
 

1.1 Background

The documentation of food intolerance goes back to 55 BC when Lucretius, a
distinguished Latin poet and philosopher, wrote his poem De Rerum Natura (On
the Nature of Things) and said ‘What is food for some, may be fierce poison for
others’.

Hippocrates recognised the adverse effects of milk on some individuals when
he noted:

Cheese does not harm all men alike; some can eat their fill of it without
the slightest hurt. . . . Others come off badly. So the constitutions of
these men differ, and the difference lies in the constituent of the body
which is hostile to cheese, and is roused and stirred to action under its
influence. . . . But if cheese were bad for the human constitution without
exception, it would have hurt all.

In 1808 Robert Willan described a case where a severe allergic reaction was
provoked by eating a small amount of almonds:

These symptoms were soon followed by an oedematous swelling of the
face, especially of the lips and nose, which were very hot and itchy.
There was at the same time an uneasy tickling sensation in the throat,
which excited a troublesome cough and a constriction of the fauces,
which seemed to threaten suffocation. The tongue, likewise, became en-
larged and stiff, causing slowness and faltering in the speech. Soon after
going to bed an eruption took place over the whole body of spots nearly
as large as a sixpence, of a dead white colour, a little elevated above the
skin, like weals produced by the sting of a nettle, and intolerably itching.
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There are many such anecdotes in medical history literature. What is
noteworthy is that, unlike most other disciplines where scientific research starts
soon after such anecdotes, in the food intolerance area there has been a large gap
between the case reports and scientific investigation of the field. This has
created opportunities for many people to blame food intolerance for a wide
range of unexplained disorders, and for many years food intolerance was
regarded to be on the fringe of scientific enquiries. The fact that for decades the
diagnosis of food intolerance relied mainly on clinical history created many
opportunities for individuals and groups offering all sorts of unscientific and
bizarre tests for diagnosis of food intolerance. It is only fairly recently, with the
introduction of double-blind placebo-controlled food challenges, that opportu-
nities for more scientific approaches have been created and research into this
area has provided us with good quality evidence.

Just as high quality research evolved in the midst of anecdotes, the
terminology in this field also evolved, and terms such as food hypersensitivity,
food intolerance, food allergy and adverse reactions to food are used at times
interchangeably. In the next section, some of these terms are described in more
detail.

1.2 Terminology

When reading different texts in this area, it becomes evident that in the medical
and scientific community, there is no single global consensus on what is food
allergy and what is food intolerance. For example, there are authorities who
consider coeliac disease as a type of food allergy and others who regard it as a
form of food intolerance. Some may not consider it as either. Indeed, it appears
that it all depends on what definition one has used. The terminology which
appears to have gained credibility amongst many peers is that adopted by the
European Academy of Allergology and Clinical Immunology (EAACI).1 The
distinguishing feature of this terminology is that it is based on mechanisms
rather than clinical symptoms. The structure of this terminology is outlined in
Fig. 1.1. Broadly, adverse reactions are divided into toxic and non-toxic
reactions.

1.2.1 Toxic food reactions
In principle, these are reactions which could occur in any individuals if the dose
is high enough to trigger a reaction. They are usually caused by direct action of
food components without involvement of immune mechanisms. Toxic
compounds which trigger such reactions can occur naturally, such as from
eating a puffer fish complete with its poison sac! Or they can be contaminants of
food. Although such reactions are fairly distinguishable from non-toxic food
reactions in terms of mechanism, one has to be careful when diagnoses are
made, since some of the symptoms may be similar.
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1.2.2 Non-toxic food reactio ns
These reactions are either immune-mediated or non-immune-mediated. When
the reaction is immune-mediated the term ‘food allergy’ is applied, and when
non-immune-mediated the term ‘food intolerance’ is recommended. Both
types of reactions are reproducible and depend on an individual’s
susceptibility.

Food allergy
Food allergy itself can be subdivided into two categories, IgE-mediated
food allergy and non-IgE-mediated food allergy (Fig. 1.1). Immunoglobulin
(Ig) E, or IgE, is the main antibody involved in induction of immediate
allergic reactions. Most of the research evidence available on food allergy
has been focused on IgE-mediated food allergy. Indeed, most common food
allergies are mediated by IgE antibodies. The mechanism underlying IgE-
mediated food allergy is fairly well established. Symptoms of this form of
food allergy appear rapidly, are varied and range from anaphylaxis to skin
reactions.2

Non-IgE-mediated food allergy is less well understood. Such allergies
include reactions involving other immunoglobulin isotypes such as IgG and its
subclasses, food immune complexes and cell-mediated immunity. Diagnosing
this form of food allergy has been difficult and none of the above-mentioned
mechanisms have been proven to be causative by double-blind, placebo-
controlled food challenges (DBPCFC).

Fig. 1.1 Classification of adverse reactions to food.
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Food intolerance
Food intolerance reactions are reproducible non-immune-mediated reactions
which, depending on their causality, are divided into the following types of
intolerance:

• enzymatic
• pharmacological, i.e. reactions caused by either naturally derived or added

chemicals that produce a pharmacological effect in the individual
• undefined food intolerance.

Lactase deficiency (usually referred to as lactose intolerance) is a good
example of the enzymatic form of food intolerance.3 It is often secondary to
other conditions such as viral gastroenteritis. In very rare situations lactase
deficiency can be an inborn error of metabolism.

Examples of pharmacological forms of food intolerance include reactions to
vasoactive amines, such as histamine, found in many foods. The importance of
these amines in provocation of symptoms is not well defined. The third category
of food intolerance reactions is ‘undefined’. These reactions include any
reproducible adverse reaction due to an unknown mechanism. Reactions to food
additives may be considered in this category.

1.2.3 Food aversion
This includes food avoidance and psychological intolerance. These reactions are
not truly food dependent and are excluded from the EAACI1 classification. Food
aversion is not a reproducible reaction, and if the offending food is disguised the
reaction will not take place. In reality, a large proportion of people who believe
they are allergic belong to this category and continue to avoid the offending food
without dietetic supervision, sometimes with adverse nutritional consequences!

1.2.4 Other terms
The term ‘food sensitivity’ is used mainly in North America and is defined as
any adverse reaction to food. This is subdivided into ‘food hypersensitivity’
(immunologically mediated) and food intolerance (non-immune-mediated).
Although not a popular term outside the US, it is important to be familiar with
the definition of food sensitivity, in particular when reading books and articles
from North America.

1.3 Mechanisms of food intolerance and food allergy

With regard to underlying mechanisms and trigger factors for food allergy and
food intolerance, it is fair to say that our level of knowledge is very much in its
infancy. We know, for example, that some individuals are more susceptible than
others. Atopy (predisposition to allergic disease) is heritable, so could this
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susceptibility be due to genetic factors? What about environmental factors, in
particular during infancy? What is their impact?4

What role do food allergens themselves play? We know generally that the
most common foods implicated in food allergy and food intolerance are egg,
milk, peanuts, nuts, fish and soya.5–7 On average, an individual’s gastrointestinal
tract will process about 100 tonnes of food during a lifetime. Everything we eat
is foreign to our body and potentially immunogenic. What is so special about
some food allergens? Why do only a proportion of people have the ability to
sensitise and cause an allergic reaction? What is the natural history of food
allergy and food intolerance? We do not know why with some foods, such as
milk, sensitivity is lost with time, while with others, such as peanut, the reaction
seems to be long-lasting. What influences do our eating habits have on our
allergy and intolerance profile? For example, soybean and rice allergy is more
common in Japan, and fish allergy is more prevalent in Scandinavian countries.
Who in the UK had heard of kiwifruit allergy 20 years ago?

These are some of the unresolved issues in the area of food allergy and
intolerance. Much work is needed to answer these questions and understand the
basic mechanisms involved in this area.

In the following section some of our basic understandings of the mechanisms
of food allergy and food intolerance are summarised.

1.3.1 Immunological mechanisms

Type I: IgE-mediated reactions
These reactions are the most frequent, the best known and the easiest to
diagnose. They occur when an individual is already sensitised. In susceptible
individuals, when a food allergen is encountered for the first time, the adaptive
response initiates production of IgE antibodies. IgE antibody production itself is
regulated and depends upon compounds known as cytokines.

Once IgE antibodies are produced, they will bind to mast cells. This process,
known as sensitisation, precedes symptoms of allergy. How early in life an
individual can be sensitised has been a topic of much interest lately. Some would
argue that sensitisation can take place in utero. The second stage following
sensitisation can take place weeks or sometimes years later. This stage occurs
when the individual encounters the same food allergen for the second time. The
allergen will encounter the mast cells, which already possess allergen-specific
antibodies on their surface. IgE antibodies will bind the allergen and this will
lead to mast-cell degranulations and release of mediators such as histamine, and
the characteristic features of allergic disease follow.8 These include:

• urticaria (this is the specific term used for hives, which are red, itchy skin
welts brought on by an allergic reaction)

• angioedema (this condition often co-exists with urticaria and usually happens
when urticaria affects deeper tissues and swelling results; the most common
sites are lips, tongue, eyelids and larynx)
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• hypotension (low blood pressure)
• anaphylaxis (this is a severe reaction with a rapid onset causing circulatory

collapse, hypotension and suffocation due to tracheal swelling).

Type II: Non-IgE-mediated reactions
Here the adverse reaction is the consequence of an immune response other than
IgE. It could involve another class of immunoglobulins, or food immune
complexes, or cell-mediated immunity. Other immunoglobulins implicated are
IgG and their subclasses. IgG4 to specific foods are often detected in those with
adverse reactions to food.9,10 The problem is that these antibodies are quite
common, in both healthy and diseased states, and are often detected in normal
subjects.11 Their presence in both allergic and non-allergic individuals is
explained by the immune system’s ability to produce IgG.12 Knowing the
amount of food we eat, it is not surprising that IgG4 antibodies have been
demonstrated. Some suggest that the presence of IgG4 alone reflects dietary
intake, and the presence of both IgG4 and IgE reflects sensitisation in the
individual.13 Further studies are needed to establish the contribution of IgG4
towards immune reactions to foods.

Type III: Immune complex-mediated reactions
These reactions are also referred to as Type III hypersensitivity reactions. When
we eat, food proteins that are absorbed encounter specific antibodies in the
circulation and form complexes.14,15 These are known as immune complexes. It
appears that immune complex formation is essentially a normal process that
occurs in the course of an immune response and allows antigen clearing. These
food immune complexes contain IgE, IgG and IgA antibodies. They are usually
cleared very quickly by our reticulo-endothelial system. The pathology is caused
when these complexes are deposited in certain tissue sites. Their pathogenic
potential is determined partly by their size and partly by their concentrations. If
these food antigens and immune complexes are present in very high
concentrations, tissue damage can occur. This damage is done by activation
of complement, releasing C5a to create a local inflammatory response and hence
increasing vascular permeability, which allows fluids and cells to enter the site.
Although circulating immune complexes containing food antigen have been
demonstrated in patients with food allergy suffering from asthma and eczema,
there is no definitive evidence that either IgG or IgE food immune complexes
cause the disease.16

Type IV: Cell-mediated food allergy
These reactions are sometimes referred to as Type IV or delayed-type
hypersensitivity reactions. They are mediated by inflammatory T cells. There
are reports of cell-mediated immune responses to food antigens in cow’s milk
allergy. There is also good evidence to suggest that coeliac disease may be
provoked by a cell-mediated food allergy to gliadin, a constituent part of
gluten.17 The characteristic hyperplastic villous atrophy in coeliac disease is
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secondary to an abnormal T cell-mediated response to gliadin. Although T cells
have been shown to be involved in coeliac disease,18 there is little evidence to
suggest that cell-mediated food allergy to gliadin is the original cause of coeliac
disease.

It is important to consider that these immune mechanisms are not mutually
exclusive and more than one mechanism may very well operate at any one time.

1.3.2 Non-immunological mechanisms

Enzymatic mechanisms
Enzymatic food intolerance is due to an enzyme defect which could result from
an inborn error of metabolism or could be secondary to a number of disorders.
The most common food intolerances in this category are disaccharide
deficiencies, galactosemia and phenylketonuria. Amongst disaccharide defi-
ciencies, lactose intolerance is the most common. Lactose deficiency can be
congenital, persisting in the neonatal period, or can be acquired where it presents
later.19 These deficiencies are genetically based and not due to an environmental
factor. Secondary lactase deficiency often occurs following an episode of
gastroenteritis.

Galactosemia is also a form of carbohydrate deficiency.20 Here the genetic
imbalance is expressed as a deficiency of either galactokinase, galactose 1-
phosphate uridyl-transferase or uridine diphosphate galactose 4-epimerase.
These enzymes are responsible for converting galactose to glucose. So in
individuals with this deficiency this process fails. The clinical manifestations are
toxicity syndromes when exposed to galactose. These include failure to thrive,
vomiting and liver disease.

Phenylketonuria is caused by a gene mutation which suppresses the activity
of phenylalanine hydroxylase enzyme.21 Approximately 4–5% of amino acids in
all food protein are phenylalanine. Restriction of phenylalanine intake to 0.4
mmol/l throughout life ensures almost normal physical and mental development.

Pharmacological mechanisms
Many foods contain pharmacologically active components. A pharmacological
food intolerance is usually evident soon after eating the food responsible. The
amount of food ingested to elicit a reaction varies from person to person and
may even vary in the same individual over time. The pharmacological
components can either initiate a reaction directly themselves or activate the
host’s mediator system indirectly and hence induce a reaction.

The largest class of substances that are found in many foods responsible for
inducing pharmacological food intolerance are vasoactive amines. Other
substances involved are methylxanthines, capsaicin and ethanol. Vasoactive
amines include histamine, tyramine, tryptamine and serotonin. Foods such as
tuna, cheese (in particular Parmesan and Roquefort), yeast extracts such as
Marmite, and red wine such as Burgundy and Chianti are rich in these amines.
Ingestion of large amounts of these foods can be followed by toxic symptoms.
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The best example is scombroid poisoning, due to an excessive amount of
histamine in some species of fish such as tuna and mackerel.22 Because
histamine is a mediator released from mast cells in food allergy, sometimes
pharmacological food intolerance due to histamine is confused with allergic-
type reactions. In scombroid poisoning, when fish is inadequately refrigerated,
marine bacteria convert the amino acid histidine to histamine. This will generate
a histamine concentration greater than the body’s normal capacity to metabolise
and hence the individual will suffer from the full spectrum of histamine effects,
including flushes, vomiting and diarrhoea.

Some foods that do not have a high histamine content themselves contain
compounds that can indirectly induce degranulation of mast cells and histamine
release. These foods include chocolate, ethanol, tomatoes and crustaceans.

Vasoactive amines such as tyramine and serotonin are found mainly in
fermented food.

1.4 Mechanisms of oral tolerance

Oral tolerance is very much the norm. The reason why we are not all allergic and
intolerant when we eat food is due to basic mechanisms that function in the
development of our tolerance. Food intolerance and food allergy is in fact a
failure of oral tolerance. The existence of oral tolerance has been known for a
long time, but its mechanisms are still not fully understood. A number of
experimental models have been used to demonstrate this phenomenon. One such
example is the oral tolerance to ovalbumin in mice. This was induced by a single
administration of ovalbumin and a demonstration of suppression of cell-
mediated immunity.23

T-helper cells are differentiated into two subsets, known as Th1 cells and Th2
cells. Th1 cells produce cytokines such as gamma-interferon and induce
macrophage activation. In the absence of gamma-interferon, the antigen-
presenting cells express another cytokine, IL-10, and induce Th2 cells to
produce IL-4 cytokines. The latter cytokines will instruct naı̈ve B-cells to
produce IgE. The balance between gamma-interferon and IL-4 at the time of the
immune reaction will govern the immune outcome. High interferon/IL-4
production facilitates the induction of a Th1-type immune response, whereas
high IL-4 production induces a Th2 pathway. In oral tolerance, it is suggested
that T-helper cells known as Th3 type are involved. These cells, which produce
TGF-�1, may be responsible for oral tolerance, since TGF-�1 downregulate
inflammatory cytokines and promote IgA production.24

1.4.1 Factors contributing to development of tolerance

Genetic background
There are a number of factors which influence development of tolerance.
Genetic background is an important factor. Atopy, defined as the genetic
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tendency to respond with IgE to exogenous proteins, is strongly associated with
allergic symptoms. The risk of developing allergic disorders increases in
children born to families with atopy. It is, however, unclear whether genetic
differences in antigen clearance are associated with the capacity to induce oral
tolerance.

Dose of antigen
Most of our knowledge in this area has originated from animal studies. Dose–
response studies with rodent models have shown that the low-IgE responder
phenotype develop specific tolerance in response to inhalation of nanograms of
antigen, whereas high-IgE responders require much higher doses for tolerance.25

Ultimately, it may be that a person’s sensitivity ot tolerance is governed by their
genetic background.

Time of exposure
What happens when we encounter an antigen for the very first time has an
important impact on what the outcome may be, i.e. whether we are sensitised or
tolerised. We encounter most antigens early in life, during infancy, and as it
happens this is the period when tolerance development is impaired. In fact, this
delayed post-natal maturation of tolerance has been suggested as the reason for
the increased frequency of allergic symptoms in infancy.26 So it appears that
there is an immunological vulnerable period, perhaps due to the inability of the
immature immune system to induce tolerance. Clearly, this is an exciting area
and only further research will elucidate the current ambiguity.

1.5 Summary

This chapter has aimed to give some background to the history of food
intolerance and food allergy. Hopefully it has shown that food allergy and
intolerance is a condition that has existed for centuries, although it may not have
been labelled as such. This was followed by a section on terminology from
which the reader will recognise that the debate still continues. Although the
recommendations of the European Academy of Allergology and Clinical
Immunology (EAACI) are outlined in the chapter, it is likely that readers will
come across other terms or indeed, more commonly, will find these terms being
used in different contexts. In time, no doubt, a worldwide terminology may
evolve, but for the time being clarification and definition have to be offered in
the literature.

The sections which followed were dedicated solely to mechanisms of food
intolerance and allergy and food tolerance. It is essential to have a grasp of the
current state of evidence in this area in order to appreciate some of the key issues
concerning diagnosis, symptoms, etc. Of course, it is also evident from this
discussion that the medical and scientific community are nowhere near
unfolding the whole picture, and our understanding of the mechanism of food
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allergy and intolerance is still very much in its infancy. Systematic investigation
in these areas is relatively new and confined mainly to the last few decades. Our
understanding can only increase with time.
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