example in experimental 
allergic encephalopathy of the mouse, equivalent to multiple sclerosis in man, administering basic 
myelin by feeding made it possible to stop the demyelination lesions.21 Moreover, oral immuniza­
tion with allogeneic splenocytes was able to inhibit accelerated rejection of cardiac graft.22 

Therefore oral tolerance seems to be a very important immunologic mechanism mainly supported 
by T-suppressor lymphocytes, as demonstrated by its inhibition by T-suppressor depletion made 
with cyclophosphamide.23 It occurs quickly following a single assumption and depends on the 
animal's age, doses and times of administration, developing according to a sequence in which the 
antigen uptake by M cells in intestinal Peyer's patches is followed by local production of secretory 
IgA antibodies accompanied by suppression of the systemic response by T-suppressor lympho­
cytes. This gives rise to a systemic hyporesponsiveness of IgM, IgG and IgE but local hyperre-
sponsiveness of antigen-specific secretory IgA, which then helps block further antigen absorp­
tion. Though it has not been proved that IEL are solely responsible for oral tolerance, considering 
their phenotype and the contiguity with epithelial cells and mucosal lymphatic system, they are 
probably the cells most involved. 
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These observations suggest that any break in this sequence of events, even partial or short-
lasting, can cause the loss of oral tolerance, resulting in sensitization to foods. 

4.3 Immaturity of the immune system 

The dependency of oral tolerance on the animal's age suggests the importance of maturation of 
the immune system in this mechanism. It has been found that a too early feeding with solid foods 
in respect to the animal's age can determine an activation of IEL antigens, resulting in the 
abolition of tolerance also to soluble antigens.24 Thus, in humans an inadequacy of the mechan­
isms underlying oral tolerance might account for the higher prevalence of food allergy among 
children, especially in the very first years when factors regulating the intestinal barrier are not yet 
fully developed.25 The final maturation of the specialized structures of the intestinal barrier would 
thus explain the spontaneous resolution of food allergy in the first three years of life, which 
occurs, as demonstrated by Bock, very commonly.26 By contrast, a food allergy arising after this 
age is unlikely to resolve spontaneously. It is thus conceivable that in infancy the lack of fine 
regulation of IgA synthesis and of full maturation of enterocyte microvillus membrane may 
condition a high passage of food antigens and, as a consequence, a sensitization to foods caused 
by a breakdown of tolerance. 

The overall immaturity of the immune system in the first months of life might explain the high 
prevalence in early infancy of atopic eczema, a disorder often related to food allergy. True 
immunodeficiency diseases involve eczema and dysregulation of IgE and IgA antibodies. Among 
these are some diseases due to the presence of dysfunctional Β cells, such as Wiskott-Aldrich 
syndrome and hyper-lgE syndrome in which both eczema and high levels of IgE are likely to be 
related to an impaired function of the Τ suppressor cells.27 Thus in a child with no true 
immunodeficiency a transient slowing or arrest of the maturation of these cells might cause 
eczema symptoms and/or an increase of IgE (even specific) which will disappear when the 
immune system matures. 

Recent studies underlined the importance of intestinal mast cells. In the gut there is a vast 
number of both mucosal and connectival mast cells, though in humans this distinction is not as 
clear-cut as in rats since the two types may have similar characteristics according to the 
conditions of the environment.28 In the regulation of IgE sinthesis two signals are required: the 
presence of IL-4 and the T-B interaction, which may be cognate (i.e. with interposition of the 
antigen) but also non-cognate.29 Recently the mechanism of non-cognate interaction was identi­
fied as the ligand CD 40 on the Τ cell and this ligand was found also on mast cells and basophils, 
thus these cells can determine, in cooperation with Β cells, the production of IgE with no Tcells.30 

This has to be carefully considered to explain why sensitization is particularly important in sites 
with the most abundance of mast cells, such as the intestinal and respiratory mucosa. 

However food allergy does not always occur in the first three years of life. In patients with allergic 
symptoms after this age it is difficult to lay the blame on factors such as impairment of the 
gastroenteric barrier or of immunecompetent cells, and other mechanisms are more likely to be 
involved, such as the exposure to certain food allergens. 
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4.4. Role of allergens 

Pathogenetic mechanisms linked to food allergens, or even to allergens from other sources, are 

still largely unknown, but on the basis of recent data some hypotheses can be proposed. 

It is likely that in adults with a mature intestinal immune system, only some characteristics of the 

allergens might favour the sensitization. The pivotal characteristic that makes an antigen aller­

genic is still unidentified, however general characteristics of allergens include the glycoprotein 

nature, a molecular weight ranging from 5 to 50 kd (but reaching also 80­90 kd) and a variable 

resistance to heat and digestion. The latter is related to the antigenic determinants, many of 

which have particular functional properties, sometimes linked to an enzymatic nature. For 

example, the soybean tryptic inhibitor
31

 and the major allergens of dermatophagoides mites
32 

are enzymes and the enzymatic activity may account for an easier sensitization. Of particular 

importance in providing the allergenicity of an antigen are some reaction sites with Τ and Β 

lymphocytes as well as with IgE antibodies. There are continuous allergenic sites represented by 

an epitopes formed by a unbroken segment of polypeptide chain, that is a series of aminoacids, 

which are defined as sequential allergens. This kind of allergens is almost indestructible, being 

very small and hardly affected by proteolytic activity. By contrast discontinuous allergenic sites 

are formed by epitopes obtained by justa/position of aminoacids caused by folding of the peptidic 

chain and their activity is linked to tertiary proteic structure. They are defined as conformational 

allergens and are more easily denatured by chemical procedures or digestion. 

Among sequential allergens the most investigated is allergen M from codfish (Gad c 1 from the 

taxonomie name Gadus callarías according to current allergen nomenclature), which is a low 

molecular weight protein, of 12.3 kd, formed by a sequence of 113 aminoacids. The IgE reactive 

epitope is formed by two tetrapeptides separated by an inert aminoacidic sequence
33

 and this 

structure accounts for the sequential nature and makes the allergen in toto resistant to heat and 

proteolysis. Another sequential allergen is ovalbumin, one of the major allergens of chicken's 

egg, in which a reactive epitope formed by a sequence of 10 aminoacids was identified
34

. A very 

important allergenic source, especially in USA, is peanut (Arachis hypogea). All the proteins 

contained in the hydrosoluble globulinic fraction are allergens and Ara h 1 and Ara h 2 were 

recognized as major allergens.
35

·
36

 So far, no sequential allergen has been identified, however 

the peculiar allergenicity of peanut is indicated by the particular natural history of peanut allergy, 

showing, differently from other food allergies, no tendency to be outgrown with time.
37 

Among conformational allergens it is known that the allergens contained in the albuminic fraction 

of wheat flour are responsible for sensitization by the inhalant route, causing the so­called baker's 

asthma, but are unable to resist to digestion and thus allergic subjects can eat bread with no 

reaction.
38 

Upon different conditions, a sensitization route other than the gastroenteric one could be 

important in determining food allergy. Some patients may be sensitized by inhalation, inducing 

IgE production toward foods sharing allergens or epitopes with inhalant sources such as pollens, 

mites or animal hair and dander. This seems true for the most common food allergy in adults, the 

oral allergy syndrome, which especially involves vegetable foods.
39

 This syndrome is very 

frequently associated with pollinosis and allergy to certain vegetable foods is related to allergy to 

51 



certain pollens, as reported since 194240 and confirmed in a number of studies.41 Well-known 
associations between foods and pollens are: apple and birch;42 celery and birch and mugwort;43 

melon and banana and ragweed;44 tomato and peanut and grass;45 kiwi and grass and birch.46 

Recent studies investigated the pathogenetic basis of these clinical associations and in some 
cases it has been possible to identify the allergen determining IgE cross-reactivity. For example 
the major allergen of birch (Betula verrucosa) Bet ν 1, with a molecular weight of 17 kd, was found 
as the allergen causing clinical reaction to apple in subjects allergic to birch pollen.42 Bet ν 1 and 
its iso-allergen in apple demonstrated an homology of about 75% at nucleic acid level, thus 
making it reasonable to suppose that, considering the diffusion of birch pollinosis, most subjects 
allergic to apple are sensitized to the 17 kd allergen by the inhalant route. 

Allergy to kiwi fruit also seems conditioned by sensitization to allergens cross-reactive with grass 
and birch pollens, as demonstrated by the inhibition of immunoblotting, which causes a complete 
disappearance of some allergens demonstrating an almost identical structure.46 Patients with 
allergy to vegetable foods and pollens always report that pollinosis began before, often many 
years before, the oral allergy syndrome, thus indicating the route of sensitization as the inhalant 
one. 

Another model of cross-sensitization is allergy to avian proteins occurring in bird breeders, or in 
whatever subjects exposed to birds, conditioning hypersensitivity to egg.47 Also in this case, 
which has been defined as 'bird-egg syndrome', the homology between the two allergenic 
sources was demonstrated in the laboratory by a very high inhibition of RAST, and in particular 
the cross-reactive allergen was identified in egg yolk α-livetin, homologous to chicken serum 
albumin.48 Similarly to oral allergy syndrome and pollinosis, sensitization to avian proteins 
precedes allergy to egg, confirming the importance of the inhalant route. 

In some cases ubiquitous antigens are involved, these are defined as panallergens, that is 
allergens extremely diffuse in both the vegetable and animal kingdoms. This is true for profilin, a 
well-known protein with a molecular weight of about 14 kd, determining in animals actine 
polymerization and involved in macrosomial reaction of spermatic cells. 

This kind of sensitization occurs in birch and mugwort pollinosis, both conditioning hypersensiti­
vity to celery due to profilin.49 In birch, profilin has been identified as the major allergen Bet ν 2,50 

but its presence has been recognized in a number of vegetable foods, and in some cases 
monoclonal antibodies have demonstrated the identity of the two profilins.51 Being reported a 
homology of 34% also with human profilin, it cannot be excluded that in some cases the IgE 
reactivity to this allergen may be maintained by an autosensitization.51 

Other ubiquitous proteins accounting for sensitization by different routes are lectins. These 
constitute a heterogeneous group of glycoproteins which have the characteristic to specifically 
bind with very high avidity to a single monosaccharide.52 Lectins are extremely diffuse in the 
vegetable kingdom but were identified also in animals.53 Due to their high affinity for carbohydrate 
residues, lectins were suspected to induce degranulation of basophils by IgE-binding,54 but in in 
vitro studies RAST-inhibition with specific sugars failed to demonstrate such a mechanism.55 

Thus sensitization to lectins is likely to occur by other mechanisms, such as intracellular 
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penetration by their ability to adhere to free monosaccharidic residuals. Because of this ability 
lectins are commonly used in immunologic research as mitogens. 

Recent evidence has been added to our knowledge of the ubiquitous allergens tropomyosin, a 
protein involved in actine activation during muscle contraction, which has been identified as a 
cross-reactive allergen in shrimp, mites, and several insects.56 It is conceivable that in a number 
of patients allergic to mites, sensitization to tropomyosin, representing for shrimp its major 
allergen Pen a 1, 5 7 may trigger the development of food allergy to shrimp. 
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FOOD A L L E R G E N S 

SYNOPSIS 

Compared with the vast number of aeroallergens as yet identified, only a few food allergens are 
known, mainly because of the difficulty to recruit sufficient patients with positive IgE test and 
DBPCFC and to perform the laboratory technique for detecting allergens. So far, food allergens 
have been identified in cow's milk (a­lactoalbumin, ß­lactoglobulin, caseins), in hen's egg 
(ovomucoid, ovalbumin, ovotransferrin in egg white, α­livetin in egg yolk), in fish (Gad c 1), in 
shrimp (Pen a 1, Pen a 2), in peanut (Ara h 1, Ara h 2), in soybean (Gly m 1), in cereals (a series 
of proteins with m.w. from 26 to 79 kd as yet not named), in apple (Mal d 1, Mal d 2), in celery 
(Api g 1), in fruits belonging to Prunoideae (an allergen of 13 kd proposed as Pru ρ 1). 

5 . Í Introduction 

Allergens are polypeptide molecules of molecular weight (MW) ranging from 5 to 100 kd, able to 

elicit a specific IgE response. Differently from inhalant allergens, that have been thoroughly 

investigated, and the major, intermediate, and minor allergens
1
 have been identified, the process 

of identification of food allergens is ongoing and only a limited number of foods has been 

evaluated. This is mainly due to the difficulty, given the relative rarity of food allergy as compared 

to inhalant allergy, in recruiting a reasonable population size of subjects with specific IgE tests 

and double­blind placebo­controlled food challenge (DBPCFC) positive for a given food, in order 

to perform the laboratory techniques necessary to detect the allergens and to determine their 

clinical importance.
2 

So far, this has been possible for some of the foods most frequently responsible for food allergy 

such as cow's milk, hen's egg, fish, shrimp, peanut, wheat, soybean, and for some vegetable 

foods frequently involved in oral allergy syndrome (OAS), such as apple, celery, and Prunoideae 

fruits. 

In recent years considerable efforts have been made to identify the major allergens of legumes, 

cereals, fruits and vegetables. This has been possible for some of the above mainly by using 

SDS­PAGE and immunoblotting on the sera of patients with OAS, the most common form of food 

allergy in adults, especially prevalent in subjects with pollinosis. A number of observations 

indicate that the majority of allergens in fruits and vegetables are cross­reactive with homologous 

allergens in pollens, and that some allergens are particularly frequent. This is true for profilin, a 

substance involved in fertilization of plants, and for the allergens related to the major allergen of 

birch, Bet ν 1, which can be considered panallergens in the vegetable kingdom. On the other 

hand, allergens not cross­reacting with pollens are surely involved in clinical symptoms, as 

demonstrated for fruits of the Prunoideae subfamily. 

58 



5.2. Allergens 

5 . 2 . 1 . Cow's milk 

Since the 1960s it has been found that cow's milk contains about 20 proteins able to elicit the 

specific IgE synthesis.
3
 These proteins can be divided into caseins, representing about 80% of 

the protein fraction of milk, and whey proteins, representing about 20%. The casein fraction is 

comprised of five distinct proteins, namely α­casein (MW 27 kd), as­casein (23 kd), ß­casein (24 

kd), K­casein (19 kd), and γ­casein (21 kd). The whey proteins comprise ß­lactoglobulin (36 kd), of 

which three genetic variants with different electrophoretic mobility, but with no immunological 

differences, have been reported,
4
 a­lactoalbumin (14.4 kd), bovine serum albumin (69 kd), 

peptone (4­20 kd), as well as bovin immunoglobulins, lactoferrin, tranferrin, and lipase. 

Carbohydrates contained in cow's milk have no allergenic activity, but it has been reported that 

the allergenicity of cow's milk proteins can be enhanced by a nonenzymatic reaction with lactose, 

resulting in the coupling of the sugar to the protein, as demonstrated by a greater skin reactivity to 

ß­lactoglobulin treated with lactose one­hundred­fold higher than seen with untreated ß­lactoglo­

bulin in milk allergic patients.
5 

Caseins are heat­stable if boiled, whereas ß­lactoglobulin is partially denatured and the other 

whey proteins are almost completely denatured.
6
 ß­lactoglobulin was stable to digestion in a 

gastric model in vitro, the whole protein resisted 60 minutes to digestion, casein whole protein 

was stable two minutes, while its fragments 15 minutes.
7 

The availability of the various cow's milk proteins allowed to evaluate their allergenic importance 

by testing patients with demonstrated allergy to cow's milk. Out of 45 children who underwent 

challenges with the individual milk protein, 28 (62%) had a positive response to ß­lactoglobulin, 

27 (60%) to casein, 24 (53%) to a­lactalbumin, and 23 (51%) to bovine serum albumin.
8 

In vitro investigation by crossed­radioimmunoelectrophoresis (CRIE) found that a­lactalbumin, ß­

lactoglobulin, bovine serum albumin and bovine gamma globulin act as major allergens as 

assessed by the IgE­binding of most sera of milk allergic patients.
9
 In addition, studies by SDS­

PAGE/immunoblotting have detected in milks of various animals proteins that cross­react, as 

demonstrated by IgE­binding of sera of sensitized individuals with this component in milk from 

cows, goats, and sheep.
10 

5 . 2 . 2 . Hen's egg 

Most protein components determining allergic sensitization are contained in egg white, which 

comprises more than 20 proteins. Major allergens are ovalbumin, ovomucoid (Gal d 1), and 

ovotransferrin (Gal d 3), previously known as conalbumin,
11

 as demonstrated by CRIE
12

 and 

SDS­PAGE immunoblotting.
13 

Ovalbumin, named Gal d 2, according to the current allergen nomenclature
14

 based on the 

accepted taxonomie denomination of the animal or vegetal species representing the allergen 
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source (which in this case is Gallus domesticus), has a molecular weight of 45 kd and comprises 
more than 50% of egg's white proteins. Its complete aminoacid sequence has been described,15 

and a terminal decapeptide able to specifically bind with the IgE in sera of egg-allergic patients 
and to inhibit further binding with whole ovalbumin in RAST-inhibition experiments, was identi­
fied.16 The allergenic activity of ovalbumin was found to be resistant to both thermal and trypsin 
denaturation, as shown by negligible RAST-inhibition following these treatments, whereas pepsin 
hydrolysis caused an inhibition of 50%, demonstrating significant alteration of the antigenic 
structure.17 Gal d 2 was stable 60 minutes to digestion in a gastric model in vitro, the Gal d 1 
whole protein resisted eight minutes and the Gal d 3 whole protein was instable to gastric 
digestion, while its fragments were stable after 15 minutes.17 The cleavage of ovalbumin with 
cyanogen bromide resulted in four fractions, all binding specific IgE in the sera obtained from 
egg-sensitive individuals.17 A recent study was aimed at defining the allergenic epitopes of 
ovalbumin by using two preparations either physically and chemically denatured or containing 
ovalbumin fragments obtained by enzymatic digestion.18 Analysis of the sera of patients with egg 
allergy by SDS-PAGE followed by an ELISA technique showed that the primary structure of 
ovalbumin was retained after both types of denaturation, whereas the conformational structure 
was modified only by physical denaturation by heat, as demonstrated by differences in fine 
specifities of IgE compared to IgG and IgA against ovalbumin. Another study investigated the 
epitope mapping of ovalbumin using synthetic peptides comprising a segment of 70 aminoacid 
residues located at the N-terminal.19 It was observed that the allergenicity, tested by inhibition of 
ovalbumin binding by specific IgE from allergic patients, was distributed in the 11-70 region, being 
the 11-19 peptide able to inhibit IgE-binding despite a weak antigenicity. The 11-70 region 
seemed to contain conformational rather than continuous allergens. 

Ovomucoid (Gal d 1) has a molecular weight of 28 kd, comprises about 10% of egg's white 
proteins, is heat stable20 and not denaturated by chemical procedures.21 Because of these 
characteristics, ovomucoid seems particularly involved also in the allergic reactions that occur 
when cooked eggs are eaten. A recent study investigated a group of 18 children with egg allergy 
in relation to the in vivo and in vitro response to ovalbumin and ovomucoid.22 Wheals elicited by 
skin test with ovomucoid were significantly greater than those elicited by ovalbumin, and ovomu-
coid-specific IgE concentrations in serum were significantly higher than ovalbumin-specific IgE 
concentrations. In addition, in two groups of patients respectively with persistent egg allergy and 
with development of tolerance to egg, specific IgE to ovomucoid were significantly higher in the 
former, whereas no difference was found in specific IgE to ovalbumin. These findings led the 
authors to suggest that, contrary to what is commonly thought, ovomucoid is the immunodomin­
ant protein fraction in egg white. 

Ovotransferrin or conalbumin (Gal d 3) has a molecular weight of 78 kd, theoretically precluding 
penetration in the intestinal mucosa, however its ability to react with specific IgE was demonstrat­
ed in vitro by CRIE and in vivo by skin tests performed in 15 patients clinically sensitive to egg.23 

Lysozyme (Gal d 4) has a molecular weight of 15 kd and comprises about 3% of egg white 
proteins. This allergen cannot be considered a major allergen, since lysozyme-specific IgE have 
been found only rarely.24 
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Very recently, ovalbumin, ovomucoid, ovotransferrin, and lysozyme were purified and character­

ized by raising specific antibodies in immunized rabbits and performing immunoblots with sera 

from patients with a positive DBPCFC
25

 Purification of the four proteins allowed the observation 

that apparent positivity of IgE tests to ovotransferrin, and especially to lysozyme, are caused in 

most cases by the presence of contaminating proteins in crude preparations. In fact, only one 

serum showed a positive IgE reaction to purified lysozyme. Interestingly, ovomucoid was detected 

in at least two homologous variants, ranging from 32 to 46 kd in molecular weight, varying in N­

glycosilation of the third domain. 

Egg yolk contains three main protein fractions, namely globulins, livetins, and low­density 

lipoprotein, which were found to bind IgE in sera from patients allergic to egg.
24

 The authors of 

this study could not exclude that the binding was due to presence of contaminants, however at 

least livetin was successively demonstrated as an allergen. In fact, α­livetin was identified as the 

allergen cross­reacting with chicken serum albumin in subjects with allergic reaction to egg and 

respiratory allergy to bird feathers defining the so­called bird­egg syndrome.
26 

Another study from the Netherlands performed SDS­PAGE/immunoblotting and confirmed the 

presence, in the sera of adult patients with respiratory allergy to birds, of an allergen cross­

reacting with egg yolk, but found that sera from exclusively food­allergic children mainly reacted 

with a component of 35 kd, which is likely to represent another allergen of egg yolk.
27

 The 

different pattern of IgE binding makes it reasonable to suppose that in adult patients sensitization 

to α­livetin occurs through the respiratory route by inhalation of avian proteins. 

5 . 2 . 3 . Fish 

The most extensively characterized allergen of fish is represented by a parvalbumin (i.e. a 

sarcoplasmic protein from muscle tissue of fish not present in mammals) contained in the myogen 

fraction of the meat of codfish, initially described as allergen M
28

 and actually named Gad c 1 

(from the taxonomie name Gadus callarías) following the current allergen nomenclature. This 12.3 

kd allergen is formed by 113 aminoacids and is particularly resistent to heat and proteolysis, 

maintaining its allergenic properties after cooking and enzymatic digestion.
29

 It has been also 

possible to define its three­dimensional structure, which has three domains,
30

 as well as to 

identify the IgE­reactive epitope, which constitutes a sequential linear antigen, being formed by a 

repetitive group of a few aminoacids, unlikely to be altered. 

A recent study demonstrated by SDS­PAGE/immunoblotting that protein components cross­

reactive with Gad c 1 are present in a number of common fish species.
31

 However other 

allergenic proteins, though as yet not isolated, different from Gad c 1, are likely to be involved in 

allergic reactions. This is suggested by the findings of a study of RAST­inhibition performed with 

sera from 20 children with a positive history for fish allergy and positive skin tests for 17 fish 

species, showing a high cross­reactivity between the antigens from cod, bass, dentex and eel, but 

a lower one with sole and tuna; only two children had a IgE­reactivity for dogfish.
32

 In addition, the 

inability of lyophilized fish to provoke symptoms during challenge in patients otherwise reactive to 

unmanipulated fish, strongly suggests the involvement of unstable allergens, which have yet to be 

identified.
33 
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5 . 2 . 4 . Shrimp 

Allergens of shrimp have been thoroughy investigated, and by CRIE at least seven allergenic 
components were detected, comprised in three main fractions, respectively located at pi of 4.5-5, 
5-5.5, and 5.5-6.34 A more recent study conducted by SDS-PAGE/immunoblotting with material 
obtained from boiling shrimps (including the water in which they were boiled) and sera from 13 
patients allergic to shrimp found nine IgE-binding components.35 A successive study on the same 
sera found that 92% of them bound to a component of 36 kd, which thus acted as an important 
major allergen and was named Pen a 1 from the taxonomie name Penaeus aztecus.36 This 
allergen is a protein with an aminoacid composition rich in glutamic and aspartic acid, represent­
ing about 20% of the shrimp's extract and inhibiting 75% of RAST to shrimp.36 Pen a 1 is similar 
to a protein of 34 kd previously isolated from the species of shrimp Penaeus indicus and 
preliminarily named Sa (i.e. shrimp allergen)-ll.37 In that study, another allergen of 8.2 kd, named 
Sa-I, was found, but inhibition studies showed a 54% sharing of allergenic epitopes, suggesting 
the possibility that Sa-I might be simply a fragment of Sa-ll. 

Evidence for allergens common to other crustácea, such as lobster, crawfish, and crab, was 
provided by positivity of IgE-tests for these crustácea in patients allergic to shrimp but with no 
exposure to other crustácea and by RAST-inhibition experiments.38 Monoclonal antibodies to Pen 
a 1 were found to react against a 36 kd protein present in crustácea as well as in other seafood 
such as oyster, squid, and scallop.36 Finally, the 36 kd shrimp allergen, that is, Pen a 1, was 
identified as tropomyosin, a protein involved in activation of actin during muscle contraction 
present in all vertebrates, as revealed by equal molecular mass, isoelectric point, and high 
homology in amino acid sequences.39 Tropomyosin was then found to be a cross-reactive 
allergen in a number of arthropods including mites and insects,40 but not to cross-react with 
tropomyosin molecules from vertebrates of phylogenetically distinct species.39 

A study investigated the possible species-specific shrimp allergens by evaluating in 31 patients 
allergic to shrimp the IgE reactivity to white shrimp (Penaeus setifecus) and brown shrimp 
(Penaeus aztecus). Specific IgE in serum were found in most patients to both shrimp, whereas in 
two subjects there were IgE only to brown shrimp and in one only to white shrimp.41 RAST-
inhibition in two individuals revealed qualitatively different allergens in the different species, 
supporting the existence, even rarely, of species-specific shrimp allergens, which have yet to be 
identified. 

5 . 2 . 5 . Peanut 

Allergens of peanut are essentially contained in water-soluble fraction, constituted by globulins 
which in turn are divided in two fractions, arachin and conarachin, according to their precipitation 
in ammonium sulphate.42 By CRIE, 16 allergenic fractions have been detected, with molecular 
weight ranging from 15 to 66 kd.43 A study conducted on nine patients with a positive DBPCFC to 
peanut identified as major allergen a 63.5 kd protein, thus named, from the taxonomie name 
Arachis hypogaea, Ara h i . 4 4 This protein showed characteristics similar to a glycoprotein of 
about 65 kd previously described as an important peanut allergen.45 Very recently, the cDNA 
coding for Ara h 1 was cloned and sequenced, and it was found that this allergen has multiple IgE-
binding domains.46 Other studies identified a second major allergen, Ara h 2, as a component of 
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17 kd,47 and peanut agglutinin, with a molecular weight of 31 kd, as an intermediate allergen, 
being recognized by 50% of sera from patients with a positive challenge to peanut.48 As reported 
in a study of RAST-inhibition, peanut contains one or more allergens cross-reacting with tomato 
as well as with grass pollen.49 The clinical significance of this cross-reactivity has yet to be 
determined, whereas it has been demonstrated that the cross-allergenicity observed by skin tests 
and RAST among peanut and other members of the legume family, such as various beans, 
soybean, and pea, is not clinically important, as assessed by a positive response to DBPCFC to 
more than one legume in only 5% of 69 patients with apparent multiple sensitization.50 

5 . 2 . 6 . Soybean 

This member of the legume family contains water-soluble proteins, which are albumins, and salt-
soluble proteins, which are globulins, the latter constituting about 90% of soybean proteins.51 

Ultracentrifugation further separates four fraction respectively with a sedimentation rate of 2S 
(whey fraction), 7S (a-conglycinin), 11S (glycinin), and 15S (aggregated glycinin). Glycinin has a 
molecular weight of 320 kd and includes six subunits, each containing one acidic and one basic 
polypeptide; these polypeptides are heterogeneous and have molecular weights from 34 to 45 kd 
for the acidic polypeptide and from 19 to 22 kd for the basic one.52 ß-conglycinin has a molecular 
weight of about 180 kd and is composed of three subunits, with a respective molecular weight of 
76, 72, and 53 kd.53 The first study on the allergenicity of the fractions 2S, 7S, and 11S was 
conducted by RAST and RAST-inhibition with sera from patients with suspected allergy to 
soybean, and found that the three fractions were cross-reactive as to IgE-binding, but the 2S 
showed the highest inhibiting potency.54 The IgE-binding was reduced by heat treatment for the 
7S and 11S fractions, but not for the 2S one. Thus, this fraction, i.e. the whey fraction, which is 
known to include components such as the Kunitz trypsin inhibitor and cytochrome c, seemed to 
be the most allergenic. In particular, the trypsin inhibitor, of molecular weight of about 20 kd, was 
reported in the same year as responsible of anaphylaxis in one patient.55 However, a study 
conducted with sera from nine patients with atopic dermatitis and positive DBPCFC to soybean, 
investigating the IgE-binding to a crude soya extract and to the 2S, 7S, and 11S fractions found 
no difference in allergenicity of the different fractions.56 In addition, trypsin inhibition was recently 
demonstrated to represent only a minor allergen of soybean, showing an IgE-binding in only 20% 
of sera from patients positive to DBPCFC to soybean.48 A study in patients with allergic reactions 
to ingestion of soybean establishing its major, intermediate, and minor allergens, and thus 
attributing their allergen nomenclature, is as yet unavailable, whereas in patients suffering from 
asthma to inhalation of soybean, the major allergen has been identified as a component of 14 kd 
and named Gly m 1 from the taxonomie name of Glycine maxima.57 This component, contained in 
the hull of soybean, is likely to represent an allergen not inducing food allergy, though this 
hypothesis has not been definitely demonstrated. Another study performed on asthmatic patients 
reported a protein of 21 kd, a molecular weight similar to that of trypsin inhibitior, as an allergen 
cross-reacting between soya and wheat flour.58 

5 . 2 . 7 . Cereals 

It has been long known, on the basis of their solubility, that cereals contain four different protein 
fractions.59 Albumins and globulins are soluble in neutral solutions, glutenins In acid solutions, 
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and prolamines in ethanol. The first studies on allergens of cereals were conducted on sera from 
patients with respiratory allergy to flour, the so-called baker's asthma, and found that IgE-binding 
occurred mainly to proteins of molecular weight ranging from 12 to 20 kd present in neutral 
solution.60·61 More recent investigations found other major allergens as components of the 
neutral fraction of 47 kd62 and 66 kd.63 A study comparing the IgE-binding in patients with asthma 
to that in patients with eczema due to the ingestion of wheat flour, found that allergenic fractions 
of cereals seemed represented by albumins when regarding asthma, and by globulins and 
glutenins regarding skin symptoms.64 Recently, SDS-PAGE/immunoblotting with sera from 35 
patients with atopic dermatitis and positive skin tests and RAST for one or more cereals (wheat, 
rye, barley, and oats) revealed that the most frequent IgE-staining occurred with proteins of 26, 
28-30, 40-50, 69, and 79 kd.65 A similar IgE-binding, suggesting cross-allergenicity, was observed 
with wheat, rye and barley, but not with oats, which appeared to cross-react only weakly. An 
extensive cross-reactivity between wheat, rye, and barley, as assessed by RAST-inhibition 
experiments, was observed using sera of patients with wheat-induced asthma.58 Major allergens 
of wheat were proteins with molecular weight of 12, 21, 26, 33, and 69 kd, whereas in rye they 
were proteins of 12 and 21 kd and in barley they were proteins of 10, 52, and 69 kd. These 
findings were partly confirmed in a study of sequence analysis of wheat allergens separated by 
two-dimensional electrophoresis, which found a major IgE-binding in the area of 14-18, 27, and 37 
kd.66 Recently, the major wheat allergen of 15 kd was identified as α-amylase inhibitor, belonging 
to the family of a-amylase/trypsin inhibitors acting on mammalian and insect α-amylases.67 This 
allergen seems mainly involved in baker's asthma,68 but it has been also reported as responsible 
for food allergy.69 

5 . 2 . 8 . A p p l e 

Using CLIE, antigens of apple were found to have structural similarities with antigens of birch and 
grass pollen.70 Apple allergens in the range of 17-18 kd were detected by immunoblotting in 81 
patients allergic to birch. In particular, a 17 kd allergen was found highly homologous, by sharing 
of common epitopes, with the major allergen of birch Bet ν 1.7 1 These allergens seem to belong to 
the group of 'pathogenesis-related proteins' involved in resistance to diseases of plants.72 By 
microsequencing, it was found that the apple allergen cross-reacting with Bet ν 1 has identical but 
also different antigenic determinants compared to Bet ν 1, such as the three consecutive proline 
residues in position 14-16.73 This might account for variation in sensitization patterns in indivi­
duals sensitized or not to birch pollen. 

Recently the major allergen of apple, Mal d 1 (allergen 1 from Malus domestica), has been purified 
and its characteristics were studied:74 

1. Bet ν 1 has all allergenic epitopes of Mal d 1, but Mal d 1 is only a weak inhibitor of IgE 
reactivity with Bet ν 1 ; 

2. Mal d 1 represents the main allergenic activity of apple; 

3. Mal d 1 is extremely labile due to interactions with phenols present in the fruit. 
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The complete DNA sequence of Mal d 1 has been obtained: it is a 158 residue protein with M. W. 

of 17.5 kda.
75

"
76

 In SDS­PAGE Mal d 1 has an apparent higher molecular weight. The amino acid 

sequence of Mal d 1 is 63% identical to Bet ν 1. 

5 . 2 . 9 . Celery 

A study used SDS­PAGE to separate the protein components of celery, which were detected in 

the range from 15 to 90 kd. The 15 kd allergen was analyzed by two­dimensional electrophoresis, 

which showed the presence of isoallergenic forms, and purified. By using a specific rabbit 

polyclonal antibody recognizing a recombinant birch profilin, this allergen was identified as 

profilin. Profilin is present in mugwort, which cross reacts via profilin with celery.
77 

A second major allergen of celery is Api g 1, (allergen 1 from Apium graveolens) an allergen 

related to Bet ν 1 and belonging to a group of 'pathogenesis related proteins'. By preincubation 

with recombinant Bet ν 1 it was possible to reduce IgE binding to homologous proteins in celery.
78 

Api g 1 has recently been cloned and sequenced showing a high immunological and structural 

relationship to Bet ν 1 and Bet ν 1 related allergens.
76 

5 . 2 . 1 0 . Prunoideae 

SDS­PAGE/immunoblotting in 23 patients with OAS from peach and skin­prick tests, RAST and 

oral challenge positive for peach and other fruits of Prunoideae such as apricot, plum and cherry, 

detected at least 10 allergenic components, of molecular weight ranging from 13 to 70 kda, three 

of them acting as major allergens. The 13 kd component, detectable by IgE­binding in 90% of 

allergic patients, was found to be the most relevant major allergen of peach, thus deserving the 

denomination of Pru ρ 1 (major allergen 1 of Prunus persicus), shared by other Prunoideae but not 

by grass and birch pollens, otherwise widely cross­reacting with Prunoideae as regards the other 

allergens.
79 
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P R E V E N T I O N O F F O O D A L L E R G Y 

SYNOPSIS 

The only preventive measure able to interfere with development of food allergy is to postpone 
as much as possible the introduction into the child's diet of foods containing known allergens, 
such as cow's milk, egg, fish, and others. This is mainly done by prolonged breast-feeding; the 
preventive effect is improved by eliminating these foods from the mother's diet. Because of the 
difficulty to maintain such conditions it is not recommended to prolong breast-feeding over six 
months. As yet, there are not enough data to use hydrolyzed cow's milk formulae as a measure 
alternative to breast-feeding 

6 . 7 . Introduction 

A disease can be successfully prevented when the factors underlying its occurrence are fully 
understood. This is not the case of food allergy, the pathogenesis of which is largely unknown. 
However, the important increase in recent years of the prevalence, especially in children, of 
diseases related to food allergy such as atopic dermatitis or asthma1 has made it worthwhile to 
perform a series of studies on the prevention of food allergy based on the knowledge of the 
factors involved in the development of this clinical condition. 

6.2. Known risk factors for developing food allergy 

The major risk factors connected with the development of food allergy are represented by a 
reliable parental history of atopic diseases and by an early exposure to sensitizing antigens 
contained in particular foods. As regards the first point, a series of studies investigated both 
retrospectively and prospectively the frequency of atopic diseases in children with a uniparental 
or biparental history of atopy. It has been found that a uniparental history of atopy is associated 
with a risk ranging from 20 to 38% when evaluated retrospectively2"5 and from 13.5 to 58% when 
evaluated prospectively.6"11 In these studies, as well as in other studies,12"13 it has been reported 
that a biparental history of atopy increases the risk up to 100%. 

In newborns with a parental history of atopy, the decision to establish preventive measures can 
also be based on some immunological parameters, the most important of which is generally 
thought to be the detection of IgE antibodies in cord blood or in blood during the first week of life. 
This parameter has been initially described as a good predictor of future allergic diseases,14·15 

however recent studies demonstrated that its predictive accuracy is less than satisfactory.16·17 In 
particular, the sensitivity of this test, ranging from 14 to 74%, was found to be not significantly 
better than that of a family history of atopy.17 Detection of high levels of total IgE in children up to 
14 years selected by a negative family history of atopy, resulted a good predictive factor, as in one 
study 75% of children with high IgE levels had atopic disorders, during the follow-up compared to 
6% of those with low IgE levels.18 However, more recent studies investigating the diagnostic 
accuracy of this parameter in populations of children with positive or negative family history of 
atopy reported unsatisfactory sensitivity and specificity.19"20 Regarding the value of specific IgE 
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to foods in infancy as a risk factor for food allergy a study claimed that positivity of skin tests to 

egg was associated to subsequent food allergy also to other foods and to respiratory disorders as 

well.
21

 Nevertheless, in another study, positivity of both skin test and RAST to ovalbumin and ß­

lactoglobulin showed a specificity close to 100% but a very low sensitivity.
17 

Because of the overall unsatisfactory predictive value of total or specific IgE measurements, 

which led Kjellman to conclude that they are not suitable for allergy risk screening on an 

individual basis,
22

 other parameters have been considered as possible predictors of food allergy. 

They consist of: (1) assessment of the number of CD4+ and CD8+ lymphocyte subpopulations 

and their ratio, which are of pivotal importance in the regulation of IgE synthesis;
23

 this parameter 

resulted in acceptable specificity but poor positive predictive value;
17

 (2) platelet counts, as 

platelets seem involved at various levels in atopic disorders;
24

 in one study, conducted on a small 

number of newborns, all subjects developing atopy within the following 18 months had low 

platelet counts in cord blood; however, an overlapping of values with newborns not developing 

atopy was observed;
25

 (3) histamine release by cord blood basophils, which was not found to be 

independently helpful;
26

 (4) content in linolenic acid of cord blood lecithin, which was found 

higher in children with atopic dermatitis than in healthy controls;
27

 levels of phosphodiesterase in 

leukocytes, which are inversely correlated with intracellular levels of cAMP, a basic mechanism 

underlying regulation of lymphocytes, and possibly IgE production; high levels of phosphodiester­

ase were found in newborns with family history of atopy and children with atopic dermatitis.
28 

A recent study investigated several of these parameters, as well as that of IgE and of skin tests 

with histamine and allergens, and found that neither single parameter nor any combination of 

them provided acceptable predictive capacity to be used for routine screening of allergy risk at 

birth.
29 

6.3. Possible interventions aimed at preventing food allergy 

Due to the obvious importance of allergen exposure in determining food allergy, the infant at risk 

should avoid coming in contact with food known to be allergenic. In particular, cow's milk contains 

foreign proteins, such as ß­lactoglobulin, α­lactalbumin, and casein, which elicit in all human 

subjects an antibody response including IgG, IgA, IgM, and IgG isotypes,
11

 these proteins are 

also important allergens and thus trigger the IgE response. The optimal preventive measure is 

thought to be prolonged breast­feeding, which however induces a weaker response not only of 

IgE but also of the other immunoglobulin classes; this does not result in a less efficient defence 

from infections.
30

 In order to avoid an early exposure to food allergens, the mother should not eat 

foodstuffs known to contain allergens able to pass in human milk, whereas dietary restriction 

during pregnancy is unnecessary: it is broadly accepted that intrauterine sensitization does not 

occur.
31

 Various allergens of cow's milk and hen's egg have been detected in human breast 

milk,
11

 though it has never been clearly demonstrated that they cause allergic sensitization. In 

particular a study investigated the secretion of ß­lactoglobulin in milk of mothers of infants with 

cow's milk allergy and found different patterns of secretion, some with an increase, others with a 

decrease and others with no detectable ß­lactoglobulin, after an oral cow's milk load.
32

 The factor 

underlying these different patterns was unknown, as no difference in intestinal absorption of 

macromolecules was found between the three groups of mothers. 
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However there is evidence that passage of food antigens in breast milk can cause allergic 

symptoms in previously sensitized children
33

·
34

 and that elimination of the offending foods from 

the mother's diet gives an improvement of symptoms.
35

 Various studies reported a sensitization 

to foods such as cow's milk, egg, and peanut in children believed to be exclusively breast­

fed, 33,34,36 but ¡t has not been possible to ascertain whether the sensitization occurred by 

passage in the mother's milk or by inadvertent ingestion of small amounts of these foods by the 

children. Another possibility is provided by cross­sensitization to allergens shared by inhalant and 

food sources. This has been reported for allergic reactions to egg yolk, induced by sensitization to 

antigens of bird's serum, inhaled when birds are present in dwellings.
37

 Recently, the cross­

reacting allergen was identified as egg yolk α­livetin, corresponding to chicken serum albumin.
38 

In any case, avoidance of cow's milk (including maternal avoidance) in infants at risk was able to 

reduce the overall prevalence of both IgE sensitization and cow's milk allergy in a controlled 

study.
19 

Under conditions of uncertainty regarding the introduction of small amounts of potentially 

sensitizing foods, it is inadvisable to prolong breast­feeding excessively. It has been reported that 

exclusive breast­feeding for periods longer than three months was associated to a higher 

frequency of positive skin tests to egg and milk.
39 

As regards solid foods, it has been observed that the number of foods added to the diet during the 

first months of life correlated with the development of eczema, within the age of 10 years;
40 

though the causative role of food allergy was not demostrated, because food challenges were not 

performed. Another study suggested that the elimination of solid foods in the first year of life can 

only postpone the onset of food allergy, since no differences in positive food challenges at the age 

of three years were observed between two groups of children in which specific foods (fish and 

citrus) were eliminated or not from the diet during the first year.
41 

A recent study reported that measures of allergen avoidance including aeroallergens, had 

beneficial effects in high­risk infants, at least at the age of two years.
42

 In fact, a group of children 

receiving breast milk and living in houses in which extensive measures for preventing indoor 

allergens were performed, had significantly lower prevalences of eczema and rhinitis (but not 

asthma) and of positive skin tests than children conventionally fed and with no environmental 

control. 

Other factors, such as the antigen absorption in infants, may be involved in the development of 

food allergy. It has been reported that pre­term newborns had a higher antigen absorption than 

term newborns.
43

 The absorption is likely to be influenced by the antigen's characteristics, as 

suggested by the differences in the various antigens (and specific antibodies) of cow's milk found 

in serum of pre­term newborns.
44

 A controlled study demonstrated that early exposure to cow's 

milk increases the risk of pre­term newborns to develop allergic diseases within 18 months.
45

 It is 

possible to hypothesize, despite contrasting observations, that breast milk, and particularly its IgA 

immunoglobulins, may oppose the intestinal absorption of antigen.
11

 This was indirectly support­

ed by the observation that children with IgA deficiency had an increased absorption, as demon­

strated by precipitins or immune complexes, of various food antigens.
46 
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A number of studies was addressed to compare the effects of different feeding during the first 
year of life on the development of atopic diseases. In particular, they investigated the decrease or 
the delayed onset of atopy in children fed with breast milk, soya milk or hydrolysate formula 
compared to those fed with cow's milk. However, because of the impossibility to organize random 
double-blind studies, the data provided by these investigations have a limited value. In fact, as 
underlined by Zeiger,11 some differences in psychological and social characteristics between 
families of children differently fed may bias the results obtained, for example by modifying other 
factors such as the time of introduction of solid foods or the exposure to viral infections. 

6 . 3 . 1 . Comparison between breast - feeding and cow's milk feeding 

There is a similar number of studies reporting the favourable effects of breast-feeding on allergic 
manifestations as compared to cow's milk feeding14·47"54 and no difference between the two 
methods.8·55"59 The studies that reported positive results also found significant decreases of 
serum IgE levels in breast-fed infants within six months48·51 or one year.49 However, in the study 
by Chandra et al.54 cord blood IgE levels correlated with the development of allergy within two 
years from birth (being higher in subjects with subsequent allergic diseases than in those without 
allergic manifestations) in a group of breast-fed infants with no family history of allergy, but not in 
a group with family history of allergy. 

A prospective study from Denmark reported that in a cohort of 1 749 newborns there was a 
significant difference in adverse reactions to cow's milk between breast-fed and cow's milk 
formula-fed infants regarding intolerance, meaning with no positive skin test and/or RAST, but not 
allergy to cow's milk.60 Some of the studies reporting negative results may be criticized because 
of the too short duration of breast-feeding, corresponding to 1-2 months,8·55.56 but some recent 
studies fulfilling the same criteria used in the 'positive studies' observed no differences between 
breast-fed and bottle-fed infants in development of atopic diseases57-59 as well as in IgE 
levels.57·58 

6 . 3 . 2 . Comparison between soya feeding and cow's milk feeding 

Soya milk was introduced in the 1950s following the observations of the reduced incidence of 
atopic dermatitis and hay fever in infants fed with soybean milk compared to those fed with cow's 
milk.61 However a number of randomized prospective studies was unable to demonstrate the 
beneficial effects of soya feeding on allergic manifestation,6·12·52·54·56·62"64 except a significant 
decrease of perennial rhinitis and asthma in the study by Johnstone and Dutton.62 One study 
considered also immunological parameters demonstrating atopy and found no difference in the 
development of atopic diseases within four years from birth between soya-fed and cow's milk-fed 
infants.12 A recent study reported that soya-protein-based formula sensitized atopic children, and 
especially those with gastrointestinal allergy.65 On the other hand it is now well known that 
soybean is an important allergenic source and a number of allergens have been identified.66·67 

Thus, feeding with soya-milk in infants at risk of atopic diseases is no longer indicated. 
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6 . 3 . 3 . Comparison between hydrolyzed cow's milk formulae 
and other kinds of feeding 

Cow's milk protein hydrolysates, and particularly the casein hydrolysate Nutramigen®, were 
introduced into the market in 1942 in order to reduce the allergenicity of cow's milk. This product 
was made by hydrolyzing the milk into small peptides with molecular weight lower than 1 500 
daltons, providing nutritional adequacy but resulting non-immunogenic in animal experiments.11 

Hydrolyzed formulae are obtained by heat or enzymatic hydrolysis, the former affecting the 
conformation of milk proteins, resulting in a decrease of allergenicity of whey but not of casein, 
whereas the latter breaks all the allergenic proteins including sequential epitopes.68 

The hydrolysis can be extensive or partial and the hydrolyzed formulae thus obtained present 
important differences regarding taste and smell (better for partly hydrolyzed formulae, pHF) and 
allergenicity (lower with extensively hydrolyzed formulae, eHF). A significant proportion of pro­
teins with molecular weight from 8 to 40 kd can be found in pHF, which instead are absent in eHF. 
Various studies evaluated the residual in vivo allergenicity of hydrolyzed formulae by skin tests 
and/or double-blind placebo-controlled food challenge.69"71 An effective hypoallergenicity of 
casein eHF was demonstrated by the negativity of these tests in children with cow's milk allergy, 
whereas whey eHF was reported to be as allergenic as casein eHF72 but as yet there is not such a 
direct demonstration. In vitro, RAST-inhibition and ELISA-inhibition experiments showed that 
whey pHF was 60 times less allergenic than cow's milk and whey eHF was 20 million times less 
allergenic than cow's milk.69"73 

Some prospective studies evaluated the preventive effect on development of allergic diseases of 
pHF and eHF and reported favourable results.19·72·74"76 However, as stated in a recent position 
paper of the European Society of Pediatric Allergy and Clinical Immunology, none of these 
studies can be considered definitive, as they lack some or more requisites such as an adequate 
selection of high-risk infants, the statistical demonstration of a significant reduction of prevalence 
of cow's milk allergy as determined by DBPCFC, or the prospective randomized blind design of 
the study for a period long enough to develop atopic disease, that is, at least 18 months.68 In this 
position paper future studies fulfilling such prerequisites were strongly recommended. 

6.4. Conclusions 

To date, the only measure with a sure preventive effect on development of allergic diseases, and 
particularly of food allergy, in infants at high risk, as defined by a biparental history of atopy or by 
an uniparental history and an high level of IgE in cord blood, is breast-feeding. Some studies 
suggested that such preventive effect can be improved if during breast-feeding foods containing 
known allergens, such as cow's milk, egg, the 'nuts' group, fish, and seafood, are eliminated from 
the mother's diet. Being difficult to maintain such conditions for more than six months, it is not 
recommended to prolong breast-feeding beyond this period. To date there are not enough data to 
propose the use of hydrolyzed cow's milk formulae as an alternative to breast-feeding in the 
prevention of food allergy. When introducing solid foods into the infant's diet, food items known 
as allergenic sources should be postponed as late as possible. 
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I N T E R A C T I O N W I T H L I F E S T Y L E A N D P R O F E S S I O N 

S Y N O P S I S 

Food allergic patients need to change their eating habits to a varying extent. Once diagnosed, 
the treatment of a food allergy is the avoidance of the sensitizing food in order to prevent 
further episodes of ARF. This measure is easy for foods not predominant in the diet, like exotic 
fruits. However, the interaction with the eating habit is stronger when patients have to eliminate 
from the diet predominant foods or foods which may be masked and hidden in food products 
and preparations. However food allergens, especially in an occupational setting, may induce 
allergic reactions even when inhaled or after skin contact. Foods most commonly involved in 
occupational food allergy are: cereal flour, egg, milk, seafoods and legumes. The most effective 
measure to prevent occupational diseases due to exposure to food allergens is primary preven­
tion, that is prevention of exposure to food-related substances that can induce allergic reac­
tions. A second step is secondary prevention, that is the detection of diseases at an early stage. 
The earlier the diagnosis is made, the more likely workers are to recover. Tertiary prevention 
consists of appropriate medical care of diseased workers. Due to that reported above, it is clear 
that any effort should be directed to primary and not to tertiary prevention. 

7.1 Interactions with lifestyle 

Food allergic patients need to change their eating habits, to a varying extent. Once diagnosed, 
the treatment of a food allergy is the avoidance of the sensitizing food in order to prevent further 
episodes of adverse reactions to foods. This measure is easy for foods not predominant in the 
diet, like exotic fruits. However, the interaction with the eating habit is stronger when patients 
have to eliminate from the diet predominant foods or foods which may be masked and hidden in 
food products and preparations. This is particularly true for highly sensitive patients and for food-
allergic children. In these cases, a restaurant meal or a meal not consumed at home may be very 
dangerous, sometimes life threatening, for food-allergic persons and therefore the restriction of 
their lifestyle is very remarkable. The limitations concern a small number of individuals, who 
nevertheless should be protected to the maximum possible extent. In a descriptive study on fatal 
and near-fatal food-induced anaphylaxis, five of six fatal cases occurred in schools or public 
places, whereas all the non-fatal reactions occurred in private homes. Moreover, a delay in the 
administration of epinephrine was likely to be associated with a fatal outcome.1 This suggests the 
need for educating school personnel, day-care providers and restaurant personnel about food-
induced anaphylaxis. For instance, the Canadian Restaurant and Food-service Association has 
instituted an allergy awareness programme in which participating restaurants agree to maintain 
lists of food ingredients and to designate one on-site employee to answer customers' questions 
about ingredients.2 

Patients highly sensitive to food must be taught the importance of having and using emergency 
kits containing epinephrine. In the case of food-allergic children, parents and child-care personnel 
should be trained in the appropriate administration of this medication. The American Academy of 
Pediatrics Committee on School Health has recommended that schools be equipped to treat 
anaphylaxis in children.3·4 A Position Statement from the American Academy of Allergy and 
Immunology on the use of epinephrine in the treatment of anaphylaxis states that epinephrine 
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must be available in many first-aid situations for use by trained personnel.4 However many States 
of the USA do not permit non-medical personnel to administer epinephrine.2 

Apart from the small number of food-allergic individuals, it is estimated that more than one quarter 
of Americans alter their eating habits based on misperceptions of food allergy.5 A study on 
women's opinions of food allergies indicated that 22% of women avoid particular foods on the 
mere possibility that the food may contain an allergen. Moreover 19% of family members were on 
diets to control food allergies.6 Another study investigating whether food avoidance in adults with 
self-reported food allergy leads to an unbalanced diet, indicated that, even after calcium supple­
mentation, the mean calcium intake of patients who completely avoided milk and milk products 
was unacceptably low (441 mg/day). Only a small minority (<8%) of the patients recruited were 
on a diet as a result of a correct diagnostic procedure (food challenge).7 

7.2. Interactions with profession 

Generally, food allergic patients experience adverse reactions after the ingestion of non-tolerated 
foods. However food allergens may induce allergic reactions even when inhaled or after skin 
contact. Moreover, the inhalation of food antigens is more likely to induce sensitization than the 
ingestion, which is normally the route of the development of tolerance to the antigens. It seems 
that the allergy to vegetable foods in patients with oral allergy syndrome and pollenosis arises 
from the sensitization to inhalant allergens which share common epitopes with vegetable foods 
(e.g. birch and apple).8 

7 . 2 . 1 . C e r e a l f l o u r 

In baker's asthma the exposure to wheat flour through inhalation elicits asthma, however bakers 
with inhalant allergy to wheat proteins can usually eat wheat flour and wheat products without 
experiencing adverse reactions. It has been shown that among new workers, who had been in the 
baking industry for one year, 9% had positive SPT results, although symptoms were present only 
in 5%. Among veteran workers with 20 years in the industry, 34% had positive SPT result, 
although only 20% were symptomatic.9 

Prichard et al.10 investigated 176 male bakers. Fifteen per cent of subjects showed positive SPT 
to wheat extracts. These subjects had increased prevalence of respiratory symptoms and of 
bronchial responsiveness to metacholine. Thirty per cent of bakers had negative SPT to wheat 
extracts, but positive SPT to common allergens. There was a significant association between SPT 
responses to whole wheat and SPT responses to common allergens, suggesting that bakers with 
pre-existing sensitivity to common allergens are at increased risk of developing wheat flour 
sensitization.Thus atopic subjects should be informed of that risk, before deciding to undertake 
the profession of baker. 

Popp et al.11 investigated the factors that may contribute to the sensitization to flour in bakers' 
apprentices: 20.9% of 258 had specific IgE against flour allergens (wheat, rye and/or barley). A 
correlation was found between sensitization to flour and specific IgE to grass and tree pollen, total 
lung capacity, radiographic shadowing of the paranasal sinues. Based on the presence or 

84 



absence of these parameters, the authors were able to predict flour sensitization with a sensitivity 
of 63%, a specificity of 90% and an efficiency of 84%. 

The sensitization of bakers is especially toward water-soluble wheat proteins.11 The major 
allergen recently characterized is a 27 kd which had even been purified and sequenced.12 Also a 
15 kd protein, an α-amylase inhibitor protein, has been recently identified as a major allergen of 
wheat flour.13 In addition, different kinds of common flour14-15 and other baking ingredients may 
induce sensitization in bakers, α-amylase from Aspergillus oryzae, which is widely used as a 
baking additive has been identified as an important causative allergen in bakers' asthma.16·17 

Other allergens described as causing bakers' asthma are mould18, mites19, and dust flour 
obtained from non-cereal sources such as buckwheat20 and chickpea.21 Soybean lecithin, a 
common additive in bakery, has also been recently shown to be involved in baker's asthma.22 

Lachance et al.23 described a case of occupational asthma in a 29-year-old female working in a 
company producing biscuits. It had been shown that an alkaline hydrolysis wheat gluten deriva­
tive that was incorporated into marshmallow, was the causative agent. 

A method for measurement of airborne proteins involved in baker's asthma has been recently 
developed.24 The assay can identify airborne proteins from several flours with a detection limit of 
1 pg ml" 1 . The method could be of value both in epidemiological studies and in examining the 
effectiveness of interventions to reduce the concentration of flour in the air. 

Rarely, bakers may experience skin-contact allergy from wheat, rye and malt flour.25 

Apart from the widely investigated baker's asthma, many other foods and food products have 
been reported as occupational allergens. 

7 . 2 . 2 . Hen's egg 

Twenty-five employers of an egg-processing factory were evaluated for respiratory sensitization to 
inhaled egg proteins.26 Occupational asthma was found in five workers, who showed skin 
reactivity to one or more egg allergens. Egg specific IgE for different allergens were detected in 
four patients. Blanco Carmona and co-workers described a patient with asthma induced by 
occupational exposure to egg used to spray cakes before baking, in a confectionary industry.27 

The sensitization was shown to be against egg white. 

Several cases of egg allergy in adults as a result of sensitization through inhaled bird antigens 
have been reported.28·29 The association between allergy to avian proteins and allergy to egg has 
been called 'bird-egg syndrome'.28 Allergy to the ingestion of egg yolk may develop in patients 
with occupational allergy to avian proteins. The reactivity to egg yolk seems to be the result of 
avian serum sensitization, as suggested by RAST-inhibition studies. Similarly De Maat-Bleeker et 
al.31 described the case of an old woman who developed hypersensitivity to ingested hen's egg 
yolk coincidently with the acquisition of a parrot, in a non-occupational setting. IgE antibodies 
from this patient demostrated cross-reactivity between bird sera and egg yolk. 
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Recently egg yolk α­livetin (chicken serum albumin) has been identified as a cross­reactive 

allergen in the bird­egg syndrome, by using immunoblot technique to investigate sera of 31 

patients with clinical history of egg allergy, bird allergy, or bird and egg allergy.
32 

7 . 2 . 3 . C o w ' s mi lk 

Hypersensitivity to milk proteins is a relatively common clinical condition, especially in infancy. 

Although milk and milk derivatives are not included among agents causing occupational 

asthma,
33

 recently some cases of work­related asthma, with or without rhinoconjunctivitis caused 

by inhalation of milk have been demonstrated: casein,
35

·
36

·
37

 a­lactoalbumin
36

·
38

 and ß­lactoglo­

bulin
34

·
37

 were the causative milk proteins. Symptoms were elicited by milking sheep,
37

, by 

preparing salted meats in a delicatessen factory,
36

 by sprinkling confectionery with dried­milk 

powder.
38

 One patient was a tanner
35

 and one patient an employee of the cheese industry.
34 

7 . 2 . 4 . Sea foods 

Allergic reactions to seafoods in the occupational setting have been reported among seafood 

processors, fishermen, oyster shuckers, seafood caterers, and cooks in restaurants.
39

 Allergenic 

agents include snowcrabs,
40

 shrimp, oysters, shell products, rubber boots, and fishing nets.
39 

The prevalence of occupational asthma was investigated in 313 employees of two snow crab­

processing industries.
40

 Occupational asthma was demonstrated in 46 (15.6%) workers accom­

panied in several patients with rhinitis and/or rhinoconjunctivitis, and with skin rash. Positive skin 

tests to crab were related to the presence of occupational asthma suggesting an IgE sensitization 

to crab in these workers. Subsequently, a group of workers was re­examined using different snow 

crab extracts for SPT and specific IgE measurements.
41

 Cooking water and snow crab meat 

extracts were more sensitive than commercial preparations, water extract being more potent and 

more sensitive than meat extract. Respiratory and, to a lesser extent, dermatological reactions to 

other crustaceans, to fish, and to molluscs have been documented too.
42

 One case of occupa­

tional asthma caused by exposure to cooking lobster in the work environment has been 

reported.
43 

Colas Des Francs et al.
44

 reported a case of anaphylactic shock caused by accidental ocular 

projection of defrosted raw shrimp juice in a woman previously sensitized cutaneously. Peeling of 

raw shrimps had for several months already caused an urticarial rash of the hands and forearms 

of this woman working as cook in a Vietnamese restaurant. An IgE­mediated mechanism has 

been documented in this case. 

7 . 2 . 5 . Legumes 

Bush et al.
45

 described a case of a 43­year­old women who developed asthma six years after 

beginning work in a food­processing plant in which soybean flour was used as a protein 

extender. Positive SPT, RAST and bronchial challenge with soya flour confirmed the diagnosis of 

occupational asthma. The role of soybean in eliciting asthma attacks through inhalation is 

supported by recurrent asthma outbreaks in Barcelona, Spain, provoked by dust generated by the 
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