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Foreword

The diagnosis of food hypersensitivity (FHS) represents a challenge to all who 
work in the field; this is predominantly due to the paucity of good diagnostic tests
and the wide variability of the conditions involved. Estimates vary as to the number
of people afflicted with symptoms which they perceive are triggered by particular
foods, but this could be more than 20% of the UK population. Although only a
much smaller percentage of these people actually have FHS, the burden of diagnosis
is considerable. It is essential that all those who suspect they have FHS receive the
correct diagnosis.

There is no shortage of weighty and authoritative reference books on FHS, and a
wealth of books for the lay public. This book is different; the editors and contri-
butors to the book have focussed on using their extensive expertise in the clinical
setting to provide a well-referenced but very practical guide to the diagnosis and
management of FHS. The spectrum of conditions covered is extensive including not
only well-characterised conditions such as IgE-mediated food allergy and coeliac
disease, but also the putative role of FHS in other entities such as Attention-Deficit
Hyperactivity Disorder and Irritable Bowel Syndrome. 

In addition to guiding the reader through the prevalence and diagnosis of FHS,
including oral food challenge, the middle section provides chapters devoted to those
foods or food groups involved in FHS reactions. The last section covers important
wider issues such as nutritional management, prevention, living with FHS and an
overview of the associated atopic conditions including asthma, eczema and rhinitis.

FHS diagnosis and management involves clinicians of many different professional
backgrounds, principally doctors, dietitians and nurses. These clinicians can be
working in primary, secondary or tertiary care, in general practice or a specialist
allergy service. This book, with contributions from professionals from all of these
disciplines, illustrates the collaborative nature of good FHS management. A large
number of the contributors are dietitians, who have shared the benefit of their many
years of practical expertise, illustrating how important dietitians are to the specialty
of allergy and to FHS in particular. 

FHS diagnosis can be highly contentious. This book has been written by pro-
fessionals all of whom are well-recognised within their individual fields and are
members of the British Society of Allergy and Clinical Immunology and/or the Food
Allergy and Intolerance Specialist Group of the British Dietetic Association. The
book will be a useful addition to the bookshelf for those working in both the general
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or specialist sector, and for those who are studying the topic at either undergraduate
or post graduate level.

Stephen R. Durham
Professor of Allergy and Respiratory Medicine

Imperial College and Royal Brompton Hospital, London

xii Foreword
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Diagnosis
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1.1 Introduction

Adverse reactions to food have been reported for the last 2,000 years. Writings from
ancient Rome indicate that the Romans understood that foods consumed safely by
most people could provoke adverse reactions in others. Prausnitz and Kustner1 were
the first to discover that the ‘substance’, now known as immunoglobulin E (IgE),
responsible for Kustner’s allergic reaction to fish, was present in his blood serum.
However, despite the long history of food allergies and intolerances, it still remains
a very controversial subject.

Many people believe that they are allergic or intolerant to a food, although in the
majority of cases this will not be confirmed by the necessary tests, food exclusion
and food challenges/reintroduction. For some of them, however, these allergies or
intolerances could be life-threatening or have a huge impact on their quality of life,
and extreme avoidance of the culprit food may be the only way to avoid severe
symptoms. For others, such stringent avoidance measures may not be applicable,
but they may nonetheless lead to an unnecessary reduction in their quality of life.

This chapter sets out to explain the different terminology and mechanisms
involved in food allergy. It also looks critically at the true prevalence of allergies and
intolerances, and at the foods and symptoms involved.

1.2 Nomenclature and classification

‘Adverse food reactions’ is the umbrella term referring to any untoward reaction
following the ingestion of a food (or food additive). These can be divided into 
toxic and non-toxic reactions. Toxic substances may occur naturally in foods (e.g.
scombroid fish poisoning or aflatoxins in peanuts), or may be added during food
preparation2.

One method of classifying the non-toxic reactions is to divide them into food
allergy (immune-mediated) and food intolerance (non-immune-mediated) (Figure 1.1).
However, in the clinical practice of allergy it is often unclear whether the problem is
an allergy or an intolerance, due to the time delay between ingestion and symptoms
and insufficient diagnostic tools2,3. There is a popular practice of calling all adverse
reactions ‘allergies’. This is inaccurate, however, and causes confusion both for the
general public and for health professionals.

1 Classification and Prevalence
of Food Hypersensitivity

Carina Venter
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4 Food Hypersensitivity

A European Academy of Allergy and Clinical Immunology task force4 has pro-
posed that any adverse reactions to food should be called food hypersensitivity
(Figure 1.2). When immunological mechanisms have been demonstrated, they 
suggest that the appropriate term is food allergy. If the food allergy involves IgE,
then it will be known as IgE-mediated food allergy. Other reactions, previously
sometimes referred to as ‘food intolerance’, should be referred to as non-allergic
food hypersensitivity. Severe, generalised allergic reactions to food are classified 
as anaphylaxis4. See Table 1.1 for examples of the different food hypersensitivity
presentations5.

The term food hypersensitivity (FHS) will be used throughout this book, fol-
lowing the above nomenclature.

Adverse reactions to
food

Non-toxic reactions Toxic reactions

Immune-mediated

Non-IgE-mediated

IgE-mediated

Enzymatic

Pharmacological

UnknownNon-immune-mediated

Figure 1.1 Classification of adverse reactions to food, based on the COT report2.

Food hypersensitivity

Food allergy
Non-allergic food
hypersensitivity

IgE-mediated
food allergy

Non-IgE-mediated
food allergy

Figure 1.2 Nomenclature for food hypersensitivity4.
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6 Food Hypersensitivity

1.3 Immunological basis of food allergy

Food proteins are broken down into small peptides and amino acids by digestive
enzymes. In a normal situation, these food particles are prevented from entering the
tissues by physiological and immunological barriers in the gut. However, sometimes
small amounts of intact food proteins may be absorbed through the gastrointestinal
tract and elicit an immunological response when presented to T cells. This could
either lead to stimulation of Th1 cells (non-IgE-mediated allergies) or Th2 cells 
(IgE-mediated allergies), depending on a number of factors such as the genetic
make-up of the host, the characteristics of the food protein and the effect of the
microenvironment. These interactions lead to the development of food tolerance in
most subjects, and the development of new allergies in some subjects6.

The Gell–Coombs classification7 recognises four distinct types of hypersensitivity
reactions (types I, II, III, IV), and each type involves different components of the
immune system. The type I (IgE-mediated) response is the classic allergic response
and manifests as urticaria, angio-oedema and anaphylaxis. The type II response, 
or immune-complex-mediated response, is one where the antigen binds to the cell
surface and the presence of antibodies disrupts the membrane, leading to cell death,
e.g. neutropenia and thrombocytopenia. Type III is a response involving IgG anti-
bodies, where antigen-antibody-complement immune complexes get trapped in small
blood vessels or glomeruli causing vasculitis and nephropathy. An exaggerated
response can cause allergic symptoms. Finally, the type IV response is a delayed hyper-
sensitivity response caused by the T cells, and it can manifest as a variety of clinical
symptoms such as food protein-induced enterocolitis and eczema8,9. In many pati-
ents, more than one process may be involved at the same time; however, there is very
little evidence to suggest that type II and III reactions play a role in food-related
reactions.

1.3.1 IgE-mediated food allergy

During a classic IgE-mediated allergic response, food proteins (antigens) enter the
body through the gastrointestinal mucosa or lung mucosa. Antigen-presenting cells
(dendritic cells) engulf the antigens and present them to Th0 cells. In atopic indivi-
duals, the process stimulates the production of Th2 cells, which stimulate B cells to
produce IgE food-specific antibodies to the protein encountered. Those IgE antibod-
ies then bind to mast cells in tissues or basophils circulating in the blood via a special
high-affinity receptor on the cells. IgE antibodies in plasma have a very short life,
but once bound to cells (mainly mast cells) they can remain in the tissues for months
waiting to come into contact with the allergen. This is called sensitisation9.

On subsequent exposure to the allergen, the specific IgE antibodies recognise 
certain areas on the food protein called epitopes, which allows the protein to bind
with the antibody, leading to degranulation of these cells, release of the histamine,
prostaglandins, leukotrienes, platelet activation factors and bradikynin. These medi-
ators cause vascular dilation and increased permeability, and attract cells into the
tissues, leading to inflammation.

9781405170369_4_001.qxd  22/12/2008  14:58  Page 6



Classification and Prevalence of Food Hypersensitivity 7

A few hours after the initial reaction a more pronounced reaction (late-phase
reaction) may be experienced. This is mainly initiated by the eosinophils, but mono-
nuclear cells, other lymphocytes and neutrophils are also involved.

1.3.2 Non-IgE-mediated food allergy

Although the mechanisms involved in food-induced reactions are not always clear,
the absence of IgE production has been clearly established. A number of research
studies have particularly investigated the immunological basis of gastrointestinal
non-IgE-mediated allergies, and have clearly indicated involvement of T cells (mainly
Th1 cells, but Th2 cells could also be involved) and cells such as eosinophils. T cells
become sensitised at the initial exposure. On the subsequent contact the protein
(epitope) combines with the sensitised T cells and releases their cytokines, which
leads to chronic inflammation10. In most cases, biopsies will be needed for a formal
diagnosis. However, diagnostic difficulties in non-IgE-mediated food allergies still
remain, and many more basic scientific studies are needed11,12.

There has been some interest in the role of IgG tests for the diagnosis of FHS. One
study evaluated IgG tests in the diagnosis of FHS in patients suffering from irritable
bowel syndrome (IBS)13. It is thought, however, that IgG levels to a particular food
indicate the level of food consumption rather than a hypersensitivity14. Zuo et al.15

showed that increased levels of antigen-specific IgG antibody titres for some foods
were found in IBS and functional dyspepsia patients compared with controls, but
were unable to correlate the level of food-specific IgG antibodies with symptom
severity in either the dyspeptic or the IBS patients. This is a very interesting area and
needs further research.

1.3.3 Non-allergic food hypersensitivity

Non-allergic FHS is usually (but not always) characterised by a delayed reaction,
occurring hours or even days after eating certain foods. The possible causes include
pharmacological reactions, substances occurring naturally in the food, and enzyme
deficiencies.

Pharmacological reactions

Monosodium glutamate16 (MSG) is commonly used as a flavour enhancer, and
large amounts of MSG are reported to cause flushing, headache and abdominal
symptoms. The reaction may even mimic the features of a myocardial infarction,
with chest pain radiating to both arms and the back together with general weakness
and palpitations17. The role of MSG in non-allergic FHS, and also that of food addit-
ives18 such as artificial colours, preservatives etc., is discussed in Chapter 10.

Biogenic amines such as histamine, tyramine, phenylethylamine, serotonin and
tryptamine can produce symptoms including headache, nausea and giddiness; tyram-
ine can trigger migraine in some people. Urticaria and angio-oedema symptoms 

9781405170369_4_001.qxd  22/12/2008  14:58  Page 7



8 Food Hypersensitivity

can also result primarily from the physiological actions of histamine17. Some indi-
viduals with urticaria have a decreased ability to degrade dietary histamine before it
enters the circulation. This is determined by genetic factors, disease and medication.
Excess histamine levels would cause symptoms similar to those experienced in IgE-
mediated allergy. Adverse reactions depend not only on the presence of the problem
food component, but also on the amount of the food component ingested and the
sensitive person’s efficiency in metabolising it.

Excess histamine could be caused by several factors:

1 amount of histamine produced and release intrinsically;
2 histamine production by gut bacteria;
3 dietary intake of foods containing or releasing histamine;
4 catabolic enzymes not able to reduce excess histamine within the body.

The only factor that can easily be manipulated is the amount of histamine in food.
Foods high in histamine, such as fermented foods, may exacerbate urticaria and
angio-oedema in these individuals (see Chapter 10).

Zuberbier et al.19 have shown that foods naturally high in histamines and salicy-
lates (tomato, wine and spices) cause symptoms of urticaria during food challenges.
However, analysis of these foods, or components of these foods, showed that it 
was the aromatic volatile ingredients (ketones, alcohol and aldehydes) that were
involved in the development of urticaria, rather than the histamine and/or salicylate
content.

Substances naturally occurring in foods

Non-immunological reactions may also be provoked by food constituents such 
as benzoates, salicylates, nickel and caffeine20. High levels of benzoic acid in some
citrus fruits may cause a harmless flare reaction around the mouth, especially in
children. This is often misinterpreted as allergy, and a child may be unnecessarily
stopped from consuming all citrus fruits21 (see Chapter 10).

Enzyme deficiencies

Partial or total deficiency of one or more enzymes in the digestive tract (e.g. lactase,
disaccharidase deficiency) may result in symptoms of malabsorption when foods
containing certain components are consumed. Apart from lactose, intolerances are
very rarely seen in young children. For more information on lactose intolerance, see
Chapter 5.

The main difference between food allergy and non-allergic FHS is that food allergy
is caused by a protein interacting with the immune system and non-allergic FHS is
caused by substances in food other than food proteins, with no involvement of the
immune system.
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1.4 Symptoms associated with food hypersensitivity

Symptoms that are most commonly associated with FHS can broadly be divided
into symptoms associated with the systemic system, gastrointestinal tract, skin, 
respiratory system or other symptoms. Symptoms experienced upon ingestion of a
specific food may occur within minutes, hours or days of ingestion.

Ultimately, one would like to map the symptoms specifically against either imme-
diate or delayed reactions, or IgE-mediated and non-IgE-mediated reactions. This is
not easy, however, as many manifested symptoms (e.g. eczema) can occur either as
IgE-mediated or as non-IgE-mediated reactions, or as a mixed pattern of both. Fur-
thermore, previous research utilising either open food challenges (OFC) or double-
blind, placebo-controlled food challenges (DBPCFC) has clearly shown that some
symptoms can be both immediate and delayed in nature22. Tables 1.2 to 1.6 highlight
the reported symptoms most often associated with FHS in the literature.

Non-allergic FHS typically presents with symptoms similar to those of food
allergy, either IgE-mediated or non-IgE-mediated. Symptoms of non-allergic FHS,
however, tend to develop more slowly, larger amounts of foods are needed, and
these amounts can vary greatly from patient to patient. Anaphylactic reactions are
not seen with non-allergic FHS.

1.5 Prevalence

It is important to have accurate national data on the prevalence of FHS in order to
meet the needs of the allergic community, particularly as the prevalence of food
allergies varies depending on the diet and exposure to food allergens. Geographical
variation in the prevalence of self-reported FHS, and differences in the foods
reported to cause hypersensitivity, have been well documented64 –66.

Examples include fish allergy, which is frequently seen in Spain67, and peanut
allergy, which is common in the USA68. Cow’s milk, eggs, peanuts and tree nuts,
soya and wheat are among the most common food allergens in infants and chil-
dren67,69–74. Peanuts and tree nuts75 as well as fish and shellfish76 are reported to be
the most common food allergens in teenagers and adults. Oral allergy syndrome is
also frequently reported in this older group77.

FHS is the most common cause of anaphylaxis in children in Western countries,
and more specifically the United Kingdom78,79. Of these foods, peanuts and tree

Table 1.2 Systemic manifestations of FHS: nomenclature and characteristics.

Disorder Characteristics

Anaphylaxis
Exercise-induced anaphylaxis Occurs only when the patient exercises within 2–4 hours of 

ingesting the food. In the absence of exercise, the person 
can safely ingest the food. 
Most common in females 15–35 years23.

9781405170369_4_001.qxd  22/12/2008  14:58  Page 9



T
ab

le
 1

.3
G

as
tr

oi
nt

es
tin

al
 a

lle
rg

ie
s 

(I
gE

- a
nd

 n
on

-I
gE

-m
ed

ia
te

d)
: n

om
en

cl
at

ur
e,

 c
ha

ra
ct

er
is

tic
s 

an
d 

sy
m

pt
om

s.

D
is

o
rd

er

O
ra

l a
lle

rg
y 

sy
nd

ro
m

e

G
as

tr
oi

nt
es

tin
al

 
an

ap
hy

la
xi

s

A
lle

rg
ic

 e
os

in
op

hi
lic

 
oe

so
ph

ag
iti

s

A
lle

rg
ic

 e
os

in
op

hi
lic

 
ga

st
ro

en
te

rit
is

F
oo

d 
pr

ot
ei

n-
in

du
ce

d 
pr

oc
to

co
lit

is

C
h

ar
ac

te
ri

st
ic

s

C
au

se
d 

by
 s

en
si

tis
at

io
n 

to
 a

er
o-

al
le

rg
en

s 
(b

irc
h,

 ra
gw

ee
d 

an
d 

m
ug

w
or

t)
w

hi
ch

 c
ro

ss
-r

ea
ct

 w
ith

 fr
ui

t/v
eg

et
ab

le
/n

ut
 p

ro
te

in
s.

In
fil

tr
at

io
n 

of
 th

e 
oe

so
ph

ag
us

 b
y 

eo
si

no
ph

ils
, b

as
al

 z
on

e 
hy

pe
rp

la
si

a,
pa

pi
lla

ry
 e

lo
ng

at
io

n,
 a

bs
en

ce
 o

f v
as

cu
lit

is
 a

nd
 p

er
ip

he
ra

l e
os

in
op

hi
lia

 
in

 u
p 

to
 5

0%
 o

f p
at

ie
nt

s25
. M

os
t f

re
qu

en
tly

 s
ee

n 
du

rin
g 

in
fa

nc
y 

th
ro

ug
h

ad
ol

es
ce

nc
e.

 P
re

va
le

nc
e 

of
 o

th
er

 a
lle

rg
ic

 d
is

ea
se

s 
co

m
m

on
 a

m
on

gs
t

th
os

e 
w

ith
 A

E
E

, b
ut

 fo
od

 a
lle

rg
y 

m
os

tly
 n

on
-I

gE
-m

ed
ia

te
d.

 S
ea

so
na

l
oe

so
ph

ag
ea

l s
ym

pt
om

s 
al

so
 o

fte
n 

se
en

26
. I

f p
at

ie
nt

s 
ar

e 
no

t t
re

at
ed

 th
ey

m
ay

 d
ev

el
op

 B
ar

re
tt’

s 
oe

so
ph

ag
iti

s.

M
ay

 p
re

se
nt

 in
 a

ny
 a

ge
 g

ro
up

, e
ve

n 
in

fa
nt

s.
 O

fte
n 

pr
es

en
ts

 a
s 

py
lo

ric
st

en
os

is
, w

ith
 o

ut
le

t o
bs

tr
uc

tio
n.

 C
ha

ra
ct

er
is

ed
 b

y 
in

fla
m

m
at

io
n 

of
 th

e
st

om
ac

h 
an

d 
in

te
st

in
es

. C
lin

ic
al

 m
an

ife
st

at
io

ns
 d

ep
en

d 
on

 lo
ca

tio
n 

an
d

ex
te

nt
 o

f t
he

 in
fla

m
m

at
io

n.
 5

0%
 a

re
 a

to
pi

c 
an

d 
50

%
 w

ill
 h

av
e 

pe
rip

he
ra

l
bl

oo
d 

eo
si

no
ph

ili
a.

 E
nd

os
co

py
 a

nd
 b

io
ps

y 
re

m
ai

ns
 th

e 
go

ld
 s

ta
nd

ar
d 

of
 d

ia
gn

os
is

. M
ilk

, s
oy

a,
 e

gg
, w

he
at

 a
nd

 fi
sh

 a
lle

rg
ie

s 
m

os
t c

om
m

on
ly

im
pl

ic
at

ed
. R

es
ol

ut
io

n 
of

 s
ym

pt
om

s 
up

on
 re

m
ov

al
 o

f t
he

 fo
od

s 
w

ith
in

 
6 

w
ee

ks
. D

oe
s 

re
sp

on
d 

to
 s

te
ro

id
s 

as
 w

el
l28

,2
9 .

U
su

al
ly

 p
re

se
nt

s 
in

 fi
rs

t y
ea

r o
f l

ife
, e

sp
ec

ia
lly

 fi
rs

t f
ew

 m
on

th
s.

 U
su

al
ly

ca
us

ed
 b

y 
co

w
’s

 o
r s

oy
a 

m
ilk

 fo
rm

ul
a 

or
 th

es
e 

pr
ot

ei
ns

 p
as

se
d 

fr
om

m
ot

he
r t

o 
in

fa
nt

 v
ia

 b
re

as
t m

ilk
. I

nf
an

ts
 th

riv
in

g 
an

d 
lo

ok
 w

el
l.

Le
si

on
s 

ar
e 

co
nfi

ne
d 

to
 d

is
ta

l b
ow

el
 a

nd
 c

on
si

st
 o

f m
uc

os
al

 o
ed

em
a,

 w
ith

eo
si

no
ph

il 
in

fil
tr

at
io

n 
in

 th
e 

ep
ith

el
iu

m
 a

nd
 la

m
in

a 
pr

op
rie

ty
26

. U
p 

to
 6

0%
of

 c
as

es
 a

re
 b

re
as

tfe
d 

an
d 

re
ac

tin
g 

to
 c

ow
’s

 m
ilk

/s
oy

a 
m

ilk
 in

 b
re

as
t m

ilk
.

S
ym

p
to

m
s

M
ild

 it
ch

, t
in

gl
in

g 
an

d/
or

 a
ng

io
ed

em
a 

of
 th

e
lip

s,
 to

ng
ue

, m
ou

th
, t

hr
oa

t –
 s

ys
te

m
ic

sy
m

pt
om

s 
ve

ry
 ra

re
24

.

Q
ui

ck
 o

ns
et

 o
f n

au
se

a/
vo

m
iti

ng
, a

bd
om

in
al

pa
in

/c
ra

m
ps

, w
ith

 o
r w

ith
ou

t d
ia

rr
ho

ea
. S

ki
n

or
 re

sp
ira

to
ry

 s
ym

pt
om

s 
of

te
n 

pr
es

en
t8 .

G
as

tr
o-

oe
so

ph
ag

ea
l r

efl
ux

, n
au

se
a 

an
d

vo
m

iti
ng

, d
ys

ph
ag

ia
, i

nt
er

m
itt

en
t a

bd
om

in
al

pa
in

, i
rr

ita
bi

lit
y,

 s
le

ep
 d

is
tu

rb
an

ce
, d

oe
s 

no
t

re
sp

on
d 

to
 c

on
ve

nt
io

na
l r

efl
ux

 tr
ea

tm
en

t27
.

O
cc

ul
t b

lo
od

 in
 s

to
ol

; o
cc

as
io

na
lly

 a
na

em
ic

;
hy

po
al

bu
m

in
ae

m
ia

 v
er

y 
ra

re
; m

ay
 h

av
e

pe
rip

he
ra

l e
os

in
op

hi
lia

 a
nd

 e
le

va
te

d 
se

ru
m

Ig
E

 (w
ith

 a
 fa

m
ily

 h
is

to
ry

 o
f a

lle
rg

y)
32

.

9781405170369_4_001.qxd  22/12/2008  14:58  Page 10



F
oo

d 
pr

ot
ei

n-
in

du
ce

d 
en

te
ro

co
lit

is

F
oo

d 
pr

ot
ei

n-
in

du
ce

d 
en

te
ro

pa
th

y

C
oe

lia
c 

di
se

as
e

G
as

tr
o-

oe
so

ph
ag

ea
l 

re
flu

x 
(G

O
R

)

D
ia

rr
ho

ea
, n

au
se

a 
an

d 
vo

m
iti

ng
, 

ab
do

m
in

al
 p

ai
n

C
on

st
ip

at
io

n

M
or

e 
th

an
 8

0%
 o

f c
as

es
 w

ill
 re

so
lv

e 
on

 e
xt

en
si

ve
ly

 h
yd

ro
ly

se
d 

fo
rm

ul
a

(e
H

F
),

 a
nd

 a
m

in
o-

ac
id

-b
as

ed
 fo

rm
ul

a 
is

 ra
re

ly
 n

ee
de

d30
. S

ym
pt

om
s

sh
ou

ld
 d

is
ap

pe
ar

 w
ith

in
 4

8
–7

2 
ho

ur
s.

 Im
po

rt
an

t t
o 

ex
cl

ud
e 

in
fe

ct
io

n,
ne

cr
ot

is
in

g 
en

te
ro

co
lit

is
, a

na
l fi

ss
ur

e 
an

d 
in

tu
ss

us
ce

pt
io

ns
. I

f n
o

im
pr

ov
em

en
t o

n 
m

ilk
 a

nd
 s

oy
a 

ex
cl

us
io

n,
 c

ou
ld

 b
e 

du
e 

to
 a

lle
rg

en
 b

ei
ng

m
is

se
d 

or
 fa

ct
or

s 
in

he
re

nt
 to

 b
re

as
t m

ilk
31

.
U

su
al

ly
 b

ec
om

e 
to

le
ra

nt
 b

y 
1 

ye
ar

.

M
os

t c
om

m
on

ly
 s

ee
n 

in
 in

fa
nt

s 
un

de
r 3

 m
on

th
s 

of
 a

ge
, b

ut
 c

an
 b

e 
de

la
ye

d
in

 b
re

as
t f

ed
 in

fa
nt

s33
. M

os
t c

om
m

on
ly

 c
au

se
d 

by
 c

ow
’s

 m
ilk

 a
nd

 s
oy

a
(5

0%
 C

M
P

A
 re

ac
t t

o 
so

ya
),

 b
ut

 o
th

er
 fo

od
s 

su
ch

 a
s 

oa
t, 

ric
e,

 c
hi

ck
en

 a
nd

tu
rk

ey
34

ca
n 

be
 in

vo
lv

ed
. B

re
as

t-
fe

d 
ba

bi
es

 n
ot

 s
ym

pt
om

at
ic

, b
ut

 m
ig

ht
 b

e
se

ns
iti

se
d 

vi
a 

br
ea

st
 m

ilk
. e

H
F

 s
ui

ta
bl

e,
 a

m
in

o-
ac

id
-b

as
ed

 fo
rm

ul
a 

ra
re

ly
ne

ed
ed

35
.

F
oo

d 
ch

al
le

ng
es

 s
ho

ul
d 

be
 d

on
e 

in
 h

os
pi

ta
l.

U
su

al
ly

 b
ec

om
e 

to
le

ra
nt

 b
y 

3 
ye

ar
s.

S
im

ila
r s

yn
dr

om
e 

se
en

 in
 a

du
lts

 a
fte

r c
on

su
m

pt
io

n 
of

 s
he

llfi
sh

.

P
re

se
nt

s 
in

 fi
rs

t f
ew

 m
on

th
s 

of
 li

fe
. G

ut
 s

ho
w

s 
pa

tc
hy

 v
ill

ou
s 

at
ro

ph
y,

in
fil

tr
at

io
n 

of
 m

on
on

uc
le

ar
 c

el
ls

 a
nd

 a
 fe

w
 e

os
in

op
hi

ls
36

.

C
oe

lia
c 

di
se

as
e 

le
ad

s 
to

 a
 m

or
e 

ex
te

ns
iv

e 
en

te
ro

pa
th

y 
th

an
 a

bo
ve

. I
t 

is
 a

ss
oc

ia
te

d 
w

ith
 H

LA
-D

Q
2,

 p
re

se
nt

 in
 m

or
e 

th
an

 9
0%

 o
f c

oe
lia

cs
37

.

M
ilk

 a
lle

rg
y 

co
ul

d 
be

 th
e 

ca
us

e 
in

 s
om

e 
ch

ild
re

n38
,3

9 .

C
om

m
on

ly
 a

ss
oc

ia
te

d 
w

ith
 b

ot
h 

Ig
E

- a
nd

 n
on

-I
gE

-m
ed

ia
te

d
al

le
rg

ie
s38

,4
0

–
44

.

C
ou

ld
 b

e 
ca

us
ed

 m
y 

co
w

’s
 m

ilk
 o

r m
ul

tip
le

 fo
od

 a
lle

rg
ie

s.
 M

uc
os

al
er

os
io

n,
 in

cr
ea

se
d 

in
tr

ae
pi

th
el

ia
l l

ym
ph

oc
yt

e 
co

un
ts

 a
nd

 re
du

ce
d 

re
ct

al
m

uc
ou

s 
pr

od
uc

tio
n 

is
 s

ee
n12

,4
5,

46
.

P
ro

tr
ac

te
d 

vo
m

iti
ng

 a
nd

 d
ia

rr
ho

ea
, o

fte
n 

ge
ts

de
hy

dr
at

ed
 (f

ol
lo

w
ed

 b
y 

hy
po

te
ns

io
n)

34
,3

6

ab
do

m
in

al
 d

is
te

ns
io

n,
 g

ro
w

th
 fa

lte
rin

g,
ty

pi
ca

l v
om

iti
ng

 1
–

3 
ho

ur
s 

af
te

r m
ea

l.
O

n 
ad

m
is

si
on

 g
iv

e 
IV

 fl
ui

ds
 (c

or
tic

os
te

ro
id

s
m

ay
 b

e 
ne

ed
ed

) –
 a

dr
en

al
in

e/
an

tih
is

ta
m

in
e

on
ly

 n
ee

de
d 

if 
ot

he
r I

gE
-m

ed
ia

te
d 

fo
od

al
le

rg
ie

s 
ar

e 
in

vo
lv

ed
.

D
ia

rr
ho

ea
, m

ild
 to

 m
od

er
at

e 
st

ea
to

rr
ho

ea
an

d 
w

ei
gh

t l
os

s.

O
cc

as
io

na
lly

 n
au

se
a 

an
d 

vo
m

iti
ng

, m
ou

th
ul

ce
rs

, w
ei

gh
t l

os
s 

or
 g

ro
w

th
 fa

lte
rin

g,
ab

do
m

in
al

 d
is

te
ns

io
n 

an
d 

fla
tu

le
nc

e,
di

ar
rh

oe
a 

an
d 

st
ea

to
rr

he
a.

9781405170369_4_001.qxd  22/12/2008  14:58  Page 11



12 Food Hypersensitivity

Table 1.4 Skin-related food allergies (IgE- and non-IgE-mediated): nomenclature,
characteristics and symptoms.

Disorder

Acute urticaria 
and angioedema

Chronic urticaria 
and angioedema

Atopic dermatitis

Contact dermatitis

Dermatitis herpetiformis

Characteristics

Starts early in life, characterised
by a typical distribution, extreme
itch, chronic and relapsing50.
Gastrointestinal and respiratory
symptoms are also often seen
in infants and children

Often seen in those who handle
raw foods, e.g. fish, shellfish,
meat and egg51

Chronic blistering skin condition
associated with coeliac disease

Symptoms

Itch, hives, swelling38,41,43,47,48

Itch, hives, swelling of more
than 6 weeks’ duration17,49

Dry itchy skin – with classic
eczema distribution38,41,43,47

Dry itchy skin

Itchy, papulovesicular rash
over extensor surfaces and
buttocks52

Table 1.5 Respiratory food allergies: nomenclature, characteristics and symptoms.

Disorder

Allergic 
rhinoconjuctivitis

Asthma

Heiner’s 
syndrome

Symptoms

Itchy, red eyes and
runny nose, nasal
congestion, sneezing44

Wheeze, shortness of
breath, dry cough (in
the absence of a cold)

Recurrent pneumonia,
iron-deficiency
anaemia, growth
faltering59

Characteristics

Isolated rhinoconjuctivitis is rarely caused by
food ingestion, but it can occur with other
symptoms.

Asthma is rarely caused by food ingestion, but
acute bronchospasm is often seen with other
symptoms caused by IgE-mediated food
allergies53. However, ingestion of food allergen
(in sensitised individuals) can lead to worsening
of asthma in the absence of bronchospasms54.
Food allergy is also considered to be a major
risk factor for severe life-threatening asthma55.
Inhalation of food proteins56, as opposed to just
inhaling vapours57, can also cause asthmatic
reactions, even anaphylaxis.

Characterised by recurrent episodes of
pneumonia associated with lung infiltrates,
haemosiderosis, and blood in stools, in young
children. The offending foods reported most
often are cow’s milk, and also egg and pork.
Peripheral blood eosinophilia and IgG
precipitating antibodies to cow’s milk have been
described in this syndrome, but the underlying
immunological mechanisms are not clear58.
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Classification and Prevalence of Food Hypersensitivity 13

nuts are reported as the most common food causing severe IgE-mediated reactions
in children and adolescents in the USA and Europe80,81, including the UK82.

It is well known that the reported prevalence of FHS overestimates FHS as 
diagnosed by food challenges and other tests. Very few population-based studies
looking at FHS based on food challenges are available in the literature.

1.5.1 Prevalence of FHS in adults

Reported

In Portugal83, self-reported food allergy in adults(≥ 40 years) was 4.8% (95% CI
3.4–6.9%). Most people (67.6%) reported food allergy to only one food, with fresh
fruits being the most frequently reported problem (25%). Approximately 90% of
those who reported a food-related problem avoided the food, but 53% reported
accidental ingestion of the food during the previous year.

Vierk et al.84 investigated the prevalence of self-reported FHS in adults in the 
USA by analysing questions from the US Food and Drug Administration’s 2001
Food Safety Survey. The prevalence of self-reported food allergy was 9.1% among
all survey respondents, with 5.3% of all respondents reporting a doctor-diagnosed
food allergy. The prevalence of food allergy to the eight most common allergens
(peanuts, tree nuts, egg, milk, wheat, soya, fish, and crustacean shellfish) is self-
reported as 2.7% among respondents with doctors’ diagnoses.

However, in a recent meta-analysis Rona et al. concluded that the prevalence of
self-reported food allergy was very high compared with that obtained by objective
measures66.

Diagnosed

Woods et al.85 established the rate of IgE-mediated food allergy to peanut, shrimp,
cow’s milk, wheat, and egg as defined by a positive skin prick test result and relevant
clinical history in 1,140 randomly selected young adults (aged 20–45 years) in
Europe to be 1.3% (n = 15). The prevalence of probable IgE food allergy was 
< 0.27% for wheat, 0.09% (95% CI 0.0–0.49%) each for cow’s milk and egg,

Table 1.6 Other manifestations of FHS: nomenclature and characteristics.

System type Disorder Characteristics

Other Controversial symptoms Otitis media60

Enuresis61

Colic: ill-defined syndrome characterised by 
inconsolable agonised crying that generally 
develops within the first 2–4 weeks of life and 
persists through the third to fourth month62

Other Irritability38

Listlessness with other symptoms63
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0.53% (95% CI 0.21–1.09%) for shrimp, and 0.61% (95% CI 0.25–1.26%) for
peanut.

The prevalence studies using food challenges in adults comprise information from
Dutch, United Kingdom, German and Danish populations. Jansen and colleagues86

looked at the prevalence of FHS assessed by DBPCFC in a random sample (n = 1,483)
of an adult Dutch population and estimated the true prevalence to be 2.4%. Of the
1,483 adults who completed an initial questionnaire, only 37 eventually underwent
food challenges. The research team aimed to replicate the history in terms of dose
needed and challenge duration. The foods or ingredients leading to adverse reac-
tions in this study population included pork, white wine, menthol, kiwi, additives
and glucose.

The main UK prevalence data quoted widely are those from the High Wycombe
study conducted in the late 1980s87. This study reported a population prevalence
rate between 1.4% and 1.8%, looking at eight different food allergens including
milk, egg, wheat, soya, citrus, fish/shellfish, nuts and chocolate. Questionnaires
were sent to 15,000 households (7,500 in the Wycombe Health Authority area and
7,500 nationwide). More than half (52.7%) of the individuals from Wycombe and
41.6% of the nationwide sample responded. Following an algorithm, 93 study par-
ticipants were identified for food challenges, including five children under the age of
10 and ten people aged between 10 and 30 years. Although only 18 people had a
positive food challenge, 71 were considered food-allergic, based on food challenge
outcome or a positive skin test plus a reliable history.

A recent cross-sectional survey from Germany (1999–2000)88 reported that 34.9%
of people experienced an adverse reaction to food at some point in their lives. The
point prevalence of adverse reactions to food confirmed by DBPCFC in the Berlin
population was calculated as 3.6%, and in the adult population (18–79 years)
3.7%. Two and a half per cent of the reactions were IgE-mediated and 1.1% non-
IgE-mediated. Females (60.6% of the affected group) were more frequently affected
than men. Based on general health data for the adult German population, the 
estimated prevalence of FHS was calculated as 2.6%. The most common foods
implicated were nuts, fruit, vegetables, ethanol, milk, flour and cocoa.

Osterballe et al.89 investigated a cohort of 936 adults by questionnaire, skin prick
test, histamine release test and specific IgE followed by oral challenge to the most
common allergenic foods. The prevalence of FHS confirmed by oral challenge was
3.2%. The most common allergenic food was peanut, in 0.4% of the adults. In addi-
tion, 0.2% were allergic to codfish and 0.3% to shrimp. The prevalence of clinical
reactions to pollen-related foods in pollen-sensitised adults was estimated to 32%.

1.5.2 Prevalence of FHS in children

Reported

Rancé et al.90 conducted a questionnaire-based survey in Toulouse schools to deter-
mine the reported rate of food allergies among schoolchildren. They distributed
3,500 questionnaires among 150 classes in eight schools, and 2,716 children
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(77.6%) responded. Based on these questionnaires, 182 children (6.7%) were con-
sidered to be truly food-allergic. The main foods reported as causing adverse reac-
tions were cow’s milk, eggs, kiwis, peanuts, fish, tree nuts, and shrimp.

In the Netherlands, in a cohort of 1,039 children aged 5–6 years the reported rate
of FHS was 11.4%, although only 39% of the cohort was assessed. Within this
cohort, 91.5% of the parents who perceived their child to have FHS restricted the
child’s diet91. Another population-based study in the Netherlands67 demonstrated
that the prevalence of self-reported adverse reactions to foods among schoolchil-
dren (aged 5–15 years) was 7.2%, with food additives and chocolate being the 
commonest foods avoided.

Steinke and colleagues92 studied parentally reported FHS in children in Europe
(Austria, Belgium, Denmark, Finland, Germany, Greece, Italy, Poland, Slovenia and
Switzerland) by means of a standardised questionnaire. The number of parents 
contacted was 40,246, and information was obtained on 8,825 children. Parentally
perceived food allergy prevalence was 4.7% (90% CI 4.2–5.2%), with the highest
reported rate amongst the 2- to 3-year-olds (7.2%). Reported figures were lowest in
Austria (1.7%) and highest in Finland (11.7%). Milk (38.5%), fruits (29.5%), eggs
(19.0%) and vegetables (13.5%) were most often implicated, although with sig-
nificant age-linked variations.

Diagnosed

Prevalence studies in children are less readily available. In the USA43, 480 consecut-
ive children born into a paediatric clinic were recruited at a routine two-week
appointment. The researchers determined that 8% (cumulative incidence) of the
children (0–3 years) out of the 28% who presented with possible symptoms of food
allergy were truly food-allergic as assessed by food challenges. This study utilised
open challenges and/or DBPCFCs over a one-day period using a standard dose of
dried, rather then fresh, food. This implies that delayed symptoms or symptoms
triggered by larger dosages of food could be missed.

In the German study previously referred to88, 4.2% of children (0–17 years) were
found to suffer from FHS as assessed by DBPCFC. In this study questionnaires 
were sent to 2,354 children, and 739 responded. A total of 78 oral food challenges
were carried out. Half of the challenges (n = 39) were performed as DBPCFC and
the rest as a single-blind or open food challenges, depending on the patient’s 
compliance. Forty-eight food challenges were considered positive in 31 children.
The foods most commonly implicated were apple, kiwi, soya, hazelnut, and wheat,
although challenges were performed to a much wider range of foods.

Osterballe et al.89 estimated the prevalence of FHS to the most common allergenic
foods in an unselected population of children (111 children < 3 years of age, 486
children 3 years of age, 301 children > 3 years of age) by questionnaire, skin prick
test, histamine release test and specific IgE followed by oral challenge to the most
common allergenic foods. The prevalence of FHS was 2.3% in the children aged 3
years and 1% in those older than 3 years. The most common allergenic food was
hen’s egg, affecting 1.6% of the children aged 3 years.
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In Thailand, a total of 656 children were surveyed (188 subjects between 6 months
and 3 years of age, and 468 subjects aged 3–6 years)93. Parents were asked to 
complete a food allergy questionnaire. Families with children reporting adverse
food reactions were invited to participate in further investigation for food allergy
with skin prick testing and food challenges. Forty-one of the 656 children (6.25%)
were reported to experience food-related problems. Common foods reported to be
the cause of reactions among younger children were cow’s milk and eggs, whereas
seafood, particularly shrimp, was the most commonly reported food for older 
children. Only three of the 21 children who underwent food challenge had positive
challenges, producing an estimated figure for food allergy prevalence of 0.45% 
(CI 0.01–0.8%).

A recent study on the Isle of Wight found that, based on OFC and a good clinical
history, the prevalence of FHS is 4% at 1 year94, 2.5% at 2 years and 3.0% at 3
years95. Based on DBPCFC and a good clinical history, the prevalence of FHS was
3.2% at 1 year, 2.1% at 2 years and 2.9% at 3 years. Cumulatively, by 3 years of
age, 6.0% of children were diagnosed with FHS based on OFC and history, and
5.0% of children based on DBPCFC and history. Overall, the foods implicated in
this study were milk, egg, peanut, corn, potato, tomato, salicylates and wheat. Only
16.1% of children who were seen at 1, 2 and 3 years of age and reported a food-
related problem were diagnosed with FHS by means of an OFC and history, and
12.9% by means of a DBPCFC and history.

Very importantly, in this study the authors were able to compare UK FHS 
incidence rates with that of Bock43. Using either the OFC or DBPCFC outcome, the
difference in incidence was not statistically significant (p = 0.30 for OFC, p = 0.06
for DBPCFC), indicating that FHS has not increased over the past 20 years95.

For the school cohorts, based on open food challenge and/or suggestive history and
positive skin tests, the prevalence of food hypersensitivity was 2.6% in the 6-year-
old cohort. Based on double blind challenges, a clinical diagnosis or suggestive 
history and positive skin tests, the prevalence was 1.6%. The corresponding figures
were 2.3% and 1.4% for the 11-year-olds and 2.3% and 2.1% for the 15-year-olds.
The foods most commonly implicated in FHS were milk and milk products, peanut,
wheat, banana, sesame, tree nuts, egg, shellfish, gluten (coeliac disease), green
beans, kiwi, tomato and additives. FHS was confirmed by OFC and a good clinical
history in only 21% (20/94) of 6-year-olds, 20% (18/90) of 11-year-olds and 18%
(17/94) of the 15-year-olds who reported a food problem96,97. In the light of the 
discrepancy between reported and diagnosed FHS, the major implication of this
study is the need for accurate diagnosis to prevent children being on unnecessarily
restricted diets.

1.5.3 FHS to single foods

A wide range of foods could be causing FHS, and this will differ from person to 
person. The following foods/ingredients are considered to be those most commonly
involved in the development of FHS by the European Union: cereals containing

9781405170369_4_001.qxd  22/12/2008  14:58  Page 16



Classification and Prevalence of Food Hypersensitivity 17

wheat and gluten, shellfish (crustaceans), eggs, fish, peanuts, tree nuts, cow’s milk,
celery, mustard, sesame seeds, molluscs, soya, lupin and sulphur dioxide98. The
prevalence of FHS to the individual foods is discussed further in Part 2 (Chapters
5–10).

1.6 Conclusion

Food hypersensitivity is an adverse reaction upon ingestion of food which can 
either be immune- or non-immune-mediated. Reactions experienced with FHS may
be systemic, gastrointestinal, cutaneous or respiratory in nature. There are also still 
a number of symptoms causing controversy amongst allergists. FHS is commonly
reported, but there is a large discrepancy between reported and diagnosed FHS. The
true prevalence of FHS in adults still needs further investigation; in children it lies
between 1.6% and 4.0%, with no apparent increase in the past 20 years. A large
number of foods are reported to cause symptoms of FHS, but only 14 foods and
ingredients form the core components of FHS.
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2.1 The role of food hypersensitivity in skin disorders

Rosan Meyer and George Du Toit

2.1.1 Introduction

Food-induced allergic reactions may present with symptoms and signs varying from
a few transient hives to life-threatening or fatal anaphylaxis. The most commonly
involved ‘target organs’ are the skin, gastrointestinal tract, and upper and lower 
respiratory tracts. The severity of allergic reactions to the same (or different) food
allergens is not stereotypical. There is inter- and intra-individual variability with
respect to the dose of allergen required to induce an allergic reaction1.

The immune mechanisms which underlie food-induced skin reactions include
IgE-mediated, cell-mediated (non-IgE-mediated) and mixed cellular reactions. Non-
immunological reactions may occur due to irritants, toxic substances or non-specific
properties of food2. The most common cutaneous reactions include urticaria, angio-
oedema, pruritus and atopic eczema (Table 2.1). These clinical manifestations may
occur in isolation or collectively as a syndrome, e.g. Stevens–Johnson syndrome3,4.
Pruritis is the commonest skin symptom associated with food hypersensitivity.
Studies over the last 20 years have shown cutaneous reactions occurring, as one of

The Role of Food
Hypersensitivity in 
Different Disorders

2

Table 2.1 Definition of terms used to describe cutaneous reactions.

Urticaria Transient localised areas of oedema within skin or mucus membrane:
raised, erythematous, blanching, itching and well-circumscribed wheals

Angio-oedema Transient localised oedema within deeper areas of skin or mucous
membrane instead of on the surface, as urticaria. Angio-oedema is
characterised by deep swelling and has a predilection for areas of loose
connective tissues such as the face, eyelids or mucous membrane
involving the lips and tongue

Pruritis An intense itching sensation

Eczema Also known as atopic dermatitis or atopic eczema/dermatitis syndrome:
a chronic inflammatory itchy skin condition that is typically an episodic
disease of exacerbation and remissions
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The Role of Food Hypersensitivity in Different Disorders 23

the allergic manifestations, in 75% of the positive food challenges5,6. Isolated skin
symptoms were seen in only 30% of food hypersensitivity reactions7.

2.1.2 Food-induced IgE-mediated skin reactions

Skin reactions are common manifestations of IgE-induced food reactions, with acute
onset urticaria (with or without angio-edema) being particularly common8. The
onset of symptoms usually occurs with the ingestion of offending foods, but in many
cases skin contact may be sufficient to induce a severe allergic reaction (Table 2.2.)9.
Additional non-specific skin rashes such as erythema, pruritis and morbilliform
rashes may also be observed in IgE-mediated food hypersensitivity reactions.

Urticaria and angio-oedema

It is thought that between 15% and 24% of the population will experience urticaria
and angio-oedema at some time in their lives10. These two allergic skin manifesta-
tions commonly occur together, but may also occur separately. Kaplan et al. found

Table 2.2 Summary of cutaneous food hypersensitivity reactions2,3,7,12.

Mechanism

IgE-mediated

Mixed IgE- and 
cell-mediated

Cell-mediated

Examples of foods

Egg, milk, wheat, soya, fish,
peanuts and tree nuts

Raw or processed foods: fruit
(especially citrus, pineapple,
berry fruits and tomato),
vegetables, meat, fish, chicken,
spices, oatmeal, milk and egg

Egg, milk, wheat, soya, fish,
peanuts and tree nuts

Egg, milk, wheat, soya,
peanuts and tree nuts

Egg, milk, wheat, soya,
peanuts and tree nuts, alcohol,
histamine-containing foods
(e.g. Parmesan cheese)

Egg, milk, wheat, soya, ground
nuts and tree nuts, foods that
cross-react with birch and
grass pollen (apple, carrot,
hazelnut, sesame seeds)

Various fresh fruits, vegetables
and spices

Wheat-, rye- and barley-
induced coeliac disease

Onset

Immediate

Immediate

Immediate

Immediate

Immediate

Immediate/delayed
Usually chronic
and recurrent

Delayed

Delayed

Disorder

Urticaria

Contact urticaria

Angio-oedema

Pruritus

Flushing

Eczema (atopic
dermatitis)

Contact
dermatitis

Dermatitis
herpetiformis
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24 Food Hypersensitivity

that in 50% of cases urticaria occurs in isolation, in 40% both are seen in associ-
ation, whilst only 10% of patients will experience angio-oedema in isolation11.
Familial hereditary angio-oedema should always be excluded from the differential
diagnosis of patients presenting with isolated angio-oedema. Chronic urticaria (CU)
is defined as wheals which occur almost daily, lasting for more than 6 weeks.
Conversely, acute urticaria (AU) is a single episode, usually intermittent and lasting
less than 6 weeks in total. AU is more common in children, whilst CU is more 
common in adults and about twice as common in women as in men3.

Acute urticarial reactions are frequently associated with angio-oedema12. Mast
cell degranulation initiates the release of vasoactive mediators, including histamine,
which is a major mediator of urticaria and angio-oedema13. This in turn triggers the
release of membrane-derived mediators such as leukotrienes and prostaglandins,
which contribute to the reaction, including the extravasation of fluid into the super-
ficial tissues14. The exact mechanism of swelling in the deeper layer of the skin is less
defined and probably involves several inflammatory mediators12.

Food-related urticaria and angio-oedema usually occur within minutes of expos-
ure, and may be associated with symptoms such as oropharyngeal discomfort and
itching, gastrointestinal pain and/or vomiting, and a change in behaviour, e.g. a 
feeling of impending doom13. The foods that most commonly induce allergic reac-
tions change with age – a phenomenon coined the food ‘allergic march’. For young
infants the most common ingested foods responsible for these type of cutaneous
reactions are eggs, milk, peanut and tree nuts, which can cause generalised urticaria
and angio-oedema (Table 2.2.)15,16. Although food-related urticaria and angio-
oedema in adulthood has been described, associated with wheat, milk, egg, fish 
and nuts, it is very common to see these types of cutaneous reactions related not 
to food but to medication such as non-steroidal anti-inflammatory drugs17. Acute
contact urticaria can also be triggered by the touching of certain foods, but the
urticaria develops locally and should be distinguished from general urticaria12. 
The most common foods associated with localised contact urticaria include raw
fruit like citrus, pineapple, berries and tomato, spices, milk, egg, wheat and oatmeal
(Table 2.2)7. The diagnosis of a contact-induced allergic reaction may be difficult in
such patients unless a careful history is obtained, and this should include enquiry
about kissing or touching someone who has eaten or touched the food. Additional
diagnostic investigation, involving one or more of skin prick test (SPT), specific
IgEs, oral food challenge and elimination diets, may be required to unequivocally
establish – or dismiss – an association with a food, food additive, food colorant or
stabiliser18.

Chronic urticaria is diagnosed on the basis of a patient experiencing frequent
wheals, with or without angio-oedema, for more than 6 weeks. It has been sug-
gested that AU is more common in young people, whereas CU is more common in
middle-aged women, but there is currently a lack of reliable evidence regarding the
prevalence of CU in the UK11. A major advance in the understanding of CU is the
finding that functional circulating autoantibodies play a part in the pathogenesis of
a significant proportion of children with CU19. These antibodies are usually of the
IgG3 subclass and directed against either the FcεRIα receptor or the IgE receptor20.
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It is estimated that > 30% of CU is autoimmune, 50% is idiopathic and only 5–10%
is provoked by an identifiable factor21. The frequency of food hypersensitivity reac-
tion in patients with CU is reported with high variability. Food additives, such as
acetylsalicylic acid, are assumed to induce whealing in 5% to up to 45% of adults
with CU. A study by Buss et al. found that 11% of adults with CU demonstrated
intolerance to food dyes or additives on oral provocation22. In children, food sens-
itivity (e.g. egg, milk, wheat, soya and nuts) has been found in 12% of patients with
CU23. The diagnosis of CU is usually made on the basis of a detailed clinical history
and examination. Non-food-related urticaria and angio-oedema can be distinguished
from food-related by appearing overnight, being present first thing in the morning,
after exercise, stress or extreme temperature (hot sunshine, hot or cold water), and
by the fact that they can produce an urticarial rash lasting for several days, unlike
cutaneous food reactions7.

Depending on the clinical history and examination, SPT, specific IgEs and/or food
challenge may be useful in confirming or dismissing food as a trigger for CU. In
patients with non-food-related CU a full blood count and white cell differential (for
instance, to detect the eosinophilia of bowel helminth infections) and erythrocyte
sedimentation rate (usually normal in CU but may be raised in urticarial vasculitis)
may be useful. Thyroid autoantibodies and thyroid function tests should also be
considered if thyroid dysfunction is likely14,22.

The management of urticaria and angio-oedema is dependent on the aetiology 
of the symptoms: food- or non-food-associated and whether it is acute or chronic.
The mainstay of management in patients with these types of food hypersensitivity
reactions is the avoidance of the offending food. However, despite recent advances
in the field of CU, the investigation and management of the condition remains a 
clinical challenge15.

2.1.3 Food-induced non-IgE-mediated skin reactions

Atopic eczema

Atopic eczema, or atopic dermatitis, is a common skin manifestation of atopic dis-
orders and is often associated with food allergy, allergic rhinitis and asthma7.
Prevalence studies from developed countries indicate that eczema affects 15–30% of
children and 2–10% of adults2,24. A total of 45% of eczema begins within the first 
6 months of life, 60% during the first year and 85% within the first 5 years of life24.
A recent study by Hill et al. found that up to 64% of infants whose eczema com-
menced before 3 months of age had a high risk for IgE-mediated food sensitisation
to egg and/or cow’s milk and/or peanut. The risk of IgE-mediated food sensitisation
increased with the severity of eczema for those infants who developed this before 
12 months of age. However, in children who developed eczema after 1 year of age,
the frequency of IgE-mediated food sensitisation was only 22%25. Epidemiological
data suggest a significant genetic component in the development of eczema26. It is
thought that 60% of children with one affected parent, and 80% of those with two
affected parents, develop eczema24,27. This inheritance is more strongly related to
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atopy (especially respiratory allergy) than eczema itself26. The new discovery of the
filaggrin gene may explain this. The gene encodes the filaggrin protein which is
found in the upper layers of skin and helps to form a protective barrier that keeps
moisture in and infectious organisms out. In the UK about 10% of the population
carry a single defective copy, and have dry and flaky skin28.

The most commonly used diagnostic criteria for eczema (or atopic dermatitis)
come from Hanifin and Rajka29, and rely on information compiled from a clinical
history, physical examination and laboratory data (Table 2.3).

Eczema in the young usually affects the extensor surfaces, face, neck and trunk. 
In older age, the more commonly affected areas are the flexural surfaces, but it can
be widespread and may also affect the hands, feet, face and trunk3. Acute flare-up of
eczema is associated with erythematous papules on a background of erythematous
skin and pruritus, and sometimes vesicular ooze. This results over time in excoria-
tion, scaling and lichenification3. Food allergic reactions may result in eczema 
exacerbations; reactions may be immediate (within 2 hours) or delayed in onset
(usually within 4–12 hours). The majority of patients with food allergy have past or
current eczema.

Two different forms of eczema exist: eczema associated with IgE antibodies is
known as atopic eczema, and that without IgE antibodies is non-atopic eczema3.

Table 2.3 Guidelines for the diagnosis of eczema29.

Requires

Three or more of basic features

Three or more minor features

Symptoms/laboratory data

Morphology and distribution
Flexural lichenification or linearity in adults
Facial and extensor involvement in infants and children
Chronic or chronically relapsing dermatitis
Personal or family history of atopy (asthma, allergic
rhinitis, atopic dermatitis)

Xerosis
Ichthysosis/palmar hyperlinearity/keratosis pilaris
Elevated serum IgE level
Early onset
Tendency toward cutaneous infections (Staphylococcus
aureus and herpes simplex)
Tendency toward no specific hand and foot dermatitis
Nipple eczema
Cheilitis
Dennie–Morgan infraorbital fold
Keratoconus
Anterior subcapsular cataracts
Pityriasis alba
Anterior neck folds
Itch when sweating
Intolerance to wool and lipid solvents
Perifollicular accentuation
Food intolerance
Course influenced by environmental/emotional factors
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Interestingly, research has found that 40–50% of children who are affected in the
first 2 years of life do not have any sign of IgE sensitisation25,30. Over the last decade
the pathophysiology of atopic dermatitis has been a source of great controversy.
Two hypotheses exist: one suggests that an intrinsic defect in the epithelial cells
leads to barrier dysfunction, and the immunological involvement is purely acciden-
tal. The other proposes that the primary defect lies in an immunologic disturbance
that causes IgE sensitisation, and the epithelial-barrier dysfunction is seen as a 
consequence of local inflammation24. Most recent clinical studies now support the
latter theory.

Epidermal-barrier dysfunction (see research on defective filaggrin gene, above)
has been shown to be a prerequisite for the development of atopic dermatitis. It is
thought that the initial skin inflammation is induced by neuropeptides, irritation or
pruritis3. Once this has occurred, molecules such as those from pollen, microbes,
house-dust mite and food can penetrate the epidermal layer. On antigen exposure,
naive T cells are polarised into Th0, Th1 or Th2 helper cells. The Th1 cells produce
interferon-γ, the Th2 cells produce interleukin-4 (IL-4), IL-5 and IL-13, and Th0
cells produce both Th1 and Th2 cytokines. There seems to be Th2 predominance in
atopic eczema, with the production of IgE from B cells (Figure 2.1). The Langerhans
cells are then activated on binding with IgE and FcεRI (high affinity receptor to IgE).
Allergen-derived peptides are presented to the T cells by the Langerhans cells to
induce a Th2 profile and the release of IL-4, IL-5, IL-13 and IL-31. The binding of
IgE to the Langerhans cells also leads to the production of monocyte chemotactic
protein-1 (MCP-1) and IL-16, which facilitates the release of monocytes that differ-
entiate into inflammatory dendritic epidermal cells (IDEC) and produce IL-1, IL-6
and tumor necrosis factor-α (TNF-α). The IDEC releases IL-12 and IL-18, leading
to the switch from Th2 to Th1 and Th0, which then signals the change from acute
eczema to chronic eczema (Figure 2.1)24.

Infants with eczema have a particularly high prevalence of food allergy; this asso-
ciation becomes less common with increasing age. The prevalence of food allergy in
eczema in childhood has been shown (through double-blind placebo-controlled
challenge) to range between 33% and 56%5,7,27,30,31. In adults, the role of food 
allergens as an aggravating factor is less frequent. A study by Worm et al. indicated
that only 7.4% of adults with atopic eczema reacted to the classical food allergens.
In that study the most frequent food allergens associated with atopic eczema (22%)
were the foods that cross-reacted with birch and grass pollen (e.g. carrots, apple,
hazelnut and sesame seed), and 14.8% reacted to wheat, rye and barley32,33. A 
small number of foods account for over 90% of atopic eczema. In infants, the most
common foods are eggs, milk, peanuts25 and soya, whilst in older children the same
foods, plus wheat, tree nuts, fish and shellfish, are responsible for reactions. In gen-
eral, it is thought that two-thirds of atopic eczema in children is due to egg allergy.
The most common foods leading to eczematous reactions in adults are peanuts, tree
nuts, fish and shellfish and those foods that cross-react with birch and grass pollen
(Table 2.2)7. It is important to note that atopic eczema is provoked not only by the
ingestion of egg, milk, nuts, fish, wheat and soya, but also by the presence of the
aerosolised food antigens in the environment9,34.
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2.1.4 Other cutaneous manifestations of food allergy

Dermatitis herpetiformis

This is a chronic prutitic papulovesicular cutaneous manifestation associated with
gluten-sensitive enteropathy (coeliac disease). Not all people with gluten-sensitive
enteropathy develop dermatitis herpetiformis. Conversely, not many patients with
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Figure 2.1 Simplified immunologic progression of atopic eczema.
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dermatitis herpetiformis have intestinal symptoms associated with gluten-sensitive
enteropathy2,7. Skin lesions are usually distributed symmetrically on elbows, knees,
buttocks, shoulders and scalp. Clinically it is very pruritic and polymorphic. Erythema,
urticarial plaques, papules, seropapules, herpetiform vesicles, purpura and excoria-
tions are also common, and large blisters are extremely rare35.

Unlike other cutaneous reactions to food, dermatitis herpetiformis is not an 
IgE-mediated disorder, but rather characterised by granular IgA precipitates in the
papillary dermis. Serum IgA in dermatitis herpetiformis has been found to bind 
epidermal transglutaminase. These findings may relate to the fact that dermatitis
herpetiformis is associated with gluten-sensitive enteropathy, which is characterised
by IgA-type autoantibodies to gliadin35,36. Gluten is present in wheat, rye and barley,
and the avoidance of these foods in this condition usually clears the cutaneous 
manifestations36.

Contact dermatitis

This is an inflammation of the epidermis and dermis that occurs as a result of direct
contact between a substance and the surface of the skin. This type of cutaneous
reaction is most commonly seen in occupational food handlers, involving the hands,
but it can also involve the face, especially around the mouth in children37,38. This
type of skin reaction may be either IgE- and/or cell-mediated, and symptoms there-
fore may be immediate (within 10 minutes to 2 hours) or delayed (2–48 hours)2 ,39.
Research has reported contact dermatitis with a wide variety of foods, including
raw and processed foods, spices, food additives and a variety of nuts2.
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2.2 The role of food hypersensitivity in respiratory 
disorders

Isabel Skypala

2.2.1 Introduction

In the authoritative text on food allergy by Metcalfe, Sampson and Simon, John
James suggests that food allergy usually involves symptoms which manifest in the
skin and gastrointestinal tract, with respiratory symptoms uncommon and not
occurring in isolation1. Respiratory manifestations of food hypersensitivity include
rhinoconjunctivitis, laryngeal oedema, asthma and otitis media. These symptoms
may form part of a range of symptoms experienced as part of a food allergic 
reaction; both upper and lower respiratory tract reactions may be a significant part
of an anaphylactic reaction2. A joint American Academy of Allergy, Asthma and
Immunology and American College of Allergy, Asthma and Immunology practice
guideline published in 2006 advises that IgE-mediated reactions to foods can
involve symptoms of both the upper and lower respiratory tract3, but isolated 
respiratory manifestations from food exposure are rare and most often reported 
in an occupational setting. The best example of this is baker’s asthma, a food-
related occupational lung disease.

However, although isolated respiratory symptoms are an uncommon manifesta-
tion of food allergy, there is an important link between respiratory conditions and
food hypersensitivity. Increased respiratory allergy is associated with egg allergy4;
there is also a relationship between asthma, allergic rhinitis and food allergy in
school-age children5, and food allergy in adults is frequently associated with other
manifestations of atopy, especially hay fever6. It is also known that people with food
allergy and asthma are more likely to have severe reactions to foods, especially
peanuts7, and respiratory symptoms may often be observed in fatal or near-fatal
food anaphylaxis, highlighting the need for asthma management in a food-allergic
child8. For more information on the prevalence, pathogenesis and management of
asthma, rhinitis and anaphylaxis see Chapter 14.

Although food hypersensitivity may be an uncommon cause of isolated respirat-
ory symptoms, it is reported that dietary factors could affect the development of
asthma, with several studies showing that maternal or early-life consumption of fish
and fruits/vegetables is associated with a reduced risk of developing asthma9,10,11.

2.2.2 Prevalence

Various population studies have shown the prevalence of respiratory symptoms in
connection with reported or confirmed food allergy.

Respiratory symptoms associated with food allergy

In Young’s 1994 population study of the UK, nearly 15% of the respondents had
asthma and 25% had hay fever12; these percentages were almost identical to those
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reported by a French population study in 2001, which showed that 24% of those
with food allergy had allergic rhinitis and 16% had asthma13. In 1998 Woods et al.
concluded that there was a definite association between food allergy and respiratory
symptoms in young adults14, and Schäfer et al. confirmed this, showing in particular
that hay fever affected 73% of those with a reported food allergy6. However, it is
not suggested that the hay fever or asthma reported in these studies is a symptom of
the food allergy, but rather a concomitant allergic condition. The hay-fever preval-
ence suggests that for many subjects the food allergy may be a manifestation of oral
allergy syndrome associated with pollen–food cross-reactivity. Estimates suggest
that 3–5% of those with birch-pollen allergy may have a food allergy which is dir-
ectly related to pollen–food cross-reactivity (see Chapter 7).

Respiratory symptoms caused by food allergy

Two studies have shown that the prevalence of asthma and rhinitic symptoms actu-
ally caused by food allergy is much lower. Falcão and colleagues found that 3.8% of
those reporting food allergies listed dyspnoea and 1.9% rhinitis as symptoms of
their allergy15. A study by Zuberbier in 2004 showed that 7.4% of respondents
reported allergic rhinitis as a symptom and 2.1% dyspnoea16. A study by Osterballe
and colleagues investigating 1,834 children and adults showed that 8 subjects
(0.4%) reported bronchospasm to foods and 6 subjects (0.3%) rhinoconjunctiv-
itis17; of these only one subject had confirmation of reported bronchospasm, and
one confirmation of reported rhinoconjunctivitis, on oral food challenge. In a 2008
review Ozol and Mete concluded that asthma may develop in about 5% of individ-
uals who suffer from food allergy, and current asthma may be triggered by foods
among 6–8% of children and 2% of adults18. However, the commonest group of
individuals likely to develop a concomitant food allergy are those with hay fever,
most specifically to tree pollen.

Otitits media

Serous otitis media has multiple causes. A role for food allergy has been considered,
with one study showing that the incidence of food allergy in a group with otitis
media was statistically significant when compared to controls19. However, two
reviews of respiratory manifestations of food allergy both concluded that the associ-
ation between food allergy and otitis media has been overestimated, is controversial
and is probably uncommon2,18.

2.2.3 Pathogenesis of food-induced respiratory allergies

Respiratory symptoms can manifest in both IgE- and non-IgE-mediated food
allergy, and also in non-allergic food hypersensitivity. Of these, reviews suggest that
an immune response involving specific IgE antibodies to foods is the commonest
mechanism of food-induced respiratory symptoms2,20. Work from Platts-Mills
shows these antibodies bind to high-affinity receptors on mast cells in the nasal and
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bronchial mucosa during the sensitisation process, so that on re-exposure the mast
cells degranulate and precipitate symptoms in the upper and/or lower respiratory
tract21, as seen with other forms of IgE-mediated food allergy. It is most commonly
oral ingestion of the food allergen that initiates respiratory symptoms, but inhala-
tion of aerosolised food can also cause reactions, for example to fish and shellfish22.

The main non-IgE-mediated manifestation of a food causing respiratory symptoms
is seen in food-induced pulmonary haemosiderosis (Heiner’s syndrome), which 
primarily affects infants and is mostly caused by cow’s milk. The immunologic
mechanisms are not clear but probably involve the formation of immune complexes
in what is usually known as a Gell–Coombs type III reaction 23. Non-allergic 
food hypersensitivity to some additives can also provoke respiratory symptoms.
Both rhinitis and asthma have been linked to food additives such as sodium meta-
bisulphite and monosodium benzoate24,25. The mechanisms for rhinitis provoked
by additives are unclear; Asero suggests that they are non-immunologic, although
they appear to involve histamine release24. For some asthmatic responses due to
additives such as sodium metabisulphite hypersensitivity, both immunologic and
non-immunologic mechanisms have been proposed, including sulphur dioxide
inhalation and histamine release3,24,26 (see also Chapter 10).

2.2.4 Foods involved

As with other manifestations of food hypersensitivity, it is possible that any food
can cause respiratory symptoms. The common foods causing food allergy are 
discussed in detail in Part 2 (Chapters 5–10). There are a few foods, however, that
have specific associations with respiratory symptoms.

Milk

There is a widespread belief that cow’s milk induces excessive mucus production
and symptoms of rhinitis, blockage and wheeze in patients with respiratory condi-
tions27. A survey of parents of 333 paediatric respiratory patients showed that
nearly 60% believed drinking milk increases mucus production and 50% avoided
giving their children milk when they were ill28. Half of these parents said their physi-
cian provided them with this information. Several studies have investigated this,
using structured questionnaires and also double-blind placebo-controlled oral food
challenges (DBPCFC). Early studies by Pinnock et al.29, and later studies such as
those from Nguyen30and Woods et al.31, involved DBPCFCs with milk on asthmatic
patients. However none of the studies has shown any difference between placebo
and active challenges, and claims that milk increases nasal secretions or affects peak
flow in adults with asthma were not substantiated. In a review of this subject in
2005, Wuthrich and colleagues concluded that recommendations to abstain from
dairy products due to the belief that they induce symptoms of asthma are not sup-
ported by the evidence from research studies27. It is possible that aggregation after
mixing of an emulsion such as milk with saliva can partly explain the sensation
experienced by those who embrace the milk–mucus belief. It is very important that
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milk is not unnecessarily excluded from the diet, as this can have specific nutritional
implications (see Chapter 10).

Wheat

Wheat can sensitise through inhalation as well as digestion, and can therefore 
precipitate inhalant allergies32. For this reason, wheat is one of the main causes of
occupational asthma in the form of baker’s asthma33. In addition to new enzymes
being added to bread that may have allergic potential, a new family of cereal 
allergens has been identified, including wheat thioredoxin-hB (Tri a 25)34. Further
information on wheat can be found in Chapter 9.

Alcohol

Alcoholic drinks have often been associated with asthma35, with nearly one-third 
of asthmatic outpatients reporting that their asthma symptoms worsened on con-
sumption of alcohol36. Alcohol consumption has also been linked to an increased
risk of developing perennial allergic rhinitis37. Various studies have tried to identify
the components in alcoholic drinks, especially wine, to understand what the main
triggers are. Several suspected triggers include sodium metabisulphite and vasoactive
amines, but studies to date have been inconclusive, and in a 2008 review Vally con-
cluded that the challenge remained to clarify the specific components of alcoholic
drinks which are responsible, and to elucidate the pathophysiological mechanisms
underlying these sensitivities38. Chapter 10 contains more information about the
relationship between alcohol and FHS.

Food additives

Consumption of foods containing high levels of food additives, in particular
monosodium glutamate (MSG), sodium benzoate and sodium metabisulphite, has
been linked to symptoms of asthma and allergic rhinitis. All of these additives are
reviewed in Chapter 10, and the evidence for their involvement in provoking
asthma and rhinitis is variable. MSG is thought not to be very relevant in these 
conditions, but the preservatives sodium benzoate and sodium metabisulphite are
more likely to play a role in provoking asthma and rhinitis in particular groups of
individuals (see Chapter 10).

Other foods

A study by Huang and colleagues in Taiwan showed that asthma was associated
with increased intakes of liver, butcher’s meat and deep-fried foods39. Researchers
from New Zealand investigated fast-food consumption and asthma in children, and
found, after adjusting for lifestyle factors including other diet and BMI variables, a
dose-dependent association between hamburger consumption and asthma symp-
toms, as well as between frequent takeaway consumption and exercise-induced

9781405170369_4_002.qxd  22/12/2008  14:58  Page 34



The Role of Food Hypersensitivity in Different Disorders 35

bronchial hyperresponsiveness40. The authors speculated that the high salt content
in hamburgers may increase the risk of wheezy illness, but also that the frequent
consumption of hamburgers, takeaways and fizzy drinks may all be markers for
socioeconomic or lifestyle factors which could not be controlled for.

2.2.5 Food allergy as a marker of disease severity

An important aspect of the relationship between food allergy and respiratory con-
ditions is that food allergic sensitisation or the presence of diagnosed food allergy
can provide a marker for the presence and severity of respiratory conditions. It has
been demonstrated by Pénard-Morand et al. that reported food allergy, food sensit-
isation and skin-prick-tested food allergy are all positively associated with asthma
and allergic rhinitis in children aged 9–11 years5. Schäfer and colleagues showed
that food-allergic adults suffered significantly more often from asthma and rhinitis
than controls6. A study by Bakos et al. showed that this association persists into old
age: in a study of 101 adults in a care home with a mean age of 77 years, risk factors
for sensitisation to respiratory allergens included sensitisation to food allergens41.
Studies looking in particular at populations with asthma have shown in both children
and adults that food allergen sensitisation is associated with worse outcomes for
asthma. Wang and colleagues showed that in children, food allergen sensitisation
was highly prevalent in the inner-city population with asthma, and associated with
increased asthma healthcare and medication use42.

Roberts and colleagues compared a group of children admitted with life-threatening
asthma with two case-matched control groups43. After regression analysis, they
found that only frequent admission with asthma and having a food allergy were
independently associated with life-threatening asthma. Interestingly, half of the
children in the life-threatening asthma group had a food allergy, compared to only
10% of the controls. A study by Berns et al. evaluated the relationship between food
allergy and asthma morbidity in adults44. They found that patients with allergies to
more than one food had a significantly increased number of asthma hospital-
isations, emergency department visits, and use of oral steroids, and that allergy to
fish was significantly associated with a greater risk of health resource utilisation and
increased frequency of oral steroid use.
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2.3 The role of food hypersensitivity in gastrointestinal
disorders

Miranda Lomer

2.3.1 Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a chronic and relapsing functional bowel disorder
that affects 12% of the UK population1. It is characterised by abdominal pain or
discomfort associated with defecation or a change in bowel habit (constipation
and/or diarrhoea) without any other bowel pathology2,3. IBS is usually classified
into three subtypes: diarrhoea-predominant (IBS-D), constipation-predominant
(IBS-C) and alternating diarrhoea and constipation (IBS-A). IBS has a significant
negative impact on quality of life. Twice as many women as men are affected by
IBS3, and symptoms are often more prominent around menstruation.

The aetiology of IBS is only partly understood, and multiple factors are involved.
Low-grade mucosal inflammation has been demonstrated, with up-regulation of 
the gut immune system and increased pro-inflammatory cytokines4. Prior gastro-
intestinal infection occurs in 4–31% of patients, and may be important in the inflam-
matory changes5–8.

IBS is managed by a combination of dietary and lifestyle changes and medical treat-
ments such as anti-diarrhoeals, laxatives, anti-spasmodics, low-dose antidepressants
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and psychological therapy9. Recent research10 on the use of probiotics and/or pre-
biotics looks promising (see also Chapter 13). Only 7% of patients have a formal
diagnosis1, so self-help often plays a crucial role11 and patients often turn to alternative
medicine such as herbal remedies, some of which may even be harmful12.

Food hypersensitivity in irritable bowel syndrome

Diet plays a crucial role in the maintenance of gut health, mediated by its effects 
on the colonic microbiota13. Changes to the gastrointestinal environment may alter
the way the gut handles food antigens, leading to sensitisation14. Undigested dietary
components may release bioactive substances that trigger motor and sensory
changes, making it difficult to identify which aspects of the diet and eating patterns
exacerbate symptoms. Food hypersensitivity in IBS is difficult to detect and has 
been associated with immunological, allergic, toxic and psychiatric mechanisms.
Whether food hypersensitivity in IBS is due to food allergy or food intolerance is 
a matter of much debate14. Up-regulation of mast cells, as in food allergy, occurs 
in the gastrointestinal mucosa of patients with IBS. However, there is currently
insufficient evidence, due to limitations in diagnostic methodology in clinical prac-
tice, to suggest that this is due to local hypersensitivity to food antigens15.

Traditionally, food allergy has been associated with an immediate IgE-mediated
immune response to a specific dietary allergen, but there is no evidence to indicate
that this kind of food hypersensitivity has a role to play in IBS14,16. A delayed IgG-
mediated immune response to specific dietary allergens may be more useful in
detecting delayed food hypersensitivity, and several studies in IBS suggest there is
increased food hypersensitivity compared to controls14,16–18. Interestingly, the food
antigens causing an immune response have not been consistent between studies due
to differences in study design and populations studied with very different diets. In
one study from coastal China the most common food antigens were crab, shrimp
and soya, whereas milk and wheat were the most common in a UK study17,18.
Symptoms do not always improve when the offending food antigens are removed
from the diet, suggesting non-allergic food sensitivities. A raised IgG level may 
be secondary to mild inflammation, and it is likely that other factors, including 
psychological aspects, gastrointestinal microbiota and oral tolerance, are important
determinants of food hypersensitivity in IBS14,16.

Two-thirds of IBS patients perceive that their symptoms are related to food19

and complain that they are worse postprandially20,21. Even the cephalic response to
eating may be enhanced in IBS20,22. Patients are ready to seek advice from any
source in a desperate attempt to alleviate symptoms, which may prove costly and
often unsuccessful.

Unlike a typical food allergy, where a minute amount of food allergen will lead to
an immediate reaction, in IBS the offending food is usually eaten on a regular basis
and in normal portion sizes. Furthermore, food-related reactions tend to occur
hours or even days after the food has been consumed, making the use of a double-
blind food challenge more difficult to interpret, but still possible if carefully planned
(see Chapter 3).
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Management of food intolerance

In clinical practice, exclusion diets are often used to help identify specific food
hypersensitivities in IBS, although the evidence is generally of poor quality because
most studies have not been randomised. Burden reviewed dietary interventions 
in IBS from 1980 to 199923 and evaluated eight studies on food intolerance24 –31. 
Of these, only five identified food intolerance, and differences may have been due 
to varying study design. The National Institute for Health and Clinical Excellence
(NICE) has recently published guidelines for the diagnosis and management of IBS
in primary care32, drawing on two randomised controlled trials17,33 and 13 other
studies on food intolerance25–28,30,34–41. They concluded that there are differing 
levels of response to exclusion diets, and recommend that if food intolerance is 
suspected patients should be referred to a dietitian for specialist advice and monitor-
ing. In IBS, the most frequently avoided foods are dairy products and wheat. The
percentages of patients who have reported intolerance to these and other foods are:
milk 42–44%, cheese 14–39%, wheat 14–60%, corn 40%, yeast 20%, eggs 26%,
rye 30%, potatoes 20%, onions 22–36%, cocoa 22–25%, citrus 24%, coffee
26–33%, tea 16–25%, alcohol 10–17%, peas 17%, banana 11% and preservatives
20%17,25 –28,30,33 – 41.

Dietary fibre

Dietary fibre is defined as food material that is not hydrolysed by enzymes secreted
by the human gastrointestinal tract42. Soluble fibre dissolves in water to form a gel
and may be digested by the colonic microbiota, increasing bacterial numbers and
thus faecal bulk. It includes β-glucans, pectins, gums, mucilages and some hemi-
celluloses. Dietary sources include oats, psyllium, ispaghula, nuts and seeds, some
fruit and vegetables and pectins. Insoluble fibre is not readily broken down by the
gastrointestinal microbiota and it increases faecal bulk, shortening colonic transit.
It includes celluloses, some hemicelluloses and lignin and is chiefly found in corn
(maize) and wheat bran, and in some fruit and vegetables42.

For many years an increase in dietary fibre was recommended for IBS patients,
although evidence indicates that the benefit is limited and many patients have
enhanced symptoms, particularly from insoluble fibre43. Bloating and flatulence
may be reduced by decreasing the level of dietary fibre44. Recent NICE guidance 
recommends that patients should be discouraged from taking additional insoluble
fibre, and if a diet history indicates a low dietary fibre intake then an increase should
be from soluble fibre32.

Resistant starch is included as dietary fibre; this comprises starch polymers that
are not readily digested in the stomach or small intestine45. The extent of resistance
is influenced by the structure of naturally occurring starch polymers and by the 
food processing methods employed, e.g. how starch changes during cooking and
cooling (Table 2.4)45. In healthy volunteers, high doses of resistant starch given over
prolonged periods of time increase flatulence and bowel movement frequency46. 
No studies have been carried out in IBS, but whether regular consumption of 
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resistant starch, particularly in processed foods, increases IBS symptoms warrants
investigation.

Carbohydrate intolerance

In IBS, carbohydrate malabsorption (lactose, fructose and sorbitol) has been
described in a number of studies34,47–52. Unabsorbed carbohydrate in the small
bowel is delivered to the colon together with water due to the osmotic effect. The
colonic microbiota ferment the unabsorbed carbohydrate to short-chain fatty acids
and gases (hydrogen, carbon dioxide and methane). If sufficient unabsorbed carbo-
hydrate reaches the colon it may increase the osmotic load and lead to rapid gas
production53. In IBS, symptoms of carbohydrate intolerance (abdominal bloating
and pain and diarrhoea) may be enhanced due to small intestinal bacterial over-
growth or increased gut sensation (visceral hypersensitivity)54.

Lactose intolerance occurs in 24–45% of IBS patients20,34,55. Lactose is a disac-
charide present in cow’s, goat’s, sheep’s and human milk and dairy products. It is
widely used in the food industry as an ingredient of processed foods or as a bulking
agent in pharmaceuticals56. Patients who have lactose intolerance can generally
manage up to 12 g lactose per day (240 ml milk) if spread throughout the day57. See
Chapter 5 for the dietary management of lactose intolerance.

Fructose is a monosaccharide that is increasingly being used in the food industry.
It may occur in the diet as the simple sugar in fruit and fruit juice, as part of the dis-
accharide sucrose or as fructans (oligosaccharides), present in some vegetables and
wheat (Table 2.5)58. At least a third of IBS patients are unable to absorb 25–50 g
load of fructose without developing symptoms of intolerance61,62, and it may be the
fructose-to-glucose ratio that is an important determinant of fructose malabsorp-
tion51. The average intake of fructans has been reported to be as high as 12 g per

Table 2.4 Resistant starch classification48,49.

Resistant 
starch type

RS1

RS2

RS3

RS4

Dietary sources

Legumes, partly milled grains and
seeds

Raw potatoes, green bananas, some
legumes and high amylase starches

Potato salad, bread, cornflakes and
food products that are reheated prior
to eating

Some fibre-drinks, breads and cakes
containing modified starch

Properties

Physically protected starch.
Resistance can be reduced by
milling and chewing

Starch resistant to enzymatic
hydrolysis when uncooked

Retrograded starch, present in most
starchy foods that have been cooked
and cooled and dependent on
processing conditions

Chemically modified starch that is
less susceptible to small intestinal
digestion
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day63, and they have not been the focus of any concern until recently, despite wheat
intolerance being common in IBS18,28,39,64.

A diet reduced in fructose and fructans has been shown to be effective in minimis-
ing symptoms in 85% of compliant patients. Wheat tends to cause symptoms when
eaten in large amounts as in the typical Western diet (e.g. bread, pasta, wheat-based
breakfast cereals, biscuits and crackers), but in small amounts wheat is generally
well tolerated51. This new dietary approach may help to explain why patients’
symptoms improve when they eat less wheat.

Sorbitol is a poorly absorbed osmotically active sugar alcohol that occurs natur-
ally in some fruit, particularly peaches, pears, plums and apple juice, but which is
also added to reduced-sugar or sugar-free products, e.g. slimming products, soft
drinks, chewing gum and foods aimed at people with diabetes58. Ingestion of 10 g of
sorbitol is enough to lead to bloating, flatulence and osmotic diarrhoea in healthy
subjects65–67.

Yeast

Candida is single-cell yeast that thrives on a sugar-rich environment and is present
in the skin, vagina, mouth and lower gastrointestinal tract. Following a course of
antibiotics, Candida numbers can increase significantly68, and effective treatment
for excessive growth is with nystatin. However, this is only a short-term option, 
and fungal infections can reoccur. A low-carbohydrate diet has been suggested as a

Table 2.5 Foods high in fructose or fructans48,51,59,60.

Food group Dietary sources

Fruit Apple, blackcurrants, cherries, dates, dried fruit (apricots,
currants, figs, prunes, raisins, sultanas), grapes, guava,
lychees, mango, melon, papaya, pear, watermelon

Sugars Honey, golden syrup , treacle, honeycomb

Ingredients High fructose corn syrup, fructose, fruit juice concentrate,
corn syrup solids

Vegetables Garlic, leek, onion, artichoke

Cereals and cereal products Wheat flour*, white bread*, pasta*, wholegrain breakfast
cereal*, crumpet*, English muffin*, crackers*, crispbread*,
plain biscuit*
Bread pudding, Eccles cakes, fruit cake, jam tarts, treacle
tart, dried fruit snack bars, malt bread

Sauces Barbeque sauce, brown sauce, chilli sauce, sweet pickle and
chutney, jam, marmalade, plum sauce, relish (e.g. corn,
cucumber or onion), sweet and sour sauce, tomato ketchup,
tomato paste

* Foods with a low fructan content (0.5–10.1 g/100 g) but have been shown to lead to symptoms in irritable bowel
syndrome54.
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supplementary treatment for gastrointestinal Candida overgrowth69. The rationale
for this is based on Candida needing sugar to grow despite most carbohydrate being
absorbed proximally. There is no evidence to suggest that a low-carbohydrate diet
helps the symptoms of IBS, and hypersensitivity to Candida in IBS is controversial70.

Caffeine

Caffeine is a plant-derived stimulant, and the most common dietary sources are 
coffee, tea, sports drinks and gels, some soft drinks (e.g. cola and stimulant/energy
drinks) and cocoa. Caffeine is also added to some pharmacological products, e.g.
cold and flu remedies, pain killers, anti-histamine preparations, diuretics, energy
boosting supplements and weight-loss products (Table 2.6).

The effect of caffeine varies from one person to the next73, and gastrointestinal
effects include increased colonic motor activity, but evidence in the literature for the
effects of caffeine in IBS are lacking. Coffee stimulates the desire to defecate in 29%
of individuals74 and increases colonic motility75 whether or not it contains caffeine.
Thus, in subjects with sensitivity to coffee drinking, decaffeinated beverages may
not decrease symptoms.

Summary

Food hypersensitivity is difficult to identify in IBS, but food intolerance is common
and response to exclusion diets is variable (Table 2.7). Dietary management of food
intolerance should be carried out with specialist advice from a dietitian. High intake
of dietary fibre, particularly insoluble fibre, exacerbates symptoms, and patients
should be advised to moderate intake. Carbohydrate intolerance may contribute 
to IBS symptoms. An increasing intake of processed foods in the modern Western
diet may be increasing the exposure to lactose, fructose and sorbitol. Other dietary
considerations include caffeine and yeast. The gastrointestinal environment and
colonic microbiota are likely to have a role in the management of food hypersens-
itivity in IBS.

Table 2.6 Caffeine content of foods and beverages71,72.

Food Portion size Caffeine content 
per serving (mg)

Coffee (instant) 250 ml 22–128
Coffee (ground) 250 ml 17–295
Cola and diet cola 330 ml 11–70
Chocolate bars 30 g 3–21
Powdered chocolate drink 250 ml 1–10
Chocolate milk drink 250 ml 2–5
Stimulant drinks 250 ml 28–87
Tea 250 ml < 1–98
Cold and flu treatments, headache tablets and Per tablet or dose 15–200
weight-control tablets
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2.3.2 Crohn’s disease

Crohn’s disease is a chronic relapsing inflammatory bowel disease of unknown 
aetiology affecting approximately 0.1% of the UK population1. The pathogenesis
involves a complex interaction of genetic predisposition, environmental triggers and
immune dysfunction2.

Crohn’s disease is typically a transmural inflammation. Although it can affect any
part of the gastrointestinal tract, it predominates as ileocolitis in 50% of cases3. It is
characterised by discontinuous regions of inflamed bowel with normal areas in
between. Presentation is usually with diarrhoea or a change in bowel habit, weight
loss, abdominal pain and bloating, pyrexia and general malaise. Symptoms vary
enormously, depending on the site of inflammation and the type of lesions that 
have developed. The severity of the disease also varies, but it commonly presents
with periods of active disease and remission, although exacerbating factors are not 
clear.

For many years corticosteroids have been used to induce disease remission, 
but these are not without side effects and do not alter the course of disease.
Immunosuppressive agents (azathioprine and methotrexate) induce mucosal heal-
ing and are useful to maintain disease remission, although they may take several
months to be effective. Biological therapy modulates cytokines involved in the
inflammatory process (e.g. infliximab). It also induces mucosal healing, probably
more quickly than immunosuppressive agents, and reduces the need for surgical
intervention4. Enteral nutrition is a useful alternative to medical management in
compliant patients and avoids serious side effects5.

Malnutrition is common in Crohn’s disease, resulting from anorexia, malab-
sorption, increased fluid and electrolyte loss, drug–nutrient interactions and 
gastrointestinal bleeding6,7. Patients often restrict their diet for fear of exacerbating
symptoms6,8,9.
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Food hypersensitivity in Crohn’s disease

The gut wall provides an essential barrier between the luminal contents and the
internal systems of the body, and it is continuously exposed to a wide variety of 
food components and antigens, the gastrointestinal microbiota and pathogens.
Antigen sampling is a normal occurrence, and the gut is usually considered to be in a
constant state of controlled inflammation known as ‘oral tolerance’10,11. In Crohn’s
disease an immune dysfunction exists leading to a pro-inflammatory response and
impairment of the gut barrier function. The mechanism of action is unclear, but
food antigens within the luminal contents may promote inflammation in Crohn’s
disease12. Thus removal of the normal luminal contents by dietary manipulation 
has been widely investigated to see what effect this would have in modulating 
the mucosal immune response. Although true food allergy does not appear to be
involved in the aetiopathogenesis of Crohn’s disease, patients often feel that other
forms of food hypersensitivity may require dietary intervention in order achieve
symptomatic relief 10,11.

Diet as a risk factor for the development of Crohn’s disease

Diet has a major influence on the gastrointestinal environment13 and, with the
adoption of Western dietary habits and a rise in the incidence of Crohn’s disease in
industrialised countries, an association of food hypersensitivity in Crohn’s disease
deserves attention. Retrospective assessment of the pre-illness diet is open to crit-
icism, as dietary changes may occur soon after the development of symptoms, but a
confirmed diagnosis of Crohn’s disease may not happen until long afterwards14,15.
In addition, foods may aggravate symptoms without having a role in the pathogen-
esis. Despite these methodological flaws, a high intake of refined carbohydrate, 
particularly sugar, has been repeatedly reported14–31. This suggests that there may
be a true relationship, but identifying a likely mechanistic explanation has not yet
been possible.

The modern Western diet

The ever-increasing consumption of highly processed foods and eating in fast food
outlets may be an important contributing factor in the development of Crohn’s 
disease13. The use of food additives has increased dramatically since the Industrial
Revolution. Emulsifiers (e.g. carrageenan), thickeners and surface-finishing agents
such as beeswax, carnauba wax and candelilla wax may all have antigenic 
potential32,33. Furthermore, microparticles of food additive titanium dioxide and
aluminosilicates have been isolated from the base of Peyer’s patches and may be
potent adjuvants in antigen-mediated immune responses34.

A recent hypothesis suggests that there is an increase in the dietary intake of 
fermentable oligo-, di- and mono-saccharides and polyols (FODMAPS)35, which
occur naturally in the diet but are increasingly being used in the food industry.
Rapid fermentation of FODMAPS by the microbiota in the distal small bowel and
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colon may impair the gut barrier function. Clinical studies in Crohn’s disease are
currently lacking, but the idea that increased permeability in patients with Crohn’s
disease may be due to a dietary factor is an appealing concept35.

Food hypersensitivity in the treatment of active Crohn’s disease

Diet is fundamental in the management of Crohn’s disease, and dietary manipula-
tion may be helpful in inducing disease remission and in the prevention of relapse.
Early nutrition studies used total parenteral nutrition36 eliminating food antigens,
but complete bowel rest caused gut atrophy and brings with it serious complica-
tions37. Enteral nutritional therapy was developed using chemically defined liquid
diets to limit mucosal atrophy, reduce faecal output and have low antigenicity38 – 40.
The original enteral diets were based on those that had been used in manned space
programmes, where a reduced stool output was warranted41, and consisted of basic
food monomers made into a synthetic elemental diet. They could be assimilated
without the need for pancreatic or brush border enzymes and comprised free amino
acids, maltodextrins and glucose, a small amount of fat, minerals and micronutri-
ents. By the early 1970s it was reported that elemental diets given preoperatively in
malnourished patients with Crohn’s disease improved outcome42,43. More recently,
peptide and whole protein diets have been developed, and these provide a more
palatable alternative to elemental diet. All three types of liquid formula have been
shown to induce disease remission in 53–80% of patients33,39,40,44,45, and a recent
Cochrane review indicates that they are as efficacious as each other46 (Table 2.8).

Although enteral nutrition is not as effective as corticosteroids in inducing disease
remission, it does have a role in the primary treatment of active disease46, particu-
larly in children and adolescents55,56. Enteral nutrition improves nutritional status,
reduces gastrointestinal protein loss and helps maintain intestinal permeability57,58.
Furthermore, enteral nutrition down-regulates pro-inflammatory mucosal cytokine
production59 and will induce mucosal healing59,60.

The mechanism of action of enteral nutrition is unknown, but nutrients can
influence the gastrointestinal environment and microbiota61 and mediate the expres-
sion of proteins involved in the immune response59. Differences in lipid composition
may also affect the inflammatory process and thus contribute to the efficacy of
enteral nutrition62. Increasing the ratio of omega-3 to omega-6 polyunsaturated 
fats in Crohn’s disease may enhance intestinal anti-inflammatory responses56, but
studies to date have been disappointing, perhaps due to difficulties with enteral feed
formulation63,64.

Sensitivity to specific food additives has been assessed in Crohn’s, disease and the
efficacy of enteral nutrition may be due to avoidance of food additives33,65 or poten-
tially antigenic bacteria and food particles66. Microparticles, particularly the food
additives titanium dioxide and aluminosilicates, may act as adjuvants, allowing
luminal toxins and antigens to enter the gastrointestinal mucosa and inducing a pro-
inflammatory immune response. A pilot study of a low microparticle diet appeared
promising in the induction of disease remission65, but a multicentre study failed to
confirm these findings67.
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Nutrition in disease remission

Patients usually achieve disease remission within 2–8 weeks, but mucosal healing
takes up to 8 weeks59. Using enteral nutrition as a sole source of nutrition to prevent
relapse is not a long-term option due to issues with compliance. Prevention of
relapse is maintained at 1 year in only 31% and 40% of patients who had achieved
disease remission with elemental and peptide diets, respectively51,68. Reintroduction
of a normal diet identifies food intolerance in up to 66% of patients with Crohn’s
disease9,69, so, understandably, patients are often cautious about reintroducing
food. Supplementary enteral nutrition may help to maintain disease remission if 
it provides at least 35–50% of the patient’s energy requirements70. The choice of
feed, i.e. whole protein, peptide or elemental, will depend on the site, severity and
symptoms of recent disease activity, and on patient compliance. Exclusion diets may
also prolong the length of remission, indicating that food sensitivity may play a
role71. Any foods that may be associated with symptoms of abdominal pain and/or
diarrhoea are excluded71. Common food intolerances are wheat, cow’s milk and
yeast9,71,72, similar to those found in IBS and suggesting coexisting IBS in Crohn’s
disease73. The LOFFLEX (low fat, fibre limited, exclusion) diet is as effective as
other exclusion diets74 and avoids foods that commonly lead to symptoms in
patients with Crohn’s disease. It is nutritionally complete and consists of a relatively
wide variety of foods, enabling patients to stop enteral nutrition. The initial process

Table 2.8 Comparison of elemental versus non elemental dietary treatments for active
Crohn’s disease.

Study

Giaffer 199047

Kobayashi 199848

Park 199149

Raouf 199133

Rigaud 199150

Royall 199451

Verma 200052

RT, randomised trial; DB, double-blind; ED, elemental diet; PD, polymeric diet; CDAI, Crohn’s disease activity
index53; HBI, Harvey Bradshaw index54.

Odds ratio 
(95% CI)

5.4 (1.12–26.04)

1.17 (0.17–8.09)

0.16 (0.02–1.63)

0.84 (0.14–4.97)

0.73 (0.15–3.49)

2.13 (0.45–10.10)

3.33 (0.47–23.47)

Outcome
measure

CDAI < 150 after
10 days
CDAI < 150 after
24 days
HBI < 2 after 
28 days
HBI < 4 after 
21 days
CDAI < 150 after
28 days
CDAI < 150 after
21 days

CDAI < 150 
or reduced 
by > 100 after 
42 days

Intervention A
(n/N) vs.
intervention B
(n/N)

ED (12/16) vs.
PD (5/14)
ED (7/10) vs.
PD (6/9)
ED (2/7) vs.
PD (5/7)
ED (9/13) vs.
PD (8/11)
ED (10/15) vs.
PD (11/15)
ED (16/19) vs.
peptide diet
(15/21)
ED (8/10) vs.
PD (6/11)

Design

RT DB

RT

RT DB

RT

RT

RT DB

RT DB
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of food reintroduction is faster than with other exclusion regimens, allowing more
time between single food testing and enabling better detection of delayed reactions
to food.

After the onset of disease, eating habits often change to avoid foods that may
aggravate symptoms75,76. Furthermore, green vegetables and mechanically fibrous
foods may cause obstructive symptoms in stricturing disease9,33, and avoidance of
high-fibre foods may be helpful to maintain disease remission77. Avoidance of milk
and milk products may be due to lactose intolerance, which can result from chronic
inflammation78 and has been observed in 30% of patients with inflammatory bowel
disease79.

Summary

No evidence exists to suggest that food intolerance and food allergy are involved in
the development of Crohn’s disease. Enteral nutrition is an effective treatment to
induce disease remission and offers an alternative to corticosteroids with minimal
side effects. Patients often restrict their diet and nutritional intake for symptomatic
relief, and specific food sensitivities are common (Table 2.9).
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mucosal healing, down-regulates pro-inflammatory cytokines and
maintains intestinal permeability

Polymeric, peptide and elemental feeds are equally efficacious
Enteral feeding should be given for 2–8 weeks as a sole source of
nutrition

Maintenance of disease remission can be prolonged with:

• Enteral feeding providing up to 50% of nutritional requirements

• Exclusion diets – common food intolerances include wheat, cow’s
milk and yeast

Some dietary components may aggravate strictures, chewing food
thoroughly and avoidance of high-fibre foods and grisley meat may
be helpful
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2.3.3 Orofacial granulomatosis

Orofacial granulomatosis (OFG) is a rare chronic inflammatory disease that
describes any non-caseating, epitheloid granulomatous inflammation associated
with facial or oral tissues. Presentation of OFG is usually with lip swelling, but it
also affects a number of sites within the oral cavity including the gingivae, sulcus,
floor of the mouth and buccal mucosa, the latter often associated with a cobblestone
appearance. It is more frequent in young adults and carries a high psychological
burden. The lip swelling is not typically symmetrical and can affect either or both
the upper or lower lips (Figure 2.2). There is often associated erythema and angular
cheilitis (fissuring at the corners of the mouth).

Diagnosis of OFG is confirmed by histological changes in biopsies of affected
sites, typically lip or buccal mucosa. From a clinical and histopathological perspect-
ive, there is substantial overlap between different granulomatous diseases, and the
most common cause of OFG is Crohn’s disease1, although OFG often exists as a
separate entity2. It may be associated with Melkersson–Rosenthal syndrome, or
rarely with sarcoidosis or tuberculosis3,4.

The prevalence of OFG is unknown, as there are no formal epidemiological data.
Clusters of patients have been observed in Scotland, particularly around Glasgow,

Figure 2.2 Swelling and erythema of the lower lip in a patient with orofacial granulomatosis
(OFG). The upper lip shows no involvement.

9781405170369_4_002.qxd  22/12/2008  14:58  Page 54



The Role of Food Hypersensitivity in Different Disorders 55

and in Ireland, suggesting a Celtic predominance. Whether there is a genetic cause 
is still unclear5, as there is conflicting and insufficient evidence. The pathogenesis 
of OFG is likely to be due to a delayed-type hypersensitivity reaction5, which is 
supported by the fact that some patients with OFG are atopic6.

Treatment is challenging but often follows a similar approach to that of Crohn’s
disease, using corticosteroids, immunosuppression, biological therapy and surgery.
Evidence implicates a dietary antigen7,8, and dietary manipulation may be useful,
helping to avoid the use of medical therapy in many cases.

Food hypersensitivity in orofacial granulomatosis

Oral disease is often associated with contact hypersensitivity, and in OFG a
delayed-type hypersensitivity reaction is recognised5. Between 12% and 60% of
patients are atopic, which strengthens an association of OFG with food hypersens-
itivity9. Patients with OFG often report increased symptoms in response to various
foods, food additives (particularly preservatives) and oral hygiene products. These
reactions are predominantly delayed, and anecdotally a small number of patients
report an immediate local ‘tingling’ reaction which precedes the typical OFG symp-
toms, e.g. lip swelling.

Cutaneous patch testing to evaluate symptoms in oral disease may be con-
troversial10. Despite this, in patients with OFG and using the Standard European
series and a few other substances, positive patch tests have been found to cinnamon,
benzoic acid and benzoate salts (E210–E219), cinnamaldehyde and cocoa11–13.
Other foods and food additives that have also been associated with OFG include
wheat, dairy products, eggs, chocolate, peanuts, carbone piperitone, carvone, 
carmosine, tartrazine (E102), sunset yellow (E110) and monosodium glutamate
(E621)8,11,12,14 –18. Dental restorative materials have also been implicated19–21.

There is currently insufficient evidence from in vitro and in vivo studies to suggest
an immunological mechanism to the delayed hypersensitivity reaction, and no
inflammatory or immunological mediators have been identified. Due to the wide
range of precipitating factors, the antigen responsible for inducing symptoms may
be different from one patient to the next, and may not always be dietary in origin.

Dietary management of orofacial granulomatosis

Food hypersensitivity in OFG has led to dietary treatments being used, sometimes
even as first-line therapy22. Excluding foods identified from the results of positive
patch tests led to an improvement in ‘perceived’ symptoms in 85% of patients13.
Using an objective oral inflammatory activity score, a cinnamon- and benzoate-free
diet (Table 2.10) followed for 12 weeks has been shown to lead to a clinical
response in 68% (39/57) of patients with OFG23.

Exclusion diets, such as a cinnamon- and benzoate-free diet, may be helpful in the
management of OFG, and are often favoured over medical therapy due to the avoid-
ance of associated side effects. Although data are limited, in patients where there has
been some improvement in OFG symptoms following specific food exclusion diets,

9781405170369_4_002.qxd  22/12/2008  14:58  Page 55



56 Food Hypersensitivity

elemental or polymeric diets as a sole source of nutrition have been used with vary-
ing success18,23. One study demonstrated that intra-oral involvement rather than lip
disease alone showed a clinical response using either a polymeric or an elemental
formula for 6 weeks (n = 8/12)23.

Cinnamon and benzoates in the diet

Cinnamon is a spice that has been used in cooking for thousands of years and is
widely used in the food industry as a flavouring and a preservative, e.g. in breakfast
cereals, desserts, chocolates and pastries. It is also often added to toothpaste and
oral hygiene products. Cinnamon oil makes up 1–8% of cinnamon and provides the
characteristic flavour. The pungent taste and smell comes from cinnamaldehyde,
which has strong antimicrobial activity24.

Benzoates occur naturally in some foods, particularly in berries, usually up to
0.05%25, but in ripe fruits of the Vaccinium species (e.g. cranberries and bilberries)
at higher concentrations of 0.03–0.13%26 and in cinnamon at 0.3%27. Benzoic acid

Table 2.10 Cinnamon- and benzoate-free dietary advice

Food group

Meat, poultry, fish 
and eggs

Fruit and vegetables

Cereals and cereal 
products

Beverages

Miscellaneous

Dental care products

Medicines

Cosmetics

* Foods shown in bold may have naturally high levels of cinnamon or benzoates. Other food, beverages, dental 
care and cosmetic products listed should be checked and avoided if the ingredient or excipient labels contain the
following: cinnamon, cinnamon oil, cinnamaldehyde, ground cinnamon, spices, spice extracts, mixed spice, E210
(benzoic acid), E211 (sodium benzoate), E212 (potassium benzoate), E213 (calcium benzoate), E214 (ethyl 
4-hydroxybenzoate or ethyl para-hydroxybenzoate), E215 (ethyl 4-hydroxybenzoate, sodium salt or sodium 
ethyl para-hydroxybenzoate), E216 (propyl 4-hydroxybenzoate or propyl para-hydroxybenzoate), E217 (propyl 
4-hydroxybenzoate, sodium salt or sodium para-hydroxybenzoate), E218 (methyl 4-hydroxybenzoate or methyl
para-hydroxybenzoate), E219 (methyl 4-hydroxybenzoate, sodium salt or sodium methyl-hydroxybenzoate).

Foods to be avoided and ingredient /excipient labels to check*

Dishes with a spicy sauce, ready-to-eat meals containing benzoates

Berries, nectarines, peaches, papaya, dried fruit, avocado, pumpkin,
kidney beans, soybeans, broccoli and spinach; baked beans in
tomato/spicy sauce

Soya flour; tinned spaghetti and ravioli in tomato/spicy sauce

Tea, squash, cordial, carbonated drinks, milkshake syrup, ready-to-
drink alcohol and mixers, spirits with added spices

Curry powder, all spice, mixed spice, nutmeg, clove, cinnamon,
chocolate, cocoa, dry-roasted and spicy nuts, Bombay mix, crisps
(except ready-salted), potato or corn snacks, ketchup, soy sauce,
Worcestershire sauce, salad dressing, salad cream, mayonnaise

Tartar-control toothpastes, mouthwashes and oral hygiene products

Tablets/capsules/liquids and vitamin/mineral supplements

Make-up, lipstick, lip-gloss, cleanser, toner, moisturiser, shampoo,
conditioner, shaving gel/cream, soap, body wash, shower gel, bath
cream/foam, suntan lotion, aftersun, body lotion, hand cream
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and benzoate salts are common ingredients in flavourings (e.g. chocolate) and may
be used as permitted preservatives (E210–E219) up to a level of 0.1%, especially 
in carbonated and non-carbonated soft drinks. They are often used as flavourings 
in soft drinks, chewing gum, ice cream, cakes and spices. Benzoates may also be
used in cosmetics, toothpaste and oral hygiene products. For more information on
benzoates see Chapter 10.

Summary

A delayed-type food hypersensitivity reaction is recognised in OFG, although the
immunological basis to this mechanism is not yet clear. Treatment with exclusion 
of dietary triggers, e.g. with a cinnamon- and benzoate-free diet, is useful in the
management of symptoms but current data are based on a small numbers of cases.
Due to the low numbers of OFG patients, management is ideally suited to a tertiary
referral centre where there is a multidisciplinary team approach with expertise in
oral medicine, gastroenterology, dietetics and psychology.
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2.4 The role of food hypersensitivity in behavioural
disorders

2.4.1 Hyperactivity

Donna C. McCann

Introduction

One of the longest-running controversies in the area of food hypersensitivity and
intolerance surrounds the question of whether modification of a child’s diet has a
beneficial impact on hyperactive behaviour in children. Three main dietary inter-
ventions emerged in the last century, and the most contentious of these was based
on the proposal that a range of artificial food additives, such as artificial colours,
flavourings and preservatives, trigger symptoms of hyperactivity or hyperkinesis in
children. Benjamin Feingold, a paediatrician and allergist at the Kaiser Foundation
Hospital in California, put forward this hypothesis in the 1970s on the basis of his
observations of children with behavioural and learning disorders, and suggested
that a diet free of such additives, the Kaiser Permanente Diet or Feingold Diet as 
it became more commonly known, could help in the treatment or prevention of
hyperactivity in children. He claimed that about half of hyperactive children were
sensitive to such additives and to natural salicylates1.

Further diets which emerged in the wake of Feingold’s diet and were also associ-
ated with beneficial effects on hyperactivity are the sugar elimination diet, for which
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there was shown to be little evidence in the limited research2, and an even more
restricted diet, an extension of Feingold’s diet, the oligoantigenic or oligoallergenic
(‘few foods’) diet, which eliminates not only artificial food additives but also a range
of foods such as dairy products, nuts, wheat, egg, sugars and more3,4. This latter 
diet is more closely linked to the current concept of food allergy or IgE-mediated
hypersensitivity than a diet free of artificial colours. However, despite evidence to
the contrary, in the mind of the public there persists into the twenty-first century a
link between ‘allergy’ to food additives and hyperactive behaviour.

History and prevalence of hyperactivity

The history of hyperactivity or hyperkinesis can be traced back to the start of the
twentieth century, when a behavioural disorder was observed in children which was
primarily marked by overactivity and deficits in sustained attention and inhibitory
and moral control5. In the years that followed, however, the disorder became
regarded as part of a broader syndrome encompassing a range of cognitive, beha-
vioural and learning disorders with its basis in organic brain damage, although 
evidence of such damage was not always present. Hyperactivity emerged again in
the late 1960s as a behavioural syndrome in its own right characterised by extreme
levels of overactivity, restlessness, distractibility and short attention span relative 
to the normal developmental levels in children. Today more severe symptoms of
overactivity, persistent impulsiveness and inattention are diagnosed as attention-
deficit/hyperactivity disorder (ADHD)6, or hyperkinetic disorder7, a debilitating
childhood psychiatric condition which can result in long-term educational and
social disadvantage8.

The worldwide pooled prevalence in young children and adolescents is 5.3%9,
and 4–10% when employing only the most recent diagnostic criteria for ADHD10.
The strong contribution of genetic inheritance is generally acknowledged. There 
are also similar patterns of behaviour that may result from severe early depriva-
tion, such as that experienced in institutional settings11. Current research is now
focused on how both genetic and environmental influences impact on the course 
and development of the disorder12. Common treatments include behavioural 
therapy and pharmacotherapy with psychostimulants. However, there have been
longstanding concerns surrounding the safety and use of such medication in young
children.

Dietary interventions

When details of Feingold’s elimination diet emerged in the mid-1970s, concern
about the use of stimulant medication was already present, and growing particu-
larly so for the parents of hyperactive children. His diet and hypothesis immediately
gave rise to media interest and a flood of debate amongst the public, medical pro-
fessionals and politicians. Major economic interests in the food industry, which
profitably employed numerous food additives in the food manufacturing process for
the purposes of colouring, flavouring, preserving, emulsifying and a range of other
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functions, also had a vested interest in the debate. Given the context at the time, and
the presence of differing funding interests, studies and reviews relating to the issue
would have been open to problems related to bias, and this, together with a range of
other methodological shortcomings, may help to explain some conflicting and
inconsistent findings in the early research literature.

A number of early reviews13,14 and a 1983 meta-analysis by Kavale & Forness15

concluded that diet modification was not an effective treatment for hyperactivity.
The meta-analysis reviewed 23 studies and found non-significant treatment effects
on behaviour both for diet modification and challenge with substances excluded
from the diet. They quoted a range of methodological flaws in studies. However,
even for a number of well-conducted double-blind placebo-controlled studies
included in these reviews, negligible or questionable effects were found. The
National Institutes of Health (1982) concluded that evidence from controlled trials
showed a ‘limited positive association’ between elimination diets and decreased
hyperactivity16.

Role of food additives

From the late 1980s studies in the literature began to place more emphasis on the
role played by food additives in triggering hyperactivity and its biological basis, and
improved methodology was evident in the number and quality of double-blind
placebo-controlled food challenge studies published. The subsequent publication of
these additional relevant trials prompted further ‘focused consideration of whether
artificial food colours promote symptoms of hyperactivity’17. This meta-analysis 
of double-blind placebo-controlled trials focusing on the role of artificial food
colours in promoting hyperactivity in children with hyperactive syndromes high-
lighted a number of limitations of the earlier Kavale & Forness review15, including
the folding together in analysis of a range of studies and trials, both blind and non-
blind, in hyperactive and non-hyperactive children and involving elimination and/or 
challenge with various foodstuffs.

Schab & Trinh’s meta-analysis17 revisited the studies included in the earlier
review, omitted seven studies which did not meet their own stricter inclusion cri-
teria, and included eight subsequently published studies together with two further
studies which had been overlooked by the earlier review. Their comprehensive
meta-analysis of 24 double-blind placebo-controlled trials investigating the effect 
of artificial food colours on behaviour in hyperactive children found a significant
overall effect size of over one-quarter of a standard deviation, as opposed to the
one-twentieth effect size reported by Kavale & Forness15.

In relation to the question of whether the relationship between artificial food
colours and behaviour was IgE- or pharmacologically mediated, Schab & Trinh17

concluded that this remained unanswered. Following the publication of their
review, however, a study was carried out on the Isle of Wight investigating the
effects of a double-blind placebo-controlled artificial food colourings and benzoate
preservative challenge on hyperactivity in a sample of children constituting 10% 
(n = 277) of the general population of 3-year-old children18. The researchers 
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found a parentally reported significant effect of food colourings and the benzoate
preservative on hyperactive behaviour, with subgroup analysis indicating no effect
of atopy and/or prior levels of hyperactivity. The researchers concluded that if 
food additives have an effect, it is via a pharmacological effect best exemplified by
non-IgE-dependent histamine release. This is consistent with evidence from a previ-
ous study finding no association between response and atopy19 and studies linking
responses to artificial food colours with IgE-independent histamine and other 
mediator release20 –22.

Following this, a further double-blind placebo-controlled food challenge was 
carried out on a community sample of 3-year-old (n = 153) and 8-year-old children
(n = 144) in Southampton, employing an additive mix (Mix A) similar to that used
in the Isle of Wight study together with another mix (Mix B) reflecting more current
consumption of additives in such children23. The team also collected saliva samples
from the children in order to investigate the role of possible genetic moderators. 
The main outcome measure was a global hyperactivity aggregate based on standard-
ised scores of observed behaviours within educational settings, ratings by teachers
and parents, plus, for 8/9-year-old children, a computerised test of attention. A
significant effect of Mix A on behaviour was found for the 3-year-old children and
of Mix B for the older children. The researchers concluded that artificial colours or a
sodium benzoate preservative (or both) in the diet result in increased hyperactivity
in 3-year-old and 8/9-year-old children in the general population. However, there
was a wide variation in the effects of these additives on children’s behaviour. Based
on the proposal that the link between additives and behaviour is best characterised
by non-IgE histamine release18, the Southampton team investigated variants in
genes associated with hyperactive behaviour, including genetic variants associated
with the breakdown and clearance of histamine. They found that polymorphisms 
in the histamine N-methyltransferase gene moderated the impact of additives on
behaviour24. This is consistent with histamine playing a mediating role in the effect
of food additives on behaviour.

On the basis of the findings of the Southampton study, the accumulating evidence
and various other considerations, the Foods Standards Agency (FSA) in the UK have
recommended to UK Ministers that industry takes voluntary action to remove these
artificial colours by 2009, and is pressing for action at a European Union level.
However, the FSA acknowledged that the UK industry had already made great
strides in removing such colours from food in response to consumer concerns25.

Conclusions

The evidence suggests that food colours and possibly a preservative (sodium ben-
zoate) can act to increase the hyperactivity level shown by some children. Across the
population as a whole the effect is small (about a fifth of a standard deviation). For
some children, however, the effect is more marked. It is not known what biological
mechanism might mediate this effect, although it does appear that this is not an 
IgE-mediated allergic response. Instead, it looks as if non-IgE-mediated histamine
release may play a role.
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2.4.2 Autism and autistic spectrum disorders

Zoe Connor

About autistic spectrum disorders

Autistic spectrum disorders (ASD) are common developmental disabilities that
affect the way a person communicates and relates to people around them.

A diagnosis of ASD means that a person has impairments in each of the following
areas, known as the ‘triad of impairments’:

• social interaction – difficulty with social relationships, e.g. appearing aloof and
indifferent to other people and difficulty with understanding others’ viewpoints
and intentions;

• social communication – difficulty with verbal and non-verbal communication;
• imagination – difficulty with interpersonal play and imagination, e.g. having a

limited range of imaginative activities, possibly copied and pursued rigidly and
repetitively.

Autism is at the more profoundly affected end of the ASD spectrum, Asperger’s 
syndrome is at the higher functioning end, and pervasive development disorder not
otherwise specified (PDD-NOS) falls in between (this is a crude distinction; diagnosis
is specified by international descriptors)1,2. Additionally, it is common for someone
with ASD to have repetitive behaviour patterns, resistance to change in routine, 
and under- or oversensitivity to sensory stimuli. ASDs are lifelong conditions which
are commonly managed by behavioural and educational techniques. Medical (phar-
maceutical) management is usually limited to treatment of comorbidities, which
may include attention-deficit/hyperactivity disorder (ADHD), motor coordination
problems, anxiety and epilepsy.

Diet in the treatment of ASD

Interest in the use of dietary manipulation in the treatment of ASD dates back 
nearly 50 years. Dietary treatment of ASD and ‘biomedical interventions’ are often
recommended by ASD organisations, but it is important to note that no specific diet
is routinely recommended as treatment for ASD by medical and dietetic profession-
als, including the author of this sub-chapter. This is because there is insufficient
research to prove that the benefit of trialling dietary changes outweighs the difficulty
for individuals and their families in implementing these changes, and the risk to the
individual’s nutritional status.

Instances of biomedical interventions dramatically alleviating symptoms of ASD
are commonly reported by ASD organisations, and so it is unsurprising that dietary
changes are widely undertaken by parents of children diagnosed with ASD, often
soon after diagnosis, and sometimes without medical or dietetic supervision. This
chapter attempts to summarise the diets commonly advocated by ASD organisations,
and to advise on a safe and practical way to approach them.
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Overview of common food exclusions used as a ‘treatment’ for ASD

Gluten-free and casein-free diet (GFCF diet)
This is the most popular and best-known dietary intervention for ASD. ASD organ-
isations often advocate strict avoidance of gluten, casein and similar proteins. Gluten
is a protein contained in wheat, barley and rye, and a similar protein is found in oats.
Bread, pizza, pasta, pastry, biscuits, some breakfast cereals and some processed
foods contain gluten. Casein is a protein found in cow’s milk, and similar proteins
are found in goat’s and sheep’s milk. Yogurt, cheese, butter, some margarines, ice-
cream, milk chocolate, biscuits and some processed products contain casein.

Some organisations recommend that casein is eliminated for a couple of weeks
before gluten is additionally eliminated – due in part to reports of worsening of
symptoms sometimes occurring for the first few days of eliminating a food. Organisa-
tions differ on how long elimination should last, with some saying improvements 
on avoiding casein are seen within 1–4 weeks, and gluten within 1–3 months, and
others saying that it can take a year to see improvements in symptoms. Few organ-
isations make the recommendation to trial the reintroduction of foods, but instead
suggest long-term avoidance.

The GFCF diet is based on the theory that gluten and casein from the diet are
poorly digested in the gut, are absorbed into the bloodstream through an abnormally
‘leaky’ gut, and then interfere with neurological processes in the brain in a way 
similar to opioids such as morphine3.

No aspect of this theory has been proven, and although some studies have found
that some individuals with ASD had improvements in communication and cognitive
function on a GFCF diet, with regression on dietary challenge, a Cochrane review
found insufficient evidence to recommend GFCF diets in the treatment of ASD4.

Urine analyses are offered by organisations worldwide5, with results being used
as a basis for recommending a GFCF diet, based on the hypothesis that peaks found
in the urine analysis of people with ASD are casein- and gluten-derived peptides.
However, research by Cass et al. in 2008 could not corroborate this hypothesis6.

Exclusion of phenolic compounds and foods high in salicylates
A low-salicylate and phenolic-compound diet is advocated by many ASD organisa-
tions. This involves the exclusion of a wide range of foods including cheese, choco-
late, tomatoes, oranges, bananas, yeast extract, some food colourings and many
other fruits and vegetables (the list of foods to avoid differs across organisations). 
A small sample of children with ASD have been found to have an impairment in
enzymes that break down these compounds in the body7. This is hypothesised to
lead to raised levels of neurotransmitters, which could affect symptoms of ASD.
However, there is no evidence to support this, or to suggest that avoiding these
foods is beneficial for ASD.

Yeast-free diet
Another approach advocated by many ASD organisations is based on the theory
that yeast proliferation in the gut causes a ‘leaky gut’, a greater susceptibility to food
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allergies, and exacerbation of behavioural problems8. Organisations state that eat-
ing less yeast plus less sugar reduces the growth of these gut yeasts. Indeed, some
individuals with ASD have been found to have higher levels of some ‘unfriendly’ gut
bacteria9, but there is no evidence that eating less sugar and dietary yeasts (which
are not the same as gut yeasts) helps. Instead, gut bacterial overgrowth is commonly
treated by prescribed medications. ‘Yeast-free’ diets differ across ASD organisations,
but often exclude natural and refined sugars (including fruit), fermented foods such
as breads, vinegar, alcohol, cheese, soya sauce, plus coffee and processed meats.

Exclusion of food additives
ASD organisations commonly advocate the avoidance of the flavour enhancer
monosodium glutamate (MSG, E621) and the sweetener aspartame (E951). Some
recommend the additional avoidance of all artificial colours, flavours and additives.
The Feingold diet is a variation on this that involves the elimination of artificial
colourings, flavourings and preservatives, as well as aspartame and salicylates10.

It has been suggested that these additives affect the behaviour of people with
ASD. This is not based on published evidence, although some artificial colours 
and preservatives have been linked to increased hyperactive behaviour in healthy
children11,12.

Dietary supplements
Some organisations suggest that people with ASD need particularly high ‘therapeu-
tic’ doses of individual vitamins and minerals because of metabolic and biochemical
abnormalities. This is not proven. Sometimes the suggested doses exceed the safe
upper limit for adults, and little is known about long-term high doses in children13.

Multiple elimination and supplementation diets
ASD organisations usually suggest a combination of the above ‘biomedical interven-
tions’. For example, a summary of recommended effective biomedical treatments
based on the Defeat Autism Now! protocol14 includes avoiding fried food, junk
food, added sugar and artificial colours and preservatives, gluten, casein, corn, soya,
simple carbohydrates and yeast products, plus taking multivitamin and mineral
supplements including high doses of vitamins A, C, E and B vitamins, additional
high doses of vitamin B6, omega-3 fatty acid supplements, digestive enzymes with
each meal, antifungal medication and probiotics. This summary states that ‘some-
times one treatment shows great benefit, but it is more common that each treatment
helps a small amount. However the cumulative effect of multiple treatments can be
substantial.’ Other multiple intervention ‘protocols’ are the Sunderland protocol15

and the Allergy Induced Autism Methodology16. Two other common ASD diets 
are the Body Ecology Diet (BED) and the Specific Carbohydrate Diet™ (SCD). 
The BED involves excluding gluten and processed foods, plus eating a number of
special foods purported to ‘re-establish the intestinal flora and heal the body’, such
as fermented coconut juice and raw butter17. The SCD involves the elimination of
grains, sucrose and lactose, with the theory that this will modify intestinal bacteria
growth18. There is no evidence for the use of any of these interventions, or for the
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cumulative effect of multiple dietary manipulations, but it is clear that diets that
eliminate multiple foods put the individual at risk of a poorly balanced and nutri-
tionally deficient diet.

Other dietary issues in ASD

It is common for children (and some adults) with ASD to have rigid eating patterns
and a fear of trying unfamiliar foods. This sometimes results in faddy eating so
severe that it causes nutritional deficiencies and affects growth. This can make
implementing dietary changes very difficult, and increases the risk of nutrient defi-
ciencies and growth faltering. Particular strategies for dealing with extreme faddy
eating in ASD are covered in other texts19,20, and on the author’s website21.

Gastrointestinal problems are common in ASD22, (though possibly no more com-
mon than in the general population23); constipation may be under-recognised, and
only fully revealed by abdominal x-ray24; and coeliac disease may be more common
in ASD than in the general population25.

Summary and recommendations

Summary of evidence for diet as a treatment for ASD
The professional consensus, both of a national group of UK dietitians who are
experts in working with children and adults with ASD26 and of the multi-agency
guidance document the National Autism Plan27, is that although there is insufficient
evidence to recommend the use of any diet as a treatment for ASD, dietitians and
other health professionals should provide support when an individual or their par-
ents choose to try dietary changes. There are too many reports of children with ASD
improving in behaviour and/or bowel habits after eliminating some foods for them
to be discounted. However, the mechanism for this (until proven otherwise) is likely
to be the same as for any general food intolerance, rather than any specific disorder
that is particular to ASD, and so each case should be considered individually. For
example, bowel problems such as diarrhoea or constipation can sometimes be caused
by food intolerances, so individuals suffering from these might benefit from trying
different food exclusions (medical causes should first be investigated by a doctor).

Drawbacks to implementing dietary changes
Implementing the often major changes to diet in the interventions described in 
this chapter can be expensive, disrupting to an individual’s lifestyle, upsetting to an
individual who is resistant to change (as is often the case in ASD), and without
expert support from a health professional skilled in nutritional management (e.g. a
registered dietitian) may lead to an insufficiently nutritious diet. Younger children
and children with rigid eating preferences are particularly at risk from nutrient
deficiencies and faltering growth, and this risk increases with the more foods that
are excluded. Therefore biomedical interventions should be seen as short-term 
trials, to be pursued long-term only if medical or behavioural benefits are clearly
seen for the individual.
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Recommendations for trialling dietary changes
If food exclusion is to be considered, then the following may be worth a trial exclu-
sion: caffeine, artificial colours and preservatives, mammalian milk, gluten. Before
trialling food avoidances, expert advice should be sought on assessment of dietary
adequacy and growth, how to avoid hidden sources of foods such as milks and gluten,
and ideas of foods to replace those avoided. Advice on the need for vitamin and min-
eral supplements, for example calcium supplements for individuals following milk-free
diets who do not like eating other good sources of calcium, should also be obtained.

Avoidance of each food or food group for 2 weeks should be long enough to 
see improvements in gastrointestinal problems, but individuals may prefer to wait 
4 weeks to rule out any improvement in behavioural problems. It may be advisable
to have a blood test for coeliac disease before undertaking a gluten-free diet, to rule
out this medical cause of gluten intolerance, as the test is not reliable once gluten is
being avoided.

To trial dietary changes, one food only should be excluded at a time and a diary
kept of symptoms (e.g. bowel habits, behaviour, sleep pattern) before and after the
change, then after reintroducing the previously excluded food. By carefully mon-
itoring symptoms, it is then possible to identify any foods that are exacerbating
symptoms. If possible, no other changes should be attempted at the same time,
including introducing any therapeutic vitamin or mineral supplements or any new
behavioural techniques.

Reintroduction of foods is essential to show (or rule out) that a food is respons-
ible for exacerbating behavioural or gastrointestinal problems. If the reintroduction
does cause a behavioural or gut reaction, then the food can be avoided longer-term,
but it is a good idea to plan to try reintroducing it again every 3–6 months, as 
sometimes, particularly with children, food intolerance is grown out of. Sometimes
a certain amount of a food can be tolerated, but above this amount it exacerbates
symptoms, e.g. a glass of milk a day is fine, but more than this causes diarrhoea.
Other people find they can tolerate particular products, e.g. goat’s milk or UHT
milk or yogurt, but not pasteurised cow’s milk. In these cases it is fine to continue
having only the tolerated amount or types of food.

If there is ever a severe reaction to a food, which involves swelling of the mouth or
throat, that food should be strictly avoided and medical advice sought.
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2.5 The role of food hypersensitivity in neurological
disorders

2.5.1 Chronic fatigue syndrome/ME

Sue Luscombe

CFS/ME is a disabling, chronic illness classified by the World Health Organization
as a neurological disorder1. In full, CFS/ME stands for chronic fatigue syndrome/
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myalgic encephalomyelitis or encephalopathy. However, even the name is subject 
to disagreement and debate among medical and healthcare professionals, ME
patient organisations and sufferers. Diagnosis is made by excluding other causes of
the symptoms, as there is no specific diagnostic test. Despite also being recognised
by many CFS/ME experts internationally as a genuine physiological illness2,3 it 
is still regarded by some in the medical profession as primarily psychological in 
origin.

Allergy or intolerance?

Food hypersensitivities (food allergies and food intolerances) are widely reported 
by people with CFS/ME4 – 6, and there is need for more research in this area. In one
survey 73% of the people reported diet therapy (unspecified) helped with their
symptoms, and also 80% were concerned about allergy issues7. In another survey
involving 354 people with ME, 59% found dietary changes helpful8. The mech-
anisms of food hypersensitivity in this illness are poorly understood. There are 
contradictory results between self-reported food allergies and research studies into
CFS/ME and IgE-mediated allergy. More recent research evidence suggests that IgE-
mediated allergy is no more common in CFS/ME than in the normal population9–11.
On the other hand, in one small study of 24 CFS patients it was reported that atopy
coexisted in more than 50%12. Also, Brunet and colleagues described the detection
of delayed-type hypersensitive responses to certain common environmental anti-
gens in almost 50% of patients with CFS13. However, it is more likely that most
adverse food reactions in CFS/ME are not IgE-mediated food allergies but rather
food intolerances involving other mechanisms.

Causes of CFS/ME

No single cause has been identified to explain the development of CFS/ME. A wide
variety of immune system abnormalities have been reported, but with no consistent
pattern of abnormalities14. One study has shown reproducible alterations in gene
regulation15, and a possible association between human leucocyte antigen (HLA)
class II antigens and immune dysfunction in the condition has been described16.

Some patients report a preceding acute illness, often of an infectious nature, such
as a specific influenza-like illness, streptococcal pharyngitis, gastroenteritis, glandu-
lar fever or sinusitis. In others, onset is more gradual. Patients frequently report
onset at times of stressful life events in conjunction with infection, physical injury or
exposure to immunisations or environmental toxins.

Prevalence of CFS/ME

Evidence suggests that2,17:

• the population prevalence is 0.2–0.4%;
• the most common age of onset is between the early twenties and mid-forties;
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• in children, the most common age of onset is between 13 and 15 years, but cases
have occurred in children of 5 or even younger;

• it is twice as common in women as in men;
• it affects all social classes to a similar extent;
• it affects all ethnic groups.

Symptoms of CFS/ME

The way in which patients describe their fatigue is very different to normal 
tiredness. Symptoms and their severity range greatly over time and from person to
person. Those who are mildly affected can attend school or university, or go out to
work, although they may need to reduce hours of work. The very severely affected
can be completely bed-bound, unable to carry out any daily care such as washing
and feeding, or tolerate any sensory input in the form of noise, light or strong smells
such as perfumes. Symptoms include18:

• debilitating fatigue, both physical and mental is typically exacerbated by exer-
cise or activity, which can have a delayed impact. Difficulties with concentra-
tion, memory and word-finding accompany the fatigue. This may mean there
are limits to the time a patient can participate in a consultation;

• severe malaise, sore throat and tender lymph nodes;
• headaches, which can be severe and prolonged;
• sleep disturbances;
• myalgia (muscle pain) and/or arthralgia (joint pain), at rest and with exercise;
• irritable bowel symptoms, e.g. bloating, diarrhoea, constipation, nausea, abdom-

inal pain.

Other symptoms can include:

• increased sensitivity to light, noise and smells;
• weight loss or weight gain;
• food intolerances;
• alcohol intolerance;
• increased sensitivity to drugs and household chemicals.

Prognosis

A systematic review of studies on the progress and prognosis of the condition sug-
gested that patients with acute onset of illness have a better outcome than those with
gradual onset19. Overall, the duration of illness appears to be shorter in younger
people than among adults, and a higher proportion of children recover. Most 
people with the illness can expect some degree of improvement with time and good
management of symptoms. A positive attitude towards recovery is therefore import-
ant. This involves healthy and positive food choices to ensure a good nutritional
intake. Appropriate diet manipulation where IBS symptoms, food hypersensitivities
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or weight loss are occurring will also help. However, there is no evidence that diet
interventions are primary factors in the rate of recovery.

Diet management

There are many potential difficulties in achieving adequate and balanced dietary
intake in people with CFS/ME, especially in those most severely affected20. These
arise because:

• pain and fatigue make the physical process of eating difficult;
• sensitivity to smell or taste of food may be experienced;
• nausea affects appetite;
• abnormal bowel symptoms may be experienced – diarrhoea, constipation or

both, with or without bloating;
• food intolerances, especially if self-imposed or non-medically diagnosed, lead to

food restrictions.

Positive nutritional management includes:

• encouraging the consumption of a healthy balanced diet (in line with the Food
Standards Agency ‘Eatwell’ model);

• eating small frequent meals and snacks containing starchy food. This may help
to improve a patient’s energy levels;

• managing IBS symptoms (a significant proportion of sufferers will experience
gastrointestinal symptoms such as nausea and bowel disturbances. See the sec-
tion on IBS management for more guidance, although there is no research speci-
fically on IBS treatment in CFS/ME);

• avoiding drinking fluids at meal times and instead sipping these in between
meals, since there is some evidence that people with CFS/ME may have delayed
gastric emptying times21;

• assessing the diets of patients with self-reported or non-medically diagnosed
food intolerance to ensure that their nutritional intake is not compromised;

• restricting caffeine intake for those who have sleep disturbances.

Popular diets

There are a number of diet theories claiming to promote recovery and relieve
CFS/ME symptoms. Many of these theories in the popular press and on the internet
are based on theories of food intolerances citing personal testimony/anecdotal 
evidence rather than scientific research, and they are medically unproven. Some of
the diets exclude multiple foods and can make life even harder because of the extra
effort needed to shop, and to prepare unfamiliar foods. There is also the danger
that, by omitting basic food items, the diet can become nutritionally inadequate.
Referral to a dietitian should be made where there is concern about weight mainten-
ance or nutritional inadequacy.
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Sometimes high-potency or mega doses of vitamin and mineral supplements are
advocated, and some such supplements contain very high levels of nutrients. There
is no evidence that these are useful6,22. It is particularly important to avoid large
doses of vitamin B6 and also fat-soluble vitamins such as vitamin A23. Vitamin B6
in large doses (more than 200 mg a day) can lead to peripheral neuropathy. Too
much vitamin A (over 1.5 mg a day) can make bones more likely to fracture when
older, and in pregnancy may harm the unborn baby. If there is uncertainty on the
adequacy of the diet, recommending a supplement of no more than 100% of the 
recommended daily intake would be a safer alternative.

Low-sugar, low-yeast (anti-Candida) diet

This approach is popular amongst CFS/ME sufferers, advocated in numerous 
articles and books. It is based in the contentious theory that colonisation of Candida
is a major problem in CFS/ME and that recovery is aided by use of anti-fungal
drugs, while at the same time cutting out foods containing yeast and sugar. The
claim has been refuted by the medical profession as speculative and unproven24,25.
The low-sugar, low-yeast (anti-Candida) diet has been subject to a recent con-
trolled clinical trial, involving 52 people with CFS/ME26. The conclusion from this
research is that the anti-Candida programme is of no more value in the treatment 
of CFS/ME than eating a healthy diet. However, there was a high drop-out from 
the trial (partly due to the severe diet restrictions), and with fairly small numbers
further work is needed to be conclusive. There are some who report benefit with
either energy levels or symptoms from following this diet. This may be because the
person is avoiding highly processed and sugary foods, and eating more regularly
and healthily.

Conclusions

Although there is a common belief among people with CFS/ME that food allergies
and intolerances are widespread, there is a lack of epidemiological studies to
confirm prevalence. Current evidence suggests that, although there is an increase in
prevalence of allergies in the general population, this is no greater in people with
CFS/ME. More research is needed into food hypersensitivities in CFS/ME. How-
ever, many who suffer from CFS/ME have already tried diet changes to improve
symptoms. Care should be taken that the nutritional status is not compromised,
and, where there are concerns, assessment by an appropriately qualified practitioner
such as a dietitian is important.
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2.5.2 Migraine

Susan Thurgood

Migraine is the most common neurological disorder, affecting approximately 15%
of the Western population1. Migraine headaches are severe and incapacitating,
causing interruption to daily life. Various factors, including food, stress, menses,
environmental changes, smoking and exercise, have been linked to the precipitation
of migraine2. Unfortunately the determination of the foods that trigger migraine 
in an individual patient can be very time-consuming and susceptible to bias, with 
the added problem that spontaneous remission is common in migraine patients.
Headaches in children are common, with migraine affecting 3–10% of children in
the UK3.

The pathophysiology of migraine and migraine triggers

A migraine attack is usually characterised by a severe unilateral headache accom-
panied by nausea, vomiting, photo- and/or phonophobia. Some people have early
symptoms indicating the onset of an attack known as prodromes, which usually
occur about 24 hours before the actual headache starts. Prodromes can be in the
form of changes in mood, alertness or appetite. Approximately 30% of migraine
sufferers have an aura: these can be visual or sensory and accompanied by speech
disturbances. Mechanisms underlying migraine precipitation are largely unknown,
but understanding the aura and headache components of migraine provides a basis
for understanding the potential effect of possible dietary triggers. The primary event
is neuronal, with sensitisation of trigeminal nerve ganglia. A secondary phase of
vasoconstriction, vasodilation and vascular inflammation is mediated by chemical
neurotransmitters, especially serotonin receptors. The cause of migraine in children
is unknown, but a family history is common.

Dietary migraine triggers may influence the pathophysiology at one or more
stages of the attack. Evaluation of the role of diet in migraine is complex because
multiple triggers and variables may modify the threshold to pain in an individual4.
In patient-based studies of adults and children the percentage of patients reporting a
particular dietary trigger varied from 7%5 to 44%6, and a wide variety of foods was
reported, the most common being chocolate, cheese, citrus fruit and alcoholic
drinks7. Studies concluded that cheese, chocolate and red wine sensitivity, in particu-
lar, may have closely related mechanisms8.

Migraine is commonly thought to be caused by a pharmacological adverse reac-
tion to food9 in which substances in a food may cause modulations in vascular tone
and induce migraine in susceptible individuals.

Biogenic amines

Biogenic amines, including histamine and serotonin, are vasoactive compounds 
naturally found in foods, particularly in fermented products such as cheese and
wine and in certain fish and meat that have been poorly stored (Table 2.11; see also
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Chapter 10). Many people have reported wine as a trigger for migraine headaches10.
Although one study found no correlation between wine intolerance and histamine
level11, it was noted that wine contains other possible triggers including tyramine,
phenolic flavinoids and sulphites. Histamine is not destroyed at high temperatures
(210 °C) and so may not be denatured by cooking12.

In healthy individuals histamine, derived from the amino acid histidine, acts as 
a neurotransmitter and is metabolised in two ways: by amine oxidases, mainly
diamine oxidase (DAO)14, located in the jejunal mucosa, and by histamine-N-
methyltransferase. Impaired histamine degradation due to reduced DAO activity
causes a raised histamine level, resulting in a variety of symptoms including

Table 2.11 Foods rich in histamine/tyramine13.

Foods Histamine (mg/kg) Tyramine (mg/kg)

Fish ND
Mackerel (frozen) 1–20

(smoked or salted) 1–1788
(canned) ND–210

Herring (frozen) 1–4
(smoked or salted) 5–121
(canned) 1–402

Sardine (frozen) ND
(smoked or salted) 14–150
(canned) 3–2000

Tuna (frozen) ND
(smoked or salted) ND
(canned) 1–402

Cheese
Gouda 10–900 10–900
Camembert 0–1000 0–4000
Cheddar 0–2100 0–1500
Emmental 5–2500 0–700
Parmesan 10–581 0–840

Meat
Fermented sausage ND–650 ND–1237
Salami 1–654
Fermented ham 38–271 123–618

Vegetables
Sauerkraut 0–229 2–951
Spinach 30–60
Aubergine 26
Tomato ketchup 22
Red wine vinegar 4

Alcohol
Red wine ND–30 ND–25
Top-fermented beer ND–14 1.1–36.4
Bottom-fermented beer ND–17 0.5–46.8
Champagne 670

ND, not detected
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headache15. These symptoms mimic an allergic reaction, which is sometimes refer-
red to as a pseudoallergic food reaction16.

There are a number of studies associating histamine with migraine precipitation17.
Histamine-induced headache is a vascular headache at least partially mediated by
nitric oxide (NO)18, and sequential infusions of histamine have been shown to 
provoke a dose-dependent headache in migraine patients and healthy indivi-
duals19,20. Migraine patients can have raised plasma histamine levels during both
headaches and symptom-free periods, while some display histamine intolerance,
with reduced DAO activity, and symptoms that can be triggered by histamine-
rich foods (Table 2.11). A histamine-free diet21 or antihistamines22 can alleviate
these symptoms23. Approximately 1% of the population has been shown to have
histamine intolerance24.

Another of the biogenic amines, serotonin, has been shown in several studies to
fluctuate in migraine25. These amines are all substrates for the phenol sulphotrans-
ferase enzymes, and low levels of these enzymes have been found in migraine
patients26, although this may be an effect of migraine rather than a cause. However,
a variety of foodstuffs has been shown to inhibit the sulphotransferases in vitro27.

A review of current literature showed no relationship between consumption of
biogenic amines and food intolerance reactions including migraine28. In patients
with migraine triggered by amine-containing foods, amine intolerance should be
considered, and advice on avoidance of high-amine foods should be given13.

Trace amines

The hypothesis that trace amines such as tyramine, octopamine and synephrine,
which are closely related to the classic biogenic amines, may contribute to the
pathogenesis of primary headache was suggested several years ago29. Tyramine is,
in comparison with other amines, biochemically unstable and is rapidly metabolised
to octopamine or catabolised by monoamine oxidase (MAO) activity30. In foods, it
is produced by the decarboxylation of tyrosine during fermentation or decay. Foods
containing considerable amounts of tyramine include meats that are potentially
spoiled or pickled, aged, smoked, fermented or marinated, and fermented foods
such as cheeses. Synephrine has been found in significant levels in Seville orange
juice31, and along with octopamine has also been found in other citrus fruit.

Hannington in 1967 observed that foods high in tyramine caused a hypertensive
headache response in depressed patients who were treated with monoamine oxidase
inhibitors, and raised the possibility that increased sensitivity to tyramine-containing
foods in migraine might be due to a deficiency of MAO activity32. At present this is
still controversial. A recent review26 cited six controlled studies with positive results
(mostly by Hannington), and three showing negative results33. In 2001 a class of 
G-protein-coupled receptors with an affinity for trace amines, trace amine-associated
receptors (TAAR), were discovered in various tissues and organs including specific
brain areas, which may lead to further understanding of the mechanisms involved34.

A recent study found that patients with primary headache had significantly 
elevated levels of trace amines such as octopamine and synephrine compared to a
control group, while following a trace-amine-restricted diet35.

9781405170369_4_002.qxd  22/12/2008  14:58  Page 76



The Role of Food Hypersensitivity in Different Disorders 77

One of the most commonly cited food triggers is chocolate36. Chocolate is 
especially rich in a variety of vasoactive amines including beta-phenylethylamine
(βPEA), which can cross the blood–brain barrier and can effect cerebral flow37.
βPEA is metabolised by MAO, and headache may be related to a deficient meta-
bolism, but in a double-blind placebo-controlled food challenge (DBPCFC), chocol-
ate did not appear to play a significant role in triggering headaches38.

There are at present a number of hypotheses as to the mechanism involved, but
the high circulating trace amine levels may represent an abnormal biochemical phe-
notypic trait accompanying migraine. An increase in brain mast cells is associated
with pathological conditions such as migraine.

Aspartame

The artificial sweetener aspartame has been linked as a migraine trigger in a sub-
population39. In studies involving DBPCFC, headaches were significantly more 
frequent during aspartame consumption over a 14–24 day period40,41. A recent study
suggested high intakes of aspartame may have neurological effects42. This group
may benefit from advice on avoiding aspartame, including migraine medication
containing aspartame43.

Monosodium glutamate

Monosodium glutamate (MSG) has a widespread reputation for eliciting a variety
of symptoms including an ability to trigger a migraine headache. There are no con-
sistent data, however, to support this relationship. Although there have been reports
of an MSG-sensitive subset of the population, this has not been demonstrated in
placebo-controlled trials44, though one study suggested that large doses of MSG
given without food have precipitated migraine in susceptible individuals45 (see also
Chapter 10).

Important nutritional precipitants

Controlled trials suggest that alcohol, withdrawal of caffeine (a methylxanthine
derivative) and relative hypoglycaemia46 are the most important nutritional precip-
itating factors of migraine. In addition, there is some evidence that missing meals is
an important factor, and dehydration deserves more attention.

Food allergy

A close association between migraine and allergic disease has been shown in a 
number of studies47. Migraine sufferers with a history of allergy have been found to
have significantly higher total IgE levels, suggesting an influence of an IgE-mediated
mechanism on migraine48 in this group, but there is no real evidence for an associ-
ation with serum IgE levels and migraine in non-atopic patients4. Also, the majority
of clinical studies show no change in serum levels of immunoglobulins IgA, IgG 
or IgM or in complement levels in migraineurs49. There appears to be a decreased
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lymphocyte phagocytotic capacity and increased TNF-α, which may help to provide
an explanation for the increased susceptibility to infection in this group50. It has
been suggested in a prospective audit that food intolerances mediated by IgG anti-
bodies may play a part in the development of migraine, and that changing the diet to
eradicate identified foods improved migraine symptoms51.

There has been one study in which a susceptible patient reported severe migraine
12–14 hours after DBPCFC with wheat52. Some studies have shown approximately
4% of patients with migraine have coeliac disease, and a gluten-free diet led to
improvement in the migraine in these patients53.

A number of studies have shown no diagnostic value for skin prick test (SPT) or
measurement of total IgE in adults, although elimination diets may show a possible
association between food and migraine54. However, studies in children seem to
show a more predictive use of SPT55: 87% of children who had a positive SPT
improved after following the resulting elimination diet56. In an well-conducted
study in 1983, 93% of 88 children with severe, frequent migraine improved on an
oligoantigenic diet, which typically consisted of one meat (lamb or chicken), one
carbohydrate (rice or potato), one fruit (banana or apple) and one vegetable (a 
brassica)57.

Abdominal migraine

Abdominal migraine is a form of migraine seen mainly in children. It is seen 
in approximately 5% of children58, most commonly between the ages of 5 and 
9 years, but it can also occur in adolescents and adults. Abdominal migraine con-
sists primarily of abdominal pain, nausea and vomiting, but there is a lack of clear
diagnostic criteria, although those criteria that are available exclude children with
symptoms suggestive of food intolerance.

Not every child with abdominal pain suffers from abdominal migraine59. One
subgroup of children with abdominal pain that is widely recognised by paediatri-
cians is those with periodic syndrome, a term used to describe children who suffer
from episodic symptoms including pallor, headache, abdominal pain and vomiting,
and who experience complete resolution of these symptoms between attacks60. It
has been noted that symptoms continued to manifest themselves in adult life in the
form of vomiting, with or without migraine. More recently it has been suggested
that recurrent abdominal pain should be viewed as a prodrome of migraine
headache61. Most children who experience abdominal migraine eventually develop
migraine with aura and/or migraine without aura62. Abdominal migraine has also
been categorised as a functional gut disorder63.

Conclusions

General dietary restrictions for all patients with migraine have not been proven to
be useful64. Similarly, other food additives have not been proven to precipitate
headache, though monosodium glutamate may cause adverse reactions including
headache, but probably only when ingested in large doses on an empty stomach.
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The evidence for aspartame, particularly in prolonged use, appears stronger. The
possible role of biogenic or trace amines as a cause of migraine still remains unclear.

Therefore, patients should be advised that food plays a limited role as a pre-
cipitating factor of migraine, but subjective sensitivity to certain foods should be
examined critically and proven precipitating factors should be avoided65. Where
individuals report possible dietary triggers, it may be helpful for the patient to 
keep a careful diary of headaches and food and drink consumed, so that possible
associations can be excluded. Open studies have indicated that low-fat66 and high-
carbohydrate diets could lead to improvements in migraine frequency and/or severity.
As a first line a well-balanced diet is encouraged, with avoidance of dehydration,
fasting or missing meals. A universal migraine diet with simultaneous elimination of
all potential food triggers is generally not advised in practice. However, this may be
warranted in patients with severe and frequent attacks36.

The prevention of debilitating headaches by attention to precipitating factors
may be preferable to long-term drug treatment.
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2.6 The role of food hypersensitivity in musculoskeletal
disorders

Anna Carling

Musculoskeletal diseases comprise a range of disorders that affect the muscle
groups and skeletal system, including rheumatoid arthritis, osteoarthritis, gout,

9781405170369_4_002.qxd  22/12/2008  14:58  Page 81



82 Food Hypersensitivity

fibromyalgia and back pain. Most of these diseases are only rarely associated with
food hypersensitivity, although irritable bowel syndrome (IBS) is sometimes linked
with fibromyalgia. Rheumatoid arthritis, however, is a musculoskeletal disease in
which food hypersensitivity has been shown to play a part.

Rheumatoid arthritis (RA) is a chronic, systematic, inflammatory autoimmune
disorder which affects the synovium of the diarthrodial joints1. The pathogenesis of
the disease is not fully understood. Many patients think there is an association
between their food intake and their symptoms of RA. Various food items, including
cereals, dairy products, caffeine, yeast and citrus fruits, have been reported to cause
adverse effects in RA, suggesting that food hypersensitivity may be a pathogenic fac-
tor in RA. Nevertheless, many research studies have produced conflicting results,
largely as a result of poorly designed methodology. The literature shows that these
studies lack controls and double-blind food challenges, the gold standard in clinical
nutrition research.

In the case of IgE-mediated allergy, there is little evidence to support the idea that
this mechanism is involved in RA. Pacor and colleagues reported two case histories
where both patients had a known IgE-mediated allergy to milk and wheat, and their
symptoms of RA were exacerbated when eating these allergens2. Both patients 
followed a 2-week elimination diet, the results of which indicated improvements in
their clinical and haematological parameters. The suspected food was reintroduced
as an open challenge and then as a double-blind challenge. Each challenge resulted
in a deterioration of the clinical and haematological parameters. The two patients
were followed up after 6 months: both had remained on their elimination diets, and
were both symptom-free.

IgE-mediated food allergy is a complex immune mechanism which can cause the
production TNF-α and IL-1β, from mast cells and monocytes. These pro-inflammatory
cytokines are also involved in the development of RA. Karatay et al. set out to see if
there was a relationship between food allergy and the pro-inflammatory cytokines
in RA3. Patients attending the rheumatology clinic, with at least a 2-year history 
of RA, underwent skin prick test (SPT) to 31 food allergens. Beef and cow’s milk
allergens were not included as there was a ban on imports due to bovine spongiform
encephalopathy (BSE). The study population was divided into two groups, those
who had positive SPT, known as the prick positive group (PPG), and those whose
SPTs were negative, known as prick negative group (PNG). Both groups followed a
low allergenic diet for 12 days, after which the PPG group reintroduced the foods
that had showed up positive on the SPT for 12 days. The PNG group reintroduced
corn and rice diet for 12 days. (Corn was chosen as it was reported to be a ‘problem’
food in RA). Following this reintroduction of target foods, both groups were asked
to return to a low-allergenic diet for a further 12 days. The level of TNF-α and IL-1β
was recorded at baseline, at the challenge phase, and finally at the re-elimination
phase. The results showed that the PNG group had no change in their TNF-α and
IL-1β levels, whilst in the PPG group the TNF-α and IL-1β levels significantly in-
creased, and 72% had an exacerbation of their symptoms after the challenge phase.
Interestingly, these symptoms did not improve during the re-elimination phase, 
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giving rise to a hypothesis that food allergy may be a triggering factor more than a
causative factor. This was a small study, so further research is required to see if the
levels of TNF-α and IL-1β can be regulated by exclusion of certain foods.

One dietary manipulation which patients with RA often attempt in order to 
control their symptoms is the initiation of a vegetarian or vegan diet. Muller and
colleagues carried out a systematic review of the literature which showed that there
was significant long-term benefit for some patients with RA following a vegan diet4.
A large European epidemiological study showed a significant association between
inflammatory polyarthritis (arthritis from any cause, involving two or more joints)
and a high intake of red meat5. Kjeldsen-Kragh investigated the relationship be-
tween antibodies and a vegan diet in patients with RA6. The subjects first fasted 
for 7–10 days, then reintroduced foods following a vegan diet for 3.5 months, fol-
lowed by a lactovegetarian diet for 12 months. IgE, IgA, IgG and IgM antibodies
were measured against the common food allergens. At the beginning of the study,
13 subjects thought they had a food allergy, 10 of whom went on to identify foods
that aggravated their symptoms through exclusion and reintroduction. However,
there was no correlation between these foods and the levels of antibodies.

The American College of Rheumatology’s scoring system for signs and symptoms
of RA is known as ACR20. Hafström and others devised a study to assess whether a
vegan diet, free of gluten, would improve the signs and symptoms of RA, using ACR20
criteria7. This study also examined whether the clinical effects could be associated
with changes in IgG and IgA antibody levels against gliadin and β-lactoglobulin.
Sixty-six patients were randomised to either a gluten-free vegan diet (n = 38) or a
well-balanced non-vegan diet (n = 28). Of the 22 patients in the gluten-free vegan
diet group who completed the study, nine (known as diet responders) showed an
improvement in their ARC20 score, compared with only one of 25 in the non-vegan
group. The levels of IgG and IgA anti-gliadin and anti-β-lactoglobulin antibodies
were similar in both groups at the start of the study. However, at the end of the
study there was a significant reduction in IgG anti-gliadin and anti-β-lactoglobulin
antibodies in the diet responders group. The authors suggested that for a subgroup
of patients with RA an improvement in signs and symptoms after following a vegan
and gluten-free diet may be due to a diminished immune response to exogenous
food antigens. However, further research is required.

Hvatum and colleagues reviewed previous studies which showed there was no
clear link between serum antibodies, diet and RA8. It was thought that the intestinal
immune system could be activated in patients with RA, which is not reflected in the
serum antibodies. This led to a small study of 14 patients with RA and 20 healthy
subjects (control group) who had their IgM, IgA and IgG to various dietary antigens
including wheat, oats, soya, cow’s milk, egg, pork and fish in the jejunal perfusion
fluid and the blood serum measured. The results showed that there was a rise only in
IgM to some food antigens in the jejunal perfusion in patients with RA as compared
to the control group. The authors suggested that there may be a connection between
mucosal immune activity and the pathogenesis of RA, but again further research is
required.
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In summary, research has shown that in the case of RA and food hypersensitivity,
dietary manipulation seems to improve the symptoms of the disease, but only in
some patients. The reason for this, and the mechanism involved, is not clear.
Answering such questions will depend on further rigorous research.
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3.1 Introduction

It is very important to have a diagnosis made by clinicians who have knowledge and
skills in this area. The final diagnosis of any FHS should be confirmed by a clinical
history, blood tests, skin tests or keeping a food and symptom diary followed by a
special test diet to identify the foods causing the symptoms. Blood tests and skin
prick tests will only be helpful in the diagnosis of IgE-mediated food allergy, and
even then are not 100% reliable. The best method of diagnosing IgE-mediated
allergy, and the only method for non-IgE-mediated allergy and food intolerances
(non-allergic food hypersensitivity), is an elimination diet followed by reintroduc-
tion of the food or a food challenge.

3.2 Clinical history

Careful history taking and physical examination form the basis of diagnosis of all
types of FHS.

Taking a history indicates to the clinician:

• which diagnostic tests should be used;
• whether a food and symptom diary is needed, although cause and effect cannot

always be established from diet diaries alone;
• which foods should be avoided during the diagnostic test diet;
• whether a food challenge at home/hospital or gradual introduction of the

food(s) may be required.

A good clinical history by itself cannot correctly identify FHS. Despite careful 
history taking, the correlation between suspected food allergy and food allergy as
confirmed by DBPCFC is between 12% and 21% of patients1–3. This is important,
as false negative diagnoses can lead to the risk of ongoing symptoms with further
(severe) reactions. False positive diagnoses, on the other hand, can lead to unneces-
sary restrictions on lifestyle and possible disease from nutrient restriction4–6.
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3.3 Diagnostic tests

Figure 3.1 shows the range of diagnostic tests for FHS, grouped by category of
hypersensitivity.

3.3.1 IgE-mediated food allergy

Both skin prick tests (SPT) (measures specific IgE attached to mast cells in the skin)
and specific IgE tests (measures levels of circulating specific IgE to allergen in the 
circulation) are useful in the diagnosis of IgE-mediated FHS. However, the presence
of IgE in the skin or in the blood only indicates that an individual is sensitised to an
allergen, not necessarily that he or she is clinically allergic. Therefore neither a posit-
ive skin reaction nor a detectable serum IgE level is an absolute indicator of FHS.

Skin prick tests

When performing SPT (Figure 3.2), glycerinated food extracts (1:10 or 1:20 weight
per volume dilutions) are placed on the skin and pricked with a lancet or needle. 
A positive (histamine) and negative (saline) control should always be used7. The
positive control gives an indication of skin reactivity and the negative control 
can identify patients with dermatographism. The size of the wheal caused by the
food allergen should be interpreted in relation to the size of the negative control in
order to make a correct diagnosis. Most importantly, SPT size does not predict the
severity of the reaction.

SPT can be performed using commercial allergens (which are not standardised,
but improving) or using fresh foods. The latter is also known as the prick-to-prick
test (PPT), and it also needs standardisation8–10. Fresh foods are used because food
allergens, specifically those of fruit and vegetables, may be destroyed during the
preparation of commercial extracts, or in some cases (e.g. spices) because no com-
mercial allergen extract is available.

Diagnostic tests for
FHS

IgE-mediated FHS Non-allergic FHSNon-IgE-mediated FHS

Skin prick tests
Specific IgE tests

No validated tests
apart from those used
for lactose intolerance

Patch tests

Figure 3.1 Diagnostic tests for food hypersensitivity.
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There is no lower age limit for performing a SPT. In general, a SPT is con-
sidered positive if the wheal diameter is at least 3 mm larger than the negative 
control11–13 in children older than 2 years, and at least 2 mm larger in children
younger than 2 years14. This is supported by the fact that the histamine-induced
wheals in children increase 125% from 4 days to 2 years and 150% from 2 to 
18 years, indicating that skin reactivity may increase over time, affecting SPT wheal
size15. A positive SPT indicates with 50% positive predictive accuracy that the
patient may have a true IgE-mediated allergy to the food. Negative SPTs are
extremely useful (95% negative predictive value) in ruling out IgE-mediated food
allergy. However, a small proportion of children may react immediately to foods to
which they had a negative SPT.

There are now more specific clinical decision points available in the literature
which can be used to indicate whether a food challenge is needed and how likely the
challenge is to be positive (Table 3.1)16–26. Use of these diagnostic decision points
has an economic implication, as it can greatly reduce the number of specific IgE 
tests and food challenges needed or even the number of patients prescribed an elim-
ination diet for long periods of time. The decision points can therefore give a good

Figure 3.2 Skin prick tests. Copyright Isabel Skypala.
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Table 3.1 Food hypersensitivity: expected food challenge outcomes for specific IgE and skin
prick test results.

Food

Milk

Egg

Peanut

Fish

Expected food challenge
outcome

Reaction highly probable
(challenge may not be needed)

Reaction probable (challenge
needed)
Young children under 1–2 years
(reaction highly probable)
Reaction unlikely (home or
physician challenge)

Reaction highly probable
(challenge may not be needed)

Reaction probable (challenge
needed)
Young children under 1–2 years
(reaction highly probable)
Reaction unlikely (home or
physician challenge)

Reaction highly probable
(challenge may not be needed)

Reaction probable (challenge
needed)
Young children under 1–2 years
(reaction highly probable)
Reaction unlikely (home or
physician challenge)

Reaction highly probable
(challenge may not be needed)
Reaction probable (challenge
needed)
Young children under 1–2 years
(reaction highly probable)
Reaction unlikely (home or
physician challenge)

SPT

813

518

3–422

15 using
fresh cows’
milk26

3–8

613

NA13

713

418

3–422

3–7

523

NA13

813,25

618

≥ 1523

3–8

413

NA13

NA

>> 3

NA

NA13

Specific 
IgE and skin
prick test
result
Specific 
IgE grade

3–6

1–2

3–6

0

3–6

1–2

2–6

0

3–6

1–2

NA

0

4–6

1–3

NA

0

Specific IgE
(kUA/L)

> 1517,19

> 5027

0.35–1517

> 517,20

< 0.3517

> 717,19

> 2 (50% positive
challenge)2,6

0.35–717

> 221

< 0.3517

> 1417,19

> 1023

> 2 (50% positive
challenge)24

> 1525

0.35–1417

NA

< 0.3517

> 2017,19

0.35–2017

NA

< 0.3517
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indication of which children may not need to undergo food challenges. However, an
SPT below the cut-off point with a good history does not rule out an allergy and will
still need to be investigated. Caution needs to be applied in extrapolating these data
to other populations, as a number of factors can affect the reliability of the SPT.
There are as yet no validated clinical decision points for adults; all of the published
research is on children aged up to 18 years.

Specific IgE tests

Specific IgE tests used to be conducted by employing radio-allergo-sorbent tests
(RAST). Nowadays, specific IgE is measured as fluorescent enzyme-labelled IgE
(CAP-RAST FEIA), which is more sensitive (89%) and specific (91%). Specific IgE
levels can be monitored as specific levels of kilo-units of allergen per litre (kUA/L) 
or as ‘graded’ levels (grade 1–6). Generally, level 2 and above is considered as pos-
itive in clinical practice, although this is not evidence-based. Specific IgE levels of 
> 15 kUA/L for milk, > 7 kUA/L for egg and > 14 kUA/L for peanut corresponds 
with grade 3–6 (personal communication, Sheffield laboratories).

The preferred method of dealing with specific IgE levels is to assess the particular
level of kUA/L. In general, the higher the level of specific IgE the more likely the 
child is to be allergic, but there is no clear cut-off point between being allergic and
not. Therefore, in order to establish the reliability of specific IgE tests, researchers

Wheat

Soya

Reaction highly probable
(challenge may not be needed)
Reaction probable (challenge
needed)
Young children under 1–2 years
(reaction highly probable)
Reaction unlikely (home or
physician challenge)

Reaction highly probable
(challenge may not be needed)
Reaction probable (challenge
needed)
Young children under 1–2 years
(reaction highly probable)
Reaction unlikely (home or
physician challenge)

NA

>> 3

NA

NA13

318

>> 3

NA

NA13

6

1–5

NA

0

5–6

1–4

NA

0

> 2620–8017

0.35–8017

NA

< 0.3517

> 3020–6017

0.35–6017

NA

< 0.3517

Table 3.1 (cont’d)

Food Specific IgE Specific SPT Expected food challenge 
(kUA/L) IgE and skin outcome

prick test 
result 
Specific 
IgE grade
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have established cut-off points for diagnosis of FHS (Table 3.1). The same caveats
apply to these cut-off points as to those validated for SPT: they should be viewed as
guidelines rather than set diagnostic points.

Cut-off levels to predict challenge outcome vary between centres. Cut-off levels
differ according to the test used, and this has important implications as new meth-
ods for detecting specific IgE levels are being developed; most importantly, specific
IgE levels give no indication of the dose the patient may react to.

The preference for using either SPT or specific IgE tests varies between clinicians
and researchers. SPT is often regarded as the method of choice due to the ease of 
use, low cost and immediate results. However, specific IgE tests of any type are very
useful in children with severe skin disease, in cases of dermatographism, or when it
is impossible to discontinue antihistamine. As with SPT, specific IgE levels do not
predict the severity of the reaction.

3.3.2 Non-IgE-mediated FHS

Skin prick tests and specific IgE tests

SPTs and specific IgE tests are not useful in the diagnosis of delayed type/non-IgE-
mediated food allergy or non-allergic FHS, because the production of food-specific
IgE antibodies is not involved in the pathogenesis of these conditions.

Patch tests

Food allergens are applied to a healthy area of the patient’s skin and the effects 
evaluated 48–72 hours later. It is used in the USA in the diagnosis of allergic
eosinophilic disease, and in Europe, including some centres in the UK, for the diag-
nosis of atopic dermatitis27,28.

3.3.3 Non-allergic FHS

No tests have been sufficiently validated to test so-called food intolerances. Lactose
intolerance, however, can be diagnosed by means of the hydrogen breath test or
testing the pH of the stools.

3.4 Complementary and alternative medicine

Some people believe that ‘food allergies’ could be a contributing factor or indeed the
cause of their physical and emotional symptoms. With the growth of accessible
information on the internet and easy access to complementary medicines in the high
street, it is difficult for the public to decipher which food allergy diagnostic methods
are reliable and scientifically sound.

The prevalence of complementary and alternative medicine (CAM) in allergic 
disease appears to be growing. This is supported by the work of Michaelis et al.,
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who found that 40% of patients who visited their allergy clinic had seen a CAM
therapist29, whilst Ko et al. reported that 22% of their referrals had used alternative
food allergy testing and 18% were seeing a CAM therapist30.

Alternative testing for food hypersensitivity can be divided into two main groups:
tests which use the body’s ‘energy’, and blood analysis tests. With regard to body
energy testing, commonly used procedures to examine food hypersensitivity include
Vega testing (electrodermal testing), applied kinesiology, hair analysis and the 
pulse test.

Vega testing

The purpose of Vega testing is to measure the electrical conductivity in the body. 
It is hypothesised that an offending food will alter the electrical conductivity,
realised by a ‘dip’ in the electrical wave. Interestingly, research into the effectiveness
of Vega testing showed that the results of the procedure were no better than chance
in diagnosing food allergy31.

Kinesiology

Applied kinesiology is based on the concept that certain foods cause an energy
imbalance. This energy imbalance is detected by testing the response of the muscle.
The client is asked to hold glass vials which contain food concentrates, and a
counter force is applied to the client’s arm muscle. If the muscle appears weak this
would indicate that the client is to avoid that food substance. Pothmann found that
applied kinesiology is again no better than chance at diagnosing food allergy32.

Hair analysis and pulse testing

The method of hair analysis looks at the energy fields and compares them to estab-
lished data to confirm or deny food allergies. The literature does not support any
scientific basis for this test. A similar lack of scientific information underlies the
pulse test. With this method the pulse is taken immediately before the suspect food
is eaten and then taken again following a 15-minute period. An increase in pulse
rate is said to indicate a food allergy.

Blood tests

Food hypersensitivity testing using the patient’s blood samples includes IgG testing,
the Antigen Leukocyte Cellular Antibody Test (ALCAT) and the Food Allergen
Cellular Test (FAC-test). With both ALCAT and FAC-test, blood is incubated with
food extracts. ALCAT then examines the size, shape and damage to the white blood
cells whilst FAC-test measures the chemical mediators released by the white blood
cells. Neither of these tests has a rational scientific basis, nor is there research in the
literature regarding the effectiveness of such testing. With IgG testing, it is believed
that an increase in IgG with certain foods could indicate food hypersensitivity. 
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Zuo et al.33 and Atkinson et al.34 both showed that there was an increase in IgG to
certain foods in patients with irritable bowel syndrome, but more research is
required to see if this also relates to food hypersensitivity.

Issues concerning the use of CAM

The most common result of these alternative food allergy tests is a long list of 
foods to be excluded from an individual’s diet. The implications of unnecessarily
excluding food groups from a diet are numerous, not only from a nutritional point
of view, but also from the added stress caused to the individual who has to buy 
and prepare different foods. Many of the CAM therapists have no nutritional 
training and are unable to advise on the practical issues of following a restricted 
diet or ensuring that a restricted diet is nutritional. Frequently the concept of rein-
troducing foods back into the diet is ignored, resulting in very restricted diets for an
unnecessary length of time. Teuber and Porch-Curren reviewed alternative and
complementary medicine approaches to allergic disorders35. The authors report 
an absence of well-performed research studies supporting these approaches in 
the literature, but highlight studies that have refuted their utility. They go on to
hypothesise that beneficial placebo effects may be responsible for the perceived 
clinical effectiveness in many cases of food intolerance. If supporters of altern-
ative and complementary medicine wish to have a credible place in the diagnosis 
and treatment of food allergies, then rigorous research methodology should be
employed, including randomised controlled trials. Only then will individuals who
might suffer from genuine food allergies or intolerances be able to make a truly
informed decision.

3.5 Diagnostic exclusion diets

For many patients seen in clinical practice, particularly those suffering from non-
IgE-mediated allergy or non-allergic FHS, diagnosis can only be made by means of 
a combination of clinical history and dietary investigations (diagnostic exclusion
diets).

3.5.1 Types of diagnostic exclusion diets

Single-food exclusion diet

This excludes all sources of a single food (e.g. milk) as identified from the patient’s
dietary history.

Multiple-food exclusion diet

A multiple exclusion diet excludes a number of foods at the same time. Foods most
commonly associated with a particular disorder are usually avoided, such as milk
and egg for eczema36, and milk, egg and wheat for eosinophilic diseases28.
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Few-foods diet

A few-foods diet includes foods that are known to rarely cause allergic symptoms in
the population and also not regularly eaten by the patient. It generally includes two
meats, two starchy foods, two fruits, two vegetables and water to drink. If no
improvement occurs it may be considered to construct a second few-foods diet not
using any of the food in the first diet. If this also produces no relief, the regimen
should be discontinued.

Elemental and protein hydrolysate formula diets

This diet requires the use of amino-acid-based formula in infants and children, and
the elemental sip feeds in adults. It can be used in infants and children in the diag-
nosis of a range of diseases. In adults it is often used in the diagnosis of severe allergic
symptoms or in patients claiming to suffer from a range of non-allergic FHS in order
to establish if food consumption does play a role in their symptoms (just as with the
few-foods diet).

For all types of exclusion diets, patients need to be clearly educated regarding 
the avoidance of food(s), label reading, food substitutes and following a healthy 
balanced diet, despite the dietary restrictions. Expertise on nutritional issues is of
particular importance when dealing with children’s diets. As well as foods and bev-
erages, non-dietary sources of substances that can provoke reactions may also need
to be excluded, but this is very individual and may not always be necessary. Food
exclusion diets are usually followed for a period of 2–3 weeks, but in the case of
fluctuating disease patterns it may be necessary to continue single and multiple
exclusion diets for up to 6 weeks; few-foods diets should not be continued for more
than 3 weeks.

3.5.2 Monitoring progress

Patients should keep a food and symptom diary whilst on the diet, starting one week
prior to commencing the diet so that alteration in symptoms can be related to any
dietary change. If improvement does not occur, the patient’s food intake should be
carefully reviewed to ascertain whether the procedure was followed correctly and, if
so, whether other foods should be excluded or whether FHS is unlikely to exist.

3.5.3 Food reintroduction

Dietary exclusion needs to be followed by reintroduction of the food, either during a
food challenge or in a reintroduction plan at home. Deciding which method to use
provides another grey area in dealing with FHS. In general, patients with either a
history of immediate symptoms or a positive SPT/specific IgE tests should be invited
to a controlled setting for a food challenge. All other patients could undergo either a
food challenge at home or a food reintroduction plan, depending on the facilities
and staff available. Any patient who has experienced moderate to severe symptoms
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occasioning a visit to hospital should always undergo food challenge in a medical
setting with appropriate facilities for resuscitation.

For the diagnosis of non-IgE-mediated food allergy or non-allergic FHS, foods
could be reintroduced singly, and usually at intervals of a few days. The period
between the consumption of a food and the return of symptoms can vary; there may
be an immediate response, but in many chronic disorders it may take a week or
more after daily ingestion of the suspect food. However, one should always take
into account that this method is open to false positive observations. If parents are
convinced of FHS, they will observe symptoms anyway.

There is no universally agreed order in which foods should be reintroduced. This
will vary from patient to patient and according to the condition being treated.

The quantity of food reintroduced is a matter of debate. Too small a quantity of
food (i.e. less than normally consumed) may be insufficient to provoke symptoms37.
On the other hand, sensitivity to a food may be heightened after a period of with-
drawal, particularly in the case of infants and children38. As a general guideline,
foods should be reintroduced in amounts similar to that consumed prior to exclu-
sion. Gradual reintroduction may be more appropriate in children, or if reactions
may be severe.

It is important to give patients clear guidance on the form in which a food should
be reintroduced. Composite dishes, ready meals and other convenience foods
should only be reintroduced into the diet when all the likely suspect ingredients have
been tested separately. Dietary assessment should be carried out throughout this
period to determine if any nutritional supplementation is required.

The reintroduction process can be very slow, up to 9 months in some cases when
a number of foods need to be reintroduced. Patients need to be highly motivated,
and will require a lot of support. There is always a conflict between the desire to
make the diet more acceptable to the patient and the need to ensure that foods are
not introduced so quickly that no conclusions can be drawn. If carried out correctly,
the potential rewards from these dietary manipulations are high: the quality of life
of patients who have been chronically ill for years may be significantly improved.
Conversely, patients who have undergone these procedures without identification
of any food-related FHS should be reassured that the investigation has not ‘failed’
but simply demonstrated that their symptoms are not diet-related.

3.6 Oral food challenges

The accepted standard in objectively diagnosing FHS is the oral food challenge, and
in particular the double-blind placebo-controlled food challenge (DBPCFC). Sus-
pected food allergic reactions may need to be confirmed or refuted by food chal-
lenge tests for a reliable diagnosis and a diet which is optimally adjusted to the
patient’s needs. In addition, a confirmed diagnosis of FHS needs to be updated on a
regular base to monitor for resolution or persistence of the food allergy. Particularly
in children, the food allergy may change over time, depending on the allergenic food
in question. It is known, for example, that cow’s milk allergy may be outgrown,
whereas allergic reactions to peanut or nuts may last for years or may not resolve at
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all39. Food challenges may also need to be performed to establish threshold values
for the individual patients and to investigate the severity of the reactions40. The
impact of intrinsic human factors (e.g. asthma and exercise) and extrinsic event 
factors (e.g. season, location and especially dose of allergen) need to be considered
carefully when interpreting results of food challenges41. A food challenge will also
provide useful information on the quantity of food allergen which provokes a response
and may reveal that the patient has a higher level of tolerance than previously
assumed. This is helpful, as it helps to remove fear and may be useful even though
the patient cannot calculate the amount of allergenic protein from the label, nor can
he/she assess how much allergen will be consumed when using precautionary
labelled foods because of varying and unexpected amounts of allergenic protein in
these kinds of products42.

3.6.1 Types of food challenges

Open food challenges (OFC)

During an open food challenge (OFC), both the patient and the clinician performing
the challenge know the ingredients of the challenge food, e.g. peanut flapjack used
for a peanut challenge. For clinical, non-scientific purposes, from a practical point
of view, the open food challenge may be the challenge of choice in most cases when
dealing with adults or children suffering from objective symptoms (e.g. urticaria,
angio-oedema etc.), although it should be borne in mind that OFC produces 27%
more positive challenges than DBPCFC43.

Single-blind placebo-controlled food challenges (SBPCFC)

For single-blind placebo-controlled food challenges (SBPCFC), the health professionals
involved should be able to administer the challenge without the patient knowing
which dose is active and which is placebo. Sufficient masking of the challenge food
is therefore very important. During SBPCFC, foods will be masked, and, just as in a
DBPCFC, an active and placebo challenge will take place.

Double blind placebo controlled food challenges (DBPCFC)

The DBPCFC is internationally recommended as the ‘gold standard’ for both
research and clinical diagnostic evaluations44. One of the strengths of the DBPCFC
is that neither the patient nor the investigator knows when the active or the placebo
challenge is performed. It therefore rules out measurement and reporting bias from
the observer and the psychological effect from the patient. For clinical purposes, 
the SBPCFC or DBPCFC would probably be the challenge of choice in most cases
when dealing with adults or children suffering from either subjective symptoms
such as stomach ache, nausea, headache, lassitude and other non-specific symptoms,
or symptoms that could be difficult to assess due to the nature of the disease, e.g.
eczema43.
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Which challenge type is best?

As mentioned over the years, the DBPCFC has been regarded as the gold standard
for diagnosing food allergy44,45 and should be the diagnostic procedure of choice in
diagnosing food allergy. However, to date, this test is only used in a limited number
of centres, probably due to its labour-intensive nature, lack of available and easy-
to-use challenge materials (recipes), and a lack of uniform protocols for the per-
formance of food challenge tests. Although several guidelines have been published
on the administration of the test procedure44 – 46, there have been few attempts 
to standardise or validate the test procedure and its parameters for clinical and 
scientific purposes45,47–50.

OFCs are much easier to perform, because the food does not need to be dis-
guised, randomisation is not necessary, and specific recipes do not need to be 
developed and validated. OFCs are useful to refute the diagnosis of food allergy in
patients where the culprit food is not likely to elicit allergic reactions. However,
open food challenge carries a considerable chance of false positive reactions1–3,51.
Brouwer and co-workers found that DBPCFC confirmed a diagnosis of cow’s 
milk allergy in only 4 of 14 infants recruited from a primary care setting with 
atopic eczema and a positive OFC, indicating a false positive rate for OFC of 71%
(10/14)51.

3.6.2 Preparation for oral food challenges

History

Patients should not undergo a food challenge if they have current symptoms of a
seasonal allergy, if they are unwell on the day, or if they are taking medication that
could influence the challenge result.

Patients should be well informed prior to the challenge regarding the challenge
procedure, use of medication, food intake, and about what will happen after the
challenge. (See Appendix 1 for an example of patient challenge information).

It is important to obtain sufficient information from the patient in order to plan a
food challenge. There is a number of issues which may affect the challenge, and
therefore the following information will be useful16:

• the age of patient, to determine how difficult it may be to perform the food 
challenge and to help in identifying the possible food causing the symptoms;

• the age of onset of symptoms, as well as the frequency and reproducibility of the
reaction;

• the type of food or foods, e.g. raw egg or cooked egg, and the quantity of food
reported to cause symptoms;

• the time of onset of symptoms, type and duration of the symptoms;
• a thorough description of the most recent reaction;
• whether more than one food or factor is needed to elicit a positive challenge out-

come, e.g. more than one food eaten together, exercise-induced anaphylaxis, or
a food with concomitant drug intake;
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• a list of foods that are well tolerated and that could be used as placebo or 
vehicle.

Location

For patients with no detectable specific IgE or a negative SPT, and a history of only
delayed symptoms, food challenges can be performed at home. For all other patients
the food challenge should be performed in hospital. In some cases, the physician
may decide that the food challenge may be performed at home if the challenge is
considered as a low-risk challenge, e.g. in case of no detectable specific IgE and mild
symptoms. For those patients with a history of delayed symptoms, a negative chal-
lenge in hospital may need to be continued at home. When challenges are performed
in hospital, the setting for the challenge should be in close proximity to the person
taking the medical responsibility, with easy access to facilities for resuscitation and
drugs and, if possible, a relaxed atmosphere52.

Application

Each patient requires a named member of staff with the appropriate resuscitation
training who is in charge of the food challenge and monitoring of the patient. It 
is important that all clinical staff involved should be able to carry out baseline
observations at regular time intervals, and that they should be able to recognise
allergy-related symptoms and know how to treat these. When performing food
challenges in children, play therapists may be needed to handle children who
become difficult about eating the challenge food. At the start of the challenge, the
supervising doctor will need to assess the patient and prescribe all drugs which 
may be needed to treat symptoms such as urticaria or anaphylaxis. The use of IV
cannulas during food challenges differs between hospitals. It is therefore very
important that doctors should know what the policy of the particular hospital is.
Prior to the challenge commencing, informed verbal or written consent should be
obtained and documented according to local policies. Other considerations will
include whether a latex-free area is required, and the length of time patients should
be kept following the last dose of food. The observation period will need to be
adjusted for each patient experiencing symptoms45,52.

Controlling for problems

In order to attribute symptoms occurring only to the ingestion of the challenge 
food, it is important to ensure avoidance of any other influencing factors. Urticaria,
itching, redness and eczema are all symptoms that may be triggered by food allergy.
However, they can also be caused by a range of other factors such as temperature
changes, stress or contact sensitivity. It may therefore be useful to avoid water/sand/
dough play during the challenge52.

Ingestion of other foods during a food challenge can cause practical problems.
Ideally, no food other than the challenge foods or food used for blinding should be
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ingested. This can cause a problem for patients who have travelled a long distance,
or when challenges continue for a few hours. Young children can be particularly
difficult to handle when feeling hungry. For this reason, patients are allowed a light
breakfast prior to challenge. If they should get hungry or thirsty during the chal-
lenge, only food that they have previously tolerated and that is not contaminated
with any of the challenge food should be allowed. Other problems which can occur
during a food challenge are summarised in Table 3.2.

3.6.3 Performing the challenge

See Appendices 2–6 for details of challenge protocols, documentation and symptom
scoring.

Challenge food

In any challenge, the food used should mimic the history as closely as possible. In
open challenges, dried, cooked or raw food as indicated by the history should be
used. Cooking, canning and roasting can have different effects on the allergenicity
of different foods, and any form of processing used for the challenge food could
potentially influence the challenge outcome. This highlights the importance of 
replicating the history when doing food challenges with regards to using cooked,
processed or raw food. In order to eliminate many of the issues raised about cook-
ing, digestion etc., a negative challenge, either open or DBPCFC, should always be
followed up by consumption of a normal portion of the food.

Table 3.2 Common problems which occur during challenges.

Problem

Patient/parent anxiety

Food refusal

Non-visual symptoms, e.g. nausea, 
stomach ache

No symptoms on day but self-reported 
symptoms at home later

Patient does not attend challenge

Solution

Full discussion at time of agreed challenge
Reassurance on the day
Promote benefits of challenge

Identify fussy patient prior to challenge and
mask/hide allergen
Use of play leaders for children
Rewards (children), e.g. chocolate buttons

Lengthen observation time and then proceed with
same size (not double) dose
Rearrange challenge and do blind

Encourage patients to return to ward if symptoms
occur so they can be documented
Allow continued ingestions of food but in smaller
quantities than on day of challenge
Repeat challenge with overnight observation

Acceptable dates, e.g. school holidays
Written information
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Capsules can be used as the challenge vehicle when using dried food to perform a
challenge, but this is not the preferred option, especially for patients suffering from
oral allergy syndrome (OAS), as contact with the oral mucosa and oesophagus is
prevented. In addition, capsules are not suitable for young children, who are likely
to be unable or unwilling to swallow them37. They are also not suitable for home
challenges, as capsules can be opened.

Challenge dose

There is no recommended ‘starting dose’ that should be used for all patients/chal-
lenges, but it should be at least half of the dose the patient reacted to in the past45.
Some clinicians prefer to start the challenge with a labial rub (applying the challenge
food to the inside of the lip). The development of symptoms is considered a positive
test, and a negative labial rub can be followed by the oral challenge doses53. For
immediate symptoms it has been suggested that the dose may be doubled at each
interval or increased logarithmically, as guided by the patient’s history. A time span
of 15 but preferably 30 minutes can be allowed between each dose. The timing
between doses should be sufficient to allow symptoms to develop, and based on the
reported history of the reactions. For prolonged challenges, usually just one dose 
of food per day is recommended, although some studies have continued to use a
gradual increase of the dosages after day one of the challenge. Apart from taking
account of the amount reported by the history, there are no specific recommenda-
tions regarding the dose used when performing food challenges in order to diagnose
delayed symptoms such as eczema or constipation16.

It is recommended that the final dose for all challenges should be ‘the normal daily
intake in a serving of the food in question, adjusted for the age of the patient’45.
However, for DBPCFC, these high total doses are very difficult to disguise. If the
patient, particularly a child, refuses the food at the time, the parents should be asked
to give a normal portion of the food at home, on the same day54. However, if severe
reactions cannot be ruled out, the final dose should be administered in an open fash-
ion, on a separate occasion, after breaking the code. In principle, the food challenge
should provide a sufficient amount of the allergenic food to rule out food allergy. In
some cases, however, subsequent reactions may still be experienced at home, even
after consumption of a normal portion of food on the challenge day55. Sometimes,
these reactions experienced at home after a negative DBPCFC may be false positives.

Challenge duration

It has been suggested that when dealing with immediate-type symptoms, a positive
reaction should be obtained within 2 hours. A longer challenge period (1–4 weeks)
is recommended when looking for delayed reactions and in case of repeated con-
sumption. The timing between two challenges should allow for symptoms to
develop and/or subside as well as taking the disease pattern into account. A waiting
time of 3–4 hours is recommended when dealing with immediate symptoms, and at
least 1 week when dealing with delayed symptoms.
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Specific issues relating to DBPCFC

The active and placebo challenges are preferably conducted on separate days and 
in random order. The active food is disguised in a test food matrix with similar 
sensory properties to the placebo test food. The active and placebo challenges
should be identical regarding taste, appearance, smell, viscosity, texture, structure
and volume45,48. It is therefore important that the blinding capacities of the recipes
are validated. For reliable results, this should be done by a professional panel of
food tasters in a food laboratory48, by standard procedures using for example the
duo-test/paired comparison test and triangle test, but to date this method has been
used in only a limited number of studies. Although this seems to be a reasonable
standard in adults and older children, it will most probably not be possible for most
of the allergy services in the UK, and for very young children such stringent stand-
ards may not be necessary, although it remains true for the observers37. However, 
if blinding is inadequate or incomplete, one should be aware that the double-blind
nature of the test may be compromised, resulting in false-positive test results.

Unequivocal tolerance to the food matrix has to be ascertained by dietary history.
When challenging children, special care needs to be taken to ensure acceptable taste
and volume of the test food, so that even choosy eaters will actually eat the test food
and the challenge test can be completed.

In a blind challenge, any vehicle used for masking the food must enable the 
clinician to perform a truly blind challenge, masking the smell, flavour and texture
of the food. The blinding procedure should be well planned, e.g. to ensure that the
fat content of the vehicle does not influence the challenge outcome56. The vehicle
must also allow for enough challenge food to be used. A variety of foods can be used
for blinding (Table 3.3). Many commercial products such as egg-free, milk-free,
wheat-free cakes, biscuits or pastas can be used as placebo. It can be very difficult to
find a suitable placebo and/or vehicle when dealing with children with multiple food
allergies, i.e. finding a food that is well tolerated and accepted by the child37. For

Table 3.3 Ways in which foods may be disguised for blind food challenge.

Test food Suitable base materials for disguise

Cow’s milk Soya formula, mashed potato, pureed lentils, soups, casseroles
Soya formula Cow’s milk, pureed lentils
Egg Mashed potato, pureed lentils
Wheat Pureed lentils, oatcakes, flapjacks, gluten-free foods
Corn Oatcakes, flapjacks, soups, casseroles
Rye, oats and barley Gluten-free bread, soups, casseroles
Orange juice Carrot juice
Sugar Carrot juice, ‘diet’ drinks
Food colours Carrot juice, orange juice
Preservatives Orange juice
Strong taste Peppermint oil
Dark colour Beetroot juice, blackcurrant juice
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cow’s milk challenges in young infants, cow’s milk hydrolysates the child usually
drinks can be used as a food matrix for disguising the milk, whereas in older chil-
dren solid recipes, such as pancakes, meat recipes or cookies are suitable48,57.

There is no international agreement on the incremental scales to be used. Several
incremental scales have been published over the years, some of which start with only
a few milligrams of allergenic food, while others have higher initial doses23,46,50,58.
For optimal safety of the patient, it is advisable to start with low initial doses (a few
milligrams) and to use sufficiently long time intervals. Time intervals of 30 minutes
between the doses seem appropriate to avoid severe reactions50. It is agreed that 
the maximum dose should reflect one normal portion of the challenge foods, but
these high amounts are hard to disguise, and no studies have been performed on the
desirable top discrete or cumulative dose.

To check for false-negative challenges, a negative DBPCFC should be followed by
an open food challenge with the challenge food, or by introduction of the food into
the diet until the food is consumed in a meal-size portion or in amounts in which it is
normally eaten. In the case of a positive DBPCFC, the patient is advised to continue
the elimination of the offending food, whereas in the case of (less frequent) dubious
results the test has to be repeated.

3.6.4 Interpretation of food challenge results

This is not always easy, as there are some confounding effects. Diseases such as
eczema and chronic urticaria go into remission from time to time. It is possible that
the results of a food challenge could be falsely negative when the disease is in remis-
sion or falsely positive when the disease is active. Allergic reactions to inhalant aller-
gens can also affect the challenge outcome.

Symptoms experienced during food challenges should be recorded on a symptom
score chart in hospital or in symptom diaries at home. There are no clear guidelines
regarding at what point a challenge should be considered positive, and whether the
food challenge should be terminated in case of repeated subjective symptoms or in
case of objective symptoms50. The clinician should therefore make the final decision
based on clinical discretion and the safety of the patient. Challenges are considered
positive when the patient experiences symptoms in line with the history during the
food challenge, or when allergic symptoms related to FHS are experienced during
the challenge and verified by the supervising clinician.

The assessment of the outcome of a DBPCFC should occur in a blinded fashion.
Subsequently, the code is broken, and the final outcome is assessed. Recently, a pro-
posal for a standardised assessment of challenge sessions and DBPCFC was pub-
lished, for optimal consistency in the evaluation of the test results50. This guidance
suggests that in exceptional cases a challenge session or total DBPCFC may be
assessed as questionable, when it remains inconclusive whether or not the observed,
usually mild symptoms after the last challenge dose were caused by the food chal-
lenge. A questionable DBPCFC should be repeated (Figure 3.3, Table 3.4).
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There are a number of factors that could lead to false-negative or false-positive
challenges, which should be taken into account59:

• the symptoms experienced: some objective symptoms, such as vomiting, may be
of psychological origin;

• difficulty in distinguishing contact urticaria from urticaria caused by oral intake;
• insufficient consumption of the challenge food;
• insufficient challenge duration;
• how to interpret subjective symptoms such as palpitations, tongue burning or

abdominal discomfort, itching in the mouth or on the skin without other visible
symptoms;

Table 3.4 Assessment protocol for the outcome of DBPCFC.

Active food challenge Placebo challenge Assessment of DBPCFC

Positive negative positive

Positive (clearly more positive positive positive
than placebo)

Negative negative negative

Negative (or positive, but clearly positive negative
less positive than placebo)

Symptoms occurred following a challenge session

Similar to history or milder
Not similar to history

History unknown or unclear

Allergic symptoms?Positive

Yes No

Positive   Negative

Figure 3.3 Algorithm for assessment of allergic symptoms following a challenge session in
DBPCFC (with the exception of non-IgE-mediated allergic disorders).
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• use of medication during the food challenge, or insufficient withdrawal of 
medication;

• the possibility, suggested by some authors, that a food challenge may lead to a
temporary effect similar to oral immunotherapy;

• mistakes made with food preparation and provision during the food challenge;
• interference by other staff or patients during the food challenge;
• confounding factors after the last challenge dose, such as viral infections or 

contact with inhalant allergens once at home.

3.6.5 Management strategies after the challenge

Most food challenges will give a clear answer as to whether the patient is able to 
eat the food or not. If no reaction has occurred the patient must feel confident to 
eat the food again, and should be encouraged to do so. This may be difficult where
strict avoidance measures have been adhered to for some time. The outcome of a
challenge will either be that the food can be reintroduced, or that the food needs to
continue to be partially or fully excluded, with a plan for whether a further chal-
lenge will take place in the future.

3.7 Conclusion

The diagnosis of FHS is a difficult area, as the mechanisms involved are often not
understood and multiple symptoms (immediate and/or delayed onset) and triggers
can be involved. Furthermore, there is no perfect diagnostic test, and health profes-
sionals often have different opinions regarding the use of tests and food challenges.
The situation may be further complicated by the involvement of non-professionals
performing non-validated tests.
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4.1 Introduction

There are a multitude of triggers which could be involved in food hypersensitivity
(FHS). For immune-mediated conditions, food allergens (proteins) are the key 
trigger for the reactions, and food allergens are the main focus of this chapter. Food
allergens can precipitate both IgE-mediated and non-IgE-mediated food allergy,
although the mechanism of inducing a response will be different and may involve
different constituent parts of the food. For example, IgE-mediated wheat allergy
involves the insoluble wheat gliadins (see Chapter 9), whereas it is the alcohol-
soluble gluten fragments that precipitate coeliac disease (see Chapter 9). Non-allergic
FHS can be provoked by a much greater variety of triggers; milk can provoke 
lactose intolerance due to the carbohydrate fraction (lactose) rather than the casein
or whey proteins (see Chapter 5). Other foods contain naturally occurring sub-
stances such as vasoactive amines or salicylates, which are also known to trigger
FHS in sensitive individuals. Finally, food additives can elicit a response, but the
mechanisms of action are not well understood. Some may act in combination with a
food allergen to provoke an IgE-mediated response or mast cell degranulation,
whereas others may induce a mechanistic response, such as the inhalation of sul-
phur dioxide causing bronchospasm. This chapter will concentrate on the structure
and function of food allergens; food additives, salicylates and vasoactive amines are
described in Chapter 10.

4.2 Allergens and the immune system

The main cells of the adaptive immune system, the T and B lymphocytes, recognise
substances produced by microbes and non-infectious molecules. These substances
are known as antigens1. In some people, antigens from pollens, animal dander or
food proteins can elicit immune responses known as hypersensitivity reactions; when
this happens, the antigens are known as allergens2. Although foods are composed of
proteins, carbohydrates and lipids, the allergens involved in food allergy are usually
proteins or haptenated proteins, where a small organic molecule or hapten becomes
covalently attached to proteins in the tissues.

Only a small proportion of those exposed to a protein allergen will become sens-
itised. Lack3 suggests that differences in population genetics, host immune responses,
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patterns of breast-feeding, age of weaning, consumption of novel foods and process-
ing of novel foods may all interact to determine whether the introduction of a 
particular food into a population will lead to sensitisation. Bischoff and Crowe4

conjecture that, given the large number of food proteins in the human diet, it is sur-
prising that so small a number of foods account for most food allergic reactions,
although they suggest that reactions are generally dependent on age and local eating
habits. Analysis of animal proteins shows that if sequence identity to a homologous
human protein is above 62%, the protein is rarely allergenic5.

4.3 Food allergen classes and nomenclature

Sensitisation to food and food particles occurs through the ingested, inhaled or
cutaneous routes. Food allergens are graded as either class 1 or class 2 allergens6.
Class 1 allergens are water-soluble glycoproteins 10–70 kD in size, stable to heat,
acids and proteases, and they include caseins (milk), vicilins (legumes and nuts),
ovomucoid (eggs) and non-specific lipid transfer proteins (many different plant
foods). Their robust nature allows them to sensitise during ingestion, breaching the
normal immune tolerance to foods, although for some class 1 allergens sensitisation
can also occur through the skin7,8. Allergies provoked by class 2 allergens usually
occur due to pollen-sensitisation in the respiratory tract leading to symptoms in the
oral mucosa, caused by cross-reactivity to plant foods due to homologous epitopes.
Class 2 allergens are usually heat-labile, difficult to isolate and susceptible to enzy-
matic degradation, which means they cannot sensitise upon ingestion6. They are
thought to be highly soluble, with some able to be absorbed in the oral mucosa,
allowing immediate symptoms to occur in sensitised individuals.

Allergen nomenclature is standard for all allergens that cause IgE-mediated
allergy in humans. A designation is composed of the first three letters of the genus, a
space, the first letter of the species name, a space and an Arabic number. In the event
that two species names have identical designations, they are discriminated from one
another by adding one or more letters (as necessary) to each species designation9.
For example, Arachis hypogaea is the scientific name for peanut; nine allergens have
been identified in peanut, and they are labelled Ara h 1, Ara h 2 etc.

4.4 How does a food allergen induce allergy?

It is still unknown what structural and biochemical properties are needed for a given
protein to induce allergy, and it is unclear whether a detailed knowledge of the pro-
tein structure–function relationships for individual allergens predict allergenicity of
novel foods. However, it is known that there are several different structural proteins
that are important in food allergy. These include:

1 alpha-helical proteins such as 2S-albumins from seeds and non-specific lipid
transfer proteins (nsLTPs);

2 beta-sheet proteins with a prominent helix in close contact, such as lipocalins,
profilins and Bet v 1-related proteins;
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3 alpha + beta structures in which the alpha and beta structural elements are not
intimately associated, such as lactalbumin;

4 serine protease inhibitors.

In addition to the 3D structure of intact proteins, the sugar side-chain may also be
responsible for cross-reactions amongst foods from vegetables and invertebrates10.

Food allergens contain one or more sequences of amino acids, which are recog-
nised by the antibody; these binding sites on the allergen are known as epitopes.
There are two types of epitopes, sequential (linear) epitopes and conformational
epitopes. Sequential epitopes are antigenic determinants composed of single seg-
ments of sequential amino acids along the polypeptide chain. Conformational 
epitopes are antigenic determinants composed of amino acids from different parts
of the protein sequence, brought together by folding. Conformational epitopes 
can be destroyed when the protein is altered, whereas sequential epitopes are not
affected. Class 1 allergens are more likely to contain sequential epitopes, while 
class 2 allergens will probably contain conformational epitopes. The mapping of
epitopes has shown that both sequential and conformational epitopes cause allergic
reactions6. More than 1,000 epitopes have now been mapped, some of which have
been cloned and sequenced using recombinant DNA and monoclonal antibody
technologies4,11.

Although the match of an antibody to an antigen is specific, because only the 
epitope is involved in the reaction, another allergen with a very similar or homolog-
ous epitope can also bind to that antibody. This phenomenon is known as cross-
reactivity, and it is very common in food allergy. Cross-reactivity is manifest when
an individual already sensitised to one food allergen experiences symptoms after
exposure to a different food allergen, due to binding between the antibody against
the first food and the epitope of the second. However, cross-reactivity needs to be
distinguished from co-sensitisation, where an individual is sensitised to more than
one allergen.

4.5 Classification of food allergens

Allergens from both plant and animal sources have been analysed to ascertain the
relationships between them, including their protein structure, sequence and aller-
genic properties. Work by Breiteneder, Radauer, Mills and Jenkins has shown that
both animal and plant food allergens can be classified into groups according to the
protein structures, and that some proteins are more allergenic than others5,12–16.

4.5.1 Animal food allergens

These can be classified into three major families – tropomyosins, EF-hand proteins
and caseins – and 14 minor families containing 1–3 allergens5. Tropomyosins are
muscle proteins; those found in mammals, birds and fish are very similar to human
tropomyosin and are not reported to be allergenic. However, invertebrate tropomyosin,
in molluscs and arthropods such as crustaceans and insects, is allergenic and also
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accounts for the cross-reactivity seen in these groups17. There is no cross-reactivity
between shellfish and fish, largely because the main fish allergens come from a 
different family; the EF-hand allergens include the parvalbumins, and it is the beta
parvalbumins which are the main allergens in cod, salmon and mackerel18. The
other main animal family is the caseins, which are found in mammalian milks 
and account for the very high degree of cross-reactivity between milks, due to 
over 90% sequence identity between alpha and beta caseins from cow, goat and
sheep19,20. It is the percentage of sequence identity here that dictates which milks
will cross-react. For example, mare’s milk has a very low sequence identity to cow’s
milk, and children with a cow’s milk allergy can generally tolerate mare’s milk21,
and only a small percentage of children who have a cow’s milk allergy will have
specific IgE antibodies to beta casein, which has the highest sequence identity with
human casein22.

4.5.2 Plant food allergens

Plant food allergens are classified as belonging to one of several superfamilies14.
Some, such as peanut, have major and minor allergens in all of these superfamilies.
The cupin superfamily includes vicilins and legumins and contains some of the
major allergens in legumes, tree nuts and seeds. The prolamin superfamily includes
cereal prolamins, seed storage proteins and nsLTPs. Both of these groups of aller-
gens are generally resistant to proteolysis, pH change and thermal treatments, 
making them class 1 allergens and so likely to cause food allergy through primary
sensitisation in the gastrointestinal tract. The other two families are the plant
defence system and profilin families. The plant defence system contains the 
pathogenesis-related (PR) proteins, defined as plant proteins induced in response 
to infections by pathogens such as fungi, bacteria and viruses, or due to adverse
environmental conditions14. PR proteins are divided into groups, several of which,
PR2, PR3, PR5 and PR10, are involved in IgE-mediated food allergy reactions, and
some groups of allergens are highly homologous and cross-reactive to allergens
from latex and pollens, especially the main birch tree pollen allergen Bet v 1 (see
Chapter 7). The final plant superfamily, the profilins, are highly conserved in 
plant cells with 70–85% identical residues in sequences of different species, with
profilins found not only in plant foods but also trees, grasses, weeds and latex 
(see Chapter 7).

4.6 Advances in food allergen technology

Increased knowledge and understanding of food allergens can in turn lead to
improved diagnostic tests. This will enable clinicians to be more robust in their diag-
nosis and to give better advice on food avoidance and the likelihood of resolution of
an allergy. Many allergens have been characterised, and recombinant DNA techno-
logy has been used to produce allergen extracts containing individual allergens4,11.
Purified recombinant allergen extracts are highly effective in the diagnosis of allergy
to some foods, especially where this involves labile allergens23,24. Such allergens are
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now becoming commercially available and in the future will be especially important
in the diagnosis of plant food allergies. The development of individual allergens for
testing will also help to improve their specificity and sensitivity. The egg allergen,
Gal d 1 (ovomucoid) is resistant to heat and contains linear epitopes; one study25

showed that the presence of serum-specific IgE antibodies to Gal d 1 could be used
as a marker of persistent egg allergy.

The epitope-binding capacity of some allergens has been shown to be predictive
in terms of the longevity of the allergy. It is known that children who do not out-
grow egg allergy have IgE antibodies to sequential epitopes, whereas those who do
make IgE antibodies to conformational epitopes26; a similar picture has emerged
with regard to milk allergy27. The epitope-binding domains of the wheat gliadins
may also differ depending on the type of symptoms elicited by wheat. Those with
WDEIA, anaphylaxis and urticarial reactions to wheat recognise sequential epi-
topes on gliadins, whereas those suffering from atopic dermatitis related to wheat
recognise conformational epitopes28. Epitopes on different allergens can have a
degree of amino acid sequence similarity or homology that allows an antibody
specific to one allergen to bind with another structurally similar allergen epitope.
Homologous epitopes are common in food allergy, accounting for the frequent
cross-reactivity between different foods and also between food allergens and aller-
gens from pollens or insects.

4.7 Peanut allergens

In the clinical setting, the peanut allergens are probably the best characterised and
most extensively studied of the allergens, and provide a useful illustration of the
diversity and characteristics of allergens. Up to nine peanut allergens have been
sequenced, with the main allergen, Ara h 1, first identified in 199129. Ara h 1 is
highly resistant to thermal processing, and is protected from protease digestion and
denaturation by another peanut allergen, Ara h 2, allowing it to pass across the
small intestine14,30.

All peanut allergens respond to heat in a different way. For example, Ara h 1 lev-
els increase when the peanut is roasted, with levels over 20 times greater in roasted
than in raw peanuts. The increase in Ara h 1 in roasted peanuts is accompanied by 
a decrease in total protein, indicating that other proteins in peanuts are not heat-
stable31. Two allergens which may be affected by heat are Ara h 5 and Ara h 8. Ara
h 5 is a profilin, and one study has shown that 13% of a group of peanut-allergic
patients were sensitised to this profilin, with those who had monosensitivity to Ara
h 5 exhibiting only mild OAS-type symptoms32. Ara h 8 has a 45.9% identity with
the Bet v 1 amino acid sequence, and studies suggest that Ara h 8 has a very low stab-
ility to roasting but is not fully inactivated by heat application29. These differences
in peanut allergens may help to explain why, although the per capita consumption
of peanuts in the USA is the same as in China, there is no peanut allergy in China.
The Chinese eat boiled or fried peanuts, whereas those eaten most frequently in the
USA are dry roasted peanuts, which are thought to be more allergenic due to the
higher heat, maturation and curing used in their production6.
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Sensitisation rates to allergens can also vary, and it is often useful to look at indi-
vidual allergen responses. All peanut-allergic individuals appear to be sensitised to
Ara h 2, compared to less than 10% of those tolerant of peanuts23,33,34. Peeters and
colleagues33 showed that those with severe symptoms had a greater response to Ara
h 2 and Ara h 6 at lower concentrations, recognised a greater number of peanut
allergens, and showed a greater cumulative response than those with mild symp-
toms. A study by Beyer et al.34 showed that regardless of their specific IgE level,
most symptomatic patients showed IgE binding to the three immunodominant epi-
topes on Ara h 2, as compared to less than 10% of those patients who were tolerant
of peanuts. In another study23, all patients with peanut allergy showed positive SPT
to Ara h 2; 53% of them were monosensitised, with significantly lower severity
scores than polysensitised subjects.

4.8 Food labelling

Although a wide range of food allergens, additives and naturally occurring sub-
stances are implicated in the spectrum of adverse food reactions, most reactions are
triggered by 8–9 foods, although the EU identified 14 major allergens or food
groups; peanuts and tree nuts are the most common cause of anaphylaxis, and,
together with cow’s milk, eggs, fish and shellfish, soya, wheat and seeds, account for
90% of IgE-mediated food reactions35. The recognition that these foods are all
significant provokers of food allergic responses was acknowledged by their listing 
in a European ingredient rule (Directive 2003/89/EC)36, which became law in
November 2005, stating that specified allergens must be declared on pre-packaged
foods if they have been added deliberately, however small the amount. The foods
covered include cereals containing gluten, crustaceans, egg, fish, peanut, soya, milk,
nuts, celery, mustard, sesame seed, and sulphur dioxide and sulphites at more than
10 mg/litre or 10 mg/kg. The directive was updated to include lupin and molluscs in
2007 (Directive 2006/142/EC; Table 4.1)37. Although only a small number of foods

Table 4.1 Ingredients that must be labelled if added to a food (European Commission
Directive 2006/142/EC).

• Milk and milk products including lactose

• Eggs

• Fish

• Crustaceans, e.g. prawns, crab, lobster

• Molluscs, e.g. mussels, oysters, scallops

• Cereals containing gluten, including wheat, rye, barley, oats and spelt

• Peanuts

• Tree nuts, i.e. almond, hazelnut, walnut, cashew, pecan, brazil, pistachio, macadamia

• Soybeans and products containing soya

• Lupin flour

• Sesame seeds

• Mustard

• Celery

• Sulphur dioxide and sulphites at concentrations of more than 10 mg/kg
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are thought to be implicated in food hypersensitivity, it seems that almost any food
can cause symptoms, with case reports of allergic reactions to a diverse range of
foods including seal meat38.
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5.1 Introduction

Hypersensitivity reactions to cow’s milk and hen’s egg are seen both in children and
in adults. These reactions can be IgE- and/or non-IgE-mediated in the case of both
cow’s-milk protein (CMP) and egg allergies. Additionally, symptoms to cow’s milk
can also occur as a result of lactase deficiency (i.e. lactose intolerance), which is a
non-allergic food hypersensitivity reaction1,2. Cow’s-milk protein allergy (CMPA)
and egg allergy are the most common allergies seen in childhood, with a documented
prevalence of 2–3% and 1.6% respectively in the first three years of life3.

In adults, however, IgE-mediated allergy to CMP is rare. A population study by
Woods et al. found that only 0.7% of atopic adults have a positive skin prick test
(SPT) to CMP, and none of those patients reported symptoms associated with the
consumption of cow’s milk4. The most common reactions in adulthood are non-
immune-mediated, with about 4.8% of adults reporting non-specific ‘illness’, ranging
from abdominal bloating (see irritable bowel syndrome, Chapter 2) to diarrhoea
(see lactose intolerance, below). Egg allergy follows a similar trend, with 1.6% of an
adult atopic population with a positive SPT, but only 0.2% of those individuals
reporting associated symptoms4,5.

This chapter is aimed at providing guidelines on the diagnosis and management
of immune-mediated CMP and hen’s egg allergy, in addition to presenting informa-
tion on the most commonly seen non-immune responses to both these foods in 
children and adults.

5.2 Cow’s milk

5.2.1 Cow’s-milk protein allergy

CMPA usually develops in the first year of life6. A review by Høst et al. on 229 peer-
reviewed articles on CMPA from 1967 to 2001 found that most infants with CMPA
develop symptoms before 1 month of age, and the incidence of CMPA at 1 year of
age was 2–2.5%7. This concurs with most clinical experience that CMP-allergic
infants typically present after their first or second known exposure to CMP, which is
usually taken as an infant formula, yoghurt, or commercial or home-cooked baby
foods. It is common practice for maternity units to offer a CMP-based formula to
newborns as their first ever feed if breast-feeding is delayed post partum. This early
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feed may represent the sensitising event which leads to the development of ‘immune
memory’, i.e. specific-IgE formation1,8. Additional routes of CMP exposure (or sens-
itisation) include skin contact reactions (e.g. kiss-induced reactions) and inhalation
of CMP via cooking vapours (a cause of allergic asthmatic reactions)9.

Numerous milk proteins have been implicated in allergic responses (Table 5.1).
Casein accounts for about 80% of the total protein content in cow’s milk, 
and whey for the rest. Casein consists of five protein fractions, αs1-, αs2-, β-, κ- 
and γ-casein, and whey fractions contain globular proteins, α-lactalbumin and 
β-lactoglobulin10. The allergenicity of each of these proteins remains unclear, 
with casein being a major milk allergen. However, significant reactivity to both 
α-lactalbumin and β-lactoglobulin from whey protein has also been documented11.
β-Lactoglobulin is acid-stable and is likely to remain intact after passage through
the stomach, which may explain its role as an allergen in CMPA6. New research 
on the different milk proteins, specifically on IgE- and IgG-binding epitopes, have
provided some useful information regarding persistent CMPA11. Some of the IgE-
binding regions on αs1-, β- and κ-casein were recognised only by older children with
CMPA but not by patients under 3 years of age6. Some epitopes of β-lactoglobulin,
but none from α-lactalbumin, were associated with the persistence of CMPA. These
are potential useful markers for identifying patients that will continue to have
CMPA in future.

It is important to note that research performed on other mammalian species 
has shown that animals that are phylogenetically related, like sheep, goat, water
buffalo, horse and donkey, have quite similar milk proteins to cow’s milk. β-
Lactoglobulin, a major allergen in cow’s milk, is present in all studied mammalian
milks12. These milks harbour an allergic potential, and are for this reason not 
suitable as an alternative in patients with CMPA.

Clinical presentation of CMP-induced disease

CMP can induce both acute IgE-mediated reactions (within 2 hours) and delayed
reactions that may be either non-IgE-mediated or mixed (> 2 hours). Current data

Table 5.1 Proteins in cow’s milk11.

Protein Cow’s milk (mg/mL)

as1-casein 11.6
as2-casein 3.0
b-casein 9.6
k-casein 3.6
g-casein 1.6
a-lactalbumin 1.2
b-lactoglobulin 3.0
immunoglobulins 0.6
lactoferrin 0.3
lysozyme trace
serum albumin 0.4
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suggest that 58% of CMPA individuals displayed an early reaction and the remain-
ing 42% had a delayed, non-IgE-mediated reaction13 –16. A broad range of clinical
symptoms and syndromes have been reported with CMPA6. The clinical spectrum
ranges from acute anaphylactic manifestations to atopic dermatitis, food-associated
wheeze, infantile colic, gastro-oesophageal reflux (GOR) related to eosinophilic
oesophagitis, cow’s-milk enterocolitis, food-associated proctocolitis and constipa-
tion17. Table 5.2 provides a summary of reactions and their immune classification.
CMPA usually affects at least two systems: 50–60% of CMPA individuals have
cutaneous symptoms, 50–60% have gastrointestinal symptoms, and approximately
20–30% respiratory symptoms7.

Typically breast-fed infants with CMPA present very soon after birth with
eczema and/or proctocolitis, or they present after exposure to a CMP-based infant
formula or weaning foods that contain this protein18. It is estimated that about 15%
of infants with CMPA retain their sensitivity to CMP into adult life10. Although
adult onset of IgE-mediated CMPA has been reported in the medical literature, this
occurrence remains rare21. Immediate IgE reactions are usually easy to identify and
verify, and have received more attention in diagnosis and management from health-
care professionals. In contrast, non-IgE-mediated reactions, such as GOR, Heiner’s
syndrome and constipation, are often not well recognised and remain a source of
debate amongst clinicians, as the underlying pathophysiology is often not as well
defined as IgE-mediated reactions22,23. Current research indicates that CMPA is 
present in 16–42% of infants with GOR24. Chronic constipation is seen in 3–16%
of children and is related to CMPA in 30–55% of these patients25. CMP as a cause

Table 5.2 Classification of cow’s milk protein-induced immune reactions1,6,18–20.

IgE-mediated
Gastrointestinal Gastrointestinal anaphylaxis: symptoms include vomiting, pain and/or 

diarrhoea
Cutaneous Urticaria, angio-oedema, pruritus, morbilliform rashes and flushing
Respiratory Acute rhinoconjunctivitis, wheezing, coughing and stridor
Generalized Anaphylaxis

Mixed IgE- and non-IgE-mediated
Gastrointestinal Eosinophilic oesophagitis, colitis and/or proctocolitis
Cutaneous Atopic eczema
Respiratory Asthma

Non-IgE-mediated
Gastrointestinal Food-protein-induced enterocolitis, food-protein-induced proctocolitis 

and food-protein-induced enteropathy syndrome – which may present 
with a clinical picture of ‘sepsis’

Cutaneous CMP-induced contact dermatitis.
Respiratory Food-induced pulmonary haemosiderosis (Heiner’s syndrome) (rare) 

– pulmonary haemosiderosis or bleeding in the lower respiratory tract.

Mechanism uncertain
Excess mucous production – the ‘snuffly child’ (association remains 
controversial, but commonly suspected by parents); constipation 
(association remains controversial); intestinal colic; Heiner’s syndrome
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of chronic constipation in adults has been documented by Carroccio et al., but it is
reported only in a very small number of patients, and other causes for constipation
need to be ruled out first26. Heiner’s syndrome is a food hypersensitivity pulmon-
ary disease that primarily affects infants, and is mostly caused by CMP (see also
Chapter 2). However, its occurrence is extremely rare and it should only be sus-
pected in young children with chronic pulmonary disease of obscure cause19.

Diagnosis of CMPA

To prevent needless suffering, an early and accurate diagnosis of CMPA is essential.
The diagnosis of CMPA relies on a detailed clinical history (Table 5.3), physical
examination and, depending on the type of reaction, SPT and/or specific IgE testing
can be performed1. The physical examination is helpful to assess the growth of the
child27, to exclude signs suggestive of nutritional deficiency such as iron deficiency
and rickets related to vitamin D deficiency28,29, and lastly to determine whether the
patient has any other clinical signs of atopy (e.g. Dennie–Morgan folds). The respir-
atory and dermatological examination should also seek to document the presence 
or absence of concomitant allergic conditions such as asthma and/or eczema, which
may impact on the management of the patient with CMPA.

Allergy tests (SPT and specific IgE testing) are particularly useful in making the
diagnosis of IgE-mediated CMPA1. Guidelines have been published to assist clinicians

Table 5.3 Taking an effective clinical history6,30,31.

Questions should aim to establish 
the following

What is the suspected food allergen 
causing the reported reaction?

What is the timing of the reaction post 
exposure?

What are the allergic symptoms?

What is the route of allergen exposure?

Is there a prior history of CMP tolerance?

Concomitant allergic disease?

Significance

Is the allergen typical for age? Allergies to CMP
are common in young children but rare in
adulthood.

IgE-mediated CMPA reactions usually occur
within 2 hours. Enterocolitis syndromes and
eczema exacerbations are typically more
delayed in onset.

If symptoms are not typical of an immediate-
onset IgE-mediated reaction, then a differential
diagnosis must be considered.

Does the patient react on ingestion of CMP
and/or after skin contact?

It is rare to have a history of ongoing tolerance to
CMP prior to developing an allergy. Most CMPA
presents during infancy.

At least 25% of CMPA will go on to develop
additional food allergies. Food-allergic infants,
particularly egg-allergic infants, are at risk of the
development of asthma (which is a risk factor for
future severe food-induced allergic reactions).
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in making the diagnosis32–35 (see Chapter 2 and Table 3.1). However, results fre-
quently fall below these published predictive cut-off values in spite of reported
symptomatology. Because of these limitations, elimination diets and double-blind
randomised controlled food challenges remain the gold standard1. An elimination
diet should ideally be followed under the supervision of a dietitian, and care should
be taken to ensure nutritional adequacy36. Food challenges should only be performed
in a controlled environment with emergency treatment at hand37 (see Chapter 3).

Non-IgE-mediated reactions commonly yield negative allergy tests and require
empirical CMP avoidance to confirm diagnosis23. It is generally recommended that
an elimination diet should be followed for at least 4 weeks before a decision is made
on symptom improvement and reintroduction is considered23. There is a suggestion
that allergy patch testing could aid the diagnosis of these types of reactions.
However, this is not yet part of routine practice, as the patch test method has not yet
been standardised1.

Managing CMPA

The mainstay of treatment for CMPA is the avoidance of CMP in addition to other
mammalian milks (e.g. goat, sheep, donkey and buffalo products)12. Cow’s milk
contributes protein, calcium, phosphorous, thiamine, riboflavin, niacin, vitamin A
(in full-cream milk) and D (in full-cream milk) to the diet38. Avoidance therefore
should always aim to maintain nutritional adequacy by introducing suitable altern-
atives or supplementing nutrients (e.g. calcium)28,29,39. Dietary exclusion must be
complete, including traces of milk, and measures to reduce accidental exposure
from cross-contamination should also be implemented. Avoidance of CMP requires
the ingredients of all foods to be known. This means reading and knowing all the
different terms used to label CMP (Table 5.4). It is also important to be aware that
product recipes change, so these labels need to be checked with every new food
opened. The labelling law in the European Union (EU) requires milk products to be
labelled in the ingredients panel of pre-packed foods if they are intentionally present

Table 5.4 Foods that list any of these ingredients on their label need to be avoided in CMPA
patients.

Cow’s milk (fresh, UHT, evaporated, condensed, dried)
Butter, butter oil, butter milk
Cream
Cheese
Yogurt, fromage frais
Casein, caseinates, hydrolysed casein, sodium caseinate
Curd
Ghee
Lactoglobulin
Lactose (this is milk sugar; you need only avoid if extremely allergic to milk)
Milk solids, non-fat milk solids
Whey, hydrolysed whey, whey powder, whey syrup sweetener
Unspecified ‘flavourings’ (if very allergic)
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in the product, however tiny the amount. This legislation does not include any traces
of milk during manufacturing, but manufacturers are increasingly labelling this 
voluntarily. Such labels should be heeded by the severely milk-allergic population.
Patients may also wish to contact the manufacturers directly to ascertain the level of
milk protein contamination.

There are also increasing numbers of foods made specifically for special diets on
the supermarket shelves (Table 5.5). Other outlets, including health-food shops and
special diet food suppliers also have a variety of ‘free from’ foods. Kosher foods are
often dairy-free and manufactured under strict regulations, and may be consumed
by patients with a CMPA. It is important to note that many of the replacement
products have an inferior nutritional content (e.g. rice milk, pea milk, oat milk)
when compared to full-cream milk. These replacements are not only lacking in
energy and protein density, but also have low or absent fat-soluble vitamins and
minerals. Nutrient supplementation might therefore be required, and patients should
be advised to purchase the calcium-enriched variety of the milk replacements.

Managing a CMP-free diet in infants is significantly more complicated than in
adults, as the avoidance diet impacts on the breast-feeding mother, the choice of 
formula and weaning foods. Breast milk remains the ideal choice for the CMPA
infant40. Although CMP β-lactoglobulin can be detected in the breast milk of 
95% of lactating women (0.9–150 µg/l) it remains well tolerated in most CMPA
infants. The infant will, however, be exposed to CMP not only in the mother’s
breast milk but also through skin contact. Therefore, if CMPA symptoms persist in
the breast-fed infant, a strict maternal CMP exclusion diet is indicated, avoiding all
products in Table 5.41,41. Studies, particularly in infants with severe atopic eczema
and enterocolitis related to CMPA, have indicated improvements on this diet1,41. 
It is important to consider the adequacy of the lactating mother’s calcium intake
when this strategy is adopted, as the recommended requirement for breast-feeding
mothers exceeds 1,000 mg/day (Table 5.6), which may be difficult to achieve on an
un-supplemented diet. The inclusion of non-dairy foods high in calcium may also
help in increasing calcium intake naturally (Table 5.7).

Table 5.5 Products specifically manufactured for the dairy-free market.

To replace Suitable replacement product

Milk Oat milk, pea milk, rice milk, soya milk, quinoa milk, nut milks 
(only if nuts are already being tolerated), coconut milks 
(note that organic milk-free products do not have calcium added)

Spreading fats Dairy-free and vegan spreads

Cheese Hard, soft, melting, spreading and Parmesan varieties of soya cheese*

Yogurts Soya

Ice creams Soya, oat, rice, hemp

Cream Soya, oat, coconut

* Rice cheese usually contains casein, which is a milk protein and therefore unsuitable for those avoiding milk
protein, but it will be suitable for someone with a lactose intolerance.
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Table 5.6 Daily calcium requirements42.

Age Calcium required (mg)

0–12 months 525 mg
1–3 years 350 mg
4–6 years 450 mg
7–10 years 550 mg
Males 11–18 years 1000 mg
Males 19+ years 700 mg
Females 11–18 years 800 mg
Females 19+ years 700 mg
Breast-feeding Female requirements + 550 mg

Table 5.7 Calcium-rich CMP-free foods.

Food Calcium (mg)

1 glass/200 ml calcium-enriched soya milk 250
1 glass/200 ml rice milk 26
1 glass/200 ml calcium-enriched rice milk 240
1 glass/200 ml calcium-enriched oat milk 240
1 glass/200 ml pea milk 84
1 glass/200 ml almond milk 32
30 g soya cheese hard (melting variety) 90
30 g soya cheese hard (non-melting variety) 30–60
125 g soya yogurt 125
1 glass/200 ml calcium-fortified orange juice 245
1 glass/200 ml calcium-enriched soya fruit drink 240
1 glass/200 ml calcium-fortified water 60
100 g sardines (tinned – where bones eaten) 500
40 g instant porridge (dry – before milk added) 480
50 g tofu (soya bean curd) 255
100 g (1 large bowl) muesli 200
3 dried figs 170
100 g spinach 160
2 heaped tablespoons red kidney beans 100
100 g (3 slices) white bread 100
30 g breakfast cereals 100
25 g Brazil nuts (7 whole nuts) 90
60 g shelled prawns 90
14 g (1 tablespoon) sunflower/sesame seeds 85
1 medium orange 75
150 g (small tin) baked beans 75
25 g almonds (12 whole nuts) 65
3 slices whole meal bread 50
25 g watercress 55
100 g dark green vegetables 50
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In addition to adequate calcium intake, adequate consumption of foods rich in
vitamin D (e.g. oily fish, egg yolk, fortified dairy-free margarine) and sunlight expos-
ure will assist in maintaining the calcium homeostasis. If the infant’s symptoms do
not improve after approximately 2 weeks of maternal avoidance, CMP should be
reintroduced1. Healthcare professionals must be aware, however, of the very small
but significant number of infants who may continue to react, in spite of maternal
exclusion (especially patients with enterocolitis and severe atopic dermatitis) and
these may require an amino acid formula43,44. However, this decision should be
taken together with a paediatric allergist, as breast-feeding should never be stopped
unless to do so is of benefit to the child.

For CMPA infants who are unable to receive breast milk (which remains the ideal
infant feed), an appropriate and safe hypoallergenic infant formula needs to be
selected. There are strict criteria which distinguish between hypoallergenic and non-
hypoallergenic formulas. The European Society of Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) and the European Society of Paediatric
Allergy and Clinical Immunology (ESPACI) stipulate that hypoallergenic formulas
for the treatment of CMPA should be tolerated by 90% of infants with CMPA, with
a 95% confidence interval40. Only amino acid (AA) and extensively hydrolysed 
formulas (eHF) (Table 5.8) are suitable to treat CMPA. Within the category of eHF,
both casein- and whey-based formulas are commercially available and have become
the mainstay formulas for treating infants with CMPA45. It is important to note 
that although partially hydrolysed formulas are available in the UK they are not
hypoallergenic and should not be used for an infant with diagnosed CMPA40.

It is estimated that up to 10% of infants will continue to react to eHF46,47. This is
as a consequence of the residual allergenicity in eHF, related to residual CMP pep-
tides and/or aggregation of smaller peptides due incomplete hydrolysis40. A recent
systematic review by Hill et al. found AA-based formula especially useful in patients
with non-IgE-mediated food enterocolitis/proctitis syndromes with faltering growth,
severe atopic dermatitis and symptoms during exclusive breast-feeding44. A major
hurdle in the use of hypoallergenic formulas is their poor taste48; this is however less of
an issue for younger infants (< 6 months of age) with a relatively ‘naive’ taste reper-
toire. Older infants, and infants who were previously enjoying the pleasant taste of
breast milk, commonly reject the introduction of hypoallergenic formula. Therefore:

1 introduce the hypoallergenic formula as soon as possible, or if breast-feeding is
to continue, transition the introduction with incremental mixing of the milks;

2 offer the hypoallergenic formula as the only fluid source;
3 if the infant is above 6 months, introduce the formula in a feeder beaker that has

good flow (avoid beakers with valves);
4 mask the smell with a good-quality vanilla essence (a few drops only);
5 commercial chocolate, banana or strawberry milkshake powders should only be

used as a last option, as they are very high in sugar and create a habit of ‘sweet
preference’. When this method is used to introduce the hypoallergenic formulas,
gradually reduce the amount of milkshake powder until the formula is tolerated
neat.
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It is important also to mention the role of soya formulas in patients with CMPA, 
as this has been a source of great controversy over the last few years. Prior to the
availability of hypoallergenic formulas, the only alternative to CMP-based formula
for infants with CMPA were formulas derived from soya. Soya-based infant formu-
las remain popular, with clear advantages and disadvantages. Soya is lactose-free,
making it ideal for vegan families, and soya formulas have a favourable taste.
However, soya protein is a relatively common food allergen, with some 3–14% of
young children with IgE-mediated and up to 40% of those with non-IgE-mediated
CMPA having concomitant soya allergy49,50. Initial concerns that soya may induce
peanut allergy (both are pulses) have not been substantiated51,52. Recent concerns,
based on animal studies, relate to the possible effects on young infants of soya-
containing phyto-oestrogens49. As a precaution, the Committee on Toxicity of

Table 5.8 Hypoallergenic formulas available in the UK.

Type of formula

Extensively 
hydrolysed whey

Extensively 
hydrolysed 
casein

Soya formulas 
(non-hydrolysed 
protein)

Non-milk-based 
extensively 
hydrolysed 
formulas

Elemental 
amino-acid-
based formula

Examples

Pepti (Cow & Gate) – contains
lactose
Pepti junior (Cow & Gate) –
contains medium chain
triglycerides (MCT) as fat source

Nutramigen 1 (Mead Johnson)
(up to 6 months)
Nutramigen 2 (Mead Johnson)
(over 6 months)
Pregestimil (Mead Johnson)
(54% MCT)

Infasoy (Cow & Gate)
Farley’s soya formula (Heinz)
Isomil (Abbott)
Prosobee (Mead Johnson)
Wysoy (SMA)

Prejomin (Milupa)
Pepdite (SHS) (under 1 year)
Pepdite 1+ (SHS) (over 1 year)
MCT Pepdite (SHS) (75% MCT)

Neocate (SHS) (up to 1 year)
Neocate Active (SHS) 
(1–10 years) – better taste,
more calcium and iron
Neocate Advance (SHS) 
(1–10 years)

Indications/comments

Whey empties the stomach faster
and may therefore be of benefit to
patients with gastrointestinal
symptoms. Contains a higher
percentage of peptides above 1.5
kD. The addition of lactose into whey
hydrolysate improves taste.

Most protein < 1.5 kD. Well tolerated
by children with IgE mediated allergy.
Has a distinct taste. Lactose-free.

Not recommended for infants under 
6 months. Not recommended as the
first choice of formula for 6–12
months. May be given to those
refusing extensively hydrolysed
formulas. Lactose-free. Suitable for
vegans.

Not suitable for some cultures,
religions or vegetarians (because
contains meat derivatives). Seldom
used for treating CMPA, due to poor
taste. Suitable for malabsorption
disorders.

Suitable for multiple, severe food
allergies and when other formulas
are unsuitable: enterocolitis, proctitis,
persistent severe atopic eczema and
faltering growth. For children with
persistent symptoms in on eHF.
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Chemicals in Food recommended that soya formula should only be consumed after
the age of 6 months. In the light of other hypoallergenic formulas being available for
these patients, both the British Dietetic Association Paediatric Group and ESPGHAN
recommend that alternative hypoallergenic formulas should be used as first-line
treatment in younger infants (< 6 months)49,53. The cross-reactivity between CMP
and soya is significant in non IgE-mediated food allergy, and the use of soya-based
formula is therefore totally contraindicated in these conditions52.

Resolution of CMPA

The prognosis of CMPA is good, with a remission rate of approximately 45–50% at
1 year, 60–75% at 2 years, and 85–90% at 3 years, 92% at 5 and 10 years and 97%
at 15 years of age54,55. Individuals with delayed reactions have been shown to
develop tolerance sooner than those with immediate reactions: 64%, 92% and 96%
versus 31%, 53% and 63%, respectively56. Monitoring the development of toler-
ance is an essential part of managing food allergy34. CMPA allergy is commonly
outgrown, so retesting and reassessment is required annually. Several studies have
investigated the value of SPT and specific IgE tests in predicting tolerance to CMPA.
Vanto et al. found that a wheal size of < 5 mm in SPT correctly identified 83% of
infants who developed tolerance to CMP by the age of 4 years, and a wheal size 
of ≥ 5 mm in SPT correctly identified 71% of infants with persistent CMPA. CMP-
specific IgE < 2 kUA/L correctly identified 82% of infants who developed tolerance
to CMP, while conversely a CMP-specific IgE ≥ 2 kUA/L correctly identified 71% 
of infants with persistent CMPA56. Vassilopoulou et al. found that SPT ≤ 4 mm
(specific IgE ≤ 3.94 kUA/L) could correctly predict a negative challenge whereas 
SPT ≥ 7.5 mm and specific IgE ≥ 25.4 kUA/L were predictive of a positive milk 
challenge57. The decision to expose a child to a food challenge should not only rely
on the reduction of SPT and specific IgE towards CMP, but also on the length of
CMP exclusion and the outcome of any accidental ingestion of CMP-containing
foods (e.g. cakes, croissants)34. A discussion with the parents may also influence the
decision on whether to proceed with the food challenge. Cut-offs may also need to
be adjusted to your local clinic population.

Once tolerance has been established, it is important that CMP is reintroduced
into the patient’s diet. In practice this is often done with processed dairy products
(e.g. cheese, cakes) first before introducing fresh milk.

5.2.2 Lactose intolerance

Lactose intolerance is often confused with CMPA. It is distinctly different, however,
in that it is not immune-mediated and is due to an intolerance to the carbohydrate
lactose in cow’s milk31. The cause is the absence or deficiency, to a varying degree,
of the enzyme lactase in the gastrointestinal tract. Three major types of lactose intol-
erance exist: congenital, primary and secondary. Congenital lactose intolerance has
the least lactase activity and is a lifelong disorder characterised by poor growth and
infantile diarrhoea from the first exposure to breast milk, which contains lactose58.
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This form of lactase deficiency is extremely rare. Conversely, primary lactose intol-
erance occurs in 70% of humans and usually occurs, over a period of years, never
before 2–5 years of age and often not until young adulthood. Patients suffering from
primary lactose intolerance have low (not absent) levels of lactase and usually toler-
ate foods that have lower lactose content. Secondary lactose intolerance refers to
those patients that lose lactase activity as a result of gastrointestinal illness that
damages the brush border of the small intestine, e.g. viral gastroenteritis, giardiasis
or coeliac disease. This is usually reversible, and lactose can often be reintroduced
after following a lactose-free diet for a few weeks.

Symptoms experienced with lactose intolerance include diarrhoea, bloating and
cramping31. This is due to the deficiency of intestinal lactase, which prevents hydro-
lysis of ingested lactose. The osmotic load of the unabsorbed lactose causes secretion
of fluid and electrolytes, which induces an acceleration of small intestinal transit. In
the large intestine, the lactose is fermented by colonic bacteria to yield short-chain
fatty acids and hydrogen gas – thus leading to intestinal bloating59. Symptoms 
experienced with lactose intolerance are very similar to those seen in patients with
irritable bowel syndrome (IBS). Although lactose intolerance does not lead to IBS,
research has shown that 24–27% of patients with IBS have lactose intolerance60. 
It is important to note, however, that only 52% of these patients experienced symp-
tom relief on a lactose-free diet61. For more information on IBS see Chapter 2.

Lactose intolerance is usually diagnosed using one of three methods: the lactose
intolerance test, which is performed after an 8–12 hour fast followed by the inges-
tion of a solution containing lactose, with blood sugar levels measured before and
after; the hydrogen breath test, which detects hydrogen from undigested lactose;
and testing for reducing substances in stools, which indicates the presence of undi-
gested lactose in the stool61. A diagnosis of lactose intolerance if often also made on
the basis of a clinical history (e.g. severe gastroenteritis) and is confirmed by the
exclusion of lactose-containing foods and subsequent improvement of symptoms.
In practice it is not always considered necessary to have one of these tests if it is
known that a low-lactose diet resolves symptoms. Instead, an incremental exclusion
and reintroduction diet alongside a detailed diary can identify the lactose tolerance
level, and specific dietary advice given accordingly.

Lactose intolerance is treated with a lactose-free diet or lactose-reduced diet. The
type of lactose intolerance predicts the level of lactose avoidance. In patients with
congenital lactose intolerance, all lactose as well as traces of lactose should be
avoided61. The principles are the same as managing a patient on a CMP-free diet
(see above). The only difference is that infants with this condition require a lactose-
free formula, and adults may tolerate commercial lactose-free milk. Patients with
secondary lactose intolerance also require total lactose avoidance, but this con-
dition is transient and lactose should be reintroduced after an avoidance diet of 
4–8 weeks58. Individuals with primary lactose intolerance usually tolerate some 
lactose in their diet; however, the level of tolerance is very individual and should 
be treated as such. It is not uncommon for some of them to tolerate a small amount
of cow’s milk on cereal, Cheddar cheese and live yoghurts, whilst others cannot
even tolerate minuscule amounts of low-lactose milk61. Thus, for individuals with
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primary lactose intolerance, low-lactose cow’s milk and low-lactose dairy products
such as Cheddar cheese and fermented yoghurts (Table 5.9) can often be tolerated,
but tolerance levels need to be established for effective management of this diet. It is
also important to limit overzealous restriction of lactose.

5.3 Egg allergy

Egg allergy is one of the most prevalent food allergies in children. The estimated
prevalence varies between 1.6% and 3.2% depending on the classification and
nomenclature of food hypersensitivity reactions used62. Egg allergy is much less
common in older children and the adult population63. Pereira et al. reported that
1% of their adolescents (n = 649) were sensitised to egg63, whereas Woods et al.
found that 1.6% of their adult population had a positive SPT to egg, although only
0.2% had had illness associated with the ingestion of egg4.

5.3.1 Clinical presentation of egg-induced disease

Atopic dermatitis represents the main clinical manifestation3 of egg allergy in infancy,
although several authors have reported urticaria, angio-oedema, acute vomiting,
violent diarrhoea or even anaphylaxis (all IgE-mediated reactions) on first known
exposure to egg in infants’ weaning diets62,64,65. These findings indicate that children
may be sensitised to eggs, even though they have never eaten them. It has in fact been
shown that egg proteins can cross the placenta to induce a specific immune response
in the fetus, in addition to being transferred through breast milk in breast-fed infants66.

The impact of egg protein on gastrointestinal reactions is much less well defined,
and the evidence base is limited to case reports67. Anecdotally, parents often report
exacerbation of gastrointestinal symptoms in children with allergic colitis when 
egg is introduced as part of a weaning diet, and resolution of symptoms when egg 
is removed23. It is therefore important not to dismiss these symptoms, if they are
reported by parents.

Eggs are composed of 56–61% egg white and 27–32% egg yolk. Clinically relevant
allergens are found in both egg yolk and egg white, but egg-white allergy is more
commonly seen68. The allergenic components of egg white include ovoalbumin 

Table 5.9 Low-lactose foods.

Food type Low-lactose example

Milk Soya, rice, oat, nut, coconut, potato and pea milks
Lactose-reduced and lactose-free milks

Fat Pure butter, dairy-free spreads, soya spread, vegetable oils

Cheese Edam, Gouda, Roquefort, Brie, Cheddar, blue cheese, soya cheese, 
rice cheese

Yoghurt Cow’s milk yoghurt (low lactose), soya yoghurt (no lactose)

Cream Soya cream, oat cream

9781405170369_4_005.qxd  22/12/2008  14:57  Page 128



Milk and Eggs 129

(Gal d 2: 54% of egg white), ovotransferrin (12%), ovomucoid (Gal d 1: 11%),
ovomucin (3.5%) and lysozyme (Gal d 4: 3.4%)3. Egg yolk also contains a variety of
components that are allergenic: ovoflavoprotein, apovitellenins I and IV, phosvitin
and α-livetin5. Research has identified four distinct sets of proteins that egg-allergic
children commonly react to69:

1 lysosyme and ovalbumin;
2 ovomucoid;
3 ovomucin;
4 all egg-white proteins and the egg-yolk proteins apovitellenins I and IV, phosvitin.

Adults most commonly react to ovotransferrin (53%), then ovomucoid (38%), 
followed by ovalbumin (32%) and lysosyme (15%)3. Research has also found a 
difference in the allergenicity between cooked and raw egg. It is therefore not
uncommon for egg-allergic individuals to tolerate cooked egg in small amounts (e.g.
cake, biscuits), but not raw egg (e.g. fresh sorbet, mayonnaise, royal icing)70.

5.3.2 Diagnosis

The diagnosis of egg allergy relies on a thorough patient history, including the type
of egg-containing food (raw, partially cooked or cooked egg) the individual reacts
to, the symptoms experienced and the time it takes for the reaction to occur. 
A detailed dietary assessment is most probably the most useful tool and will often
identify suspected culprit foods that are inadvertently being ingested. A dietary 
history also helps identify those patients whose egg hypersensitivity allows foods to
be tolerated in small amounts.

In addition to the clinical history, diagnostic testing procedures (SPT and/or
specific IgE testing) are useful, especially in patients with IgE-mediated egg allergy.
Although these tests have been shown to be sensitive indicators for when a child has
a reaction to egg, they are not necessarily predictive of the likelihood or severity 
of clinical reactions3. A wheal of > 7 mm to egg has been shown to be a strong 
predictor of the development of an adverse reaction on egg consumption, whilst a
wheal < 3 mm has been shown to be useful in excluding egg allergy71. Patients with
a wheal size of 3–7 mm are in the diagnostic ‘grey zone’, and in these cases the 
clinical history should guide diagnosis or a food challenge should be considered.
Additionally, egg-specific antibody levels ≥ 7 kUA/L indicate ≥ 95% likelihood for
the individual to react to egg on challenge62 (see also Chapter 3).

In patients with non-IgE-mediated reactions to egg, a period of egg exclusion 
(for at least four weeks) followed by reintroduction should be considered. The 
reintroduction should commence slowly and gradually over three days, with cooked
egg products first, whilst keeping a symptom diary. The diary will reveal whether a
tolerance level exists or whether total egg exclusion should be recommended. Atopy
patch testing has also been suggested as an alternative test in patients with non-
IgE-mediated egg allergy. However, this form of testing has not been standardised,
and whilst having a high degree of specificity (95%) it has a low sensitivity (more or
less 10%)5.
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5.3.3 Management of egg allergy

The mainstay of managing individuals with egg allergy (egg-white or yolk allergy) is
the avoidance of all egg and egg-containing products. Eggs are an important source
of high-biological-value protein, fat, vitamin E, riboflavin, thiamine and folic acid.
Dietary avoidance should therefore aim to ensure replacement of these nutrients,

Table 5.11 Classification of egg-containing foods.

Well-cooked egg

Cakes

Biscuits

Dried egg pasta

Egg in sausages and 
prepared meat dishes

Well-cooked fresh egg pasta

Egg glaze on pastry

Sponge fingers

Quorn

Nougat, Milky Way, 
Mars bar, Chewits

Egg in some gravy granules

Dried egg noodles

Raw egg

Fresh mousse

Fresh mayonnaise

Fresh ice cream

Fresh sorbet

Royal icing (both homemade
royal icing and commercial
powdered icing-sugar mix)

Horseradish sauce

Tartar sauce

Raw egg in cake mix and
other dishes awaiting
cooking (children of all ages
love to taste!)

‘Frico’ Edam cheese or other
cheeses containing egg-
white lysozyme

Loosely cooked egg

Meringues

Lemon curd

Quiche

Scrambled egg

Boiled egg

Fried egg

Omelette

Poached egg

Egg in batter

Egg in breadcrumbs

Hollandaise sauce
Egg custard
Pancakes and Yorkshire
pudding – some patients who
can eat well-cooked egg can
tolerate these, but it depends
on how well cooked they are
and if they contain any
‘sticky’ batter inside

Table 5.10 Foods that list any of these ingredients on their labels need to be avoided in
patients with egg allergy.

Egg/fresh egg (including those from all birds)
Egg powder, dried egg, frozen egg, pasteurised egg
Egg proteins (albumin, ovalbumin, globulin, ovoglobulin, livetin, ovomucin, vitellin,
ovovitellin)
Egg white, egg yolk
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especially in vegetarian patients. In the European Union (EU) manufacturers are
legally bound to declare egg on the ingredients list of pre-packaged foods, however
much or little egg the food contains (Table 5.10). The word egg must be used rather
than names of the individual proteins, which may not be recognised by some con-
sumers. Outside the EU different food labelling laws are in place, and egg can legally
be omitted from the ingredients list altogether or disguised as flavourings. The
degree of care and element of risk when eating these foods will depend on the sever-
ity of the reaction. This is another reason why older children and adults following
egg-free diets who have not reacted for many years should have their allergy
reassessed. Following unwarranted restricted diets for longer than necessary can
impact on nutritional status.

Some patients tolerate cooked egg and even small amounts of raw egg in their
diet. Table 5.11 provides a list of foods that can be consumed, depending on the
level of tolerance. The resolution of an egg allergy often starts with tolerance to
well-cooked egg. This may progress to all forms of egg, but this is not always the
case71.

A variety of egg-free products are available from health-food shops and super-
markets to make this exclusion diet more user-friendly (Table 5.12).

Manufacturers and supermarkets often also produce a list of own-brand products
that are free from egg and other allergens (CMP, nuts, soya etc). These are available
free of charge. They help to identify which foods are safe to eat, and including them
in the diet can make the diet more interesting and nutritious. Patients should be
advised to read ingredient labels every time they buy a particular product, as recipes
can change.

5.3.4 Other considerations in patients with egg allergy

Some of the vaccines, including MMR, yellow fever and influenza, may contain
traces of egg derivatives. It is therefore important to take this into account when
egg-allergic patients require these vaccines72,73. The British Society for Allergy and
Clinical Immunology has published the following recommendations for MMR 
vaccination in egg-allergic children74:

Table 5.12 Examples of egg-free products.

Egg-free mayonnaise
Egg-free cakes and muffins
Egg-free puddings
Egg-free omelette mix
Egg replacers

Whole-egg replacers Whole egg replacer (Allergycare)
Ener-G egg replacer (General Dietary)
Loprofin egg replacer (SHS International)
No-egg replacer (Orgran)

Egg-white replacer Loprofin egg white replacer (SHS International)
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1 The administration of the MMR vaccine to egg-allergic children has an excellent
safety record and may be administered to all egg-allergic children as a routine
procedure in primary care.

2 The MMR vaccine is grown on cultured-embryo-chick fibroblasts and is 
therefore generally free of hen’s egg protein. When traces of hen’s egg protein
are found, the protein is highly processed and the concentrations are too low to
represent a risk.

3 As with the administration of other vaccines, MMR administration should be post-
poned if children are unwell. Adrenaline should be readily available at the clinical
site in all cases because anaphylaxis – although rare and unpredictable – can occur.

4 If previous vaccination (MMR or other) resulted in a severe allergic reaction
(any breathing problems or collapse) then a specialist allergy assessment is
required prior to repeat – hospital-based – MMR administration, in order to
exclude allergy to specific vaccine components such as neomycin or gelatine.

Non-food items (cosmetics, toiletries, perfumes and medications) containing egg
should only be avoided if they cause irritation. They are required to be labelled, but
the labelling may be in Latin, with the words ovum or ovo represent egg.

5.3.5 Resolution of egg allergy

The prognosis for children with egg allergy is good. Approximately half of egg-
allergic children will be tolerant by the age of 3 years, and 66% by 5 years of age71.

Annual follow-up of patients with egg allergy is required to monitor tolerance. In
general, a combination of the outcome of accidental ingestion, a reduction in SPT
(based on serial measurement) and specific IgE to egg will predict whether a food
challenge should be performed (Table 5.13). A discussion with the parents may also
influence the decision on whether to proceed with the food challenge. As a guide to
when egg allergy might have resolved, cut-off levels for SPT and specific IgE for egg
have been published (see Chapter 3, Table 3.1), but it is important to note that these
may require adjusting for your specific clinic population34.
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6.1 Introduction

Fish allergy affects both children and adults, whereas allergy to crustaceans tends to
occur in older children and adults but less commonly in young children, probably
due to exposure being much lower in this age group in the UK. The prevalence varies
around the world and is linked to the consumption of particular types of seafood.
Seafood allergy is usually only associated with immediate symptoms related to an
IgE-mediated food hypersensitivity response, and is not normally implicated in
delayed reactions. Seafood allergy is also more likely to occur in people who are
atopic and sensitised to other aeroallergens, or have rhinitis or asthma. Reactions to
both fish and shellfish are potentially severe and cross-reactivity is common, often
meaning that those diagnosed with a single-species allergy have to avoid all fish or
all shellfish. Although they are all now required by European Union (EU) legislation
to be labelled, fish, crustaceans and molluscs can appear in some unusual foods, and
because of the longevity of shrimp allergens contamination can be a major problem,
especially when eating out. There are some differential diagnoses which are import-
ant to take into consideration when diagnosing allergy to seafood, and therefore it 
is important to check specific IgE levels, as these are a good indicator of the presence
or absence of a seafood allergy. Unlike other food allergies, allergy to seafood tends
to be lifelong.

6.2 Prevalence and natural history

The prevalence of fish and seafood allergy varies depending on the age of the 
cohort and the consumption patterns of the population. Allergic reactions to fish are
common where fish constitutes a major source of food protein in the diet1. Fish and
crustacean allergy is more common than that reported to molluscs, and seafood
allergy tends to be more common in adults than in children. The prevalence of
reported allergy to seafood in UK children aged 11 or 15 years was 1.3% for fish
and 0.5% for shellfish, with fish accounting for 11.4% of reported reactions,
whereas shellfish only accounted for 3.8% of reactions2. A Danish study on a cohort
of 3-year-old children and their older siblings reported they were unable to con-
firm any reported reactions to cod or shrimp in these children, although the actual
prevalence of the same foods in their parents was reported to be 0.2% to cod and
0.3% to shrimp3.

Seafood
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A study of adults in Germany4 showed the prevalence of positive reactions to crab
was 1.2%, herring and mackerel 0.45%, and mussels 0.1%, whereas a study of
adults in Portugal suggested that reported prevalence to fish was 11.5% and mol-
luscs 5.8%5. Results from a US telephone survey indicate a prevalence of 0.4% for
fish allergy, and 2% for allergy to shellfish6, although a more recent study reports
that the prevalence of shellfish allergy is lower, at 0.6% for self-reported and 0.3%
for doctor-diagnosed7. In Singapore, where a great deal of fish and shellfish is 
consumed, shellfish was the second most common sensitising allergen after egg,
affecting 27% of a cohort of 227 children referred for reported food allergy1, and
was the most common allergen reported to cause immediate hypersensitivity in
adults, affecting 33% of a cohort of 74 adults8. A study of Thai children reported
that fish and seafood, especially shrimp, were the commonest reported allergens in
older children9.

In a study looking at self-reported food allergy in both adults and children in
Russia, Estonia, Lithuania, Norway and Sweden, 19% of the cohorts reported an
allergy to fish, ranging from 39% in Russia to 11% in Denmark, whereas the rate
for shrimp was much higher in Denmark (20%) compared to the Russian reported
rate of 8.7%10.

Seafood allergy is thought to be usually lifelong in both children and adults, but
some studies and case reports suggest remission may be possible. Solensky reported
a case of resolution of fish allergy in an adult with a history of fish anaphylaxis11,
and in another study of 32 children with fish allergy, five seemed to lose their
allergy12. In contrast, this has yet to be reported for those who are allergic to shell-
fish, with no change in specific IgE antibody levels to shrimp reported in 11 shrimp-
allergic subjects over a 2-year period13.

6.3 Foods involved

Wide ranges of seafood have been implicated in food-allergic responses, but generally
the foods causing symptoms reflect local or national availability and consumption
patterns. Species tested in European studies tend to be similar to those foods con-
sumed in the UK, such as cod, tuna, salmon, trout, plaice, although other species
such as pollack and wolf-fish are less well known in the UK. However, studies 
and case reports from around the world include reported reactions to sea urchin 
roe, boiled razor-shell and krill14–16. Other studies, looking at the allergenicity of
fish commonly consumed in both Japan and India, examined fish varieties not 
familiar to Europeans such as bonito, yellowtail, saurel, skipper, pomfret, hilsa and
bhetki17,18.

6.3.1 Fish

Studies suggest that there is strong cross-reactivity between fish species, both fresh-
and salt-water varieties. Parvalbumin is the dominant allergen in finned fish, and
cod, mackerel, herring and plaice have all been shown to share a common parvalbu-
min antigenic determinant19. Van Do and colleagues studied nine parvalbumins and
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showed that the cod allergen Gad c 1 had the highest Ig-E binding affinity, making it
the most allergenic fish, together with salmon, pollack, herring and wolf-fish20. In
vitro studies have suggested a strong cross-reactivity between cod, mackerel, herring
and plaice, and also between pollack, salmon, trout and tuna, and finally between
mackerel and anchovy21.

Half of all cod-allergic children in a classic study into fish allergy reported reactions
to other fish22, although others reported eating other species without difficulty.
Helbling and colleagues challenged subjects known to be fish-allergic with several
different species and demonstrated that some subjects reacted to two or three differ-
ent fish species21. Tanaka et al. suggest that there are several different clusters of
cross-reactivity, such as cod and tuna, and salmon, sardine and mackerel23. Helbling
et al. found that adult patients reacted to several fish species challenged24, but other
groups have found that actual symptoms to cross-reacting fish species are far less
common25. There are other members of the parvalbumin family which can be implic-
ated in food allergy outside the fish species, with one case report26 of anaphylaxis 
to frog’s legs, which contain α-parvalbumin. Table 6.1 shows the clusters of fish and
shellfish reported to cross-react with each other.

6.3.2 Crustaceans and molluscs

Crustaceans are a subphylum of Arthropoda (arthropods), a phylum which also
includes spiders, scorpions, cockroaches, mites, centipedes and insects. Crayfish,
crab, lobster and shrimp are all classified in the order Decapoda. Molluscs are all in
the phylum Mollusca, in which the classes Bivalvia (clams, mussels and oysters),
Cephalopoda (octopus and squid) and Gastropoda (snails) are the most relevant for
mollusc allergy. Crustaceans and molluscs share a common allergenic protein called
invertebrate tropomyosin.

The main allergen in shrimp was identified many years ago as Pen a 1, and studies
have shown it to be similar to other allergens in crab, lobster and crayfish – but 
also show IgE-binding to house-dust mite and cockroaches27. This high degree of
cross-reactivity is also more prevalent in patients who are atopic. Tanaka and 
colleagues showed that octopus and squid, and crab and shrimp, were the two main
cross-reacting clusters of shellfish23 (Table 6.1). Although most patients will be 
sensitised to the pan-allergen tropomyosin, some patients may be monosensitised to

Table 6.1 Cross-reactivity of fish and shellfish species.

Seafood Cross-reacting species

Cod Tuna, mackerel, herring, plaice, sole, bass, eel
Tuna Cod, trout, salmon
Salmon Sardine, mackerel, tuna
Mackerel Anchovy, cod, salmon, herring, sardine, plaice
Prawns Lobster, crab, crayfish
Mussels Octopus, squid
Shellfish Cockroach, house dust mite, snails
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a specific shrimp allergen28. Allergy to a crustacean species can be severe, with a
high risk of reactions between different crustaceans as well as between crustaceans
and molluscs. Allergy to molluscs is less common than to crustaceans, and cross-
reactivity between molluscs is not well established. Allergy to barnacles has also
been reported, although the allergen appears to be specific only for barnacles29.

Invertebrate tropomyosin is also found in airborne insect allergens such as 
those of cockroach and house-dust mite, and in the fish muscle parasite Anisakis,
although mammalian tropomyosins are non-allergenic27. Allergy to both molluscs
and crustaceans has been linked to reactions to house-dust mite and cockroaches,
with one study showing that five limpet-allergic individuals with asthma were 
sensitised to house-dust mite, and another showing that 28 individuals who devel-
oped asthmatic symptoms after the consumption of snails were all sensitised to
house-dust mite30.

The allergens involved in both fish and shellfish allergy are similar in that they are
highly cross-reactive, involve pan-allergens and can cause sensitisation or symptoms
through aerosolisation and inhalation31. These allergens can also cause occupa-
tional allergies such as asthma and dermatitis in workers exposed to crustaceans,
molluscs and bony fish32. However, fish and shellfish allergens differ when exposed
to heat. Fish allergens can be degraded on exposure to heat, meaning that some
patients reacting to salmon and tuna may safely consume canned varieties33. In 
contrast, allergens from crustaceans and molluscs remain potent allergens after
cooking. Shrimp allergenic activity has been detected in oil used to cook shrimp34,
and there have been reports of adults experiencing symptoms after the inhalation 
of vapours from cooking squid35. Although there is strong inter-species cross-
reactivity in both fish and crustacean allergy, there is no cross-reactivity between
crustaceans and vertebrate fish36.

6.4 Diagnosis

6.4.1 History

In common with other suspected food allergies, history is a crucial part of the 
diagnostic pathway for seafood allergy. Fish and shellfish are usually quite obvious
ingredients in a meal or snack, and therefore patients often present with symptoms
they already suspect are due to fish or shellfish, which they are often avoiding.

Seafood allergy usually manifests itself as immediate symptoms of an IgE-
mediated allergic nature. It is therefore helpful to go through the reaction in detail,
establishing the precise nature of symptoms, presence or absence of allergic symp-
toms such as itching, flushing, hives or urticarial rash, angio-oedema and whether
any more severe symptoms such as tracheal obstruction, vomiting, wheeze or
asthma, tachycardia or hypotension were noted. A study by Helbling and colleagues
showed that the commonest observed sign of a positive reaction to a fish challenge
was vomiting, and the most prevalent symptom itching of the mouth and throat24.
Seafood is often involved in the most severe food allergic reactions; crustaceans are
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reported to cause 10% of all cases of anaphylaxis to foods in France37 and seafood
8% of fatal anaphylaxis in the UK38.

Information on the type of fish or seafood eaten is important, as is knowledge of
whether anyone else also experienced symptoms. Given the globalisation of food
markets and possibilities of sensitisation to foods during trips abroad, it will be
important to consider other fish species, and it may be difficult to confirm suspicions
about an unfamiliar seafood item as skin prick or serum IgE-specific tests may not
be available. Furthermore, the food may not always be obvious. Some people who
may not routinely eat seafood may have occupational exposure to seafood in a
kitchen or processing plant, or may be exposed to cross-reacting allergens found in
fish gelatine. Others may be able to consume cooked fish, but react to sushi
(Japanese raw fish dishes); oral allergy syndrome has been reported in a sushi bar
worker who probably became sensitised through handling raw fish39.

6.4.2 Differential diagnoses

A differential diagnosis is a very important consideration in suspected seafood
allergy. There may be components in the seafood that can cause true IgE-mediated
reactions. Some people may have reactions to fish but are actually sensitised to
nematode worms such as Anisakis which are present in the fish, and may affect
workers in a fish processing plant40 or sushi bar41. Exposure to live fish bait has been
reported to cause allergies in some people, and symptoms after eating chickens fed
with fishmeal have also been reported, although these were thought to be symptoms
to the Anisakis simplex nematode worm contaminating the fishmeal, rather than to
the fishmeal itself42,43. It has also been reported that some people may develop an
allergy to fish roe without concomitant fish allergy44.

However, the commonest differential diagnosis is seafood poisoning, including
reactions to natural toxins; the gastroenteritis and systemic symptoms caused by
bacterial toxins can easily be confused with food allergy45. Fish poisoning can be
generally divided into two categories: scombroid poisoning, where the toxin is not
present in the live fish but produced in the flesh of caught fish, and ciguatera poison-
ing, where the toxin is present in the live fish46. Five types of shellfish toxins have
been identified, although paralytic shellfish poisoning is the best known and causes
the most severe symptoms.

Scombroid poisoning is possibly the most easily confused with fish allergy, due 
to the typical symptoms it causes of flushing, sweating, urticaria, gastrointestinal
symptoms, palpitations and in severe cases bronchospasm47. Marine bacteria decar-
boxylate the histidine which is present in certain species of fish, both scombroid
(tuna, mackerel, skipjack and bonito) and non-scombroid (herring, sardines, marlin
and anchovies), and this increases the histamine content of these fish48. The fish 
may look and smell normal, and histamine is resistant to heat, so cooking or 
canning such fish will not remove the histamine49. Symptoms usually begin within
one hour of eating the fish and can be mistaken at their most severe for ana-
phylaxis. Proper handling and refrigeration of fish can prevent the build-up of 
histamine.
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6.4.3 Estimation of specific IgE using skin prick tests and 
serum analysis

In addition to taking a history it is very important, given the likelihood of a differen-
tial diagnosis, to undertake some specific IgE estimation to ascertain the presence or
absence of IgE antibodies to suspected seafood allergens.

There is a wide range of seafood allergens available in both skin prick test 
solutions and CAP-RAST FEIA tests. However, in contrast with other common
allergens such as milk, egg and peanut, very little work has been carried out on the
validation of specific IgE estimation for fish or crustaceans. For skin prick tests, 
several studies have suggested that the predictive accuracy of a positive skin prick
test to fish was 84%, and 78% for specific IgE21,33. Sampson suggests that a 
specific IgE level for fish of 20 kUA/L has a 95% positive predictive value (PPV) 
for the presence of fish allergy in someone reporting symptoms to fish, with 
100% specificity50. He also showed that even a low level of 3 kUA/L specific IgE
antibody to fish was sufficient to have a 90% specificity, although the PPV in this
case was only 56%.

This work suggests that skin prick and serum estimations of specific IgE for fish
are very useful in making a diagnosis of fish allergy. For shellfish, despite the
absence of any studies, it can be surmised that since the tropomyosin allergens are
very robust the allergens are likely not to have been affected by heat treatments. As
with fruits and vegetables, it is possible to use fresh seafood for skin prick testing,
although there have been no studies examining the potential consequences of
increased histamine levels in fish affecting the results. However, one study has
looked at the effectiveness of raw and boiled extracts of shrimp, showing that the
boiled extracts were more effective than the raw extracts51. Therefore reagents are
likely to be the best choice for skin prick testing, although, given the known
specificity of some shrimp allergens, negative test results for prawn, in the face of a
good clinical history of reactions to prawns, need to be interpreted with caution and
possibly confirmed with cooked fresh prawns and/or oral food challenge.

It may also be useful to establish whether the patient has any other allergies. A
study in 2002 showed that in young adults there was a relationship between nasal
allergy and shrimp allergy which may be a reflection of the cross-reaction between
house-dust mite and crustaceans52. Skin prick test or specific IgE estimation of
house-dust mite might therefore be very useful in the diagnostic process. One study
looking at shellfish allergy found that 90% of subjects with suspected shellfish
allergy had a positive skin test to house-dust mites53.

6.4.4 Oral food challenge (see also Chapter 3)

The presence of specific IgE antibodies to seafood, as evidenced by positive SPT or
positive CAP-RAST FEIA test, are usually sufficient to make a diagnosis. However,
due to the often very severe reported symptoms, and the possibility of a differential
diagnosis, a negative specific IgE screen needs confirmation by an oral food chal-
lenge, prior to advising the patient to reintroduce seafood into his or her diet.
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European guidelines recommend that all oral food challenges be carried out by
qualified personnel and with access to equipment for resuscitation54. This is espe-
cially important for seafood allergy, due to the often severe symptoms elicited.
However, the symptom type usually means that it is only necessary to perform an
open challenge with fish or shellfish, as it is suggested this is sufficient when dealing
with suspected IgE-mediated acute reactions manifesting with objective signs and
the expectation of a negative outcome.

Seafood allergens are generally very stable, which means that whether given in
open form or processed in order to blind the allergen, the resulting challenge will 
be a reliable test of the patient’s tolerance to seafood. The European guidelines pro-
pose starting doses for oral challenge to seafood of 5 mg for both cod and shrimp,
although another consensus protocol for low-dose oral food challenge recommends
starting at 10 µg of the allergenic food55. Challenge guidelines56 recommend that up
to the equivalent of a normal portion should be consumed without a reaction before
the challenge can be said to be negative; for seafood a normal portion is suggested to
be 60–80 g (2–3 oz). Should it be necessary to undertake a blinded challenge, the
same dosages of seafood are recommended. For blinding, some recommend that the
test fish is added to a fish patty or burger contain a fish known to be tolerated, and
others recommend adding fish or seafood to a meat burger56,57.

6.5 Avoidance

Once the diagnosis has been made, then advice will need to be given on avoidance.
On the face of it this may appear to be relatively simple, but there are a number 
of food products that may contain seafood or seafood derivatives which may need
to be taken into account. Fish, crustaceans and molluscs are all required by EU
labelling laws to be declared on all products to which they have been deliberately
added, however small the amount. This makes them much easier to spot, especially
in products which are not an obvious source; for example, both Worcestershire
sauce and Patum Peperium (Gentleman’s Relish) may contain anchovies. However,
some sources of fish in foods are not required to be labelled as they are considered to
be a very low risk for allergic reactions. These exemptions include fish gelatine used
as a carrier for vitamins/flavours, or in alcohol production, where it is added to fine
the wine or beer and may be called isinglass.

6.5.1 Fish

A confirmed allergy to one fish species may not mean that the sufferer will react 
to other fish species. However, the evidence suggests that it would be unsafe to
advise consumption of fish not known to cause a reaction, without first undertaking
further tests of specific IgE estimation and possibly oral food challenges. Many
patients may have already evaluated other fish species and found that they can be
consumed with safety, and given the labile nature of some fish allergens, it may be
possible for canned tuna and salmon to be eaten. But raw wet fish are liable to cross-
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contamination, and therefore people with a fish allergy should avoid purchasing
fresh fish from a mixed fish stall, even though they may be safe eating some varieties.
Should they be allergic only to fish, given the lack of cross-reactivity between fish
and crustaceans, such patients could be advised to eat crustaceans, but again they
will need to be careful of cross-contamination, either from a wet fish stall or in a
restaurant kitchen. Fish-oil capsules may not be advisable for some who are highly
sensitive to small amounts of fish, as some fish protein could be present, and they
should be advised to find other sources of omega-3 fat supplementation such as 
linseed (flax seed) or algae oil58.

6.5.2 Crustaceans and molluscs

Due to the high likelihood of inter-species cross-reactivity, an allergy to one crus-
tacean usually requires avoidance of all crustaceans. There may be no need to avoid
molluscs, but again cross-contamination is an issue. Should someone with a known
allergy to crustaceans wish to consume molluscs, it is advisable that the individual
specific IgE level of the desired molluscs be undertaken first to just ensure no cross-
reactivity exists, and then consumption advised with extreme caution. Due to the
robust nature of crustacean allergens and the fact that they may be present in cook-
ing vapours, it is extremely important that someone with a prawn allergy does not
eat in a restaurant where prawns may be cooked in the same pan as other dishes, or
in a restaurant where food is cooked on display in communal woks.

For both fish and shellfish allergy, it is very important that the allergy has been
confirmed as being due to fish or shellfish. If this has not been done, there is the
potential for continued exposure to the actual food causing the problem. For a list
of foods likely to contain seafood see Table 6.2.
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7.1 Introduction

Allergy to fruits and vegetables either involves a primary sensitisation to an allergen
in the plant food, usually one which is stable to heat and digestion, or it is a sec-
ondary reaction caused by a cross-reaction between a plant food allergen and an
antibody to pollen or latex. The first type of allergy may be mediated by a group of
allergens known collectively as non-specific lipid transfer proteins (nsLTPs), which
have been sequenced in a wide range of plant foods, although it can also involve
other allergens. The sensitisation will occur in the gastrointestinal tract and the
symptoms can be as severe as those involved in other primary food allergies1. This
type of plant food allergy is much less common, however, than the second type,
caused by cross-reacting allergen epitopes. This type of reaction falls into a group of
conditions known collectively as oral allergy syndrome (OAS).

OAS is an IgE-mediated food hypersensitivity which has been defined as ‘a com-
plex of symptoms induced by exposure of the oral and pharyngeal mucosa to food
allergens’2. Although any reaction triggered by mucosal exposure to food of either
plant or animal origin can be classified as OAS, the term is most closely associated
with symptoms caused by cross-reactions between pollens and plant foods3. The
pollens involved are most commonly tree pollens, especially birch trees, but grass
and weed pollens including mugwort and ragweed also cross-react with foods to
cause OAS. Other plant-derived allergens such as latex also cross-react with plant
food allergens and the latex–food cross-reaction is the other main cause of OAS.
Most of the research information on fruit and vegetable allergy and OAS comes
from continental Europe rather than the UK, where the prevalence of these allergies
and the main foods involved are not well characterised.

7.2 Prevalence and natural history

Fruit and vegetables have become an increasingly common cause of both primary
and cross-reactive food allergic symptoms in all ages. In early prevalence studies,
common food allergens cited would rarely include fruits or vegetables. Eriksson’s
classic study in 1982, however, showed that they were a common cause of food
allergic reactions, particularly in those who were also sensitised and/or symp-
tomatic to birch pollen4. A large pan-European study showed that, of those foods
reported to cause symptoms, fruit and vegetables were in the top four (together 
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with milk and egg), with 29.5% of reported reactions being to fruits and 13.5% to
vegetables5.

The type of foods reported to cause reactions may vary considerably from 
country to country. A study of food allergy prevalence in Germany showed, through
skin prick test confirmation of reported symptoms in 800 people, that 21% had a
confirmed allergy to apple, 19.3% to raw potato, 13.9% to carrot and 13.6% to
celery6. In a five-country study7 (Russia, Estonia, Lithuania, Sweden and Denmark),
self-reported food hypersensitivity to apple was the second most common cause of
reported food hypersensitivity, but that varied from 56% of the cohort in Sweden to
25% of the cohort in Lithuania. Similarly, strawberry hypersensitivity was reported
in 43% of Russians, but only 21% of Lithuanians.

The specificity of fruits and vegetables to different countries is well illustrated by
the example of peach allergy being the most common form of allergy to fresh fruits
in Spain8, carrot allergy affecting up to 25% of food-allergic subjects in central
Europe9, and Swiss and French subjects being commonly sensitised to celery10, which
can lead to severe reactions on exposure including anaphylaxis. Some fruits and
vegetables are becoming increasingly reported as causing reactions, due to rising
consumption: for example, kiwi fruit allergy appears to be growing in frequency11,12.

The rates of allergic reactions to fruits and vegetables varies according to age,
with children being overall less likely to react, possibly because the reactions are
often associated with pollen sensitisation. Although it is suggested that adults are
more likely to have allergies to shellfish, peanuts, tree nuts and fish, allergy to fruits
and vegetables is also thought to be highly prevalent at 5%13. A study of Portuguese
adults showed fruits to be the most common food to cause reported symptoms14.

A study by Osterballe and colleagues showed the prevalence of allergy to fruit and
vegetables was 3.2% of the adult cohort of an unselected population, compared 
to 1.0% in children older than 3 years15. This prevalence rate is similar to that
reported by Vierk and colleagues, who found that 2.8% of their adult cohort
reported reactions to fruits and vegetables, although the prevalence rate fell to 1.6%
for those who had a doctor-diagnosed allergy to those foods16.

The dominance of fruit and vegetable allergies in adults is supported by two 
studies from the Isle of Wight. The first, on a birth cohort, showed that at the age 
of 3 years the main foods reported to cause reactions did include some fruits and
vegetables such as potatoes and tomatoes, but mainly involved milk, egg, peanut
and cereals such as wheat and corn17. A second study on school-aged children
showed the commonest foods reported to cause reactions to be milk, additives, eggs,
peanuts, tree nuts, wheat, fish and shellfish, although banana, kiwi, tomatoes and
green beans were also reported to cause reactions18.

Nuts, fruit and milk were the commonest foods cited to cause adverse effects in
adults in another study by Schäfer and colleagues19, frequently with concomitant
sensitisation to aeroallergens, which supports the assertion that food allergy in adults
is associated with other atopic conditions. The commonest manifestation of OAS
involves cross-reacting homologues to allergens from the silver birch tree (Betula
pendula, also known by the synonym Betula verrucosa). It has been suggested that
more than 50% of birch-pollen-allergic patients could have OAS, with one estimate
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placing the figure as high as 93%20 –22. A UK survey found the prevalence of con-
firmed allergic rhinitis or hay fever to be of the order of 26%23, and it is thought that
approximately 20–25% of those with allergic rhinitis are affected by birch pollen24,25,
giving a theoretical prevalence of 5–7% of UK subjects with birch pollen allergy.
Veiths et al. have suggested that the estimated prevalence of pollen–food syndrome
(PFS) is 1% of the population22; however, if 5–7% of the UK population have birch-
pollen allergy, and upwards of 50% of these have PFS, then a PFS prevalence of
3–5% may be more likely.

In terms of the natural history, it is unknown whether fruit or vegetable allergies
resolve over time. Those associated with pollen sensitivity and OAS have anecdot-
ally been reported to resolve, which may be linked to the changing sensitisations 
to aeroallergens.

7.3 Foods involved

For both primary sensitisation and OAS, it is the actual structure of the plant food
allergens that plays the most important part in determining which foods are more
likely to cause problems. Unlike some other food allergies, it is quite common for
people to report an allergy to more than one fruit or vegetable, which again is due 
to the epitope structure and the highly cross-reactive nature of fruit and vegetable
allergens. So, although botanical relationships are still relevant, it is the allergen
type that will determine, for example, whether apple will cause mild OAS symptoms
or more severe systemic symptoms associated with a primary fruit allergy.

The botanical classification of plant foods is shown in Table 7.1; however, 
many plant foods from unrelated botanical families have very similar homologous
allergens. Breiteneder and Radauder26,27 showed that plant food allergens could be
classified as belonging to one of several superfamilies (Tables 7.2 and 7.3). Some
foods, such as peanut, have major and minor allergens in all of these superfamilies.
The cupin superfamily contains some of the major allergens in legumes, tree nuts
and seeds, often involved in primary food allergy but not in pollen–food cross-
reactivity such as OAS. The prolamin superfamily includes cereal prolamins, seed
storage proteins and nsLTPs, the last of which are resistant to proteolysis, pH change
and thermal treatments.

The main allergens involved in OAS are found in the plant defence system and
profilin families. The plant defence system contains the pathogenesis-related (PR)
proteins, defined as plant proteins induced in response to infections by pathogens
such as fungi, bacteria and viruses, or due to adverse environmental conditions26.
PR proteins are divided into groups, several of which, PR2, PR3, PR5 and PR10, are
involved in IgE-mediated food allergy reactions. PR5 proteins or thaumatin-like
proteins (TLPs) are heat-stable and present in many pollens and plant foods. They
may be major allergens in some cases of primary food hypersensitivity to fruits and
vegetables. In OAS, however, the most significant group is the PR10 proteins or Bet
v 1 homologues20. Profilins are the other plant food family of allergens to be
involved in OAS. Profilins are small proteins found in all eukaryotic cells, and there
is 70–85% similarity between different species29.
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Table 7.1 Botanical classification of fruits and vegetables (adapted from Vaughan and
Geissler28).

Family Fruits, vegetables and nuts

Actinidiaceae Kiwi

Adoxaceae Elderberry

Alliaceae (lily) Onions, chives, shallots, leeks, garlic

Anacardiaceae Mango, cashew nut, pistachio nut

Apiaceae Carrot, celery, dill, parsley, coriander, fennel, aniseed, caraway,
coriander, cumin, dill, angelica, celeriac, parsnip, chervil

Arecaceae Betal nut, dates, coconut, palm hearts, sago

Asparagaceae Asparagus

Asteraceae Lettuce, endive, chicory, artichoke, guava, tarragon, sunflower, 
(Compositae) chamomile, Jerusalem artichoke

Brassicaceae Cabbage, turnip, black and white mustard seed, rape seed, horse-
(Cruciferae) radish, watercress, mustard cress, rocket, pak choi, kale, Brussels

sprout, cauliflower, broccoli, kohlrabi, radish, swede

Bromeliaceae Pineapple

Capparaceae Capers

Chenopodiaceae Spinach, seakale or chard, beetroot
(goosefoot)

Convolvulaceae Sweet potato, yam

Corylaceae Hazel nuts (filbert nuts, cob nuts)
(Betulaceae)

Cucurbitaceae Melon, cucumber, pumpkin, watermelon, courgette, marrow, squash

Cyperaceae Chinese water chestnut

Ericaceae Bilberry, blueberry, cranberry

Fabaceae Peanut, soya, pigeon pea, Goa bean, runner bean, French bean, haricot 
(Leguminosae) bean, butter bean, lima bean, chickpea, mung bean, fava bean, pea,

lentil, tamarind, guar gum, fenugreek, liquorice, gum arabic

Fagaceae Chestnut

Grossulariaceae Blackcurrants, redcurrants, gooseberries

Iridaceae Saffron

Junglandaceae Walnut, pecan nut

Lamiaceae Peppermint, spearmint, sage, oregano, marjoram, thyme, rosemary, 
(Labiatae) basil, lemon balm

Lauraceae Avocado, bay leaves, cinnamon

Lecythidaceae Brazil nut

Malvaceae Okra

Moraceae Fig, mulberry, breadfruit

Musaceae Banana, plantain
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Myrtaceae Cloves

Oleaceae Olive

Orchidaceae Vanilla

Pedaliaceae Sesame

Pinaceae Pine nut

Piperaceae White and black peppercorns

Polygonaceae Rhubarb, buckwheat

Proteaceae Macadamia nut

Punicaceae Pomegranate

Rosaceae Apple, pear, strawberry, cherry, apricot, peach, plum, nectarine,
almond, quince, sloe, damson, greengage, loquat, raspberry,
blackberry, loganberry, boysenberry, dewberry, cloudberry

Rutaceae Orange, lemon, grapefruit, tangerine, kumquat, clementine, ugil

Sapindaceae Ackee, lychee

Solanaceae Tomato, aubergine, potato, sweet pepper, chilli pepper, cayenne pepper

Vitaceae Grape

Zingiberaceae Ginger, cardamom, turmeric

Table 7.1 (cont’d)

Family Fruits, vegetables and nuts

7.3.1 Primary food allergy

Primary food allergy involving fruits and vegetables is caused by sensitisation to an
allergen that is not affected by proteolysis, such as nsLTP or TLP. Although the clin-
ical relevance of TLP has yet to be well established, several allergenic TLPs from
fruits have been described, including cherry, pepper, kiwi, grape and apples, with
Mal d 2, the TLP found in apples, reported to induce symptoms in apple-allergic
individuals30. There have been considerably more nsLTP allergens identified as
being causative of food-allergic reactions to a variety of plant foods including
apples, peaches, pears, apricots, cherries, grapes, strawberries, oranges, tomatoes
and lettuce. Sensitisation to nsLTPs is much more common in southern Europe,
where there is little birch-pollen sensitisation; Salcedo and colleagues showed that
only 3% of German patients but 100% of Italian patients are sensitised to nsLTPs31,
making them the most likely cause of an allergy to fruits and vegetables in the
absence of pollen sensitisation. It has been shown that those people sensitised to
peach nsLTP are more likely to have clinical cross-reactivity to other foods contain-
ing nsLTP32.

Apples are one of the commonest fruits eaten in Europe and the commonest
reported cause of fruit allergy in Europe, except Spain, where peach allergy is more
prevalent. A large pan-European study of apple allergy33 showed that in Spain apple
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Table 7.3 Plant food superfamilies: prolamins, plant defence system and profilins. Main
allergens in nuts and seeds (adapted from references22,26,27, and from www.allergen.org and
and www.allergome.com).

Food Prolamins Plant defence system Profilins

nsLTP Other PR PR10/Bet v 1 
proteins homologues

Peanut Ara h 9 Ara h 8 Ara h 5
Soya Gly m 4 Gly m 3
Hazelnut Cor a 8 Cor a 1 Cor a 2
Almond Pru du 8 Pru du 4
Walnut Jug r 3
Chestnut Cas s 8 Cas s 5
Avocado Pers a 1
Apple Mal d 3 Mal d 2 Mal d 1 Mal d 4
Pear Pyr c 3 Pyr c 1 Pyr c 4
Peach Pru p 3 Pru p 1 Pru p 4
Plum Pru d 3 Pru d 4
Apricot Pru ar 3 Pru ar 1
Cherry Pru av 3 Pru av 2 Pru av 1 Pru av 4
Strawberry Fra a 3 Fra a 1 Fra a 4
Orange Cit s 3 Cit s 2
Kiwi Act d 1, Act d 2 Act d 8
Melon Cuc m 3, Cuc m 1 Cuc m 2
Pineapple Ana c 1
Lychee Lit c 1
Banana Ba 1, Ba 2 Mus x p 1
Grape Vit v 1
Tomato Lyc e 3 Lyc e 1
Celery Api g 1 Api g 4
Carrot Carrot LTP Dau c 1 Dau c 4
Pepper Cap a 1 Cap a 2
Lettuce Lac s 1
Barley Barley Hor v 12

nsLTP 1 & 2
Wheat Wheat 

nsLTP 1 & 2
Maize Zea m 14 Zea m 12

Table 7.2 Plant food superfamilies: cupins and 2S-albumins. Main allergens in nuts and seeds
(adapted from references22,26,27, and from www.allergen.org and and www.allergome.com).

Food Cupins Prolamins

Vicilins Legumins 2S-albumins

Peanut Ara h 1 Ara h 3, Ara h 4 Ara h 2, Ara h 6, Ara h 7
Soya Gly m BD Glycinin G1
Hazelnut Cor a 11 Cor a 9
Almond Pru du 2S-albumin
Walnut Jug r 2 Jug r 1
Brazil nut Ber e 2 Ber e 1
Cashew nut Ana o 1 Ana o 2 Ana o 3
Pistachio nut Pis v 2 Pis v 1
Sesame seed Ses i 3 Ses i 6, Ses i 7 Ses i 1, Ses i 2
Oriental mustard Bra j 1
Yellow mustard Sin a 1
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allergy is associated with severe systemic reactions, with sufferers sensitised to the
nsLTP in apples, Mal d 3. The authors suggest that apple allergy in Spain is a result
of primary sensitisation to the peach nsLTP allergen Pru p 3, and is more likely to be
systemic as Mal d 3 and Pru p 3 behave as class 1 food allergens, being resistant to
proteolytic attack in the digestive tract (see Chapter 4).

Apart from apples and peaches, other fruits associated with primary fruit allergy
include grapes and kiwi fruit. Grapes contain an nsLTP and have been reported34 as
being causative of reactions not only to grapes but also to raisins, grape juice, wine
vinegar and wine. However, although it is known that sensitisation and clinical
reactions to nsLTPs are more likely in Mediterranean countries, anaphylaxis to grapes
has also been reported in Germany35. Kiwi is also an increasing cause of primary
food allergy, and although it is reported to cause mild symptoms in adult patients
with OAS, studies suggest it is capable of causing severe reactions, especially in
young children and in adults who are not pollen-sensitised11,12. The allergen in kiwi
thought to cause most of the reactions (Act d 1) is apparently not so important in
UK subjects with kiwi allergy, illustrating once again that allergen sensitisation may
vary between population groups36. With regard to other fruits, there have been case
reports of severe reactions including anaphylaxis to banana, lychee, logan fruit,
mandarin, blueberry and mango.

Vegetable allergy is well recognised in some parts of Europe; celery and carrots
are reported to be common causes of food hypersensitivity reactions in Europe,
often in association with pollen sensitisation and OAS9,10. However, celery can
cause severe systemic reactions; in France, 30% of a cohort of 580 subjects thought
their severe anaphylactic reactions were due to celery consumption37. The reason
for this may be that celery root still retains its allergenicity even after extended 
heat treatment, and celery spice is allergenic for patients with an allergy to raw 
celery38. Clinical allergy to other vegetables is less well reported, although allergy 
to lettuce39 and cabbage40 have been reported to involve lipid transfer proteins.
Allergy to cooked potato has been reported only in children and can cause severe
reactions, with anaphylaxis in some cases41. Other vegetables which have been
reported to cause anaphylaxis in isolated cases include courgette, coriander, garlic
and aubergine.

7.3.2 Oral allergy syndrome (OAS)

In sensitised individuals, cross-reactions between pollens and foods, latex and
foods, mites and foods or food and food can result in an instant allergic reaction
taking place in the oral mucosa. These reactions are all manifestations of oral
allergy syndrome (OAS), and they most commonly involve fruits, vegetables and
nuts. OAS involving pollens cross-reacting to foods is very common, and several
authors have suggested that the term pollen–food syndrome (PFS) should be used to
describe OAS symptoms related to pollen cross-reactivity42,43.
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Pollen–food syndrome (PFS)

PFS is the type of food allergy often referred to as a class 2 food allergy, and it is the
predominant food allergy of adulthood42,44,45. Those who suffer from PFS have a
primary sensitisation to a pollen allergen due to exposure via the lungs, and their
symptoms on eating plant foods are due to a wide variety of plant food allergens
having very similar (homologous) epitopes to those of pollen allergens. These food
allergens are usually from the PR or profilin families of plant food allergens, being
generally heat-sensitive and susceptible to digestion by proteases, making them
unlikely to elicit primary food allergy46. However, although they cannot stimulate
the formation of food-specific IgE antibodies, these food allergens have sufficiently
similar epitopes to allow them to bind to pollen-specific IgE antibodies on mast
cells, triggering the release of histamine and causing the classic symptoms of 
PFS47.

The commonest manifestation of PFS involves foods which cross-react to 
birch-pollen allergens. It has been suggested that more than 50% of birch-pollen-
allergic patients could have PFS, with one estimate placing the figure as high as
93%3,21,22,28. Other pollens, such as ragweed, mugwort and grass, also cross-react
with food48 (Table 7.4). Generally grass and weed pollens are less common causes
of PFS than birch, although food-allergic patients are often sensitised to these 
pollens; Mortz et al. showed that 96% of peanut-sensitised individuals had con-
comitant reactions to grass pollen49. There are no reports of the prevalence of PFS in
people sensitised to tree pollens other than birch, although associations between
plane tree pollenosis and food allergy, and cypress allergy and peach, have been
reported22,50 –52. The prevalence of PFS is influenced by the different pollens and
dietary habits which predominate in a given geographical area, and it can change
over time42,53.

Whatever pollen is involved, the cross-reacting allergens in PFS are all found in
fruits, vegetables and nuts. The main allergens involved in PFS are PR proteins and
profilins (Table 7.3). For PFS, the most significant group is the PR10 proteins, as
many of these are homologous to the main birch pollen allergen Bet v 1. About 90%

Table 7.4 Foods which can cross-react to different types of pollen and latex22,51,54.

Birch pollen Apple, pear, cherry, peach, nectarine, apricot, plum, kiwi, hazelnut, other 
nuts, almond, celery, carrot, potato

Birch/mugwort Celery, carrot, spices, sunflower seed, honey

Grass Melon, watermelon, orange, tomato, potato, peanut, Swiss chard

Ragweed Watermelon and other melon, banana, courgette, cucumber

Plane Hazelnut, peach, apple, melon, kiwi, peanuts, maize, chickpea, lettuce, 
green beans

Latex Avocado, chestnut, banana, passion fruit, kiwi fruit, papaya, mango, 
tomato, pepper, potato, celery
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of birch-pollen-allergic subjects have specific IgE antibodies against Bet v 1, and this
allergen shares 35–60% amino acid sequence identity with PR10 proteins26,55,56.
Bet v 1 homologues mainly cause reactions in the oral mucosa, and heat-treated
foods do not cause symptoms in Bet-v-1-allergic patients due to the cross-reacting
allergen’s susceptibility to heat and proteolysis. Studies suggest that between 59%
and 96% of allergy to apple, stone fruits, kiwi, celery, carrot, pear, cherry and
hazelnut in birch-sensitised subjects is due to cross-reactivity between Bet v 1 and its
homologues22,28.

Profilins are the other plant food family of allergens to be involved in PFS.
Although 70% or more of the symptoms in PFS can be attributed to Bet v 1 homo-
logues, profilin cross-reactivity plays a role in about 20% of sufferers, with profilin-
specific IgE detected in 10–30% of those with pollen-related food allergy26,29. The
other main birch-pollen allergen, Bet v 2, is a profilin, and profilins are also found in
other trees, grasses, weeds, latex and foods. Bet v 2 cross-reacts with the profilin 
in celery, the major allergen in melon is a profilin, and it has been suggested that
profilins could be responsible for allergies to tomatoes, melon, citrus fruits and
bananas42,57,58. PFS affecting mugwort- and/or grass-pollen-sensitised individuals
may be mediated by profilins. This has been confirmed in Spanish patients with
peach and apple sensitivity, and in ragweed-free areas melon and watermelon are
associated with patients who have grass-pollen allergy59,60.

Several prevalence studies have indicated that the commonest foods to elicit
symptoms in PFS are apple, peach, tree nuts, peanut and carrot (Table 7.5)4,61,62.
The Rosaceae family (apples, pears, stone fruits, strawberries), kiwi fruit and tree
nuts are probably the commonest foods to elicit PFS, but the Apiaceae (carrots, 
celery, herbs and spices), the Fabaceae (peanuts, soya, bean sprouts) and the

Table 7.5 Foods which most commonly cause OAS.

Sweden (questionnaire 
to 600 subjects, 380 with 
birch-pollen allergy4)

Hazelnut
Apple
Peach
Cherry
Almond
Walnut
Pear
Carrot
Plum
Potato peel
Brazil nut
Peanut
Almond
Apricot
Coconut

Switzerland (383
case histories61)

Hazelnut
Celery
Apple
Carrot
Peanut
Almond
Peach
Soybean

Italy (100 subjects
with history of OAS60)

Apple
Hazelnut
Peanut
Walnut
Peach
Fennel
Orange
Tomato
Pear
Cherry
Carrot
Pea
Potato
Melon
Banana
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Solanaceae (potatoes, peppers and tomatoes) families can all be involved (Table
7.4). Homologues of Bet v 1 and Bet v 2 are found in spices of the Apiaceae family63.
There are both Bet v 1 homologues and profilin in carrots, which can affect pollen-
sensitised individuals; carrot allergy is associated with sensitisation to celery, spices,
mugwort and birch pollen9. Data from France showed that food allergy to spices
was not common; the spices reported included coriander, caraway, fennel, garlic
and onion64. The authors suggest that patients at risk of spice allergy are young
adults sensitised to mugwort and birch allergens, There have also been case reports
of severe reactions to dill and coriander65,66 (see also Chapter 10).

Peanut allergy is traditionally associated with the main allergens Ara h 1, Ara h 2
and Ara h 3, but there is also a profilin (Ara h 5) which has been shown to be the
cause of mild OAS symptoms in monosensitised peanut-allergic individuals, and a
Bet v 1 homologue which could also be responsible for OAS symptoms67,68. It has
been suggested that hazelnut allergy is usually associated with birch or hazel pollen
allergy, probably due to one of the main hazelnut allergens, Cor a 1, being a PR10
protein homologous to Bet v 169. The potato allergen Sol t 1 is heat-labile but can
cause contact urticaria in sensitised individuals, with a pollen allergy, when peeling
potatoes.

The work on apple allergy in Europe sums up the differences between primary
food allergy and PFS very nicely33. This published work suggests that people in the
Netherlands, Austria and most of Italy have mild reactions to apple, responding 
to Mal d 1, a Bet v 1 homologue, whereas subjects from Spain showed severe 
systemic symptoms to apple, correlated with a response to Mal d 3, an nsLTP, but
also to Pru p3, an nsLTP in peach. The conclusion is that apple allergy in Spain is a
result of primary sensitisation to peach and is more likely to be systemic, whereas
apple allergy in northern Europe is predominately mild, probably due to the pre-
sence of large numbers of birch trees sensitising the population to Bet v 1 via the
inhaled route.

Latex–food syndrome (LFS)

Allergy to natural latex rubber (Hevea brasiliensis) is widespread, and high in 
certain risk groups such as healthcare workers. There are 13 main latex allergens
but only five are considered to be the major allergens: Hev b 1 (rubber elongation
factor), Hev b 2 (β1,3-glucanase), Hev b 5, Hev b 6.01 and 6.02 (hevein precursor
and hevein) and Hev b 13 (early nodule-specific protein)70. These allergens cover 
the spectrum of allergens and include profilins, nsLTPs and PR allergens. This
means they have potential cross-reactivity with a wide range of foods. It is thought
that about 30–50% of those allergic to natural latex rubber will have associated
hypersensitivity reactions to plant foods, and Wagner et al. suggest that a pre-
existing fruit allergy could represent an additional risk factor for the development of
a latex allergy54. Hev b 6.02 shows sequence identity with several class 1 chitinases
(PR3 proteins) such as Pers a 1 (avocado), Ba1 and Ba2 (bananas) and Cas s 5
(chestnut). Hev b 7 (patatin-like protein) has 50% similarity to the potato allergen
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patatin (Sola t 1), and may also cross-react to an allergen in tomatoes71. Hev b 8
(profilin) has been linked to cross-reactivity with celery, banana, pineapple and 
pepper, and most recently to chestnut. Hev b 11 (class 1 chitinase) is associated 
with cross-reactivity to avocado71. Cassava, turnip and courgette have also been
linked to cross-reactivity to latex72,73 (Table 7.4).

Moulds, yeast and mushrooms

There are some case reports of anaphylaxis to white button mushrooms74 and other
mushrooms, especially shitake mushrooms, inducing allergic asthma75, contact 
dermatitis76, eosinophilia and gastrointestinal symptoms77. However, it has also
been reported that reactions to mushrooms appear as a type of oral allergy syn-
drome78,79, symptoms being related to concomitant mould allergy. A review in
1988 concluded that the prevalence of mushroom allergy was probably about 1%
but could be much more common, due to large numbers of spores in August and
September80. Helbling et al. showed that 48 of a cohort of 1,207 people with respi-
ratory conditions had positive skin prick tests to mushroom81. Patients with oral
allergy syndrome to mushrooms have been sensitised to various moulds including
Alternaria, Cladosporium and Aspergillus; one patient had a clustered sensitisation
to fungi, including mushrooms, moulds and yeast extracts82. Ingested yeast allergy
is very rare.

7.4 Presenting symptoms and diagnosis

Patients reacting to fruits and vegetables can have varying degrees of clinical reactiv-
ity to foods. Primary food allergy to fruits and vegetables can manifest itself in
symptoms of varying degrees, ranging from mild urticaria to anaphylaxis, the onset
being occasionally rapid and usually within 15 minutes of eating, although it may
occur up to one hour after eating. The main difference between this and symptoms
in PFS is that the latter occur almost immediately, either on contact or up to five
minutes after eating, and usually resolve rapidly and spontaneously, although some
sufferers do report subsequent gastric or systemic symptoms3,83. A second highly
characteristic feature of PFS symptoms is that the symptoms are localised to the 
oro-pharynx and usually involve labial, pharyngeal, gingival and palatal pruritis,
often intense and sometimes accompanied by local angio-oedema, papulae, blisters
and most severely glottal oedema3,4,21. Latex–food cross-reactions may fall into
both categories.

The foods involved in both primary food allergy to fruits and vegetables and PFS
may also be similar, and so it is important to ask additional questions about
whether the foods elicit symptoms in both their raw and cooked state. Most foods
causing PFS do not cause reactions when cooked, although there is evidence that
they could provoke atopic dermatitis reactions in sensitised individuals even when
cooked or digested84,85. However, asking whether cooked apples provoke symptoms
could be the key question in deciding whether someone has an apple allergy or PFS
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involving apples. Since most of the nsLTP in apple (and probably other fruits) is
known to be in the skin of the fruit, asking whether people tolerate peeled apples 
is also helpful.

One of the difficulties in diagnosing PFS is that the measurement of specific IgE 
by using CAP-RAST FEIA and/or SPT using commercial reagents often does not
detect PFS involving fruits or vegetables, due to the labile nature of the class 2 
allergens involved. Asero and colleagues showed that those who were likely to have
reactivity to non-Rosaceae plants and to be sensitised to nsLTP were those who 
had a high level of specific IgE to peach32. Therefore cross-reactivity to botanically
unrelated plants is more likely in those with a high level of specific IgE to peach. 
It is for this reason that he proposes that if skin prick tests are performed using 
the prick-to-prick test (PPT) method with fresh foods, they should be followed by
SPT to commercial peach reagent to determine whether nsLTPs are involved58.
Reagents are much more useful for diagnosing primary food allergy, as the aller-
gens involved are heat-stable. But, given the variation in sensitisation to individual
allergens, and the possibility that the reagent may not contain all of the relevant
allergens, it is important to confirm a negative reagent test with a PPT using the
fresh food. Similarly, in vitro tests for specific IgE estimation will also be useful 
for primary allergy to fruits and vegetables, but variable in their accuracy in PFS
diagnosis.

Apart from taking a good clinical history, the best diagnostic test currently avail-
able for PFS is to undertake PPT using fresh fruits and vegetables in place of
reagents86. Like SPT, PPTs have a high sensitivity but low specificity, with overall
only a 50% positive predictive value, although the negative predictive value is more
than 90%87. However, this varies with different foods, and sensitivities of 97%,
92% and 89% to hazelnut, apple and melon respectively have been reported88.
Other studies have found that the fresh-food PPT has good sensitivity for carrot, 
celery, cherry, apple, tomato, orange and peach89. The main difficulty with any esti-
mation of specific IgE is that the high epitope homology between different plant
foods leads to false positive test results, and can mean that testing with standard
panels of foods could lead to positive results with no clinical relevance90,91. Figure 7.1
shows two patients who have undergone PPT with a panel of foods and pollens. The
results show that both are highly sensitised to apple and tree nuts, but only one has
reported reactions to those foods. This demonstrates the importance of distinguish-
ing between sensitisation and allergy to a food, and only testing to foods with
reported symptoms. Many birch-, grass- and latex-sensitised individuals will have
positive PPT to foods, but this does not mean they are allergic unless they report
symptoms to that food.

PPT can also be used with good effect to diagnose primary food allergy, although
if there are severe reactions reported then it may be more prudent to undertake
serum specific IgE measurements in the first instance. The difficulty with using 
PPT with fresh foods for diagnosis is a lack of standardisation of the material used
and the fact that different varieties of fruits elicit different levels of reaction. Until
recently this has been the only method available, but the sequencing of allergens has
now led to the development of purified allergen reagents (recombinant allergens). 
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It has been suggested that these single-allergen reagents will enable a component-
based diagnosis of OAS/PFS to be made; recombinant Bet v 1 and Bet v 2 allergens
can be used to assess likely sensitisation to Bet v 1 and Bet v 2 homologues2. At 
present, although there are a number of pollen, aeroallergen, nut and legume recom-
binants available, the numbers for fruits and vegetables are much lower, although
they do include Bet v 1 homologues for kiwi, celery, peach and apple, and the peach
nsLTP Pru p 3, which could be used as a marker of sensitisation to nsLTP in selected
patients.

When skin tests or IgE tests do not confirm the history, an oral food challenge is
the next step. Double-blind placebo-controlled food challenges (DBPCFC) using
fruits and vegetables are difficult to perform, as the materials are hard to disguise 
or find a matching placebo for. With some foods, the peel contains more allergen
than the pulp, and so peeling the fruit in order to disguise it can remove much of 
the allergen present92. European guidelines suggest that if PFS is suspected then it 
is acceptable to perform an open challenge93. Studies suggest that a good method 
for PFS is to undertake a labial challenge followed by asking patients to chew and

Figure 7.1 Do they both have oral allergy syndrome?
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disgorge a small piece of the raw fruit or vegetable with the peel for 30–60 sec-
onds10,88. Since PFS symptoms are usually immediate, a 15-minute wait period may
be sufficient in most cases to effect a diagnosis.

In addition to evaluating sensitivity to food allergens, it will also be useful to
establish the presence or absence of pollen and/or latex sensitisation using SPT.
Sensitisation to one or more pollens, especially a combination of birch, grass and
other trees, is strongly linked to the likelihood of the person having PFS94. If partic-
ular foods such as carrot or celery or spices are reported to cause symptoms, then
mugwort should also be tested. Although it is possible to ascertain the presence or
absence of hay-fever symptoms, linked to the reported food symptoms, not all sensi-
tised individuals will have clinical symptoms, and PFS symptoms to foods may
occur in people who do not have seasonal hay fever; therefore skin prick testing for
pollen allergens will be useful.

7.5 Management

For primary allergy to fruits and vegetables, sufferers need to be advised to avoid 
the food in all of its forms, raw, cooked, juiced, canned, dried and crystallised.
Although there may be some cross-reactivity between foods if the patient is sensit-
ised to nsLTP, most primary allergies to these foods will occur to the single food,
unlike OAS, where multiple foods could be reported to cause symptoms in people
with PFS or latex–food syndrome. Unfortunately there may be some misunder-
standing about how serious these allergies can be; people with severe systemic 
reactions to fruits or vegetables may be thought to be mistaken in their belief that a
particular food causes the reaction. People often assume only peanuts can precipit-
ate such severe responses. However, it is because of severe reported reactions that
celery is one of the allergens required by the EU to be labelled if it has been added to
a product. This is important, as celery spice may be used quite often and would be
difficult to detect otherwise.

The reactions in PFS can also be viewed as so mild that there is no need for 
the sufferer to avoid the food, and many will opt to continue to consume the 
food, despite the symptoms. A survey of North American allergy clinics showed 
that because of the perception that OAS is characterised by mild non-systemic
symptoms, practitioners may not advocate any avoidance of trigger foods43. Little 
is known about the development of tolerance or of increasingly severe reactions 
in those who do not avoid OAS-provoking foods. It is also still unknown 
whether the continued consumption of Bet v 1 homologues by someone with a 
diagnosed reaction to one particular Bet v 1 homologue will perpetuate sensitiv-
ity. There is speculation that symptom-free consumption of pollen-related food
allergens may have implications for the pollen-specific immune response of allergic
individuals46.

However, even for mild reactions, the current advice is to avoid the food which
precipitates symptoms, although advice with regard to tree nuts may need to be
given on an individual basis depending on reported symptoms, since some nuts
which cross-react with pollen still provoke symptoms even if cooked. However,
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patients are normally also advised that cooked or canned foods will not elicit symp-
toms, and many advocate peeling fruit and/or microwaving it for short periods, as
this will also reduce the allergen load92,95. Different varieties of fruits and vegetables
may affect people differently: for example, some apple types such as Granny Smith,
Cox’s Orange and Golden Delicious are more likely to cause a problem96. The peels
of different apples can also contain different amounts of nsLTP allergens, with one
study examining 10 apple varieties showing that Starking apples contained the most
protein and precipitated the largest SPT wheals in sensitised patients, while Royal
Gala appeared to be the least allergenic97. Storage of foods may also affect the
amount of allergen they contain. A study looking at apples showed that levels of
Mal d 1 increased during the storage of the fruit, suggesting that stored apples are
more likely to precipitate PFS reactions than those freshly picked98.

Although avoidance is currently the only option for treatment, several studies have
looked at whether immunotherapy with birch pollen will also reduce or eliminate
the reactions to cross-reacting foods. Results have been mixed, with immunotherapy
to birch pollen reported to give protection against the development of symptoms 
to apple, although this effect is often negated once immunotherapy is stopped, 
and other studies have not reported similar findings99–101. More recently it was
shown that successful sublingual immunotherapy (SLIT) with birch pollen did not
effectively reduce concomitant allergy to apple because the immune response to Mal
d 1 was not significantly altered. The authors concluded that combining pollen and
related food allergens in a vaccine may be the way forward102.

It is often supposed that for those with reported reactions to fruits or vegetables,
nutritional consequences due to avoidance are highly unlikely. However, it is
known that people experiencing PFS reactions may often remove all fruits and 
associated vegetables from their diets, in the mistaken belief that this is required.
There are also some people who are genuinely symptomatic on consuming a whole
range of raw fruits and vegetables. Such restrictions may lead to serious nutritional
deficiencies in isolated cases, with one case report of a male with OAS who was
found to be suffering from the clinical manifestation of scurvy due to a lengthy
avoidance of all fruits and vegetables in his diet103.
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8.1 Peanuts

8.1.1 Prevalence

Peanuts are one of the eight common foods known to cause up to 90% of all food
reactions1, and peanut allergy (PA) has become increasingly common in recent
years. Many studies have demonstrated that the prevalence of PA has doubled in the
last 10 years, and it is now estimated to be somewhere between 1.3% and 1.5%2–7.
The UK adult prevalence is estimated to be 0.5%2, whilst in children peanut allergy
is more prevalent, at 1 in 70 (1.4%)3. Two UK studies have corroborated a clinical
history with diagnostic testing, reporting an increase in peanut allergy prevalence 
in children from 0.5% to 1.5% between 1994 and 20003,4. There is geographical
variation in the prevalence of peanut allergy in children. It is relatively common in
the UK, France, Switzerland and North America, whereas in Israel it is only the
fourth most common food allergy seen in infants (under 2 years of age), and it is
rarely seen in Italy and Singapore8.

Peanuts have historically been shown to be responsible for the majority of all
reported food-induced fatal anaphylaxis in both the UK and the USA (59% and
19% respectively)9–11. Other nuts such as cashew nut, however, can also cause 
anaphylaxis12. The culprit of these life-threatening reactions is the Ara h 1 allergen,
which prompts an immediate IgE-mediated allergic reaction in susceptible indivi-
duals. A study in 1997 found that the commonest age of onset of peanut allergy was
2 years13, a finding confirmed by a 2003 study which showed that the mean age of
onset was between 1 and 3 years14. The onset of any nut allergy in adults is thought
to be rare, with one study showing only 8% of nut allergy developing in teenagers or
older people15.

It was once assumed that peanut allergy was an allergy for life, but a study in
1998 found that 9.6% of subjects were no longer peanut-allergic, with 5 years of
age being the median for passing of an oral peanut challenge in those with previ-
ously diagnosed peanut allergy16. A 2001 study in the USA confirmed that around
20% of children will outgrow their peanut allergy by 5 years of age17.

Peanuts, Legumes, Seeds and
Tree Nuts
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8.1.2 Foods and allergens involved

Peanuts are part of the botanical family known as Fabaceae or Leguminosae
(Chapter 7, Table 7.1) and so are classified as a legume. Despite being in the same
family as other legumes such as peas, beans and lentils, cross-reactivity with these
foods is relatively rare14,18,19. A peanut is 26% protein and contains nine known
allergens, Ara h 1 to Ara h 9. Everyone with a peanut allergy will be sensitised to Ara
h 2, making it the allergen involved in the majority of allergic reactions to peanuts,
but it is Ara h 1 that causes the severe reactions. Ara h 1 is also protected from 
protease breakdown by the presence of Ara h 2, which may help to explain why
peanuts can so easily cause severe reactions20. These allergens do not fall within the
same allergen superfamily: Ara h 1 is within the vicilin superfamily, while Ara h 2
falls within a superfamily similar to the albumin seed storage proteins within the
prolamins (see Chapters 4 and 7, Tables 7.2 and 7.3). As with other plant food 
allergens, it is the classification of the allergens within the superfamilies that tends 
to dictate cross-reactivity between legumes, seeds and tree nuts, rather than their
botanical classification.

There is a co-reactivity between soya protein, other legumes and peanuts that is
purely immunological in nature and probably due to epitopes on soya protein being
homologous to those found within peanut protein21. This has been confirmed by 
a study looking at the development of peanut allergy and confounding factors, 
in which it was found that there was an association between soya protein and
peanut allergy14. However this link does not translate into clinical cross-reactivity,
as peanut-allergic individuals in this study were not found to be soya-allergic. This
finding agreed with two earlier studies on children where only 0.8% of children
with atopic dermatitis had an allergy to both peanut and soya bean18, and only 3%
of peanut-allergic children had a soya-bean allergy19.

The fact that it is epitope homology rather than botanical classification which is
responsible for cross-reactivity is exemplified by the cross-reactivity between
peanuts and tree nuts, even though they are from different botanical families. In
practice this means that people with a peanut allergy are at a greater risk (about a 1
in 5 chance) of having a tree-nut allergy15,22,23. A study of 784 children showed that
by the age of 2 years 2% of peanut-allergic children were multiple-nut-allergic to
Brazil, almond, hazel and walnut24.

Many allergens are affected by heat treatments and processing, which may either
increase or decrease the allergen’s potency. It is the conformational epitopes, where
the amino acids are found on two different chains of the peptide sequence, which
are thought to be more susceptible to thermal destruction, with the linear epitopes
being more likely to be susceptible to hydrolysis processes (see also Chapter 4). Frying
and boiling peanuts has been shown to significantly reduce the amount of Ara h 1,
thus reducing the peanuts’ allergenicity25. In contrast, roasting peanuts has been
found to increase the Ara h 1 and Ara h 2 allergens’ ability to bind to the IgE anti-
bodies by 90-fold, thus making roasted peanuts more allergenic than raw peanuts21.
Refining peanut oils reduces the allergenicity, as virtually all of the protein is removed,
and refined peanut oil is therefore safe for virtually all peanut allergy sufferers26.
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8.1.3 Diagnosis

As with all medical diagnosis, a good clinical history is paramount when investigat-
ing peanut allergy. However, diagnostic tools such as skin prick tests (SPT) and
specific IgE measurement within blood are very helpful in corroborating clinical 
history. In children SPT has been shown to have an excellent negative predictivity
and specificity for peanut allergy diagnosis. Sporik and colleagues showed that 
SPT ≥ 8 mm was 100% predictive of peanut allergy in children (median age 3 years),
i.e. a negative reaction to peanut did not occur27. For children of less than 2 years of
age the required diameter was only ≥ 4 mm to ensure 100% specificity in peanut
allergy diagnosis. In a study of children with atopic dermatitis the SPT wheal size
required was ≥ 6 mm for peanut, giving a 95% predictive probability of peanut
allergy diagnosis28.

Similar work has investigated the diagnostic use of specific IgEs in children and
adolescents (mean age 5.2 years)29. It has been shown that a specific IgE greater than
15 kUA/L has a 95% predictive probability for diagnosing peanut allergy and a
value of less than 0.35 kUA/L has a 85% predictive probability for ruling out peanut
allergy. Both these studies were carried out on highly atopic and high-risk children,
so caution needs to be exercised in using these values in the general paediatric 
population. However, this work means that there are now clear cut-off diagnostic
decision points for both specific IgE and SPTs that, together with a good clinical 
history, can be used for a confident diagnosis of the presence or absence of peanut
allergy in children. Unfortunately no such data exist for adults, where clinicians
have to rely more heavily on a good clinical history and cautiously interpret SPTs
and IgEs for a diagnosis of peanut allergy.

When SPT and IgE tests return equivocal results which do not corroborate the
clinical history then an oral challenge with peanut is required. Depending upon the
likely severity and immediacy of an allergic reaction this may need to take place
under strict medical supervision within a hospital unit, or it may be carried out
safely at home under professional advice. In the case of children an open challenge,
where all parties know that peanut is being used, is generally adequate, but with an
older population – and especially if subjective symptoms are expected – then a
blinded challenge will be required. This means that the person being challenged is
unaware of which food the peanut is hidden in, so a placebo as well as a peanut ‘meal’
is used. The main hurdle with a blind peanut challenge is the strong taste and smell
of peanut products and thus the difficulty of putting peanut in a meal undetected.

More detailed information on the tests available for diagnosing a food allergy can
be found in Chapter 3.

8.1.4 Management

Dietary avoidance is currently the only proven safe and effective management of
peanut allergy. At present peanut allergy cannot be treated, although as previously
mentioned it is now thought that about one in five children will outgrow their
peanut allergy by 5 years of age17,19.
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Treatments

There are currently a few treatment options undergoing clinical trials, including
immunotherapy, herbal remedies and epitope alteration, but the common use of
desensitisation and other treatments in day-to-day clinical practice is still a long 
way off.

Dietary avoidance

In order to ensure that no accidental reaction to peanut occurs, avoidance of all
peanut-containing food and drinks must be complete. In addition, all tree nuts
should be avoided due to the 1-in-5 risk of cross-reactivity15 and the contamination
risks. In addition, there seems to be an inability, especially in children, to easily 
distinguish one nut from another: a recent study found that 27% of children were
unable to correctly distinguish which nut(s) they were allergic to30.

Degree of avoidance
It is essential that peanut and tree-nut avoidance is total because of the IgE-mediated
nature of the reaction to these allergens and the immediacy and possible severity of a
reaction.

Practical tips for avoidance
Peanut is one of allergens required by EU labelling law to be clearly stated on 
the label of a packaged product, no matter how small the quantity (see Chapter 4). 
It is therefore extremely important that those with a peanut allergy learn how to
read and interpret the labels, and which words to look out for that may indicate the
presence of peanut. Peanuts can be listed in a variety of ways:

• peanuts;
• nuts;
• ground nuts;
• earth nuts;
• monkey nuts;
• arachis oil;
• Arachis hypogaea;
• groundnut oil;
• peanut oil;
• peanut flour;
• peanut butter.

Other foods which may contain peanuts, and which must be avoided, are listed in
Table 8.1.

Manufacturers now generally use refined peanut oil within products, and this 
has been found to be safe for peanut allergy sufferers due to the lack of protein
remaining after refinement26. The product, however, must state ‘refined’ peanut oil
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rather than just peanut oil, which is unsafe as it has not gone through this refinement
process. If in doubt, avoidance is always the safe option.

Tips on eating out and take-away meals

Fatality registries suggest that adolescents and young adults are at greatest risk, with
delayed injection of adrenaline during anaphylaxis as an influencing factor, when
they are no longer under strict parental supervision and no longer carry their
adrenaline ‘pens’ with them, e.g. at friends’ houses or in bars or restaurants9–11. One
study showed that only 29% of anaphylaxis fatalities registered were at home, and
54% occurred when eating out or from a take-away11. Unfortunately, accidental
ingestion is fairly common, as demonstrated by a review amongst Canadian
schoolchildren which saw an annual reported incidence rate of 14.3%31.

Peanut allergy sufferers who wish to eat out should be advised always to speak to
the chef, and if this is not possible they should choose not to eat in that establish-
ment. Most restaurants clearly label the meals that are nut-free, and allergy sufferers
must always ask how strict this criterion is. Commonly child-friendly meals are nut-
free. When ordering take-away meals, allergy sufferers should try to use the same
place once they are sure about its safety. It is very important that the chef is aware of
the seriousness of using peanuts/nuts and the implications of cross-contamination
and changing the ingredients. Asian meals are the most likely to contain nuts, so
extra caution is needed, especially as many ‘authentic’ Asian food establishments
will use unrefined peanut oil in their cooking. For further information on lifestyle
issues of food hypersensitivity, see Chapter 12.

Contamination

Many manufacturers are still using the blanket label of ‘may contain traces of nuts’,
which means that these products should be avoided as the risk of potential contam-

Table 8.1 Common foods which may contain peanuts.

Food type Examples

Spreads Peanut butter, other nut butters

Snacks Peanut snacks, trail mix, rice crackers, chocolate-covered peanuts, 
cereal bars

Cakes and biscuits Cookies, brownies

Ice creams Nut toppings

Vegetarian meals Nut roast, veggie burgers

Sauces Satay sauce, salad dressings (may contain unrefined peanut oil)

Breakfast cereals Anything with crunchy nut or honey nut, muesli and other fruit and 
nut cereals

Meals out Indonesian, Malaysian, Thai and Chinese meals often contain 
peanuts; Indian food may also contain peanuts, although other 
nuts are more likely
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ination is unknown. The Food Standards Agency (FSA) has produced guidance on
food labelling of allergens for manufacturers, but this is not compulsory. There are,
however, a few manufacturers using nut-free factories, who guarantee that all their
products are peanut-free:

• Fabulous Bakin’ Boys (www.bakinboys.co.uk);
• It’s Nut Free (www.itsnutfree.com);
• Kinnerton Confectionery (www.kinnerton.com).

The Anaphylaxis Campaign (www.anaphylaxis.org.uk) is currently working with
manufacturers to get more stringent labelling in general usage with regards to 
allergens within products and the measured risk of contamination.

Accidental exposure via contamination is a real risk for the peanut-allergic indi-
vidual. For example, it has been found that Ara h 1 remains in the saliva for up to 1
hour after ingestion and that 1 ml of saliva can contain up to 1,110 mg Ara h 132.
People who are peanut-allergic, and their families and friends, need to be advised
about hand washing with soap and water, and cleaning cooking and eating surfaces
effectively using soap and water, as it has been found that water alone and some
antibacterial hand wipes do not remove the allergen33.

Nutritional issues

Within the general population the avoidance of peanuts and other nuts should not
pose a risk of a nutritional deficiency. Special consideration, however, needs to be
paid to those who are strict vegetarians and vegans, as these groups are more likely
to use peanut and other nuts as a major source of protein. For such at-risk indivi-
duals, dietary advice from a specialised healthcare professional such as a registered
dietitian is required, to ensure that the diet has sufficient protein and is nutritionally
adequate. For further details of nutritional issues surrounding the avoidance of
specific foods, see Chapter 11.

8.2 Other legumes

8.2.1 Prevalence

Soya allergy appears to be more prevalent in infants and children than in adults. As
already mentioned, it is the second most prevalent legume allergy worldwide (after
peanut)34. There is significant geographical variation in legume prevalence and type.
For example, in India lentils and chickpeas are a major cause of allergy due to their
predominance in cooking35, and there have even been reports of fenugreek allergy36.
In Spain legume allergy is the fifth most prevalent food allergy within children37,
and allergy to lentils is more common than allergy to peanuts38. Lupin allergy has
become more common as the seed flour is now being used in wheat flour (up to
10%) in France, and adverse reactions to the lupin flour have been reported39,40.
Soya allergy appears to be a predominantly transient childhood allergy much like egg
and milk. However, in contrast to egg and milk allergy, researchers and clinicians
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are still unsure how common it is for children to outgrow this allergy, or at what 
age this is most likely to occur. A study of children diagnosed with food-protein-
induced enteropathy found that one-quarter of the soya-allergic children were no
longer soya-sensitive by 25 months of age41. Other legume allergies such as lentil
and chickpea are, unlike soya allergy, more prevalent in adults.

8.2.2 Foods and allergens involved

Legumes are dicotyledonous plants belonging to the order Fabales. In addition to the
peanut, other legumes classified in the botanical family of Fabaceae (Leguminosae)
are soya, runner, French, Goa, haricot, butter, lima, mung and faba beans; chickpea
and pigeon pea; pea; lupin; lentils; tamarind; guar, acacia and tragacanth gum;
fenugreek and liquorice. The most significant allergenic food after peanut is the soya
bean, which alongside peanuts is one of the eight foods causing 90% of all food
allergies1. There have, however, been numerous case reports of severe reactions 
to guar gum, tragacanth and lupin, and both chickpeas and lentils are significant
allergens in some countries where they are a staple food.

Many of the major allergens in legumes can be found in the vicilin superfamily,
including the soya allergen Gly m Bd 60k, the lentil allergen Len c 1 and the Ara h 1
peanut epitope. Again, the similarity of allergen structures appears to dictate cross-
reactivity between legumes, and many studies have shown in vitro cross-sensitivity
between members of the legume family. Clinical cross-reactivity, however, appears
to be extremely rare. In children there appears to be a link between soya exposure
and peanut allergy14, but this sensitisation rarely translates into clinical cross-
reactivity18,19. However, cross-reactivity has been demonstrated between lentils and
chickpeas, with one study showing that 70% of children who suffer from lentil
allergy are also allergic to chickpeas37. A recent upsurge in lupin flour usage has led
to research into the cross-reactivity potential between peanut and lupin flour, with
one study reporting 44% cross-reactivity between these two legumes42. In 1997
lupin flour was accepted as a permissible addition to wheat flour (up to 10%) in
France, and its high protein content (40%) has helped it to be a potent allergen.

As with all food allergens, processing can affect allergenicity, but it cannot be
assumed that heating always destroys allergens. Highly refined soya oil (like peanut
oil) appears not to induce an allergic reaction in those with soya allergy, suggesting
that the refining process removes all protein within the soya bean, ensuring its
safety43. However, soya fermentation does not reduce allergenicity, so soya sauce is
as allergenic as soya-bean products44.

8.2.3 Diagnosis

Researchers have tried to provide predictive SPT wheal diameters and specific IgE
levels for soya allergy diagnosis in children, as they have done for other common
allergens, e.g. peanut. To date, however, they have found that SPT wheal-diameter
cut-off points are unreliable and cannot accurately predict soya allergy28. Furthermore,
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specific IgE level ≥ 65 kUA/L was only 50% predictive and thus also unreliable 
in diagnosing soya allergy29. Diagnosing soya allergy in both adults and children
therefore relies heavily on a good clinical history, and a hospital-based oral food
challenge may need to be performed if clinical history is inconclusive.

8.2.4 Management

Complete dietary avoidance of the offending allergen is currently the only proven
safe and effective management of any legume allergy. There appears to be no consist-
ent evidence to date that avoidance of all legumes is necessary; only the specific
legume known to trigger the allergic reaction (for example soya bean) needs to be
avoided. If the allergic reaction to the legume is known to be IgE-mediated, then
complete avoidance is imperative. A reaction that is non-IgE mediated may mean
that trace amounts of the legume will not trigger a reaction, so complete avoidance
may not be necessary.

Soya beans and lupin are the only two legumes that fall within the 2005 EU aller-
gen labelling list for packaged foods, and thus for all other legumes extra-careful
reading of labels is essential. Many different products are likely to contain legumes:
see Table 8.2 for some examples.

Nutritional issues

As with peanut and tree-nut avoidance, strict vegetarians and vegans are likely to be
at nutritional risk when avoiding legumes, especially soya bean, due to their need
for protein from this food group. However, if only one legume needs to be avoided,
as is usually the case, then the nutritional risk is minimal. Soya-bean avoidance is

Table 8.2 Foods likely to contain legumes.

Legume Foods involved

Soy Textured vegetable protein (TVP), vegetable burgers, tofu (soya-bean curd), 
tempeh, tamari, miso, soy sauce, pre-packaged Chinese meals, soya milks, 
soya yoghurts, soya desserts

Lupin Lupin flour is often used in mainland Europe in pastries, breads and pizza 
bases, and lupin seeds are sometimes used in seeded breads

Chickpeas Indian dishes, especially vegetarian, e.g. chana dhal; added as flour to some 
French breads, hummus

Lentils Gram flour, chappatis, puri, dhal, vegetarian dishes

Tragacanth Used as a thickening agent and stabilizer in food products, e.g. salad 
dressings, ice cream; used medicinally for digestive disorders (laxative 
effect) and coughs, so may be found within cough syrups and lozenges

Guar (E412) Used as a thickener and emulsifier in foods, e.g. yoghurts, fruit juice drinks, 
ice creams, salad dressings

Fenugreek Curry powder
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the most likely to cause nutritional difficulties, as soya is the only non-animal source
of high-biological-value protein, and thus a major food source for vegetarians and
vegans. Vegetarians and vegans will therefore need additional dietetic help and
advice if they have a soya allergy, to ensure that their diet is nutritionally adequate.

8.3 Seeds

8.3.1 Prevalence

Hypersensitivity reactions to sunflower seed, cottonseed and linseed were recorded
as early as 1906, 1929 and 1930 respectively45–49. There has even been a report of
anaphylaxis to dye made from the annatto seed50. Although allergy to these seeds is
extremely rare, anaphylaxis has been reported, and consequently any suspicion of
an allergic reaction must be taken seriously and investigated thoroughly.

Sesame-seed allergy was first reported in 1950, but it is a recent phenomenon
within North America and Europe. This may be due to an increase in the consump-
tion of sesame seeds and products as part of the ‘health food’ drive. The increasing
consumption of sesame seeds, sesame products and sesame oil has been mirrored 
by an increase in reporting of serious reactions to sesame, especially in children,
where serious allergic reactions including anaphylaxis have been reported51–53. In
Australia, sesame-seed allergy in infants is more common (0.42%) than tree-nut
allergy and is the fourth most prevalent food allergy in this age group behind eggs,
milk and peanuts54. In Israel, sesame is a major cause of immediate IgE allergy, and
it is the third commonest cause of IgE-mediated food allergy. It is more prevalent
than peanut allergy and is the second highest cause of anaphylaxis behind cow’s-
milk allergy in infants under 2 years of age8. In Israel the mean age of those found to
be sesame-allergic was 10.5 months, with six of the 14 cases of anaphylaxis being
caused by sesame allergy8. Little research has been carried out on resolution of
sesame-seed allergy, so it is still not known whether the allergy is outgrown.

In France, mustard seed is a major allergen in children, being the fourth most
prevalent8, with an estimated prevalence of 1.1% in children and a prevalence of
0.84% in adults55. It is for this reason that mustard seed is one of the 12 allergens
included in the EU food labelling laws list.

8.3.2 Foods and allergens involved

Seeds come from plants with differing botanical classifications. For example,
sesame is a member of the family Pedaliaceae, while the sunflower is in the family
Compositae (Asteraceae). Allergic reactions have been reported to a variety of 
different seeds: sesame, linseed (flaxseed), poppy seed, cottonseed, mustard seed,
annatto seed and sunflower seed. The allergens within these seeds are spread
amongst many different superfamilies, with the potent sesame allergen Ses i 2 being
classed within the prolamin superfamily and Ses i 3 within the vicilin superfamily
along with the previously mentioned peanut and cashew-nut allergens (Ara h 1 and
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Ana o 1). Researchers are continually discovering new allergens within seeds: for
example, linseed has now been found to have five different allergen epitopes.

Unlike peanut oil, which is typically consumed as highly refined oil with the pro-
tein removed, sesame oil is cold-pressed and traces of the protein are still found
within the oil. Thus sesame oil may be even more allergenic than the whole seeds. A
case report suggested that a sesame-allergic individual’s symptoms were most severe
when the sesame was in the form of oil, with the severity decreasing according to
whether the sesame was ground, cooked whole and raw53. This may be due to the
fact that some allergen epitopes are hidden within the whole seed, making them
unavailable if the seed is eaten whole. There are different varieties of sesame seeds,
e.g. black and white, which have varying amounts of protein and thus allergen,
white seeds having six times more protein than black seeds56.

8.3.3 Diagnosis

A clear clinical history is vital when diagnosing most seed allergies, as the other
diagnostic tools available such as SPT and specific IgE are fairly difficult to interpret,
with no predictive levels yet reported. Diagnosing sesame allergy without clear 
clinical history is difficult due to the unreliability of the SPT commercial extracts,
and using natural sesame extract appears to be more accurate8,57. As with other
allergens, an SPT ≥ 3 mm is considered to be a positive result. However, unlike some
food allergens, e.g. peanut, there are no 95% predictive SPT cut-off levels for
sesame allergy diagnosis in children, and SPT cannot be used alone as a definitive
diagnostic test58 –60 (see Chapter 3). Where there is real discordance between history
and test results an oral food challenge may be required to confirm or refute diagnosis.

8.3.4 Management

Complete dietary avoidance of the known seed allergen is currently the only pro-
ven safe and effective management of any seed allergy, especially as the risk of 
anaphylaxis appears to be high for this particular food group. There appears to be
no reason to avoid all seeds, only the specific seed known to trigger the allergic 
reaction. Sesame is more widely available now in foods, and children in particular
are more commonly being found to have sesame allergy, so vigilance is necessary.

Practical tips for avoidance

Only sesame and mustard seed are required by the EU to be listed on packaged food.
Other seeds such as sunflower, poppy and linseed do not have to be listed by law.
Typically, seeds are found within breads, cakes, biscuits, crackers and muffins
(Table 8.3). Frequently food labels will just list ‘seeds’. Linseed is also known as
flaxseed and is frequently sold as a dietary supplement. Many Middle Eastern coun-
tries use sesame seeds and poppy seeds within their foods, so Iranian and Lebanese
restaurants, as well as Greek and Turkish restaurants, may be better avoided.
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As with peanuts and tree nuts, there are manufacturers who guarantee their food
to be sesame-free (see list in Section 8.1.4, above).

Unlike peanuts, sesame seeds and seeds in general are easy to wash off surfaces, so
accidental contamination is less likely. However, sesame seed oil may be an issue in
places where it is added to common dishes and the same serving utensils are used,
such as in a Chinese restaurant.

Nutritional issues

Generally, seeds do add major nutritional value to the human diet, and thus avoid-
ance of seeds should not put anyone at nutritional risk.

8.4 Tree nuts

8.4.1 Prevalence

The overall prevalence of tree-nut allergy in the USA appears to be constant, but in
children it is apparently increasing. In both 1997 and 2002, a telephone survey
found that 0.4% of the general population reported a tree-nut allergy, with walnut
being the most common7. When this was subdivided into adults (over 18 years old)
and children the rate for children rose from 0.2% in 1997 to 0.6% in 2002.

There is geographical variation in the prevalence of tree-nut allergy. In the USA
the commonest tree-nut allergies are walnut, almond and pecan7, whereas in the UK
the tree-nut allergies most commonly seen are Brazil, almond and hazelnut15. In
Australia, Brazil and almond allergy are rarely seen, and cashew-nut allergy is the
most common nut allergy in infants affecting 0.33%, with hazelnut as the second
most common (0.18%) and walnut third (0.16%)54. The prevalence of cashew-nut
allergy in the USA is estimated to be 0.5%, affecting 41% of those reporting an
allergy to tree nuts7.

This American study also investigated the mean age of first allergic reaction to
cashew nut, finding it to be at 2 years old with only one in five having had a history

Table 8.3 Foods commonly containing seeds.

Seed Foods involved

Sesame Sesame oil, tahini (sesame paste), halvah (Turkish sweet), gomashio, 
hummus, aqua libra, vegetarian burgers, speciality seeded breads and 
burger baps, Asian foods cooked using sesame oil, Greek and Turkish 
pastries such as baklava

Poppy Speciality breads, pastries, especially those from eastern Europe

Mustard Curry powder, pizza, ready-prepared sauces

Sunflower Seeded breads, sunflower cooking oil; unspecified vegetable oils may 
be made from sunflower

Linseed (flaxseed) Seeded breads, food supplements, e.g. linseed oil
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of previous exposure7. Cashew-nut allergy appears to show a similar clinical history
to peanut allergy; two recent studies have shown that serious reactions (cardiovas-
cular symptoms, wheezing and even anaphylaxis) from cashew-nut allergy are now
more common than those from peanuts12,61. One of these studies, following chil-
dren retrospectively, found that 74% of cashew-nut allergy sufferers had experi-
enced an anaphylaxis reaction, compared to 31% of peanut allergy sufferers61.
Other nuts can also cause severe reactions, with one UK study reporting that,
together with peanut, Brazil, almond, hazel and walnut produced 86% of the ‘worst
reactions’ seen62.

A further complicating factor with tree-nut allergy is that tree nuts, especially
hazelnuts, are commonly associated with the phenomenon known as oral allergy
syndrome (OAS: see Chapter 7). Therefore it is important that diagnosis of true
tree-nut allergy occurs rather than assumptions being made, as is often the case in
adults with hazelnut allergy, that this is part of the OAS. It has been shown that
78% of those with hazelnut allergy symptoms had a true food allergy63. Another
study also found that nut-allergy onset among teenagers or adults was only 8%,
confirming that true nut allergy usually starts in childhood15.

It is estimated that only 9% of tree-nut allergies are outgrown, in contrast to 20%
of peanut allergy64. At present it appears that cashew-nut allergy is rarely outgrown
(9%); however, as with peanut allergy, this may be amended as the natural history
of such allergies is investigated further over the next few years.

8.4.2 Foods and allergens involved

Tree nuts include cashew, almond, Brazil, hazelnut, chestnut, pistachio, pecan, wal-
nut, macadamia, pine nut and coconut. Some tree nuts fall into the same botanical
families as fruits such as mango, dates, and palm hearts (see Chapter 7, Table 7.1).
From an allergy perspective, the absence of a botanical link between the different
tree nuts does not mean that someone with one tree-nut allergy will not cross-react
to other nuts.

As with legumes and seeds, it is the plant food superfamily classification of the
allergens involved in tree-nut allergy which is more important with regard to cross-
reactivity (Chapter 7, Tables 7.2, 7.3). Like peanuts, many tree nuts have both
major and minor allergens in different superfamilies; for example cashew nut has
allergens in the vicilin (Ana o 1), legumin (Ana o 2) and 2S-albumin (Ana o 3) super-
families. Allergens from different tree nuts fall into the same superfamilies. For
example, the walnut allergen Jug r 2 and the cashew-nut allergen Ana o 1 are both
vicilins, the same superfamily as the peanut allergen Ara h 1. The 2S-albumin-type
allergen within cashew nut (Ana o 3) shares great similarities with one of the walnut
allergens, Jug r 1, which may explain the known cross-reactivity between cashew
nut and walnut for allergy sufferers65. A study looking at the allergens within three
different tree nuts, walnut (Jug r 4), cashew (Ano o 4) and hazelnut (Cor a 9), all of
which are legumins, concluded that their epitope homology may be the reason for
the frequently seen multiple tree-nut cross-reactivity, which is independent of the
tree nuts being within the same botanical classification66.
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Studies have shown a strong clinical cross-reactivity between tree nuts and
peanuts within allergic individuals. Studies have estimated that 23–50% of atopic
patients are allergic to both peanut and tree nuts7,13,15,67,68, and in one 1996 UK
study up to 31% of children with confirmed peanut allergy also had a confirmed
tree-nut allergy15. In the general population, however, this risk of having both a
peanut and tree-nut allergy may be as little as 2.5%67.

The level of co-sensitisation will vary depending on the tree nut involved. A
French study in 2003, looking at the clinical history of cashew-nut allergy, found
that although the allergens Ana o 1 (cashew nut) and Ara h 1 (peanut) are both
found within the vicilin superfamily they showed no epitope homology, which may
explain why no co-sensitisation between cashew nut and peanut allergy was seen69.
However, this same study did find an increased likelihood (33%) of cross-reactivity
between cashew and pistachio, nuts which do share a botanical relationship as they
are both in the Anacardiaceae family. Thus the combination of the allergen and
botanical classifications, and their influence on clinical cross-reactivity, creates a
complex picture where generalisations cannot be made.

As with all food allergens, wet or dry thermal processing and proteolysis can 
alter the protein structure and thus allergenicity of the food. Epitopes may be
destroyed or their IgE-binding capacity reduced, or even increased, the peanut 
epitope is increased on roasting. However, it is also possible that due to protein
reconfiguration new epitopes could be formed; these are known as neoallergens70.
In pecan nuts these are known to occur on heating, and in fact anaphylaxis to 
these neoallergens has been reported71. Neither blanching nor roasting appears 
to reduce the allergen content of almonds72. Roasting appears to decrease the 
allergenicity of hazelnuts73, especially for those sensitive to the epitopes Cor a 1 and
Cor a 2, but for those people with OAS roasted nuts can still cause a reaction on
challenge.

OAS can often be triggered by tree nuts, and it can be confused with a true allergy
to the nut in question (see Chapter 7). The commonest cross-reactivity occurs
between allergens from almond, hazelnut and walnut and antibodies to the main
birch-pollen allergen Bet v 1. Similar cross-reactivity can also occur between latex
and some tree nuts.

8.4.3 Diagnosis

In hazelnut allergy diagnosis, skin prick tests and specific IgE tests have demon-
strated a reasonable sensitivity and positive predictive value but a very low spe-
cificity and negative predictive value, thus implying that these tests should not be
used to validate the diagnosis of hazelnut allergy63. When the clinical history and
SPT and IgE results are contradictory an oral food challenge may be more common
and necessary in tree-nut allergy diagnosis because predictive values for SPTs and
IgEs are so far unavailable for both adults and children. As with peanut food 
challenges, blinding of tree nuts into a ‘meal’ is difficult due to the strong smell and
taste of the nuts. Thus expertise in carrying out oral food challenges is needed.
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8.4.4 Management

Dietary avoidance is currently the only proven safe and effective management of
any tree nut allergy. Given the risk (1 in 5) of cross-reactivity between tree nuts and
peanuts, and also cross-reactivity within the tree nuts, avoidance of all nuts is neces-
sary unless safe toleration of a particular nut is certain and contamination can be
ruled out. Because of the IgE-mediated nature of tree-nut allergy, avoidance must be
complete, as even traces of the allergen can trigger an immediate life-threatening
reaction, as seen with cashew-nut allergy.

Practical tips for avoidance

All tree nuts are included within the list of allergens specified by EU law that must be
labelled on packaged foods which contain them, however small the amount (chest-
nut and pine nut are not considered tree nuts and are therefore not on this list). For
safety reasons, and to ensure low risk of contamination, all tree nuts should be
avoided as well as peanuts (see Section 8.1, above). Some nuts have alternative
names, and it is important that those with a confirmed diagnosis are aware of all the
different words which indicate the presence of nuts (Table 8.4).

For a list of manufacturers who guarantee their food to be nut-free refer to
Section 8.1.4, above. For more details see Table 8.5.

Table 8.4 Alternative names for some nuts.

Nut Alternative names

Hazelnut Filbert, cob nut
Macademia Queensland nut, candle nut
Pecan Hickory nut

Table 8.5 Foods likely to contain tree nuts.

Food Type Examples

Spreads Chocolate hazelnut spread

Snacks and sweets Cereal bars, mixed nuts, praline, nougat, Turkish delight, marzipan

Cakes and biscuits Cookies, brownies, fruit cake, anything with marzipan, almond 
croissants

Ice creams Nut toppings, pistachio ice cream, kulfi

Vegetarian meals Nut roast, veggie burgers

Sauces Almond essence, nut oils

Breakfast cereals Anything with crunchy nut or honey nut, muesli and other fruit and 
nut cereals

Meals out Indian food may contain almonds and pistachio nuts; Chinese food 
may contain cashew nuts; nut-flavoured liqueurs, e.g. amaretto
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Nutritional issues

The avoidance of tree nuts may only affect the nutritional status of those who are
following a strict vegetarian or vegan diet, where nuts form a major part of the diet
in their role as a non-animal source of protein. It is important that this group gets
the necessary dietary advice from an appropriate healthcare professional such as a
registered dietitian, to help them ensure that their diet has sufficient protein and is
nutritionally adequate. Avoidance of the products containing the wording ‘may
contain traces of nuts’ can also lead to major dietary restrictions, as unfortunately
this statement is placed on many products, thus reducing the nut-allergic individual’s
range of foods to eat.
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9.1 Coeliac disease

Norma McGough, Emma Merrikin and Emily Kirk

9.1.1 Introduction

Coeliac disease (CD) is a permanent autoimmune inflammatory condition of the
small intestinal mucosa1, for which there is a clearly-defined pathology and diag-
nostic process. The pathological changes observed in CD result from the interaction
between ‘gluten’ and immune, genetic and environmental factors2. A number of
toxic protein fractions, found in the endosperm of certain cereals, have been iden-
tified in CD. Gluten is established as a general term used to cover the alcohol-soluble
prolamins: gliadins in wheat, hordeins in barley, secalins in rye2. Research suggests
that the alcohol-insoluble prolamins called glutenins may also have a role to play,
although further research is needed to understand this better3. People with CD are
diagnosed at different stages of the disease process. In addition, CD is a spectrum, in
the wide variation and degree of severity of symptoms, antibody serology and degree
of damage to the small intestine.

9.1.2 Prevalence and onset

Screening studies indicate that CD affects 1% of the population4,5, making CD one
of the most common small bowel disorders to affect Western populations6 and the
most common cause of malabsorption in the UK7. Despite this, under-diagnosis,
late diagnosis and misdiagnosis of CD are all significant problems; evidence suggests
that only 1 in 8 cases is currently diagnosed8. A research project commissioned by
Coeliac UK and undertaken by the Health Economics Unit, University of Oxford,
found that the average time for an individual to be diagnosed with CD after initial
reporting of symptoms is 13 years (A. Gray, unpublished data).

CD affects different ethnic groups, and is common not just in Europe but also in
southern Asia, the Middle East, north, west and east Africa and South America9.
Whilst the most common age for diagnosis of CD is between 40 and 50 years10, it
can present at any age after introduction of gluten-containing cereals or later on in
life. There is evidence to suggest that more women are diagnosed than men11.

Food Hypersensitivity
Involving Cereals9
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Environmental triggers

Environmental factors such as pregnancy, childbirth, gastroenteritis or surgery may
‘trigger’ CD in some patients.

Genetic susceptibility

CD is genetically determined, with an increased prevalence of 10% amongst first-
degree relatives and 2% amongst second-degree relatives of those with the disease12.
Although there are no firm guidelines on the issue, if relatives of those with CD also
have or develop symptoms of CD, they should be considered for screening.

In those diagnosed with CD, 95% are human leucocyte antigen (HLA) DQ2- or
DQ8-positive. Studies looking at twins have found concordance levels of 75–90%13.
A significant proportion (39.5%) of the general population are HLA DQ2/DQ8-
positive and do not go on to develop CD14,15, so other unspecified genetic factors are
also involved.

HLA-DQ typing is not a substitute for an intestinal biopsy or serological test.
However, HLA typing may play a complementary role in excluding CD in challeng-
ing circumstances such as discrepancies in serological and histopathological results,
or continuing symptoms despite a gluten-free (GF) diet16.

9.1.3 Clinical presentation

CD is a multi-system disorder that can present with non-specific symptoms that 
may be overlooked17–19 (Table 9.1). Symptoms range from mild to severe and vary
between individuals. A common misdiagnosis of CD is irritable bowel syndrome
(IBS)20. NICE guidelines for the diagnosis of IBS recommend that CD should be
excluded before a diagnosis of IBS is made21.

Table 9.1 Symptoms of coeliac disease, adapted from CREST guidelines19.

Gastrointestinal due to Diarrhoea, steatorrhoea, abdominal cramps, 
bloating, excessive flatus, weight loss

Gastrointestinal due to dysmotility Constipation, epigastric pain, heartburn

Haematological Any combination of iron, B12, folic-acid deficiency

Liver Abnormal liver biochemistry

Skin and mucous membrane Dermatitis herpetiformis (DH), hair loss, aphthous 
mouth ulcers

Rheumatological Arthralgia (joint pain)

Bone Osteoporosis, defective tooth enamel

Gynaecological Late menarche, early menopause, infertility, 
recurrent miscarriage

Neurological Ataxia, partial seizures, peripheral neuropathy

Other Short stature, chronic fatigue, depression

9781405170369_4_009.qxd  22/12/2008  14:56  Page 184



Food Hypersensitivity Involving Cereals 185

Although often cited as common symptoms, evidence shows that less than half of
newly diagnosed patients have symptoms of diarrhoea, and even fewer show signs
of weight loss22. The stereotypical presentation of the underweight patient therefore
no longer applies; research has found a significant proportion of patients are of 
normal weight or overweight at diagnosis23.

Infants can present after weaning onto gluten with symptoms such as failure to
thrive, diarrhoea, vomiting, abdominal distention, constipation, muscle wasting
and irritability. Symptoms in older children vary as in adults, and can include poor
growth, anaemia and recurrent mouth ulcers. The practice for introducing gluten to
a baby is important, since exposure to gluten is believed to be a trigger for CD.

9.1.4 Diagnosis

Active case-finding strategies in primary care have been shown to improve diagnosis
rates of CD24.

Serological antibody tests

Increasing recognition of CD is attributed to the use of serological antibody tests:
immunoglobulin A (IgA) class of anti-tissue transglutaminase (tTG) and/or
endomysial antibody (EMA)25. The approximate sensitivity and specificity of both
antibodies is regarded as over 90%26, although there are studies which indicate that
the sensitivity of the tests declines with lesser degrees of gut damage27,28.

Immunoglobin A (IgA) deficiency occurs in 2% of people with CD compared to
0.2% of the general population26. Since the usual antibody tests (tTG/EMA) are
IgA-dependent, IgA deficiency could cause a false negative result, even if a gluten-
containing diet is maintained. On an initial screening blood test, total IgA count should
be measured. If this is low or negative, IgG class of tTG/EMA can be used as an 
alternative, although these are less specific and sensitive than the IgA class of antibody29.

The prevalence of seronegative CD is 6.4–9.1% of all diagnosed cases30. There-
fore patients with suspicious symptoms, positive family history and/or presence 
of other autoimmune disease should be referred for bowel biopsy investigations,
regardless of the serological test results31. This strategy can help to ensure that the
number of cases of CD missed is minimised32.

Intestinal biopsy

A small intestinal biopsy is mandatory in all cases to confirm a diagnosis of CD in
adults19,33 and children34.

In CD, immune responses to toxic proteins promote an inflammatory reaction,
characterised by infiltration of the lamina propria and the epithelium with chronic
inflammatory cells and villous atrophy. This response is mediated by both the innate
and adaptive immune systems35 (see Chapter 13). The typical mucosal changes start
to occur within 4–6 hours of exposure to the toxic peptide36. This mucosal damage may
lead to clinical malabsorption of nutrients. Individual clinical and mucosal responses
can occur; varying degrees of gut damage are classified by Marsh (Table 9.2)37,38.
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Although responses may be variable and dependent on a range of factors not yet
clearly identified, if gluten is reintroduced at a later stage, mucosal damage will reoccur.

Diagnosis in children

The diagnostic pathway of a serological test, followed by a small bowel biopsy,
applies to both adults and children. If the initial diagnosis is uncertain in children
under the age of 2, a gluten challenge (where gluten is reintroduced into the diet: see
below for further details) to confirm diagnosis is recommended at age 6–7 or after
pubertal growth34.

Preparation for diagnostic tests

For CD to develop, and for serology and biopsy results to be meaningful, it is 
essential that the patient is eating gluten. Patients should not be advised to start a GF
diet until diagnosis of CD is established39. Therapeutic trials of a GF diet are not
warranted if CD is suspected; clinical response to either withdrawal or reintroduc-
tion of gluten alone has no role in the diagnosis of CD40. If gluten has been removed
from the diet it should be reintroduced for approximately 6 weeks at a level of
around four slices of bread per day41. If the GF diet has been imposed for a
significant period, this should be seen as an absolute minimum; guidelines from
Northern Ireland recommend 3 months on a gluten-containing diet19. Children may
refuse obvious gluten-containing foods if they associate them with being unwell. 
In this instance, foods that may be better tolerated such as biscuits or rusks should
be encouraged. Different approaches can be used to ensure an adequate gluten
intake during the diagnostic process without disruption to the diet.

9.1.5 Associated conditions

Dermatitis herpetiformis (DH)

DH is the skin manifestation of CD, affecting 1 in 10,000 people42. The symptoms
are red, raised patches, often with blisters that burst on scratching, accompanied by

Table 9.2 Classification of gut damage in coeliac disease.

Grade Gut damage

0 Normal

I Increased intraepithelial lymphocytes (> 30 per 100 enterocytes)

II Intraepithelial lymphocytes plus increase in crypt depth (crypt hypertrophy)

III Above plus villous atrophy: the ‘classic’ coeliac lesion

IV Atrophic lesion without lymphocytes: rare, typically unresponsive to GFD; can be 
associated with enteropathy-associated T-cell lymphoma
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severe stinging and itching. Any area of skin can be affected, although areas typ-
ically affected include elbows, knees and buttocks. The presentation of DH is char-
acteristically symmetrical in pattern, e.g. both elbows. DH is diagnosed by a skin
biopsy, which involves removing a small sample of skin (from an unaffected area)
and testing for the presence of IgA antibodies.

Although people with DH may not experience typical gut symptoms, most people
with DH have some degree of mucosal damage that is consistent with CD43, so
patients should be referred for small-bowel biopsy investigations. Once the GF diet
has commenced, further investigations regarding diagnosis of CD may be inconclus-
ive. It is therefore necessary to delay diet therapy until all diagnostic tests for CD
have been completed.

Although the treatment for DH is a GF diet, medications such as dapsone (a 
sulphonamide antibacterial drug) may also be necessary in the short term to help
alleviate symptoms. The GF diet can take as many as 4 years to be effective in some
cases44. The lowest effective dose of medication should be used, as side effects are
relatively common and can include haemolytic anaemia, nerve damage, depression
and headaches. The drug treatment will suppress the skin symptoms, but it will not
treat the mucosal damage in the small intestine. The GF diet is therefore an essential
part of treatment for DH.

As DH is a skin manifestation of CD, those with the condition are just as sus-
ceptible to the long-term complications associated with untreated CD, including
lymphoma45.

Other autoimmune diseases

There is increased prevalence of CD among patients with other autoimmune disor-
ders (Table 9.3). CD is also more common among people with Down’s syndrome
than in the general population51.

Type 1 diabetes

A diagnosis of CD can precede that of type 1 diabetes, but in most cases (about
90%) diabetes is diagnosed first52. Unstable diabetes, growth failure and symp-
toms associated with malabsorption in those with type 1 diabetes may indicate 
the presence of CD53. Screening studies of those with type 1 diabetes have found
that significant numbers of those subsequently diagnosed with CD are clinically

Table 9.3 Prevalence of coeliac disease (CD) in those with other autoimmune disorders.

Disorder Prevalence of CD

Type 1 diabetes mellitus 3–6%46

Autoimmune thyroid disease 4%47

Primary biliary cirrhosis 3%48

Sjögren’s syndrome 3.3%49

Addison’s disease 5.9%50
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asymptomatic54, or have atypical features only recognised in retrospect55. This may
have been an issue regarding compliance to the GF diet.

Blood glucose levels must be monitored closely following diagnosis of CD, as
insulin levels often need to be altered due to improved absorption of carbohydrate
and other nutrients which affect glycaemic control. In children with type 1 diabetes
who are diagnosed with CD and follow a GF diet, improvements in growth (weight,
body mass index)56 and blood glucose control (HbAlc)57 have been demonstrated.
There is a lack of similar evidence in adults with CD58.

Research has shown that the glycaemic index (GI) of GF substitute foods such as
breads and pasta is comparable to that of their gluten-containing equivalents59, so a
GF diet should not necessarily be compromised in terms of GI.

Other pathology

Once gluten-related causes of ongoing symptoms have been excluded, additional
pathology can be considered. Pancreatic insufficiency60, small intestinal bacterial
overgrowth61, microscopic (lymphocytic or collagenous) colitis62, lactose intolerance
and refractory coeliac disease63 have all been reported as possible causes of ongoing
symptoms in patients with CD. There are also reports of fructose intolerance.

Refractory coeliac disease

Refractory coeliac disease (RCD) is defined as continuing villous atrophy with crypt
hyperplasia and intra-epithelial lymphocytes, despite adherence to a strict GF diet
for at least a year64,65. Refractory coeliac disease is a diagnosis of exclusion, so other
possible causes which may lead to persistence of clinical and histological features
should be excluded by necessary investigations66.

Two categories of RCD are recognised, grouped immunologically according to
the presence of abnormal T cells in the intestinal mucosa on biopsy:

• type 1 RCD: without aberrant (abnormal) T lymphocytes;
• type 2 RCD: with aberrant T lymphocytes.

Type 1 RCD is usually treatable with immunosuppressive treatment, whereas type 2
RCD is usually resistant to medical therapies and is closely associated with develop-
ment of enteropathy-associated T-cell lymphoma (EATL).

Lactose intolerance

Lactose intolerance (LI) is a secondary intolerance which can be associated with
undiagnosed CD. Symptoms of lactose intolerance include bloating, wind and diar-
rhoea, which can easily be confused with symptoms of CD (see Chapter 5).

In undiagnosed CD, the typical mucosal damage can result in a reduction in the
enzyme activity which in turn results in a failure to digest lactose. Once established
on a GF diet the mucosal damage is able to heal and lactose digestion returns to 
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normal67,68. Hence LI is usually temporary, and adherence to the GF diet means
most people with CD do not have additional problems with LI.

Osteoporosis

Untreated CD is related to a significant risk of decreased bone mineral density
(osteopenia)69 and osteoporosis70. Research shows that even years after diagnosis
there is an increased risk of hip fracture in those with CD71. A systematic review
using data from a total of 20,955 patient years confirms a significant association
between bone fractures and CD72. The association of CD and osteoporosis is thought
to be largely related to a chronic malabsorption of calcium as a result of mucosal
damage prior to diagnosis73, as well as a reduced dietary intake of calcium74. In
addition, bone loss is regulated by various mediators of the immune system, so the
chronic inflammatory process in CD may also play a role75.

Adherence to the GF diet in people with CD optimises absorption of nutrients; 
it has been shown to minimise bone loss and can help to normalise or improve bone
mass76. A more recent review of osteoporosis in CD provides an insight into the 
possible mechanisms and complexity of osteoporosis in CD77. Other risk factors 
for developing osteoporosis include excessive alcohol consumption, smoking and
being underweight.

Current guidelines recommend that adult patients newly diagnosed with CD
should have a DEXA (dual x-ray absorptiometry) scan to assess bone mineral 
density, and that this should be repeated at the menopause, over the age of 55 years
for men, or at any age should a fragility fracture occur. How often DEXA scanning
should be repeated is a matter of debate, and depends on the individual case.

Because of the increased risk of osteoporosis and osteopenia in those with CD,
adults are advised to aim for an increased calcium intake (1,000 mg for those over
18 years and 1,200 mg for postmenopausal women and men over the age of 55
years)78. This compares to a calcium recommendation for the general population
without CD of 700 mg per day. Dietary supplements should be recommended on an
individual basis and their use monitored against clinical and biochemical markers.

There is no increased requirement for calcium in children with CD. This is
because there is the potential for absorption of calcium and other nutrients to 
normalise in time. Children and young adults who adhere to their GF diet should
therefore be able to attain peak bone mass in their lifetime, so minimising the risk of
developing osteopenia and osteoporosis in the future79.

Malignancy

CD is associated with an increased risk of a number of malignancies such as non-
Hodgkin’s lymphoma, oropharyngeal cancer and oesophageal cancer, although the
risk of developing all types of malignancy for people with CD is reduced to that of
the general population after 5 years on a GF diet80.

CD is associated with an increased risk of enteropathy-associated T-cell lym-
phoma (EATL)81. However, prevalence is low and more recent research suggests the
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increased risk is lower than previously thought82. The development of EATL is
closely associated with refractory CD. The prognosis for EATL is poor: one study
shows a 5-year survival rate of only 8% in those with CD who developed EATL65.

A decreased risk of breast and lung cancer has been described in patients with
CD, although the aetiology behind this has not yet been explained83.

9.1.6 Dietary management

A lifelong GF diet is currently the only treatment available for patients with CD.
Adherence to the GF diet is known to be variable, both in children84 and in adults85.

Following a GF diet may sound very straightforward, but there are many factors
that are important to take into consideration when managing patients with CD.

The GF diet

The GF diet is restrictive as it requires complete avoidance of the cereals wheat, 
barley, rye and their associated staple products and ingredients from the diet.

The most obvious sources of gluten in the diet are breads, flour, pasta, pizza
bases, biscuits, cakes and pastries. However, gluten-containing cereals may also be
used as ingredients in soups, sauces, ready meals and other processed foods such as
sausages.

GF foods can be considered as three distinct categories: those which are naturally
GF, processed foods that happen to be GF, and GF ‘substitute’ foods (products
manufactured to replace staples like bread, pasta and other foods made from flour).

Naturally GF foods
There are many foods which are naturally GF and suitable for people with CD, such
as fresh meat, fish, eggs, poultry, cheese, milk, pulses (peas, beans and lentils), rice,
corn (maize), potatoes, fruit and vegetables. A more extensive list is included in
Table 9.4.

Processed GF foods
Processed foods which are GF are listed in Coeliac UK’s Food and Drink Directory.

Manufactured GF ‘substitute’ foods
Specially manufactured GF ‘substitute’ foods, including bread, pasta, pizza bases
and flours, are available in health-food shops, supermarkets, via the internet or mail
order, and on prescription. Some substitute GF products may be made of naturally
GF ingredients.

Toxicity of oats

Historically oats have been considered unsafe for people with CD, and it is only re-
cently that it has become accepted practice for patients to include pure uncontaminated
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Table 9.4 Gluten-free and gluten-containing foods.

Gluten-free

Cereals and flour
Corn, corn flour, rice, rice 
flour, arrowroot, amaranth, 
buckwheat, millet, teff, quinoa, 
sorghum, soya flour, potato 
starch, modified starch, potato 
flour, gram flour

Meat, poultry, fish, cheese, eggs
All fresh meats, poultry, fish, 
shellfish, smoked meats 
and fish, cured pure meats, 
smoked, fish in oil/brine, 
cheese, eggs

Milk and milk products
Fresh, UHT, dried, 
condensed, evaporated, 
goat’s, sheep’s milk, fresh 
and soured cream, buttermilk, 
crème frâiche

Fats and oils
Butter, margarine, lard, 
cooking oils, ghee, low 
fat spread

Fruits and vegetables
All fresh, frozen, canned 
and dried pure fruits and 
vegetables

Savoury snacks
Plain potato crisps, 
homemade popcorn

Soups, sauces and pickles
Tomato and garlic puree, 
individual herbs and spices, 
vinegars, mixed herbs and 
spices, ground pepper

Preserves and spreads
jam, conserves, honey, golden 
syrup, treacle, marmalade, 
peanut and other nut butters

Drinks
Tea, coffee, fruit juice, squash, 
clear fizzy drinks, cocoa, wine, 
spirits, cider, sherry, port

Miscellaneous
Gelatine, bicarbonate of soda, 
cream of tartar, yeast, artificial 
sweeteners

Gluten-containing

Wheat, bulgar wheat, durum
wheat, wheat bran,
wheatgerm, wheat starch,
semolina, couscous, barley,
malt, malted barley, rye,
triticale, kamut, spelt

Meat, poultry, fish cooked in
batter or bread-crumbs,
faggots, rissoles, haggis,
breaded ham

Milk with added fibre,
artificial cream, yogurt and
fromage frais containing
muesli or cereals

Vegetables and potatoes in
batter, breadcrumbs or flour,
potato croquettes

Snacks made from wheat,
rye, barley and oats, pretzels

Shoyu (Chinese soy sauce),
stuffing mix

Malted milk drinks, barley
waters/squash, beer, lager,
ales, stouts

Ice cream cones and wafers

Check products

Flavoured savoury rice
products, cereal bars

Meat and fish pastes,
pates, sausages, burgers,
fish in sauce

Coffee and tea whiteners,
oat milk, flavoured yoghurt
and fromage frais

Suet

Oven, microwave and
frozen chips, instant mash,
fruit pie fillings, waffles

Flavoured crisps

Gravy, stock cubes, soups,
sauces, mixes, tamari,
mustard, mayonnaise,
salad cream, dressings,
pickles, chutney, blended
seasoning, curry powder

Mincemeat, lemon curd

Drinking chocolate, cloudy
drinks

Tofu, cake decorations,
marzipan, baking powder,
ready to use icings
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oats as part of a balanced GF diet. Studies have shown that most children86,87 and
adults88 with CD can tolerate the avenins found in oats. However, most available
oat and oat products are contaminated with wheat, rye, barley or a mixture of these
cereals during processes such as milling, which makes them unsuitable for people
with CD89.

Systematic reviews assessing the evidence on the issue have concluded that while
most patients with CD can tolerate the avenins found in oats, some may still be 
sensitive to them90, and that people with CD should be followed up by their health-
care team to assess tolerance to avenins91. In practice, advice on inclusion of oats in
a GF diet varies. Pure uncontaminated oats may be introduced gradually into the
diet with monitoring from the healthcare team, by clinical assessment, serology and
possibly follow-up small-bowel biopsy92.

Including pure, uncontaminated oats in the GF diet has been shown to add 
welcome variety, satiety and improved bowel function in those with CD93. Oats are
also a useful source of soluble fibre, which can help in controlling blood glucose in
those with diabetes and help in managing hypercholesterolaemia94, and so should
not be discouraged unless there is good clinical reason. It is essential that patients
ensure they choose oat products that are pure and uncontaminated.

The Codex standard for those intolerant to gluten

The Codex standard for gluten is an international standard used to guide producers
on the accepted levels of gluten in food products. The Codex standard for those
intolerant to gluten was established in 1981 at the level of up to 200 mg gluten/kg or
200 parts per million (ppm)95.

In November 2007, there was agreement to lower this standard96. The changes
introduce a dual Codex standard with two categories:

• foods containing less that 20 ppm gluten;
• foods containing between 20 and 100 ppm gluten.

The European Commission is developing legislation under the Foods for Particular
Nutritional Uses (‘PARNUTS’) Directive 89/398/EEC97, based on this new Codex
standard. When the EC regulation comes into force, only foods that contain less
than 20 ppm of gluten will be labelled as ‘gluten-free’. This labelling term will also
apply for pure, uncontaminated oat products with a gluten level of less than 20
ppm. Specialist substitute GF products (such as breads and flour mixes) that con-
tain Codex wheat starch with a gluten level of 20–100 ppm will be labelled as ‘very
low gluten’.

The precise timetabling of the introduction of the legislation based on the new
Codex standard has not yet been finalised, although it is expected to be adopted 
at the end of 2008. There will be a 3-year period from the time the regulation is
introduced to enable the manufacturers to make all necessary changes to product
ranges and labels.

9781405170369_4_009.qxd  22/12/2008  14:56  Page 192



Food Hypersensitivity Involving Cereals 193

Codex wheat starch
Codex wheat starch is a highly processed (‘washed’) wheat starch which has a level
of gluten within the Codex standard. Codex wheat starch is used by some manufac-
turers who produce GF food for prescription sales to try and improve the taste and
texture of the food. It must appear in an ingredients list if it has been used. The term
‘gluten-free’ implies no gluten, but in practice a gluten level of zero is impossible to
achieve, since even naturally GF cereals such as rice, which are not toxic to people
with CD, can contain up to 20 ppm of gluten98.

Evidence suggests that although some patients with CD do show mucosal recovery
consuming products up to 200 ppm99, other studies have observed varying clinical
responses in patients with CD to smaller gluten levels100.

In addition to this, patients with CD consume variable amounts of GF substitute
products101, so another factor to consider is the likely additive effect on the total
amount of daily gluten consumed, as well as an individual’s tolerance level.

A systematic review of the evidence base surrounding gluten thresholds concludes
that what is most important is the total amount of gluten ingested rather than just
the concentration of gluten in food products alone102. The amount of gluten eaten
depends both on the concentration and on the volume of food products consumed.
Some more sensitive people with CD can experience symptoms on consuming
Codex wheat starch products. If this is the case, they may need to choose products
currently labelled as ‘wheat-free, gluten-free’.

Barley malt, malt extract and malt vinegar

Foods with barley malt or barley flour content (e.g. malted drinks or barley squashes)
should be avoided by patients with CD. Malt extract and malt-extract flavourings
are most commonly prepared from barley, although they can be produced from
other grains. Barley malt extract is widely used in small amounts in the food industry
as part of the flavouring, for example in some rice- and corn-based breakfast cereals.
Products containing barley malt extract in low levels that meet the Codex standard
for gluten can be tolerated by most people with CD. Products  that contain barley
malt extract have to be labelled as such in line with Allergen labelling (2003/89 EC
are highlighted where the information is available from the manufacturer).

Barley malt vinegar is found in pickles, chutneys and condiments such as sauces.
In line with food allergen labelling legislation, manufacturers must list the word
‘barley’ on the ingredients list. Its manufacturing process means there is only a trace
amount of gluten in the end product, which is well below the Codex standard for
gluten. It is therefore suitable for most people with CD to include in their GF diet.

Prescriptions of GF food

In the UK, people with medically diagnosed CD are eligible for GF products on pre-
scription. The products available are generally staples in the diet such as bread and
pasta rather than foods which can be considered luxury items, such as confectionery.
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The GF foods that are prescribable are agreed by the Advisory Committee on
Borderline Substances (ACBS). At present, in England, Scotland and Northern Ireland,
people with CD must pay for their prescriptions, unless they are exempt from
charges for other reasons (such as age, income and other conditions). Prescriptions
in Wales are currently free of charge. To assist healthcare professionals to prescribe
reasonable amounts of GF products, guidelines that suggest a minimum monthly
requirement of GF foods are available103.

Allergen labelling

EU-wide allergen labelling directive 2003/89/EC became mandatory on 25 November
2005 and applies to all pre-packaged foods. It is a legal requirement for manufac-
turers to declare any food allergen included in a food as a deliberate ingredient (see
Chapter 4). Gluten-containing cereals are one of the 14 allergens included in this
legislation, and must therefore be listed in the ingredients, regardless of how much
has been used104. The manufacturer must name the specific grain used, e.g. wheat,
rye, barley, oats, triticale, kamut, spelt.

The use of an allergen advice box, e.g. ‘contains (wheat) gluten’, is recommended,
although this is not compulsory. Therefore patients should check the ingredients list
of a product, and not just the allergy advice box (if used). The European Com-
mission has worked with the European Food Safety Authority (EFSA) to develop a
list of ingredients that are exempt from this allergen labelling legislation.

The following ingredients are safe for people with CD, as the level of processing
has removed any allergenic protein:

• glucose syrups derived from wheat or barley, including dextrose;
• wheat-based maltodextrins;
• distilled ingredients made from gluten-containing cereals, for example alcoholic

spirits.

Allergen labelling and oats
Currently oats are listed as a gluten-containing cereal in allergen labelling directive
2003/89/EC. For this reason, consumers may see an allergen advice box ‘contains
(oat) gluten’ on oats and oat products, even though they may be suitable for them,
i.e. they are pure, uncontaminated oats. The proposed EC regulation based on the
new Codex standard for gluten, which will allow pure oats to be labelled as ‘gluten-
free’, is expected to lead to a review of how oats fit into the allergen labelling directive.

Cross-contamination with gluten

Cross-contamination of GF foods can be a major problem for patients with CD. For
example certain GF cereals, such as buckwheat, and related products such as flours,
have a high risk of contamination during processing, e.g. milling.

The Food Standards Agency has produced guidance for food manufacturers on
best practice on allergen management, including assessment of contamination risk
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and the use of appropriate advisory labelling. Manufacturers generally invest in
having procedures in place that ensure quality control so that contamination is not
an issue105. Quality control within the food industry should incorporate traceability
of ingredients and the risk of contamination.

Manufacturers may put an advisory statement such as ‘may contain gluten’ on a
food product if they have identified that there is a risk of cross-contamination with
gluten.

Patients should be advised to take sensible steps to prevent cross-contamination
with gluten when preparing food at home, for example:

• using a separate toaster, toaster bags or clean foil on the grill when toasting GF
bread;

• using a separate breadboard for handling GF bread;
• keeping all utensils separate during preparation and cooking, and washing thor-

oughly between uses;
• using separate tubs of spreads (margarine, butter etc) and jam, marmalade and

pickles;
• avoiding frying food in oil which has been previously used for foods which 

contain gluten.

Nutritional adequacy of the GF diet

The main priority after diagnosis of CD is to maintain the GF diet, to allow the
mucosal damage to heal. However, following a balanced GF diet is an important
long-term goal to promote good health and prevent health problems. A GF diet
should meet individual nutritional requirements and dietary reference nutrient
intakes (RNIs) as per the general population106.

Ensuring nutritional adequacy of the diet is important, especially since anaemia 
is a frequent finding in those with CD, and can be the sole presenting symptom 
in many cases107. The anaemia may be secondary to iron deficiency but may also 
be multi-factorial in aetiology108. Folate deficiencies have also been identified in
undiagnosed people with CD, as well as vitamin B12 deficiency109.

There is evidence that despite good clinical response on a GF diet mucosal dam-
age does not completely return to normal in some cases, even after many years110.
The clinical significance of this is not known, but it may have implications for 
meeting nutritional requirements on the GF diet. One study concludes that those
treated with a GF diet for 8–12 years show signs of poor vitamin status111.

There are reports that GF cereals and substitute products made from them do 
not contain as much iron, fibre, folate, thiamine, riboflavin and niacin as their
gluten-containing equivalents112,113, which may put those with CD at risk of devel-
oping nutritional deficiencies. There is also evidence that patients with CD eat less
than recommended amounts of calcium, iron and fibre114,115 as well as folate and
vitamin B12

116.
Weight gain leading to obesity after diagnosis of CD is now recognised23 and may

in the long term contribute to morbidity associated with obesity. Obesity increases
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the risk of a number of medical conditions, including coronary heart disease and
type 2 diabetes, so appropriate follow-up is important to identify issues which may
impact on dietary intake.

General healthy eating guidelines can also be applied to those with CD, e.g. 
regular meals, consuming plenty of fruit and vegetables, limiting saturated fat, sugar
and salt, drinking plenty of fluids and consuming alcohol in moderation117,118.

9.1.7 Follow-up

After initial assessment, patients should be reviewed after 3 and 6 months119. If 
otherwise well, patients should be reviewed annually33. Annual IgA antibody tests
can be a useful tool in the monitoring process119, although antibody titres do not
always correlate with improved histology30,120.

In addition to the serological coeliac test, an annual review blood test may include
markers of nutritional deficiency (particularly if present before diagnosis). Table 9.5
shows suggested aspects of monitoring patients with CD.

Current guidelines recommend repeating the small-bowel biopsy between four
and six months33, although in practice this may not be indicated in all patients121.

Ongoing symptoms

Non-responsive CD, either where the patient fails to respond to the GF diet initially
after diagnosis or where a patient who has previously responded to gluten exclusion
becomes non-responsive to therapy, is estimated to affect 7–30% of patients with
CD122.

The most common cause of ongoing symptoms is continued gluten ingestion63,123,
whether deliberate or inadvertent, so reviewing specific aspects of the GF diet, such
as intake of oats, Codex wheat starch, barley malt extract, and the patient’s know-
ledge of allergen labelling, should always be reviewed. Every patient with CD has a
different level of sensitivity, so this should be considered on an individual basis. It is
entirely possible that a patient’s sensitivity could change over time.

Sometimes making the necessary changes to a GF diet can dramatically change a
patient’s intake of dietary fibre, whether increasing it by eating more fruits, veget-
ables and pulses, or decreasing it by eating less bread and pasta. Any sudden change
in fibre intake can contribute to gastrointestinal symptoms such as bloating and
wind, but these should resolve promptly as the body adjusts to the change.

Table 9.5 Suggested monitoring for follow-up of coeliac disease.

Anthropometry Height, weight and BMI (body mass index)

Symptoms Comparison with symptoms prior to diagnosis

Haematological tests Haemoglobin, folate, ferritin, albumin, alkaline phosphatase
Calcium, vitamin D, vitamin B12
IgA endomysial antibodies (EMA) and/or tissue transglutaminase 
antibodies (tTGA)
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9.1.8 Dietary considerations in particular groups

Pregnancy

There are no specific guidelines for pregnant women who have CD. Pregnancy is a
particularly important time for patients with CD to be reviewed, in terms of com-
pliance to the GF diet, and assessment for nutritional adequacy119. All women are
recommended to take 400 µg of folic acid per day prior to conception and until the
twelfth week of pregnancy to protect against neural tube defects124.

Weaning

Care taken in weaning an infant is important, since exposure to gluten is a trigger
for CD. Exclusive breast-feeding is favourable in all babies125, and has been shown to
confer some protection against development of CD, although it is not clear whether
the effect is to delay the onset of symptoms, or permanent protection126.

Breast milk and all infant formulas are gluten-free, so weaning is the first chal-
lenge. It is advised that weaning is delayed until the baby is 4–6 months old, and it 
is recommended that no food containing gluten should be given before 6 months 
of age. From 6 months, gluten-containing foods may be introduced gradual, ideally
while the baby is still receiving breast milk127. It is sensible not to delay weaning
onto gluten; there is no evidence to suggest that this is of any benefit.

First-stage weaning foods such as pureed vegetables and baby rice are naturally
gluten-free, so in practice it is not normally until the baby is 7–9 months of age that
gluten-containing cereals are a regular part of the diet. Where a family history of CD
exists, the introduction of gluten should be carefully monitored for symptoms of
CD. If an infant does develop symptoms of CD, gluten intake should be maintained
and the child should be put forward for diagnostic investigations. A GF diet should
not be initiated until diagnostic tests have been completed.

9.1.9 Resources

Coeliac UK is the national charity that supports people diagnosed with CD and the
healthcare professionals involved in diagnosis and managing patients with CD.
Professional membership of Coeliac UK is free of charge. The Coeliac UK website
(www.coeliac.org.uk) has a dedicated area for healthcare professionals with fully
referenced information. The telephone number is 0870 444 8804. A prescribing guide
for gluten-free products is available at bspghan.org.uk/document/gluten-free_foods.pdf.
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9.2 Allergy to wheat and other cereals

Isabel Skypala

9.2.1 Introduction

There are a number of immune responses to wheat1, including cutaneous and gas-
trointestinal (coeliac disease) cell-mediated reactions, IgE-mediated reactions, inhala-
tion reactions and a particular type of wheat allergy known as wheat-dependent
exercise-induced anaphylaxis (WDEIA; see Chapter 10). Coeliac disease is discussed
in section 1 of this chapter, and allergy to wheat and other cereals in section 2.
Wheat is often also cited as a precipitating factor of irritable bowel syndrome (IBS),
with 15% of subjects in one study reporting symptoms to wheat2, although the
mechanisms involved are not clear. The foods involved in IBS are fully discussed in
Chapter 2 and therefore will not be covered here.

9.2.2 Onset, prevalence and natural history

The most common foods to cause food hypersensitivity reactions are milk, egg,
peanuts, tree nuts, fish and shellfish3. However, there is a paucity of information on
the prevalence of diagnosed wheat hypersensitivity. Wheat is commonly reported 
to cause food hypersensitivity (FHS), but as there is known to be a big discrepancy
between reported and actual FHS, the actual prevalence of wheat allergy is unclear.
It is thought to be quite low, though more common in children, with 0.4% of 
children in the USA reported to be allergic to wheat3. Children who are sensitised 
to wheat, milk, egg and soya through the gastrointestinal tract will usually lose this
sensitivity as they get older, except in the case of WDEIA4.

In 6-year-old children in the UK, wheat was shown to be an important allergen 
in those whose reported symptoms were confirmed by oral food challenge5.
Interestingly, another study of 11- and 15-year-olds from the same population
group showed that although wheat was reported to cause a problem for 4% of 11-
year-olds and 8% of 15-year-olds, it was only confirmed to be a problem in the
older age group6.

In adults wheat allergy is thought to be infrequent, and more commonly associ-
ated with WDEIA7. In a study of self-reported allergy in five Baltic countries, only
9% of the total numbers of reported food reactions were to wheat, with other foods
being much more common causes of reported reactions8. However, there is vari-
ation between countries: there were no reported reactions to wheat in a Portuguese
study of adults with FHS9, compared to 4.7% of those with reported reactions and
concordant positive skin prick test (SPT) to wheat in a German population study10.

Only a limited number of studies have undertaken double-blind placebo-controlled
food challenge (DBPCFC) to confirm diagnosis of wheat allergy in adults. There was
a very low prevalence of wheat allergy in a Danish study, with only one reported
reaction to wheat, which was not confirmed through challenge11. Although food
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allergy in adults is not thought to be common, a study investigating wheat allergy in
a cohort of Danish and Italian adults with a reported wheat allergy showed that
more than 50% of the subjects had their symptoms confirmed by DBPCFC12.

Occupational allergy can also involve wheat. One study showed cereals were the
main sensitising agent involved in the occupational asthma of 75% of bakers and
66% of farmers, although alpha-amylase, soya beans and storage mites can also
cause this condition13.

The prevalence of reported or confirmed allergic reactions to other cereals is less
well documented. Rice is not known to be a major cause of FHS in the UK, although
with patterns of consumption greatly altered in the last two decades this may change
in the future. In countries where rice is the main carbohydrate staple of the diet, 
sensitisation and reported allergy to rice is high. Thirty per cent of Malaysian
patients with clinical symptoms of rhinitis had a positive skin prick test to rice14. In
India, of 1,200 patients screened using a standard questionnaire, 165 presented
with history of rice allergy15. Of these, 20 (12.1%) patients had positive skin prick
test and 13 raised specific IgE to rice, although rice allergy was only confirmed in 6
of the 10 patients who underwent a DBPCFC. More recently, rice allergy has been
confirmed in Italian patients sensitised to the non-specific lipid transfer proteins
(nsLTPs)16 (see Chapter 7).

The prevalence of maize allergy is unknown, although it has been reported to
cause severe reactions, thought to be linked to the main maize allergen, which is an
nsLTP17,18. However, where maize is the staple starchy food, maize allergy may be
more prevalent. A Mexican study showed that 8.5% of an adult cohort had reported
symptoms to maize which were confirmed by positive cutaneous testing19. There are
no reported cases of oat allergy in the literature, although it has been shown that
children with atopic dermatitis using oat-based emollient creams were more likely
to be sensitised to oats20. Barley has been linked to case reports of urticaria and ana-
phylaxis to beer and malt, but the prevalence of allergy to barley is unknown21,22.

Although it is not a cereal, buckwheat is used to make dishes which are usually
made with wheat flour, such as noodles, in Japan and Korea. Buckwheat is the 
commonest food cause of anaphylaxis in Korea, and it has been estimated that 5%
of Koreans have positive skin prick tests to buckwheat23,24. However, the con-
sumption of buckwheat is also likely in parts of Europe: for example buckwheat
pancakes, known as galettes, are a speciality of the Brittany region of France. There
have also been case reports of buckwheat allergy in the USA25 and Germany26.
However, sensitisation to buckwheat can come through the use of buckwheat pil-
lows. Buckwheat hulls, also known as sobakawa hulls or sobagara husks, have been
used in pillows for over 600 years, and there have been case reports of buckwheat
pillow-induced asthma and allergic rhinitis27.

9.2.3 Foods and allergens involved

Most cereal allergens are found in the prolamin family of plant allergens and 
include cereal α-amylase and protease inhibitors, cereal prolamins and nsLTPs (see
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Chapter 4). Cereal α-amylase inhibitors are produced by barley, wheat, rice, 
corn and rye and interfere with the digestion of plant starches and proteins by
impeding insect gut enzymes. Sensitisation is through ingestion or inhalation, 
and they can therefore precipitate both inhalant allergy and IgE-mediated food
allergy18. Studies have shown that α-amylase inhibitor allergens are among the 
most important wheat allergens in food allergy and may also play a role in
WDEIA28.

Cereal prolamins are thought to be involved in both IgE-mediated wheat allergy
and coeliac disease. The glutenins and gliadins in wheat, secalins in rye and hordeins
in barley are major storage proteins in the endosperm of cereal grains. The highest
IgE reactivity is to glutenin, and glutenin subunits in the gluten fraction may also be
important in primary food allergy to wheat as they are resistant to heat28. Although
alpha gliadin and gamma gliadin also have high IgE reactivity, it is omega-5 gliadin
which may be the most important allergen in young children with immediate 
reaction to ingested wheat. It has been suggested that detection of omega-5-gliadin-
specific IgE is a useful comparator to wheat-specific IgE when diagnosing wheat
allergy in children29. Levels of this allergen may also be higher in those who have
more severe symptoms, including anaphylaxis30. It is also known that omega-5
gliadin is the main allergen involved in eliciting WDEIA, and serum levels increase
in accordance with allergic symptoms in patients with this condition31,32. Omega-5
gliadin cross-reacts with gamma-70 and gamma-35 secalins from rye and with
gamma-3 hordein from barley, which may mean these foods can also cause symp-
toms in patients with WDEIA33.

The other important allergens are the nsLTPs. The main LTP in wheat is Tri a 14,
and this has been shown to be a major allergen linked to occupational asthma
caused by wheat, with 60% of patients having specific IgE against this allergen34.
However another study concluded that LTPs in wheat were only major allergens in
Italian patients and may not be a universally important allergen16. The important
allergens in rice, maize and barley are also thought to be nsLTPs. Three cases of 
rice-induced anaphylaxis have been reported to be caused by a rice nsLTP, and it
may also be involved in other manifestations of rice allergy16,35. The major allergen
of maize, Zea m 14, is an LTP with a molecular weight of 9 kDa, which maintains its
structure after cooking at high temperatures and is highly homologous with the
peach nsLTP allergen Pru p 317,36. There are several different allergens in barley,
with two being identified as the causative agents in beer allergy, an nsLTP and a 
second barley protein37. Other studies have also identified barley allergens in beer,
and shown that patients sensitised to the nsLTP in beer can also cross-react with
other nsLTPs in foods such as corn, but this may extend to nsLTPs in botanically
unrelated foods such as apples, peaches and nuts21,22,37,38. Barley is the main aller-
gen in beer, but wheat beer is becoming increasingly common, and anaphylaxis to
wheat beer has been reported39. A relatively new group of allergens, thioredoxins,
have been identified in both wheat and maize. They are cross-reactive allergens that
studies suggest might contribute to the symptoms of baker’s asthma and could also
be related to grass-pollen allergy18.
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9.2.4 Diagnosis

Although history is always useful when trying to diagnose a wheat allergy, it may be
more difficult than with other foods to ascertain that wheat is the symptom trigger.
One study looking at retrospective diagnosis found that only 30% of subjects diag-
nosed with a wheat allergy had a suggestive or convincing history, compared with
over 85% for peanut or fish allergy and 65% for milk and egg40. When making the
diagnosis it is important to consider the age of the patient: wheat allergy is much
more common in childhood, and in adults is very infrequent and most commonly
associated with WDEIA (see Chapter 10)7. In adults, an allergy to cereals may be
more likely linked to nsLTP, and therefore may manifest as isolated allergic reac-
tions to foods such as beer (barley) and malt (barley).

Presenting symptoms can be cutaneous, such as atopic dermatitis, but studies 
suggest that in the case of children half of those presenting with an allergy to wheat
will have severe symptoms including urticarial rash, laryngeal oedema, and anaphy-
laxis – which may often occur as the first manifestation41. Presenting symptoms in
adults range from erythema and pruritis, through to more severe angio-oedema and
anaphylaxis, the latter more associated with WDEIA4,12.

A retrospective study has shown that diagnostic skin prick and in vitro tests meas-
uring sensitisation against water/salt-soluble wheat proteins have poor predictive
values12. The positive predictive value of wheat skin prick test and serum specific
IgE estimation were considerably less than 50%, although the values of the blood
test increased to 85% if grass-pollen patients were excluded from the result12.
Another study showed that a serum specific IgE level of 26 kUA/L was 90% predict-
ive of a positive challenge to wheat, but a level of 100 kUA/L was required for a 
95% predictive probability, the recommendation from the author being that only
subjects with a level greater than 80 kUA/L will not require a food challenge to
establish the presence or absence of wheat allergy40. A similar study could not 
establish predictive probabilities for wheat as there was no specific IgE level at
which all of the children had a positive DBPCFC. The positive predictive value for
wheat in this study was 41%42. The other difficulty with interpreting wheat test
results is co-sensitisation to grass pollen. Many patients with a grass allergy often
have significant levels of specific IgE to wheat and other cereals, but are usually able
to tolerate cereal products without ill effect; many positive specific IgE tests to
wheat in grass-sensitised individuals have no clinical significance6. It is therefore
very important to establish the presence or absence of grass-pollen allergy when
undertaking the estimation of specific IgE antibodies to wheat.

For children, it may be helpful to consider the level of specific IgE as being pre-
dictive of the severity of symptoms, with one study reporting higher levels linked to
an increased risk of anaphylaxis41. Other studies in children have also found the
measurement of specific IgE antibodies to omega-5 gliadin to be a useful predictor
of the presence or absence of wheat allergy, and again levels may also predict 
severity30,43. The epitope-binding domains of the gliadins may also differ depending
on the type of symptoms elicited by wheat. Those with WDEIA, anaphylaxis and
urticarial reactions to wheat recognise sequential epitopes on gliadins, whereas
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those suffering from atopic dermatitis related to wheat recognise conformational
epitopes44 (see Chapter 4).

There are no reports in the literature on the predictive values of tests for maize,
rice, barley or buckwheat.

9.2.5 Management

It is important to distinguish between wheat allergy, coeliac disease and non-allergic
hypersensitivity to wheat. Patients allergic to wheat cannot eat many gluten-free
products as they are not wheat-free and may contain wheat starch. Any patient with
a diagnosed allergy to wheat will need expert advice about diet modification,
because wheat is the main staple food in many countries. Wheat contains important
nutrients, and bread may also be fortified with other nutrients not naturally present
in wheat. A wheat-free diet will put the patient at risk of suboptimal intakes of 
thiamine, riboflavin, iron, calcium and energy. It may also adversely affect protein
intake. Therefore for all patients it is important that appropriate wheat substitutes
are incorporated into the diet, and that the patient also increases his or her intake of
other starchy staple foods. Given the cross-reactivity between the nsLTPs, patients
must not be advised to take a wheat substitute which may also cause reactions. One
study showed that barley was often positive on challenge in patients with a known
wheat allergy, but the same clinical reactivity was not shown to corn or rice despite
sensitisation to those foods45. Appropriate substitutes for wheat will therefore usu-
ally be corn, rice and potato, although other non-cereal foods may also be useful
substitutes, such as cassava, sago, chickpea and lentil (gram) flour.

Wheat is found in a wide range of foods including bread, cereals, cakes, biscuits,
pasta, noodles, thickeners, pastries, pies, couscous, semolina, cheesecake, soups,
pizza and bottled sauces. There are many wheat-free substitutes for some or all of
these foods readily available in supermarkets and health-food shops. The advent of
bread machines has made it easier for people with a wheat allergy to prepare home-
baked wheat-free bread products. People with a wheat allergy are not necessarily
entitled to gluten-free products on prescription, but in any case many such products
will not be suitable due to the presence of wheat starch.

For other grains, corn is present in breakfast cereals, corn snacks and tortilla
chips, polenta, corn crackers, cornflour – which may be found in custard and gravy
mixes – and some foods use corn starch and corn syrup, although this is more com-
mon in the USA. Barley is not a very common food ingredient, but it is present in
beer, malt, and malt-containing foods such as granary bread, breakfast cereals, malt
drinks and milky drinks. Wholemeal bread may also have malt or barley added.
Rice may be present in foods as rice flour or ground rice, and is also found in rice
cakes, rice pudding, rice noodles, breakfast cereals and edible rice paper, which may
be found on macaroons etc. Buckwheat is used to make noodles and pancakes.

European Union food labelling laws require that all food products containing
wheat, oats, barley or rye declare these on the label (see Chapter 4). There is no such
requirement for corn or rice at present.
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10.1 Reactions to food additives

10.1.1 Prevalence

The reported prevalence of food-additive hypersensitivity can be high, especially in
paediatric populations. A UK study showed that 26 out of 90 children aged 11 years
(29%), and 14 out of 94 children aged 15 years (15%), reported a problem with
food additives1. In adults, however, the rate appears to be lower, with only 1.3% of
adults reporting adverse reactions to additives2. A Dutch study showed that food
additives and chocolate were the most common foods avoided by adults who
thought they had food hypersensitivity3. Another study assessing self-reported food
hypersensitivity in five countries reported that 19 (range 14–27) of the 1,139 parti-
cipants (1.7%) reported reactions to additives, a much lower reported prevalence
rate which may reflect geographical variation4. This appears to be supported by
another study on Portuguese adults showing that there were no reported reactions
to food additives in a sample of 659 adults5. The reported prevalence rate may also
vary depending on the food additive implicated. One Australian study cited a 1.3%
prevalence rate for reported reactions to artificial colours, but a 6.5% prevalence
rate for reported reactions to monosodium glutamate6.

As with foods, there is a large discrepancy between reported and actual preval-
ence rates of hypersensitivity to food additives. A study by Young et al. estimated
the population prevalence of FHS to additives in the UK to be 0.1%7, and this has
been confirmed in a study looking at reported food allergy in a cohort of Danish
children and adults8. This study showed that 19 of 1,834 subjects (1%) reported an
allergy to additives, but hypersensitivity was confirmed by double-blind placebo-
controlled food challenge (DBPCFC) in only one adult patient, making the preval-
ence in the adult cohort 0.1% and in the total cohort 0.05%. A German study in
both children and adults conducted investigations for food allergy in 814 of 4,093
subjects who returned a questionnaire; 18 (2.2% of the investigated group) had
confirmed reactions to food additives, making the population prevalence 0.4%9.
These studies suggest that the likelihood of hypersensitivity to food additives is rare,
and reviews of the subject support this.

However, prevalence in specific groups could be greater. A study on recurrent
chronic idiopathic urticaria showed that sensitivity to food additives may be of the
order of 1–3% in this group10. Of 838 patients with recurrent idiopathic urticaria,
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116 (14%) had positive DBPCFC to mixed challenges containing tartrazine, ery-
throsine, monosodium benzoate, para-hydroxybenzoate, sodium metabisulphite,
monosodium glutamate. However, when DBPCFC using incremental doses of sin-
gle allergens was performed, only 24 subjects (2.8%) had a positive test to the single
food allergens given. It has also been suggested that people with urticaria may have
an increased sensitivity to histamine, although the numbers studied were small11.
People with asthma may also be at increased risk of sensitivity to food additives; in
1979 Weber and colleagues suggested that 2% of asthmatics may be sensitive to
food colourings and preservatives12, but at that time the studies carried out did not
use DBPCFC. More robust studies on sodium metabisulphite suggest that 5% of the
adult asthmatic population of the USA could be affected by sulphites, even after the
1985 legislation banning sulphites in fresh foods13–15. The prevalence is higher in
severe asthmatics, ranging from 3.9% in the general asthmatic population to 8.4%
in steroid-dependent asthmatics in one study16,17. In children, food additives have
been especially implicated in hyperactivity disorders (see Chapter 2). A study con-
ducted in 2004 suggested that benzoates and food colourings could adversely affect
the behaviour of children18.

Food additives may also be involved in more severe reactions. In an analysis of
173 food-allergic and anaphylactic events in the USA, ‘candy’ was cited as a cause of
a severe reaction in five cases (3%)19. There is no detail about the candy, although
gummed sweets are mentioned, which suggests that colours could be involved,
although gelatine is also a possible contender. In the UK, a study of severe food-
allergic reactions in children also cited food colouring as a cause of two of the 171
non-severe cases (1.2%), but none of the severe reactions20. It is possible that these
are naturally derived colourings such as carmine or annatto, which may have
sufficient traces of allergen to mediate an IgE response.

10.1.2 Foods involved and symptoms elicited

A food additive is defined as ‘any substance not normally consumed as a food in
itself and not normally used as a characteristic ingredient of food whether or not it
has nutritive value, the intentional addition of which to food for a technological
purpose in the manufacture, processing, preparation, treatment, packaging, trans-
port or storage of such food results, or may be reasonably expected to result, in it or
its by-products becoming directly or indirectly a component of such foods’ (Council
Directive 89/107/EEC)21. The amounts that can be added to foods will be regulated
by the type of food and also the amount of additive known to be safe for humans.
Thus all additives have an ‘acceptable daily intake’ (ADI), determined through the
establishment of the ‘no-observed-adverse-effect level’ (NOAEL), which is the 
maximum level of additive that has no demonstrable toxic effect22. The ADI is
determined by the joint FAC/WHO Expert Committee on Food Additives and is
defined as an estimate of the amount of a food additive, expressed on a body-weight
basis, that can be ingested daily over a lifetime without appreciable health risk. It is
measured in milligrams per kilogram of body weight23. All food additives, whether
natural or artificial, have an ‘E’ number which signifies European Union approval.

9781405170369_4_010.qxd  22/12/2008  14:55  Page 211



212 Food Hypersensitivity

The number signifies the function of the additive, so colours, preservatives and
flavour enhances will all be in different number ranges. The Food Standards Agency
has information on food additives and a comprehensive list of the E numbers used 
in the UK24.

There are many hundreds of food additives used, but only a very small number
have been implicated in food hypersensitivity and therefore studied in any great
detail (Table 10.1). They have been implicated in a wide spectrum of food-hyper-
sensitivity disorders including both immune-mediated and non-allergic conditions.
Most additives, except for some natural food colourings, are low-molecular-weight
chemicals which are ingested irregularly in very small amounts. In some reactions
the dose of allergen may be critical, and there also appears to be a higher likelihood
of reactions to additives in people who are atopic and already suffering from an
allergic condition such as asthma, rhinitis or atopic dermatitis, who are thus more
likely to release histamine after eating certain foods25.

Most responses to food additives do not involve the production of IgE antibodies,
except in a small number of cases where a protein might be involved, such as in
allergy to natural food colourings derived from plant or animal sources. However, it
has been proposed that some low-molecular-weight additives could bind to a carrier
protein and act as a hapten26. Delayed type IV hypersensitivity is probably the most
common expression of immune involvement in hypersensitivity to food colourings
and benzoates, manifesting in eczema/atopic dermatitis (AD) symptoms25. Whereas
type I hypersensitivity is immediate, type IV reactions are delayed and may involve 
a type of antigen known as a haptenated protein, where a small organic molecule or
hapten becomes covalently attached to proteins in the tissues27. Allergic contact 
dermatitis may involve some food additives such as the antioxidants butylated
hydroxytoluene (BHT) or butylated hydroxyanisole (BHA), sorbates or parahydroxy-
benzoic acid, but can also involve spices, vitamin E, essential oils and other flavour-
ing agents25.

For sodium metabisulphite hypersensitivity, several mechanisms have been 
suggested for reactions, including the inhalation of sulphur dioxide, generated 
from sulphite-containing foods during the swallowing process. Evidence for an IgE
mediation in the sulphite response is mixed, although it has been reported that 
sulphiting agents could induce mediator release from human mast cells, with a rise
in plasma histamine levels demonstrated in one study28. Severe reactions, includ-
ing anaphylaxis, may occur in asthmatics with low levels of sulphite oxidase13.
Pharmacological mechanisms have also been suggested for some additives, espe-
cially those such as tartrazine and sodium benzoate which have similar chemical
structures to aspirin. Aspirin can affect the synthesis of prostaglandins and leu-
kotrienes; adverse reactions to aspirin may be caused by the inhibition of cyclo-
oxygenase, which acts as a bronchodilator and inhibits prostaglandin synthesis25. 
In the 1980s it was suggested that food additives such as tartrazine may also have 
an inhibitory effect on the cyclooxygenase pathway in aspirin-intolerant indivi-
duals, but robust studies and reviews of more recent studies have not supported this
theory29,30.
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214 Food Hypersensitivity

Food colourings

Artificial food colourings have probably attracted the most press with regard to
hypersensitivity. In reality, however, reactions are extremely rare, even in high-risk
groups such as those with asthma or urticaria, although food colourings have been
linked to hyperactivity in non-atopic children (see Chapter 2). It is ironic that con-
cern about artificial colours in foods has led to an increase in the use of natural food
colourings, which can retain some protein fragments and have been implicated in
IgE-mediated FHS reactions including anaphylaxis.

Natural food colourings
Natural food colourings include cochineal, annatto, turmeric and saffron. Cochineal
(E120) is also known as carmine; it is a red dye made from the female bodies of the
cactus-eating insect Dactylopius coccus. Carmine use was declining until concerns
about artificial food colours in the 1980s led to increased demand for natural 
colorants. Cochineal or carmine is found in many foods, especially sweets, ice 
lollies, fruit yoghurt, some processed meats, jam, fruit juice etc. There have been
several reports in the literature of carmine causing allergic reactions including ana-
phylaxis31,32, and it has also been shown that commercial carmine retains insect-
derived proteins which are responsible for IgE-mediated carmine allergy31.

Annatto (E160b), a yellow food colouring, is a carotenoid extracted from the
seeds of the tree Bixa orellana. It is used in many cheeses such as Cheddar and Red
Leicester, but is also found in margarine, butter, smoked fish and custard powder.
Although popular literature suggests that annatto is responsible for many allergic
reactions, especially in relation to attention-deficit hyperactivity disorder, there
have only been a couple of case reports in the scientific literature of an IgE-mediated
food allergy to annatto, probably due to contaminating or residual seed proteins33,34.
Turmeric (E100) is extracted from Curcuma longa, a plant from the ginger family.
This orange-yellow powder is added to curries and is often part of curry powders. 
It is also used to colour mustard condiments, and may be added to many orange-
coloured foods. Studies of turmeric have not shown that it causes any type of 
symptoms related to allergic reactions35, although curcumin, the active ingredient 
in tumeric, has been reported to cause contact dermatitis in isolated cases36,37.
Interestingly, curcumin is reported to have antiallergic properties, with Lee et al.
reporting that it inhibits certain signalling mechanisms in mast cells38. Saffron is 
a red/yellow food dye which is extracted from the bulb Crocus sativus. It is tra-
ditionally used in rice dishes such as paella, but also in soups, sauces and other foods.
Despite its widespread use, there has only been one case report of anaphylaxis to
saffron39.

Artificial food colourings
Artificial food colours include the azo dyes, which are synthetic colours that contain
an azo group as part of their structure. There are many azo dyes, but the ones most
commonly used in foods in the UK are tartrazine (E102), quinoline yellow (E104),
sunset yellow (E110), azorubine or carmoisine (E122), amaranth (E123), ponceau
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Other Causes of Food Hypersensitivity 215

4R (E124) and allura red (E129). Azo dyes account for approximately 60–70% of
all dyes used in food and textile manufacture, as they are very stable and do not fade
in sunlight. The azo dye which has been the best studied in connection with food
hypersensitivity is tartrazine; its chemical structure is very similar to that of both
benzoate and salicylate, the active ingredient in aspirin25. It is this chemical similar-
ity which has led many to evaluate whether those who are asthmatic and aspirin-
sensitive are more likely to be affected by tartrazine. Although many studies have
been carried out the study designs were often limited, and in a large study in 1986
using DBPCFC, Stevenson and colleagues failed to detect tartrazine-induced asthma
in any of their 150 subjects30. A 2006 best-practice guideline stated that current 
evidence suggests that although tratrazine may be a rare cause of bronchospasm in
asthmatic patients, there is no convincing evidence to support the contention that
tartrazine cross-reacts with non-steroidal anti-inflammatory drugs such as aspirin
and ibuprofen29.

Another condition which it has been suggested could be exacerbated by tartrazine
is urticaria, with an early study by Juhlin suggesting a very high prevalence of sens-
itivity to tartrazine amongst those with urticaria40. However more recent studies,
which have included DBPCFC have not confirmed this. One study of 102 subjects
reported that only one patient (1%) had a reaction to a dose of 5 mg tartrazine 
given by DBPCFC41, and Di Lorenzo and colleagues showed that out of 838 pati-
ents with chronic idiopathic urticaria only 3 (0.4%) had reactions to tartrazine
alone10. Interestingly, the Di Lorenzo study also assessed reactions to DBPCFC 
with mixed additives and found that more subjects with urticaria had positive 
challenges to the mixed challenges than they did to the single challenges. The role of
tartrazine has also been evaluated in the aetiology of atopic dermatitis (AD), with
tartrazine appearing to be capable of inducing leukotriene release in AD patients
with a proven food hypersensitivity, although the same group also found that only 
a few AD patients reacted to provocation with food additives in a DBPCFC42,43. 
A group of patients with mixed dermatological conditions were studied, and it 
was shown that although five subjects reacted to a mix of additives including sul-
phites, benzoates, monosodium glutamate and the colourings amaranth, erythros-
ine, tartrazine and sunset yellow, the differences in reported reactions between 
the active and placebo doses were not significant. The conclusion was that these
additives at 10% of the ADI do not cause dermatologic reactions or aggravate AD
symptoms44.

The predominant view from experts45 is that azo dyes are unlikely to precipitate
FHS in most people. However, some interesting recent evidence has emerged linking
artificial food colours to hyperactivity in children. This link was first proposed in the
1970s by Feingold, who hypothesised that a diet free of additives could help in the
treatment or prevention of hyperactivity in children46. Although subsequent studies
did not appear to support this theory, two studies published in 2004 and 2007 have
suggested that a mix of sodium benzoate and food colourings, including tartrazine,
could affect behaviour and can increase hyperactivity in some children18,47. The
publication of these studies has increased pressure on manufacturers to remove
artificial colours from foods (see also Chapter 2).
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216 Food Hypersensitivity

Food preservatives

Benzoates and parabens
These occur naturally, in the form of free acid or salts, in foods such as cinnamon,
cloves, tea, prunes and berries such as raspberry and cranberry48. Benzoates
(E210–219) and in particular sodium benzoate (E211) are added to foods to retard
the growth of bacteria, and are typically found in beer, jam, fruit products, pickled
foods, yoghurt and salad cream. Parabens are the esters of para-hydroxybenzoic
acid and are used as antimicrobial agents mainly in cosmetics and drugs, but they
have also been used in foods including fruit juices, pickles, sauces and soft drinks48.
There have been many studies assessing the involvement of benzoates in chronic
urticaria and angio-oedema, and the evidence is very mixed. A study by Ortolani 
et al. in 1984 showed that 3 out of 396 (0.75%) subjects with chronic urticaria 
and angiooedema had positive DBPCFCs to sodium benzoate alone, but 12 reacted
to one or more additives49. More recent studies have shown similar results, with 
one showing that 1 subject out of 47 with urticaria had symptoms induced by
sodium benzoate50. Another study found that 8 of 838 patients with recurrent
chronic idiopathic urticaria (0.95%) had positive DBPCFC with monosodium 
benzoate10. There have also been case reports of sodium-benzoate-induced prur-
itis in the absence of a skin rash51. Benzoates have also been suggested as having 
a role in both asthma and AD, but the studies have not shown a link, although 
benzoates have been linked with an increased production of leukotrienes in AD
patients43,48. Parabens may often cause contact dermatitis when in cosmetics 
(contact reactions), but rarely cause this problem in the food industry (ingested
reaction)25.

Benzoates have also been proposed to have a role in persistent rhinitis. The 
evidence was reviewed in 2004 by Asero, who concluded on the basis of previous
studies that it is possible that about 5% of patients with non-allergic perennial 
rhinitis might have additive intolerance52. He suggested that those patients who
have had perennial rhinitis for more than 6 months, or a diagnosis of allergic 
rhinitis in the absence of nasal polyps and structural deformities, a normal plain
radiograph or scan and no skin prick test reactivity to aeroallergens, should 
commence an additive-free elimination diet for three weeks. Those who have had 
a complete and persistent disappearance of their symptoms should undergo an 
unrestricted diet for three weeks, with those who relapse being challenged by
DBPCFC. A study of 226 patients with persistent rhinitis by Pacor and colleagues
showed an additive-free diet improved the symptoms of 20 subjects (9%), with 6
being completely symptom-free53. On DBPCFC, objective symptoms were shown
by 20 subjects (9%) only when challenged with sodium benzoate, although other
additives also induced subjective symptoms in 45 patients. Their conclusion was
that some patients with chronic vasomotor rhinitis may be intolerant of food addit-
ives, but these additives are triggers or aggravating factors rather than aetiological
factors. Benzoates have also been linked to behaviour in children, with two studies
evaluating the effect of a mix of food colours and benzoates on behaviour and
hyperactivity18,47.
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Sodium metabisulphite
Sodium metabisulphite is a multifunctional preservative which is part of the sulphite
group of preservatives (E220–228). Sodium metabisulphite (E223) and potassium
metabisulphite (E224) are also added to foods to prevent enzymatic and non-
enzymatic browning. Sulphites react with the disulphide bonds in proteins, and can
also combine with carbohydrates, and therefore will exist in a free or bound form in
foods54. Free-form sulphite is more likely to cause a reaction than bound sulphite55.
The main sources of sulphite in the diet will vary according to the type of foods 
normally consumed and also the amount of sulphites permitted to be added to
foods. The maximum permitted level (MPL) of sulphur dioxide, expressed in mg/kg
or mg/litre, varies greatly, with dried fruit having an MPL between 600 and 2,000
mg/kg and wine 200 mg/litre (EU Directive 95/2/EC)56. The amount added can
depend on the raw materials, and so for wine can vary from year to year and from
vineyard to vineyard. Wine samples analysed in Italy contained an average of 92
mg/kg, but ranged from undetectable to 198 mg/kg57. Wine (especially white wine),
cider, lager, frozen chips and roast potatoes, dried foods such as dried fish, onions,
apricots and potato products, salads, lemon/lime juice, grape juice, wine vinegar
and fruit drinks such as fruit cordial or ‘squash’ are most likely to cause symptoms
in sensitive individuals. The EU Directive adopted in the UK in 2005 (2003/89/EC)
requires added sulphites to be listed on the product label if the amount is greater
than 10 mg/litre or 10 mg/kg58. This considerably simplifies the dietary exclusion 
of sulphites in the future, but unlabelled foods containing the additive or labelled
foods containing less than 10 mg/kg, but consumed in large amounts, could still
elicit reactions.

It has been well established through DBPCFCs that sodium metabisulphite
mainly affects asthmatic patients, with about 5% of asthmatics being hypersensitive
to the chemical, and those with more severe or steroid-dependent asthma being at
greater risk13–17. The main symptom associated with sulphites is bronchospasm in
asthmatic subjects. For many asthmatics, bronchospasm can occur on exposure to
less than 1 ppm (1 mg/kg) of sulphur dioxide; however, this is non-progressive and
does not require bronchodilator treatment. The bronchoconstriction is not due 
to the alteration of airway pH, or a response to an irritant (sulphur dioxide) in an
asthmatic population more sensitive to airway irritants, since making the lungs
more sensitive and hyper-reactive to irritants by challenging the lungs with metha-
choline does not lead to an increased reaction when the lungs are then challenged
with sulphur dioxide13,59. Unlike azo dyes and benzoates, there appears to be no
cross-reactivity between aspirin and sulphites, and an aspirin-sensitive asthmatic 
is unlikely to be at greater risk of having coexisting sulphite sensitivity28. Other
reactions are less common, although urticaria and angio-oedema have been reported,
and anaphylaxis-like events described60. There have also been case reports of rhin-
itis being induced by sodium metabisulphite61.

Nitrates and nitrites
Nitrates and nitrites (E249–252) are used in processed meats, where they also add
flavour and colour. It has been suggested that they can cause urticaria and pruritis in
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218 Food Hypersensitivity

some individuals, and isolated case reports in the literature also suggest they could
cause anaphylaxis, although the mechanism is not clear62– 64.

Flavour enhancers

Monosodium glutamate (MSG)
In addition to the four primary tastes, there is a fifth taste called umami, which
describes the palatability or deliciousness of food65. This taste was characteristic 
of Asian cuisine, and in 1908 it was discovered that the common amino acid 
L-glutamate in dried kelp was responsible for the taste66. Glutamate is an essential
amino acid that occurs naturally, in either a protein-bound or free form, in foods
such as tomatoes, Parmesan cheese and soy sauce. Other forms of naturally occur-
ring protein-bound MSG also exist, most notably in yeast extract and hydrolysed
vegetable protein. About one-third of the intake of MSG in the UK comes from
added MSG (E621), used widely in food manufacturing and restaurants. The 
average daily intake varies from country to country: figures from the US Food and
Drug Administration show that the intake of MSG ranges from up to 0.5 g in the
USA to 1.6 g in Korea66. MSG appears to produce a variety of symptoms including
headache, neck pain, nausea, tingling, flushing and chest heaviness29 first described
by Kwok in 1968 as the ‘Chinese restaurant syndrome’67. In 1987 Settipane sug-
gested that ‘restaurant syndromes’ could be precipitated by food allergens, sulphites,
MSG, tartrazine, or scombroid poisoning, but described symptoms of burning,
pressure, and tightness or numbness in the face, neck, and upper chest following
ingestion of Chinese food as likely to be due to a diagnosis of MSG hypersensitiv-
ity68. However, studies in individuals with reported reactions to MSG have varied.
In 1997, a study found that 22 of 61 subjects had reproducible symptoms of
headache, muscle tightness, numbness/tingling, general weakness and flushing, with
the threshold dose for reactivity being 2.5 gm MSG69. In 2000 a larger study of 130
subjects confirmed that large doses of MSG (5 g) given without food may illicit
symptoms, but these were not serious or persistent or consistent on re-testing70.

MSG has been associated with the provocation of symptoms in asthmatic subjects.
A study by Allen and colleagues in 1987 showed that 13 of 32 subjects with asthma
reacted to doses ranging from 0.5 mg to 5 mg, many with delayed reactions71.
However, two more recent studies have failed to reproduce these results. One
undertook DBPCFC on 12 asthmatics with a history of MSG intolerance over 
a three-day period, and had no positive responders72. A much larger study invest-
igating 100 asthmatics, 30 with a history of oriental restaurant attacks, found 
that 12 of the 30 had aspirin sensitivity, but none had asthma on challenge with
DBPCFC of 2.5 mg MSG73. A review by Stevenson in 2000 concluded that the 
existence of MSG-induced asthma, even in patients with a positive history, has not
been established conclusively74, and this was endorsed by a best-practice review in
200629. MSG has also been linked to urticaria: a study in 2000 found two patients
(3%) reacted at a level of 2.5 g MSG but this was not reproduced on DBPCFC75.
Another study in 2005, looking at multiple additives, reported that only three
(0.3%) patients with chronic idiopathic urticaria had reactions to MSG, but the
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dose was only 0.4 g, which may be considered rather a low dose to elicit a
response10. Various case reports have suggested that MSG could induce urticaria,
and also provoke rhinitis in certain individuals52,61. Therefore, although MSG con-
sumption has been linked to many different symptoms, very little evidence from 
formal studies has shown that MSG in small doses is likely to cause an adverse effect
in most people.

Other additives

Various other food additives have been linked with food hypersensitivity, including
butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA), which are
antioxidants used in a large number of foods containing fat. A review suggested that
although adverse reactions have been best substantiated in the skin, with a sug-
gested high incidence of intolerance in those with chronic urticaria, a lack of studies
using DBPCFC means that the true prevalence of adverse reactions to BHA and
BHT is still unclear76. Flavourings can sometimes be implicated in allergic reactions,
and can be split into contact sensitisers, spices and fruit concentrates. Those which
can cause contact allergy such as dermatitis include the cinnamon family which
includes Balsam of Peru. Balsam of Peru is a cinnamon-containing flavouring 
compound that can be found in toothpaste, hard sweets, marmalade, ice cream, cin-
namon, clove or vanilla (see also Chapter 2). Other flavouring products which could
be involved in contact dermatitis include clove oil, anise, fennel oil, d-limonene,
menthol, peppermint oil and spearmint oil77. Spices and fruit concentrates can both
cause reactions which have the potential to be IgE-mediated (see also Chapter 7). In
addition to spices, there are other food additives which are derived from plant foods
such as guar gum (E412), carageenan (E407) and tragacanth (E413). The literature
contains case reports of reactions to all of these foods.

10.1.3 Diagnosis

History

It can be difficult from the history to pinpoint whether an additive is likely to be the
cause of any reaction. Many people may suspect a food additive, especially when
there is no obvious cause for their allergy. It is clear from the literature that a very
small percentage of those who suspect they have an allergic reaction to additives
actually do so, but this does not mean that it should be ruled out entirely, as case
reports have shown good evidence for remission of symptoms by removal of a food
additive. Wilson and Bahna suggest that although adverse reactions to additives are
rare, they are likely to be under-diagnosed due to a low index of suspicion on the
part of the physician78. Sometimes reported reactions to particular foods may be
misleading. For example, reported reactions to wine, a beverage commonly thought
to be implicated in sodium metabisulphite hypersensitivity, need careful investiga-
tion to rule out other triggers such as vasoactive amines, grape allergy and hyper-
sensitivity to other added ingredients.
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It has been proposed that adverse reactions to food additives should be suspected
when symptoms after foods and drinks happen but not every time the food in ques-
tion is consumed29. Food-additive hypersensitivity can also be suspected in those
who report symptoms to multiple unrelated foods, or to a certain foods when com-
mercially prepared but not when homemade78. Although an IgE-mediated reaction
is usually not involved, it is not always the case that a reaction to a food additive can
be characterised by delayed reactions. For example, sodium metabisulphite hyper-
sensitivity can cause symptoms within 30 minutes of ingestion, and occasionally
bronchospasm will be immediate.

Tests

Tests for specific IgE estimation are not usually helpful, as the reactions are not 
normally IgE-mediated, although where a naturally derived food colouring or flavour-
ing is suspected, then tests to specific IgE antibodies may be helpful if available.
Some studies have reported positive skin prick tests for sodium metabisulphite 
and tartrazine, but these have not always been validated by positive DBPCFCs and
are usually not reliable and not available commercially. Patch testing is useful for
contact dermatitis where parabens, spices or Balsam of Peru are suspected25. How-
ever, for most suspected food-additive allergy following ingestion, the best method
will be a complete elimination of the offending additive from the diet for 3 weeks
followed by reintroduction of the additive, with symptoms scored throughout the
period if possible by recording skin, nasal or respiratory symptoms on an agreed
scale, or using objective measures such as monitoring of peak flow. However, not 
all additives will be found in the same quantities in all foods; one study took eight
subjects with sulphite sensitivity previously confirmed by capsule challenge, and
exposed them to a variety of sulphited foods, finding that 50% failed to respond to
any exposures79. However, those who derive benefit from the exclusion and report
worsening of symptoms on reintroduction of the additive should have an oral food
challenge. The normal method in most studies is the additive given in a standard or
incrementally increasing dose, sometime over several days, but this may be difficult
as such additives are not commercially available and cannot always be purchased in
small quantities. It also needs to be borne in mind that some additives may not
respond in the same way in a capsule challenge. For example, this method may
bypass sodium metabisulphite reactions due to inhalation, and also some additives
may act as haptens and therefore require the presence of protein in order to cause a
reaction. Di Lorenzo and others have reported that DBPCFCs with single allergens
were less often positive than DBPCFCs containing mixed additives in the same
patients10.

10.1.4 Management

Management of a hypersensitivity to any additive requires the avoidance of all
foods containing the relevant additive. All of the additives have an identifiable E
number, but it is also helpful to know which foods are more likely to contain them.
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Some people may be able to tolerate small amounts of additives. For example, peo-
ple sensitive to sodium metabisulphite may be able to eat some sulphited foods, but
unable to tolerate foods containing the sulphite above a certain threshold level.
There should not be any nutritional consequences as a result of removal of food
additives from the diet, although the diets of children may be lower in energy as a
consequence due to a lower consumption of sweets, fizzy drinks and snack foods.

10.2 Pharmacologic food reactions

10.2.1 Salicylates

Prevalence

Salicylate is a signalling molecule in plants with a spectrum of activities including
anti-inflammatory actions80. Willow and meadowsweet were used in ancient times
to treat fevers and pain, and it is suggested that this is due to their high salicylic acid
content81. Aspirin is a synthetic derivative of salicylic acid called acetylsalicylic acid
which is rapidly hydrolysed to salicylate in the gut following oral administration82.
Aspirin acts by preventing the conversion of arachidonic acid to cyclic prostenoids
by inhibiting the enzyme cyclooxygenase (COX)83. There are two isoforms of COX,
COX-1 and COX-2, and aspirin is a potent inhibitor of COX-1, whereas non-
acetylated salicylate such as salicylic acid inhibits COX-282,84. Salicylic acid is found
in many food plants, and there is wide range of published values for salicylates in
foods84 – 86. Aspirin and other non-steroidal anti-inflammatory drugs (NSAIDS) are
common causes of drug reactions, and the prevalence of aspirin hypersensitivity is
thought to range from 0.6% to 2.5%, but this increases to 4.3–11% in asthmatics87.
Aspirin-sensitive asthmatics may often have nasal polyposis, and aspirin triad disease
was first reported in 1922, but characterised by Samter and Beers in 1967 as a non-
immunologic systemic disease88, and the condition is often known as Samter’s triad.

It is unknown whether non-acetylated salicylate such as the naturally occurring
salicylic acid in foods can also provoke response in aspirin-sensitive asthmatics or
those with additional nasal polyposis. Studies have suggested that responses do
occur, and also that it is dose-dependent, with an intake of 2.6 mg of salicylate
reported to be the mean dose eliciting a 15% decrease in FEV1 in sensitive asthmat-
ics89. It has been suggested that intolerance of NSAIDS was of clinical import for
2–7% of patients suffering from food allergy and inflammatory bowel disease, and
that salicylate intolerance should always be considered in these cases90. However,
other studies have shown that many aspirin-intolerant asthmatics can tolerate
dietary salicylate in high amounts91.

Foods involved

One of the main issues, apart from the efficacy of a dietary exclusion of salicylate, is
the fact that the reported levels of salicylic acid in foods vary greatly. In 1985 Swain
et al. published the salicylate content of 333 foods85, and for many years this has
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remained the mainstay of advice on salicylate avoidance. However, studies in the
last two decades have bought those values into question, with data from Venema 
et al. in 1995 showing marked differences in the amounts of salicylate in foods86,
being at much lower levels than those published by Swain. It was estimated by
Swain et al. that the normal diet could provide 10–200 mg natural salicylates85,
whereas from Venema et al. it appears that a level of 0–5 mg is more likely86. The
variation is thought to be due to differences in methodology, but it is possible 
that varietal differences, shelf-life and growing conditions could all affect salicylate
content92, with one study on soups demonstrating that organic vegetable soups 
contained more salicylic acid than non-organic ones93. The salicylic acid in spices
has also been reassessed, having been found to be very high in Swain’s data;
Paterson and colleagues showed that total salicylic acids in spices were comparable
to the levels in the Swain data, and that the salicylate content of blood and urine
increased following consumption of the meal, indicating that this dietary source of
salicylic acid was bioavailable94.

As the data from Swain are now more than 20 years old, it is helpful that we have
some more recent data published in 2007 by Scotter and colleagues, who analysed
the free salicylic acid and acetylsalicylic acid content of 76 foods84. Their data for
the salicylate contents of some foods were very different to those published by
Swain et al.85, especially for some fresh fruits and vegetables: bananas are salicy-
late-free according to Swain’s data, but Scotter showed they contained 0.4 mg/kg 
of salicylic acid. Herbs, spices and loose tea were the most consistent food items
tested, with all studies showing them to contain high levels of salicylic acid. Other
foods which have been identified as being high in salicylate include oil of winter-
green, coffee, wine, bilberries, blackcurrants, grapes, peaches, strawberries, tomatoes,
toothpastes and chewing gum (Table 10.2).

Diagnosis and management

There are no effective diagnostic tests for salicylate intolerance, and no studies
showing the efficacy of dietary exclusion. The best method of choosing who would
benefit from a salicylate exclusion is therefore an evaluation of the clinical history.
The presence of aspirin sensitivity or Samter’s triad is a good starting point, also
looking for clues in the dietary history such as reported problems with black pepper,
herbs or spices. Since salicylate occurs in many foods, and the quantities are a 
subject of controversy, it is probably more effective to trial an avoidance of only
those foods known to be very high in salicylate. It needs to be remembered that 
the amount of salicylate in foods is much lower than in a typical dose of aspirin: 
for example, Scotter’s data suggest that although curry powder contains 15.2 mg 
of salicylic acid per kg, the actual amount in a curry will only be in the region of 
0.05 mg. Therefore a 4-week trial of the avoidance of high-salicylate foods should
help to establish whether more stringent avoidance will be worth the subsequent
dietary restrictions.

In the long term, people who are avoiding salicylate-containing foods may need
dietary assessment to ensure that they are still maintaining an adequate intake of
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fresh fruits and vegetables. The intake of high-salicylate foods has been extensively
investigated to assess its beneficial effects on cancer and heart disease. It is therefore
very important to establish the efficacy of the diet and make sure any long-term
exclusions are being balanced by the inclusion of other foods with the same health
benefits.

10.2.2 Vasoactive or Biogenic amines

Prevalence

Vasoactive amines are the commonest cause of pharmacologic food reactions, and
unlike food allergic reactions can affect a wide and diverse group of individuals,
with the quantity of food necessary to elicit a reaction varying between individuals95.
The vasoactive amines include norepinephrine, tryptamine, dopamine, histamine,
phenylethylamine, serotonin and tyramine, and all except the first two can be 
present in food in amounts with the potential to cause an effect in sensitive indi-
viduals96. A review of the literature in 2003 concluded that ‘The current scientific
literature shows no relation between the oral ingestion of biogenic amines and food
intolerance reactions. There is therefore no scientific basis for dietary recommenda-
tions concerning biogenic amines in such patients’97. Others have concluded that

Table 10.2 Foods high in salicylates.

Fruits Green apples, apricot, blackberry, blackcurrant, blueberry, cherry, 
cranberry, currants, grapefruit, grapes, guava, lemon, loganberry, 
nectarine, orange, peach, plum, prunes, raisins raspberry, redcurrant, 
rhubarb, strawberry, sultanas, tangerine

Vegetables Alfalfa sprouts, artichoke, aubergine, broad beans, carrot (raw), chicory, 
chilli peppers, courgette, cucumber, endive, gherkins, mushrooms, okra, 
olives, peas, peppers green, radishes, tomatoes, water chestnut

Nuts and snacks Almonds, Peanuts, Flavoured crisps/snacks
Muesli/cereal bars

Herbs, sauces Cloves, Commercial sauces and gravies, cumin, tumeric, curry powder, 
and pickles ginger, thyme, large amounts of other herbs and spices, pickles, tomato 

paste, wine or cider vinegar, Worcester sauce, yeast extract

Sweets and Honey, jam, marmalade, liquorice, chewing gum, peppermints, other  
spreads mint flavoured sweets

Beverages Coloured fizzy drinks, fruit cordials, fruit squashes, fruit juices, 
peppermint tea, chamomile tea, leaf tea, champagne, liqueurs, port, 
rum, sherry, wine

Fats and oils Coconut oil, creamed coconut, olive oil

Other sources of Products flavoured with mint or menthol, such as toothpaste and 
salicylate mouthwash, also cough sweets containing menthol or oil of wintergreen

Adapted from the leaflet Salicylate Information by Catherine O’Donnell. Based on data from Scotter et al.84 and
Swain et al.85. Reproduced with permission from the author.
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reactions to histamine and other vasoactive amines are only going to affect a small
percentage of people with the inability to break down histamine, and it is food
allergy which should be of greater concern98. However, a review by Maintz in 2007
concluded that the incidence of histamine-intolerance has been underestimated and
further studies are needed99.

Foods involved

Histamine
Histamine is a diamine, and probably the best-known vasoactive amine responsible
for pharmacologic reactions to food. Reactions involving histamine are prob-
ably those most frequently confused with food allergy. They appear to be dose-
dependent, with the ingestion of anything from 36 to 250 mg of histamine eliciting
reactions96, although reactions to amounts as low as 2.5 mg have been reported100.
Dietary histamine is usually rapidly detoxified by diamine oxidase, but in people
with reduced diamine oxidase activity histamine cannot be degraded and the excess
may cause symptoms similar to those elicited by an IgE-mediated food allergic 
reaction involving histamine release from mast cells99. These symptoms are on a
spectrum ranging from headache, rhinoconjunctivitis, flushing and pruritis through
to urticaria, asthma, arrhythmia, hypotension and abdominal cramping. The most
severe symptoms tend to be related to histamine poisoning from the consumption of
fish containing excessive histamine due to the bacterial decarboxylation of histidine:
this is known as scombroid poisoning (see Chapter 6). In addition to those with low
levels of diamine oxidase, it has been proposed that histamine may also play a role
in chronic idiopathic urticaria, with one study showing that an oligoantigenic and
histamine-free diet induced significant improvement of symptoms in ten patients11.

The foods generally thought to contain more histamine include three specific
types of cheese (Parmesan, blue, Roquefort), red wine (Chianti and Burgundy),
spinach, aubergines, yeast extract and scombroid fish such as tuna, mackerel95.
There have been several studies examining wine, as this is particularly associated
with flushing, headache and nasal congestion. Although histamine has been sug-
gested as being causative of these reactions, studies have been inconclusive or have
shown no correlation between the histamine content of wine and wine intoler-
ance101,102. There are other foods which do not contain histamine but may trigger
the degranulation of mast cells. These histamine-releasing foods include egg white,
chocolate, strawberries, ethanol, tomatoes and citrus fruits103.

Monoamines
There are a number of other vasoactive amines which have been reported to cause
symptoms in sensitive individuals and these are the monoamines, in particular 
tyramine and phenylethylamine. Monoamines are metabolised by monoamine 
oxidase (MAO), and people susceptible to monoamines include those with rare
genetic variations of the MAO subtype, or those taking MAO inhibitor (MAOI)
drugs95. Dietary tyramine may affect those who are taking MAOI drugs or who
have migraine headaches, although the results of studies looking at migraine and
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tyramine have not shown a consistent link (for more about migraine, see Chapter 2).
Tyramine is usually found in fermented foods such as cheese (Camembert and
Cheddar), yeast extract, red wine (especially Chianti), chicken liver, fermented beans
such as soya and miso soup, and pickled rollmop herring. Phenylethylamine, found
in cheese, wine and chocolate, is thought to induce headache in susceptible indivi-
duals. One study suggested that 3 mg of phenylethylamine provoked headache in
people who suffered from chocolate-induced headaches104, although a criticism of
this study was that patients would have to consume a great deal of chocolate in
order to ingest 3 mg of phenylethylamine25. Other monoamines include dopamine,
which has a similar effect to tyramine, and is present in broad beans, and serotonin,
the dietary form of which does not appear to produce any clinical symptoms.

Diagnosis and management

The only way to diagnose hypersensitivity to dietary vasoactive amines is to under-
take a thorough dietary history and trial an exclusion of foods high in vasoactive
amines, to include symptom scoring of objective symptoms before and during the
trialled exclusion. Patients who report benefits should be asked to reintroduce the
foods and reassess symptoms. Table 10.3 lists examples of foods which are high in
vasoactive amines.

10.2.3 Caffeine and chocolate

Caffeine belongs to a group of substances known as dietary methylxanthines, which
also includes theophylline and theobromine. The latter two are not normally the
cause of adverse reactions to the foods they are contained in, as only cocoa and
chocolate contain any appreciable amount of theobromine, and theophylline is only
present in tiny amounts in food95. Caffeine is a natural stimulant found in the seeds

Table 10.3 Foods high in vasoactive amines.

Vegetables Pumpkin, broad beans, aubergine, spinach, tomato and tomato products,
sauerkraut

Fruit Avocado, citrus fruits, ripe bananas, tinned figs, pineapple, strawberries

Cheese Any ripened, hard or mature cheese especially Roquefort cheese,
parmesan and very strong cheddar cheese,

Fish Tuna, sardine, anchovy, mackerel, salmon, caviar, herring, prawn, shrimp,
crab, lobster, cockles, mussels, scallops, processed fish products, pickled
and dried fish

Meat and egg All cured meat and pork including salami, pepperoni, cured ham such as
Parma ham, game, bacon, pork chops etc, egg white such as meringues

Alcohol Red wine (including vinegar), white wine, beer, cider, spirits

Other Chocolate, cocoa, yeast extract, egg white, miso, tempeh and cola drinks
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of the coffee, tea and cocoa plants, which increases arterial tension, stimulates the
central nervous system, promotes urine formation and increases the activity of the
heart and lungs. The amount in beverages and chocolate varies (Table 10.4), and it
has been estimated that the average consumption is 4 mg per kg bodyweight per
day105,106. This is a much higher estimate than that produced by a more recent
study, which showed average caffeine consumption to be 193 mg per day, i.e. 1.2
mg caffeine/kg/day107. This study also showed that as age increased, caffeine con-
sumption increased: adults aged 35–64 years were among the highest consumers of
caffeine, with major sources of caffeine being coffee (71%) for adults and soft
drinks (16%) for children and teens.

Caffeine can cause anxiety symptoms in normal individuals, especially in vulner-
able patients, such as those with pre-existing anxiety disorders108. Caffeine can
reduce cerebral blood flow109, and consumption has been linked to disordered
sleep110. It has also been suggested that pregnant women who had high intakes 
of caffeine were more likely to have low-birth-weight babies, although reducing 
caffeine intake had no effect on birth weight or length of gestation111. There have
been several case reports of allergic reactions to caffeine, including one patient who
had anaphylaxis to coffee as a child and had symptoms of urticaria and pruritis on
consumption of large volumes of cola drink112. Cola drinks have also been reported
to cause urticaria in someone who did not drink tea or coffee but tolerated choco-
late and had a positive DBPCFC with caffeine113.

Chocolate is manufactured from the seeds of the cacao nut (Theobroma cacao
in the Sterculiaceae family) and contains theobromine, which like caffeine is also a
methylxanthine. Although not related to other tree nuts botanically, there is a 
similarity between the seed storage proteins of cacao and walnut114. Chocolate has
been cited as a common cause of self-reported allergy in surveys both in the USA115

and in Russia and neighbouring countries4. Although there have been case reports
of chocolate allergy116,117, and it has also been linked to migraine (see Chapter 2),
an allergy to chocolate is uncommon118. This is because the seeds are extensively
processed, which means the proteins in chocolate are present in non-allergic com-
plexes29,119. However, Chapman et al. suggest that an increasing trend towards the

Table 10.4 The amount of caffeine in different beverages and foods105,106.

Food Portion size Caffeine content (mg)

Ground roasted coffee 140 ml 85
Instant coffee 140 ml 60
Decaffeinated coffee 140 ml 3
Leaf or bag tea 140 ml 30
Instant tea 140 ml 20
Cola drink 170 ml 18
Caffeine drink 1 serving 0–141
Other soft drinks, including various cola drinks 1 serving 0–48
Cocoa/hot chocolate 140 ml 4
Chocolate milk 170 ml 4
Chocolate bar 100 g 5–21
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consumption of gourmet chocolate, containing pieces of roasted or raw cacao nut,
could see an increase in reported reactions29. Chocolate extract may not reflect the
allergens present in processed chocolate, because this extract may be manufactured
from raw cacao seeds29; therefore the best method of ascertaining the likelihood of a
chocolate allergy is to take a detailed diet history and perform open and blinded oral
food challenges. It is also important to consider the many other ingredients added to
chocolate which could be the real culprit.

10.2.4 Alcohol

Prevalence

Alcohol has many well-known pharmacological properties, but can also cause 
sensitivity reactions through alcohol-induced peripheral vasodilation, which mani-
fests as flushing, tachycardia, hypotension and nausea and vomiting. About 50% of 
people of Asian ethnicity are unable to tolerate alcohol, because of diminished or
inhibited aldehyde dehydrogenase enzymatic activity120. There are individuals who
have a hypersensitivity to alcohol, but there are only a handful of case reports in the
literature121. One study challenged patients who had reported symptoms to alcoholic
drinks with pure ethanol, and 50% of them had reactions, but these were thought
unlikely to be IgE-mediated as skin prick tests were negative122. The rest of these
patients may have been hypersensitive to the components in alcoholic drinks rather
than to the alcohol itself. Vally suggests that asthmatics often report that alcoholic
drinks trigger their symptoms, and has undertaken studies which show that wine is
an especially common reported trigger, possibly due to its sulphite content123,124.
However, the relationship between alcoholic drinks and allergic symptoms may be
more complex; alcohol intake is associated with increased total serum IgE levels125.
Further work by this group has shown that levels of sensitivity to cross-reactive 
carbohydrate determinants were greatly increased in heavy drinkers, and were asso-
ciated with positive IgE to pollens and hymenoptera venom126. Another study showed
that in 3,317 subjects there was a statistically significant association between alco-
hol consumption and aeroallergen sensitisation, but only in those who consumed
15–20 alcoholic drinks a week after adjustment127. In a cohort of 5,870 women,
alcohol consumption was associated with an increased risk of developing perennial
allergic rhinitis128. A questionnaire survey of over 4,000 people in Denmark showed
that 13.9% had experienced alcohol-induced hypersensitivity symptoms, and these
were significantly more prevalent in those with asthma and allergic rhinitis129.

Foods involved

Ehlers and colleagues have shown that reactions to ethanol might not be as uncom-
mon as previously supposed, and it is important to evaluate ethanol alone before
considering other factors122. Nonetheless, many people who report reactions to
alcoholic drinks may in fact be reacting to other components in alcoholic drinks.
These include histamine and other biogenic amines, sodium metabisulphite and
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sodium benzoate, additives used to ‘fine’ or clarify wine or beer, and non-specific
lipid transfer protein (nsLTP) allergens in grapes, barley and wheat (see Chapter 7).
Wine and beer are the two commonest alcoholic beverages reported to cause 
reactions, with no reactions to cider, vodka, gin, whisky or brandy reported in the
literature. Severe reactions to beer have been reported, including urticaria and ana-
phylaxis both to traditional barley-based beer and to wheat beer130 –133. In some
patients this hypersensitivity is associated with a concomitant allergy to corn, and 
in the case of barley an nsLTP may be responsible for the reactions. Sodium
metabisulphite can also be present in lager, and may also need to be considered as a
possible cause of symptoms in the absence of positive specific IgE antibodies to the
relevant cereal.

Wine is the main alcoholic drink eliciting reactions. Apart from the biogenic amines,
the main agent thought to be responsible is sodium metabisulphite, a common
preservative added to wine (see above). However, studies on wine-induced asthma
have not been conclusive. Vally and colleagues studied low- and high-sulphite wines
in patients with a history of wine-induced asthma, and found that only 2 out of 16
reacted to a high-sulphite wine134. Another study carried out by the same group 
in 2001 showed that only 4 out of 24 patients sensitive to wine reacted to a very
high-sulphite wine, but did not respond to moderate or low levels of sulphites in
wine135. A study from the same authors in 2007 showed conclusively that changes
in bronchial hyper-responsiveness, in the absence of reductions in FEV1, were
observed in some asthmatic patients following a challenge with high-sulphite wine,
but these changes were not consistent with a single aetiology136. Various food
derivatives are added to wine to fine or clarify the end product. Isinglass is one such
additive, and although derived from fish it is not considered to be an allergen. One
study looked at whether such additives could trigger an allergic response in a predis-
posed individual, and concluded that wines fined with egg white, isinglass (from
fish), or non-grape-derived tannins present an extremely low risk of anaphylaxis to
people who are fish-, egg- or peanut-allergic137. Wine can also cause an IgE-mediated
reaction due to the presence of nsLTPs in the grapes, with several case reports of
anaphylaxis to wine having been published138,139 (see also Chapter 7). It has been
suggested that there are many other factors which may contribute to the reactions,
including the temperature and acidity of the wine, the rate it is consumed and even
other stimuli such as laughing and talking101.

Diagnosis and management

For reported reactions to alcohol, history is useful in ascertaining whether the reac-
tion occurs when any alcohol is consumed. If so, then a challenge with incremental
doses of ethanol is advisable. Ehlers recommended DBPCFC with a cumulative
amount of 30 ml of ethanol122. If this is negative, or if the reaction is to a specific
alcoholic drink, then further tests will be helpful, including specific IgE estimation
to grapes in the case of wine, and to barley and/or wheat in the case of reported 
reactions to beer. Skin prick tests with grapes using prick-to-prick testing (PPT) may
also be helpful for wine-induced reactions. For asthmatic patients, it is also worth
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excluding sodium metabisulphite or salicylate intolerance. Therefore, if the patient
has asthma and the symptoms involve wine, lager or cider but also other foods such
as dried fruit, frozen potatoes and fruit cordials, then it is possible that sodium
metabisulphite is the culprit. In this case careful exclusion of foods containing
sodium metabisulphite should be attempted, followed by oral challenge if available.
If symptoms involve wine, but also dried herbs and spices, tea and some fruits and
vegetables such as oranges and tomatoes, and the patient is also aspirin-sensitive,
then an exclusion of high-salicylate foods may be useful. Benzoates are also added
to beer, so if beer is eliciting symptoms but other foods such as prunes, raspberries
and cranberries also cause symptoms, then it is also worth considering the exclusion
of this food additive.

If diagnosis is achieved, management can be difficult due to the social effects 
of alcohol abstinence, but there are no nutritional consequences emanating from
alcohol avoidance.

10.3 Food-dependent exercise-induced anaphylaxis

10.3.1 Prevalence

Food-dependent exercise-induced anaphylaxis (FDEIA) is a variant of exercise-
induced anaphylaxis (EIA), which has been defined as ‘the onset of allergic symptoms
during, or immediately after, exercise140. FDEIA is characterised by a chronological
sequence in which the eating of a certain food followed by exercise induces symp-
toms, but where the food is consumed or exercise taken independently of each
other, there are no symptoms. The first case report of FDEIA appeared in 1979141,
since when there have been numerous case reports and reviews published. In 2001,
Romano and colleagues reported on their clinical and laboratory findings of 54 
subjects with FDEIA142. They studied all patients reporting at least one EIA episode
which had occurred two hours after a meal, questioned patients about their food
intake in the preceding 24 hours and performed skin prick and serum levels of
specific food antibodies, with results showing that 48 of the 54 patients (89%) 
suspected a particular food in at least one episode. It is not known how common
FDEIA is, although a study of anaphylaxis in Korea by Yang and colleagues showed
that 13% of the 138 reported cases were thought to be caused by FDEIA, but only
2.9% were attributed to EIA143. Both Yang and Romano’s studies showed that over
80% of cases of anaphylaxis involving exercise were food-related.

10.3.2 Foods involved

A summary statement from a practice guideline29 states that there are two types of
FDEIA: one subset of patients who develop anaphylaxis to any type of food when
consumed in temporal proximity to exercise, and another subset who only experi-
ence symptoms after they have ingested a specific food in conjunction with exercise.
A wide variety of foods have been implicated, with many case reports referring to
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individual and multiple foods144,145. Many of these suggest that wheat is the 
commonest cause of the condition146. A review by Beaudouin in 2006 suggested
that wheat and crustaceans were the two commonest foods, but others can also 
be implicated140. Romano and colleagues in Italy showed that tomatoes were the
commonest food to cause symptoms, affecting nearly a third of the cohort of 48
patients142. Wheat, peanuts, maize and soya beans all affected more than 10%, and
many patients were affected by more than one food. Tomatoes are not the only 
fruit or vegetable to cause symptoms. Kidd and colleagues reported three cases of
celery involved in FDEIA147. Data from the USA appear to show that wheat is less
important as a precipitant of FDEIA there than it is in Japan or Europe. Shadick and
colleagues showed that shellfish affected nearly 16% of all cases, with alcohol,
tomato, cheese, celery and strawberries eliciting more reactions than wheat148.
Although wheat appears to be the commonest food linked with FDEIA, so many 
different foods have been implicated that it is important not to rule out FDEIA if 
the reaction has involved exercise and a food other than the common triggers such
as tomatoes, wheat or celery.

However, food may not be the only factor, and some have shown that aspirin can
elicit symptoms in FDEIA patients in the absence of exercise149. Other factors which
may be important include the menstrual cycle, the amount of food ingested and
ambient temperature and humidity29. Comorbid pollen or house-dust-mite sensit-
isation may be an important factor in some cases, especially where the main trigger
food is a cross-reacting food such as tomatoes in the case of grass-pollen allergy and
crustaceans or molluscs in the case of house-dust-mite sensitisation142,150. Jogging 
is the most common exercise to provoke the reaction, but other activities such as
dancing, cycling and even walking have all be implicated148. FDEIA has been associ-
ated with mast cell degranulation and elevated plasma histamine levels, and it has
been suggested that exercise facilitates allergen absorption from the gastrointestinal
tract into the bloodstream149. Matsuo and colleagues suggest that in the case of
wheat-dependent exercise-induced anaphylaxis, gliadin absorption into the blood
circulation is facilitated by exercise and also by aspirin intake, but they speculate
this mechanism is not limited only to reactions involving wheat149.

10.3.3 Diagnosis

As with all other types of food hypersensitivity, taking a good history is the corner-
stone of diagnosis. As several different foods and/or augmentation factors may be
involved, it is important to go through the precise history of each reaction and get a
detailed history of the exact foods consumed, the proximity of ingestion to exercise,
and whether aspirin and/or alcohol were consumed. All types of exercise should be
considered, even if it is fairly low-level such as walking, shopping or sweeping up.
O’Connor et al. suggest that the best clue comes from the presence of intermittent
reactions, superimposed on the baseline of consistent uneventful exercise151.

Whenever a food is suspected, then it is useful to undertake tests to assess whether
there is any specific IgE antibody to the suspected food present. Although the symp-
toms are at the severe end of the spectrum, practice guidance suggests that it is
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acceptable to use both skin prick testing and serum specific IgE estimation in the
diagnosis of FDEIA29. For foods such as milk, crustaceans and nuts, tests with stand-
ardised reagents will be sufficient. For fruits and vegetables, prick-to-prick testing
(PPT) may be better in order to ensure high sensitivity152. Romano et al. showed
that, for all foods, PPT revealed positivities not disclosed by SPT142. For wheat,
however, neither reagents nor PPT have shown good positive or negative predictive
values, and they are often a poor way of assessing the presence of IgE antibodies 
(see Chapter 9). Therefore much of the work on the individual allergens responsible
for these reactions has concentrated on wheat. Palosuo and colleagues identified
that the major allergen involved is the omega-5 gliadin153, which is also involved 
in wheat allergy in children. Omega-5 gliadin measurement using recombinant
allergens has been shown to be an effective way of diagnosing wheat-dependent
exercise-induced anaphylaxis154.

The final diagnostic test is exercise challenge with and without prior consumption
of the suspect food29. However, a negative challenge does not rule out FDEIA, and
augmentation factors such as alcohol, aspirin and the amount of food consumed
may all affect the outcome of challenge. Chong et al. suggest that it is beneficial 
to challenge with the composite meal reported to cause symptoms if the single food
does not provoke a response152. Pre-treatment of the patient with aspirin is recom-
mended by some for those patients where food alone does not elicit a response149,152.
The interval between the oral food challenge and the exercise is important; in
Romano’s study the reported time elapsed between the meal and exercise ranged
from 30 to 120 minutes, and some patients in the challenge did not react after a 
2-hour gap between ingestion and exercise challenge142. However, there are some
patients where the time lag can be up to 12 hours after the ingestion of food, and so
accurate history may help determine this151.

10.3.4 Management

The main management consists of advising patients to avoid exercising in proximity
to specific food consumption29. Patients may also be advised to exercise on an
empty stomach, such as first thing in the morning143. The length of time between
eating and exercise is controversial, with some recommending 1–6 hours152 and
others recommend waiting for at least 4 hours before exercising142; best-practice
guidelines suggest that a waiting period of 4–6 hours is prudent29. Wearing medical
identification jewellery and carrying adrenaline is also recommended. Those who have
life-threatening anaphylaxis should be advised to avoid or modify their exercise
routines, and to take account of the fact that warm humid conditions and the taking
of aspirin will enhance their chances of experiencing an attack. Finally, it is advised
that everyone with FDEIA should have with them an exercise ‘buddy’, to ensure that
should they require emergency aid there is someone there to give it. There are no
data to support the effectiveness of premedication with steroids, cromoglycate or
antihistamines29.

Although there are only 8–10 foods which commonly cause food hypersensitivity,
it is important to remember that there is a very wide range of other foods and food
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ingredients which could be implicated in reactions. This is particularly true where 
a patient reports symptoms to a composite meal, where the culprit food may not 
be obvious. Table 10.5 illustrates the types of food triggers most likely to cause 
reactions to composite meals.
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11.1 Introduction

It is vital to take into consideration the nutritional consequences of an avoidance
diet in both the diagnosis and management of food hypersensitivity. This chapter
briefly considers the assessment of dietary adequacy and reviews a range of factors
that need to be considered when implementing an avoidance diet. Each of the 
common food allergens are discussed, with consideration given to the nutritional
consequences of the removal of these foods from the diet. Practical strategies to
ensure ongoing dietary adequacy are also considered. This review is concluded by
considering other common nutritional issues encountered when implementing
food-avoidance diets.

11.2 Assessment of dietary adequacy

In both children and adults, the assessment of nutritional status is vital both prior to
and during any nutritional intervention. This is specifically the case when foods are
being removed from the diet.

Prior to implementing a food-avoidance diet, it is useful to assess the individual’s
nutritional status for a number of reasons. This assessment can provide a baseline
from which to assess ongoing nutritional status while following a food-avoidance
diet. Also, if it is found that a person’s nutritional status is suboptimal, it may be
appropriate to review whether an aggressive food-avoidance regimen is appro-
priate, weighing up the nutritional implications of the diet against the severity 
and extent of the symptoms. For example, in a child with faltering growth whose
parents suspect that foods may be exacerbating disruptive behaviour, it may be
appropriate to address the reasons for faltering growth prior to considering elim-
inating further foods from the diet. However, if an individual reports a history of
severe reactions to a food then this food and its derivatives must be eliminated from
the diet regardless of the individual’s current nutritional status.

If it is found that a person’s nutritional status is suboptimal, this will impact on
the dietary advice that is provided when a food-avoidance diet is initiated. For
example, in an adult who suspects that cow’s milk products may be exacerbating
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their abdominal symptoms and who is therefore commencing a 4-week trial of a
cow’s-milk exclusion, it may not be necessary to consider calcium supplementation
initially if calcium intake has been adequate up to that point. However, if there are
already concerns about calcium status, immediate calcium supplementation may be
essential to ensure nutritional status is not compromised further.

It is also vital that a person’s nutritional status is reviewed regularly while they 
are following a food-avoidance diet. There have been a number of case reports in
the literature of severe signs and associated symptoms of nutritional deficiency as a
result of nutritionally inadequate elimination diets. This is the case for both per-
ceived and diagnosed food hypersensitivity1–15. These reports suggest adverse con-
sequences of inadequately supervised food-avoidance diets, ranging from faltering
growth affecting both weight and height, to iron deficiency anaemia, inadequate
bone mineralisation, rickets and kwashiorkor (a severe form of protein-energy mal-
nutrition). For example, Lui et al. reported the cases of 12 children diagnosed with
kwashiorkor in tertiary referral centres in the United States1. His group concluded
that 50% of these cases were due to the individuals following a protein-deficient diet
because of a perceived intolerance to milk. This body of evidence highlights the
importance of all food-avoidance diets being supervised by an appropriate specialist
healthcare professional with nutritional knowledge such as a registered dietitian16,17.
The regular assessment of nutritional status during a period of food avoidance will
also inform the decision as to whether to continue an elimination diet or consider
food challenges in an attempt to broaden the scope of a person’s diet.

Assessment of dietary adequacy has been covered in great depth in a number of
textbooks18,19. In an adult population, review of sequential weight, body mass
index (BMI) or other anthropometric measurements can prove a simple marker to
assess nutritional adequacy. The simplest way of monitoring infants and children
for nutritional deficiencies is to assess growth velocity using approved growth
curves20. Unfortunately, nutritional deficiencies can occur without inappropriate
changes in growth velocity or BMI. Consequently, if there is any suspicion of nutri-
tional deficiency, further assessment of nutritional adequacy by an experienced
health professional is essential.

There are a number of methods which may be used to assess dietary adequacy,
including dietary recall, a quantitative food diary for a given number of days,
weighed food intakes (again taken over a number of days), or a food frequency
questionnaire20,21. The information obtained from these methods, taking into 
consideration their accepted limitations, can be used to assess current intake in 
comparison to known nutritional requirements, in order to ascertain potential
nutritional deficiencies. A number of biochemical markers of nutritional intake and
nutritional status of both macro- and micronutrients also exist. In certain cases,
these markers may also be used to assess recent intake, body stores or a combination
of these. However, as with all methods of nutritional assessment, it is necessary 
to consider the assessment of biochemical markers in the light of a number of con-
founding factors such as homeostatic mechanisms and the distribution of nutrients
between body compartments18.
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11.3 Factors affecting nutritional status

When implementing a food-avoidance diet, it is necessary to consider a number of
factors.

11.3.1 Number of foods being eliminated

It is likely that as the number of foods to be avoided increases, the impact on the
nutritional adequacy of the resulting diet will also increase17. If items from a single
food group need to be avoided it is likely that, with appropriate dietary counselling,
alternative foods can be used to ensure that no nutritional deficiencies occur.
However, the larger the number of food groups to be avoided, the more limited are
the available macro- and micronutrient alternatives, with a consequent adverse
affect on dietary adequacy. As the number of foods to be excluded increases, the
resultant diet has the potential to become monotonous. In children, this may cause
food refusal due to the boredom of having a limited variety of permitted foods, with
a further adverse impact on dietary adequacy. Specialist advice will help to ensure
that an elimination diet remains as varied as possible, in an attempt to prevent food
fatigue and its associated consequences.

11.3.2 Range of products containing food allergen

The nutritional impact of a food-avoidance diet is likely to increase if the food 
allergen is found in a large number of foods. For example, an allergy to a food that 
is not commonly used in food manufacturing will both make it simpler to avoid 
that food and also mean that the range of foods to be avoided is limited. However, if
the suspected or known food allergen is found in a large number of manufactured
foods (e.g. cow’s milk, egg, soya, wheat, nuts), the range of ‘allowed’ foods will be
limited and consequently the risk of nutritional deficiencies occurring will be greater.
As food manufacturers become increasingly ‘allergy aware’, a large number of man-
ufactured products bear ‘may contain’ warnings (for example when a chocolate bar
that does not have nuts listed as an ingredient is produced in a factory where nuts
are processed for use in other products). For the most sensitive patients, who need
also to avoid products which bear these types of warning, their food choices are 
limited further, and this may have a resultant impact on their nutritional status9.

11.3.3 Length of the elimination period

As discussed previously, the nutritional impact of a short-term exclusion diet in a
patient whose nutritional status is optimal is likely to be minimal, and therefore
detailed dietary assessment and support may not be required to asses the nutritional
adequacy of the diet, although specialist advice may be required to support the
client in the practicalities of food avoidance. However, if the exclusion diet is likely
to last for a longer period (and in some cases for life), the impact on a patient’s 
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nutritional status will be significant, as their nutritional stores will soon be depleted
and need to be replenished. Appropriate support is therefore vital.

11.3.4 Other dietary restrictions

It is recognised that people do not include certain foods in their diet for a range of
reasons. These may include cultural or religious expectations, ethical beliefs, food
preferences or food availability. When implementing an elimination diet, it is vital
to take these factors into consideration both when assessing the risk of possible
nutritional deficiencies and when providing advice on how to ensure an ongoing
balanced diet. For example, the nutritional consequences of removing nuts from 
the diet are likely to be much lower in a patient who is happy to eat a range of other
protein-rich foods such as meat, fish, animal-derived dairy products, eggs and
legumes. However, if the patient has chosen to follow a vegan diet, the nutritional
impact of commencing a nut-free diet is likely to be more significant and would 
warrant specialist support to ensure that the patient’s diet remains adequate.

It is also necessary to consider food preferences when providing advice to ensure 
a nutritionally adequate elimination diet. There is no benefit in recommending 
alternative foods that will lead to nutritional adequacy, if these foods are disliked or
refused. The dietary advice needs to be expertly tailored to meet the needs of each
individual patient and provide support as new foods are integrated into the diet.
Regular follow-up is also required, to ensure that the patient is able to implement
effectively the advice that has been provided.

11.3.5 Changing nutritional requirements

It is important to recognise that an individual’s nutritional requirements for both
macro- and micronutrients change with age, weight and medical condition. This
means that, even if a food-avoidance diet is deemed adequate at one point in time,
patients may be at risk of developing nutritional deficiencies if their nutritional
requirements increase but their diet does not alter to meet these increased needs.
This is specifically relevant when providing support for children, whose nutritional
needs for optimal growth and development change rapidly.

Table 11.1 demonstrates that there is a vast difference between a person’s calcium
requirement at different ages and stages of life. A cow’s-milk-free diet which has
been assessed to ensure that it meets the calcium requirement of an 18-month-old
may not meet the calcium requirement of a 5-year-old, further highlighting the
importance of regular review to ensure ongoing dietary adequacy20.

11.4 Ensuring optimal nutritional status while following a
food-avoidance diet

To ensure a nutritionally adequate food-avoidance diet while taking into con-
sideration the above factors, it can be helpful to consider the following three basic
questions (adapted from Geissler & Powers18):

9781405170369_4_011.qxd  22/12/2008  15:02  Page 246



Nutritional Consequences and Practical Approaches 247

Table 11.1 Changing calcium requirements from birth to adulthood22.

Age Calcium requirement (mg/day)
Reference nutrient intake (RNI)

0–12 months 525
1–3 years 350
4–6 years 450
7–10 years 550
11–18 years Male – 1000 Female – 800
19+ years 700
Lactation Additional 550
Coeliac disease and Adults – 1000
inflammatory bowel disease23 Postmenopausal women and men > 55 years old – 1200

• Which nutrients are going to be reduced in the prescribed food-avoidance diet?
• Are other components of the current diet adequate to fulfil the resulting nutri-

tional deficits?
• Are further dietary manipulations required, for example the use of food substitutes

or nutritional supplements, in order to ensure the diet remains nutritionally 
adequate?

When aiming to achieve dietary adequacy while eliminating foods from the diet, it 
is helpful to use guidelines which have been endorsed by organisations such as 
the Food Standards Agency or the British Dietetic Association, describing what 
constitutes a balanced diet. Doing this helps to identify alternative foods to ensure
that the avoidance diet remains balanced. For example, the UK government has
published recommendations for the types and proportions of foods which ensure a
healthy and well-balanced diet at www.eatwell.gov.uk24.

11.5 The nutritional consequences of avoiding a number of
common food allergens

11.5.1 Cow’s milk

Cow’s milk is the most complete of all foods, containing nearly all the constituents
of nutritional importance to humans, apart from iron25. Following breast milk,
cow’s-milk-based infant formulas are the second most appropriate sole source of
nutrition for healthy infants under 6 months of age, if mothers choose not to breast-
feed or if a supplement to breast milk is needed26. Cow’s milk is a particularly good
source of high-quality protein, easily assimilated calcium and riboflavin25. Cow’s
milk also provides significant levels of vitamin B12, magnesium and phosphate.
Whole milk is also a good source of vitamin A and energy from fat27. Consequently,
the nutritional impact of removing cow’s milk from the diet has the potential to be
significant.
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There have been numerous reports concerning the nutritional consequences of
both supervised and unsupervised elimination of cow’s milk from the diet. Isolauri
et al. studied 100 children with a mean age of 7 months presenting with atopic 
dermatitis and challenge-proven cow’s-milk allergy28. This group found that despite
achieving symptom control, indices of both length and weight-for-length were
decreased in patients following a cow’s-milk-free diet compared to healthy controls.

There have also been a number of published reports concerning the impact on 
calcium status of eliminating cow’s milk. It is known that approximately 80% of
peak bone mass should be achieved from birth to adolescence, and the role of cal-
cium in this process is well recognised4. Inadequate levels of calcium in childhood
can result in stunted growth and rickets. In adults, calcium deficiency can result in
osteomalacia25. Over 20 years ago, David et al. analysed the nutrient intake over a
five-day period of 23 children whose atopic dermatitis was being treated with a mul-
tiple avoidance diet and showed significantly low calcium intakes in 57% of these
children7. McGowan and Gibney looked at a group of 38 adults with self-reported
milk allergy and found significantly lower intakes of calcium (p < 0.002) than in
age-, sex- and occupation-matched controls12. Black et al. reported on a group of
children following a cow’s-milk-free diet who had lower total-body bone mineral
content (p < 0.01) than controls who drank cow’s milk8. Fox et al. described a 
case of a toddler with atopic dermatitis and reported immediate onset of symptoms
following his first exposure to cow’s-milk formula13. He had been commenced on a
cow’s-milk-free diet and was slow to progress with the introduction of solids due to
parental anxiety. He presented with delayed motor development and clinical and
biochemical markers of rickets, with raised levels of alkaline phosphatase and
parathyroid hormone, and low serum calcium, phosphate and vitamin D.

This body of evidence highlights the importance of appropriate medical and diet-
etic support for all patients presenting with suspected cow’s-milk-protein allergy
(CMPA).

For infants, it is essential that an alternative, non-allergy-provoking formula
which meets current infant formula guidelines29 is identified as an alternative to
cow’s milk. Table 11.2 shows the nutritional composition of a selection of infant
formulas designed to meet the nutritional requirements of infants (under 1 year of
age) with suspected or diagnosed cow’s-milk allergy, compared with the nutritional
composition of other cow’s-milk substitutes suitable for older children and adults.
This comparison shows the varied nutritional profile of cow’s-milk substitutes 
suitable for older children and adults. For example, soya milk and rice milk are
significantly lower in calories compared to suitable infant formulas and will there-
fore not promote appropriate growth in infants and young children. It is important
that a specialist healthcare practitioner such as a registered dietitian is consulted in
order to identify the most appropriate cow’s-milk substitute.

Despite the availability of infant formulas designed specifically to meet the needs
of an infant with suspected or diagnosed CMPA, it is still vital to assess the nutri-
tional adequacy of the resulting diet. This is particularly the case when the intake of
formula declines appropriately as weaning progresses, but where the weaning diet is
limited. Figure 11.1 provides a worked example of calculating an infant’s calcium
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needs when on a cow’s-milk-free diet. In this example, it would be appropriate to
consider introducing other, non-dairy, calcium-rich foods. However, if this is not
possible, a calcium supplement may be required to ensure that the infant is meeting
his or her calcium requirement consistently. Vitamin and mineral supplementation
is discussed later in this chapter.

If the infant continues to be breast-fed, and there is suspicion that he or she is
reacting to traces of allergenic proteins in the mother’s breast milk, a maternal
dietary restriction may be recommended31. In this instance it is vital to consider 
how to maintain the nutritional status of the lactating mother. This is especially
important as, during lactation, a woman’s nutritional requirements for energy, 
protein, vitamins and minerals are elevated. Although it is known that the calcium
content of breast milk is not affected by the mother’s nutritional status, it is known
that her own calcium stores will be depleted if she is not meeting her increased
requirements22. It is therefore essential that mothers are counselled on appropriate

Table 11.2 Nutritional profile of a range of cow’s-milk substitutes: (a) infant formulas designed
to meet the nutritional requirements of infants with suspected or diagnosed cow’s-milk allergy;
(b) other cow’s-milk substitutes suitable for older children and adults.

Product Energy Protein Calcium Age group for 
(per 100 ml) (per 100 ml) (per 100 ml) which product 

suitable

Nutramigen® AA 68 kcal 1.89 g 64 mg From birth
100 ml 100 ml 100 ml

Nutramigen® 1 68 kcal 1.9 g 64 mg From birth
(Mead Johnson)
Pepti® (Cow and Gate) 66 kcal 1.6 g 52 mg From birth
Neocate® (SHS) 71 kcal 1.95 g 49 mg From birth
Nutramigen® 2 72 kcal 2.3 g 90 mg From 6 months
(Mead Johnson)
Infant soya formula 66 kcal 1.8 g 65 mg From 6 months30

Organic soya milk 41 kcal 3.3 g 12 mg From 2 years*
Calcium-enriched soya milk 42 kcal 3.3 g 120 mg From 2 years*
Unfortified rice milk 47 kcal 0.1 g nil From 2 years*
Calcium-enriched rice milk 47 kcal 1.1 g 120 mg From 2 years*

* In special circumstances, following the detailed assessment of a child’s diet, these milks may be recommended to
younger children if other milks have been refused.

Figure 11.1 Worked example of calculating an infant’s calcium.

Calcium requirement for a 9-month-old infant – 525 mg calcium per day
Current diet free from cow’s milk
Cow’s-milk substitute – Neocate (SHS)
Average daily intake of Neocate – 600 ml, providing 294 mg calcium
Calcium-rich foods included in weaning diet:

Broccoli, calcium-fortified bread
Average daily calcium intake from solids – 70 mg
Total daily calcium intake – approximately 365 mg/day

Additional calcium required to meet requirements – 160 mg/day
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methods of ensuring that their own diet remains adequate in macro- and micronu-
trients even when dietary restrictions are implemented. If it is impractical to manage
this through diet alone, it may be necessary to consider a suitable micronutrient 
supplement.

Once a child is older than 1 year, it may be appropriate for an infant formula to 
be continued, in view of the lower energy content of other cow’s-milk substitutes. 
If the child is also following a very restricted diet, he or she may benefit from the
additional micronutrients in infant formulas compared with cow’s-milk substitutes.
When choosing a cow’s-milk substitute for older children (> 2 years) and adults,
since other calcium-rich foods are unlikely to be included in the diet regularly
enough to ensure a consistently adequate calcium intake, it is helpful to ensure that
the cow’s-milk substitute used is fortified with calcium, ideally to a level similar to
that of cow’s milk (approximately 120 mg/100 ml). It is a common misconception
that products marketed as being ‘milks’ naturally contain calcium, when in fact this
is not always the case (Table 11.2). Patients require educating on which products
will be suitable. It is also important to consider the protein and energy content of the
cow’s-milk substitute. If a substitute with a poor energy and protein level is chosen,
then the nutritional adequacy of the diet will need further assessment to ensure that
nutritional requirements continue to be met.

It is inevitable that the taste of cow’s-milk alternatives will not always be
accepted, particularly in large quantities, especially in older children and adults 
who have been used to cow’s milk in the past. It may be appropriate to consider
flavouring the cow’s-milk substitute with fruit or a proprietary milkshake flavouring
or liquid suitable for the individual’s exclusion diet32. There are also a number of
alternatives to commonly consumed cow’s-milk-based products, such as soya-based
yogurts and cheese, or custard or rice pudding made with a cow’s-milk alternative
such as soya milk or rice milk. These products not only add variety to the diet but
can also help ensure dietary adequacy. As with cow’s-milk substitutes, it is helpful
to choose products fortified with calcium.

In some cases it may not be possible to provide appropriate quantities of cow’s-
milk substitutes to ensure an adequate calcium intake. If this is the case it is helpful
to ascertain whether non-dairy calcium sources can be incorporated into the diet to
meet an individual’s calcium requirement. Table 11.3 provides a list of calcium-rich,
non-dairy foods and their calcium content per 100 g and per average portion. When
assessing whether the use of these foods will ensure the individual’s calcium require-
ment is met, it is necessary to consider whether sufficient quantities of these foods
can be included in the diet on a regular basis. If dietary assessment reveals that an
individual with CMPA is not meeting his or her calcium requirement, despite trying
to implement a diet containing other calcium-rich foods (as shown in the example at
Figure 11.1 above), a calcium supplement may be necessary.

Although cow’s milk provides a significant proportion of dietary protein and 
calcium, it is important to consider the other micronutrients which will be lacking 
in the diet if cow’s milk is excluded. This can be done by assessing the diet using
weighed food-intake records, followed by either manual or computer-aided assess-
ment of the micronutrient content of the diet. If this analysis suggests deficiency, it
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may be helpful to look at ways of incorporating other dietary sources of the nutrient
into the diet (Table 11.4), or to consider vitamin or mineral supplementation.

11.5.2 Egg

Eggs are a good source of protein, vitamin A, vitamin B12, vitamin D, vitamin E,
riboflavin, pantothenic acid, selenium, biotin (only after avidin has been denatured
during the cooking process) and iodine25. However, the nutritional consequences of
avoiding egg in an individual following an otherwise varied, balanced diet are likely
to be minimal, as all of the above nutrients can be provided from other sources. Egg
avoidance may, however, have a greater nutritional impact upon an individual who
is following a vegetarian diet and is relying on eggs as a principal source of protein.
In this instance, the diet can remain nutritionally adequate through the inclusion of
suitable alternative protein sources such as nuts, beans and pulses.

11.5.3 Legumes, nuts and seeds

Legumes such as peas, beans (including soya) and lentils are a good source of pro-
tein, fibre and a range of vitamins and minerals36. Nuts (including peanuts) are rich
in fat and therefore a good source of energy when eaten in larger quantities. Like
legumes, they are also an excellent source of protein and fibre and are also a good
source of a range of B vitamins and vitamin E. Seeds (such as pumpkin and sesame)
have a similar nutritional profile to nuts25.

As with egg, the nutritional consequences of excluding certain foods from this
group will be minimal if the rest of the diet is varied and contains a range of other

Table 11.3 Calcium content of a range of foods25,33.

Food source Calcium content Calcium content per 
(per 100g) average portion34

Eggs (boiled) 57 mg 34.2 mg (60 g)
Beef – stewing steak (stewed) 15 mg 21 mg (140 g)
Cod fillet (baked) 22 mg 26.4 mg (120 g)
Sardines – canned in oil (fish only) 550 mg 275 mg (50 g)
Baked beans 53 mg 71.6 mg (135 g)
Courgettes (boiled) 19 mg 17.1 mg (90 g)
Cabbage (boiled) 33 mg 31.4 mg (95 g)
Okra (boiled) 120 mg 6 mg (5 g – 1 medium)
Onions (fried) 47 mg 18.8 mg (40 g)
Watercress 170 mg 34 mg (20 g)
Sultanas 64 mg 19.2 mg (30 g)
Peanuts (dried roasted) 52 mg 26 mg (50 g)
Bread – white 110 mg 39.6 mg (36 g)
Bread – wholemeal 54 mg 19.4 mg (36 g)
Rice – white (boiled) 18 mg 32.4 mg (180 g)
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Table 11.4 Food sources of vitamins, minerals and trace elements35.

Vitamin/mineral Sources

Water-soluble vitamins
Biotin Egg yolk, liver, kidney, muscle and organ meats, certain

vegetables

Folic acid (in the Liver, yeast extract, green leafy vegetables, legumes, certain 
form of folates) fruits, fortified breakfast cereals and margarines

Niacin (nicotinic acid Beef, pork, wheat flour, maize flour, eggs, cow’s milk
& nicotinamide)

Pantothenic acid Chicken, beef, potatoes, oat cereals, tomato products, liver,
kidney, yeast, egg yolk, broccoli, whole grains

Riboflavin Milk, eggs, enriched cereals and grain, ice cream, liver, some lean
meats, green vegetables

Thiamin (vitamin B1) Unrefined grain products, white and brown flour, meat products,
vegetables, dairy products, legumes, fruits and eggs

Vitamin B6 (pyridoxine) Chicken, fish, liver, kidney, pork, eggs, milk, wheat germ, brewer’s
yeast, brown rice, soybeans, oats, whole-wheat grains, peanuts
and walnuts

Vitamin B12 Meat (particularly liver) and fish

Vitamin C Citrus and soft fruits, leafy green vegetables, kidney and liver

Fat soluble-vitamins
Vitamin A (retinol) Dairy products, fortified margarine, liver, fish oils

b-Carotene Yellow and green leafy vegetables, yellow fruits, EC160a

Vitamin D Fatty fish, fish oils, liver, milk, eggs
Fortified margarines, processed/powdered milk, breakfast cereals
and chocolate bars

Vitamin E Plant oils (e.g. soybean oil, corn oil, olive oil), meat, poultry, dairy
products

Vitamin K Green leafy vegetables, vegetable oils, dairy products, meat, eggs

Trace elements
Boron Nuts, fruit, green vegetables

Chromium Processed meats, wholegrain products, pulses, spices

Cobalt Fish, nuts, green leafy vegetables, fresh cereals

Copper Nuts, shellfish, offal

Germanium Beans, tomato juice, oysters, tuna, garlic

Iodine Marine fish, shellfish, sea salt, cereals and grains, cow’s milk

Manganese Green vegetables, nuts, bread and other cereals, tea

Molybdenum Legumes, leafy vegetables, cauliflower, nuts, canned vegetables,
cereals

Nickel Pulses, oats, nuts
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protein sources. However, if an individual is following a vegetarian or vegan diet, 
it will be necessary to ensure that alternative energy and protein options are pro-
vided. It should also be noted that soya is found unexpectedly in a large range of
manufactured products (for example breads, baked goods, sweets, drinks, breakfast
cereals, ice cream, margarine, pasta and processed meats)24. Therefore, for those
individuals (who tend to be the minority) who are particularly sensitive to soya and
need to avoid these traces of soya, the nutritional impact on their diet will be more
significant due to the wide range of foods that will need to be excluded. Specialist
support will ensure that nutritional deficiencies are prevented.

If an individual needs to avoid both cow’s milk and soya, the nutritional con-
sequences will also be more significant. As discussed previously, calcium-fortified
soya-protein-based products are a common alternative for people who need to follow
a cow’s-milk-free diet. Therefore, if both cow’s-milk protein and soya protein need
to be excluded, the options for ensuring an adequate calcium intake, in addition 
to energy and protein, will be limited and a calcium supplement may need to be 
recommended.

Soya beans contain significant levels of isoflavines, a compound belonging to the
phyto-oestrogen family. Phyto-oestrogens are naturally occurring plant compounds

Selenium Fish, offal, brazil nuts, eggs, cereals

Tin Fruit products, canned vegetables, E512

Vanadium Spinach, parsley, nuts, oils, wholegrains, meats, seafood, dairy
products

Zinc Meat, cereal products

Minerals
Calcium Milk, cheese, other dairy products, green leafy vegetables (except

spinach), fortified soybean products, breads and other baked
goods made with calcium fortified flour, almonds, brazil nuts,
hazel nuts

Iron Liver, meat, beans, nuts, dried fruit, poultry, fish, whole grains or
enriched cereals, fortified flour, soybean flour, green leafy
vegetables

Magnesium Leafy vegetables, grains, nuts, dairy products, meats

Phosphorus Red meats, fish, dairy products, poultry, bread and other cereals

Potassium Milk, fruit, vegetables, fish, shellfish, beef, chicken, turkey, liver,
salt substitutes

Silicon Grains (e.g. oats, barley, rice), beer

Sodium chloride Table salt, cereals and cereal products (particularly bread), meat
and meat products, crisps and savoury snacks

Table 11.4 (cont’d)

Vitamin/mineral Sources

9781405170369_4_011.qxd  22/12/2008  15:02  Page 253



254 Food Hypersensitivity

that have been found to have both weak oestrogenic and anti-oestrogenic actions18.
There is currently growing interest as to the potentially beneficial or adverse effects
of these compounds in a range of population groups37. Alternative sources of
isoflavines include other pulses and cereals, such as sorghum and millet. Lignans,
also part of the phyto-oestrogen family, are found in wholegrain products, seeds,
grains and other fibre-rich foods37.

11.5.4 Seafood

Fish and shellfish are valuable sources of high-quality protein. Fatty fish (such as
herring, mackerel and salmon, as well as fish livers) contains high levels of the fat-
soluble vitamins A and D. Fish muscle contains a variety of minerals including
iodine, and fish where the bones are commonly eaten (for example sardines or
tinned salmon) are a good source of calcium, phosphorus and fluoride25. Fatty fish
also contain high levels of long-chain n-3 polyunsaturated fatty acids36, which have
been shown to have a number of beneficial effects, including helping to protect
against cardiovascular disease18. It is also known that these fats are important in 
the development of an infant’s central nervous system38. A number of groups have
also investigated the long-chain polyunsaturated fatty acid requirements for the
brain and retina development of preterm and term infants. However, a recent
Cochrane review focusing on preterm infants concluded that when the results of
randomised controlled studies were pooled, no clear long-term benefit was seen in
the groups receiving formula supplemented with long-chain polyunsaturated fatty
acid. The Cochrane review considering the evidence for the routine supplementa-
tion of term infant formulas with long-chain polyunsaturated fatty acids concluded
that the current evidence showed no proven benefit regarding vision, cognition or
physical growth39,40. There is also current interest in the possible link between 
prenatal omega-3 polyunsaturated fatty acid status and the development of allergic
disease41.

The UK government has recognised that, due to the potential health benefits, the
population as a whole should increase their consumption of oily fish, and have 
recommended that everyone should eat at least two portions (a portion being 140 g)
of fish a week, including one portion of oily fish24. However, due to the low levels 
of pollutants which may be found in oily fish, maximum levels have also been 
recommended, as follows24:

• two portions per week for girls, women who are planning to have a baby and
women who are pregnant or breastfeeding;

• four portions per week for boys, men and women who do not fall into the above
categories.

It has also been recommended that women who are trying for a baby or who are
pregnant, as well as children, should avoid shark, swordfish (classified as an oily
fish) and marlin due to the levels of mercury in these fish, which can affect the devel-
opment of children’s developing nervous systems24.
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It should be noted that a recent government inquiry considering the links between
diet and behaviour has recommended, in view of the ongoing research in this area,
that the Scientific Advisory Committee on Nutrition (SACN) should further define
the optimum intake of omega-3 polyunsaturated fatty acids at different life stages,
including pregnancy and childhood42.

For people who need to avoid seafood in their diet, alternative sources of omega-3
fatty acids include certain vegetable oils, such as linseed, flaxseed, walnut, rapeseed
and algae. However, the fatty acids found in these products are not the same as
those found in fish, and they may not have the same benefits24. Fish-oil supplements
may not be suitable for people with a fish allergy due to the risk of them containing
or being contaminated with the allergenic fish protein. In this instance, the potential
risks for a fish-allergic individual of having a severe allergic reaction outweigh the
potential benefits of the n-3 polyunsaturated fatty acids found in oily fish. However,
non-fish sources of omega-3 fatty acids could be recommended. It is worth asking
the manufacturer of a particular fish oil supplement if there are any traces of fish
protein left.

11.5.5 Cereals

Cereal grains are a major component of the human diet. In Britain, it is estimated
that wheat, wheat-based products and other cereals (for example rice, oatmeal and
breakfast cereals) contribute approximately 30% of the total energy, 25% of the
protein and nearly 50% of the carbohydrate in the average diet18. In addition to
being a good energy source, cereals also significantly contribute to our intake of a
range of other nutrients, either due to their high natural content or through fortifica-
tion; however, the variety and content of nutrients vary from one cereal to another.

Cereals also contribute significantly to our intake of both insoluble and soluble
fibre (non-starch polysaccharides). Wholegrain bread, brown rice and wholegrain
breakfast cereals are all rich in insoluble fibre, which is thought to increase faecal
weight and therefore to be important in the treatment of constipation and diverticular
disease. Oats, barley and rye contain higher amounts of soluble fibre (which may be
particularly helpful in the control of plasma glucose levels and cholesterol levels)18,19.

Wheat is considered the most significant source of cereals in the United Kingdom,
while rice is of greater significance in Far Eastern countries and maize is a common
staple in much of Africa and Central America18. These differences highlight the impor-
tance of taking into consideration an individual’s cultural background when assess-
ing the impact of a food-avoidance diet. Although it is impossible to generalise, the
impact of eliminating wheat from the diet is likely to be greater in population groups
who rely on wheat as their main source of carbohydrate. As the number of grains to
be avoided increases, the options for alternative products will also diminish.

When providing support to an individual who needs to avoid one or more cereals
in the diet, it is vital that alternative products are identified in order to ensure that
the resulting diet remains varied and balanced. A range of alternatives to common
wheat-based products are available to purchase in both supermarkets and more spe-
cialist health-food shops. A number of staple wheat-free products are also available
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on prescription. These products are primarily prescribable for patients with coeliac
disease, but general practitioners can also prescribe it for other wheat related 
diagnoses (see also Chapter 9). These products include breads, pastas and biscuits
based on alternative grains such as rice, maize or buckwheat. These products may
not be fortified with vitamins and minerals to the same degree as their wheat-based
equivalents, and do not always function in the same way when being prepared for
eating. They may also have a unique taste. It is therefore important that patients
using these products are encouraged to follow the preparation instructions on 
the packet and are provided with strategies to improve the palatability of the pro-
ducts – such as disguising the taste of wheat-free pasta with a suitable sauce, 
eating bread immediately after it has been ‘refreshed’, and using spreads and jams 
to moisten the products.

For individuals who need to eliminate one or more cereals from their diet, it is
important that alternative fibre sources are also provided. Current government rec-
ommendations are that adult diets should contain an average of 18 g of fibre per day
(individual range 12–24 g/day of non-starch polysaccharides)22. Certain wheat-free
breads, mixes and pastas are available in fibre-containing varieties. There is also a
range of non-cereal foods that are good sources of both insoluble and soluble fibre
(Table 11.5).

Table 11.5 Fibre (non-starch polysaccharide) content of selected foods (edible portion)33.

Food Fibre content (total non- Fibre content (total non-
starch polysaccharides) starch polysaccharides) 
(g/100 g) (g/average portion)34

Meat 0 0
Baked beans 3.7 5 (135 g)
Beans, red kidney, boiled 6.7 4.7 (70 g)
Beans, runner, boiled 1.9 1.7 (90 g)
Cabbage, boiled 1.8 1.7 (95 g)
Carrots, boiled 2.5 1.5 (60 g)
New potatoes, boiled, with skins 1.5 2.6 (175 g)
Yam, boiled 1.4 1.8 (130 g)
Apples with skin, raw 1.8 1.8 (100 g)
Raisins 2.0 0.6 (30 g)
Nuts, mixed 6.0 3.0 (50 g)
Bread, white 1.9 0.7 (36 g)
Bread, brown 3.5 1.3 (36 g)
Bread, wholemeal 5.0 1.8 (36 g)
Flour, white, plain 3.1 –
Flour, wholemeal 9.0 –
All Bran 24.5 9.8 (40 g)
Oatmeal, raw 7.1 3.6 (50 g)
Weetabix 9.7 3.9 (40 g)
Rice Krispies 0.7 0.2 (30 g)
Rice, white, boiled 0.1 0.2 (180 g)
Rice, brown, boiled 0.8 1.4 (180 g)
Spaghetti, white, boiled 1.2 2.6 (220 g)
Spaghetti, wholemeal, boiled 3.5 7.7 (220 g)
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11.5.6 Fruit and vegetables

The nutritional consequences of eliminating fruit and vegetables from the diet may,
initially, appear minimal. However, this family of foods is an extremely rich source
of a range of vitamins, minerals and trace elements. Leafy vegetables, despite being
low in energy, are a significant source of carotenoids, vitamin C, folates and, to a
lesser extent, B vitamins. Green vegetables are an important source of non-haem
iron. Potassium and magnesium are also present in significant levels, in addition to
trace elements absorbed from the soil. Fruits, including citrus fruit, berries, cur-
rants, tomatoes, apples and melons, are significant sources of vitamin C. Green and
yellow fruits are also an important source of carotenoids. The majority of fruits and
vegetables are also a valuable source of non-starch polysaccharides, although the
concentrations of both the soluble and insoluble forms differ between varieties. It is
thought that fruit and vegetables provide approximately one-third of the total
intake of dietary fibre in the UK diet18.

As a result of their nutritional value, the government recommends that a variety
of fruits and vegetables should make up a third of our daily intake of food. In order
to promote an increased intake of fruit and vegetables, it is recommended that five
portions of foods from this group are eaten daily24. For individuals who need to
avoid certain fruits and vegetables, it is important that they are provided with strat-
egies to ensure that they continue to meet the target of five portions per day regularly.
This could mean encouraging someone to try new fruits or vegetables that are
unlikely to provoke an allergic reaction and may require education on how these
products can be easily incorporated into the diet. If a large range of fruits and 
vegetables need to be excluded from the diet then it may be necessary to consider
recommending a multivitamin supplement.

11.6 Vitamin and mineral supplements

Despite being aware of the nutritional deficits caused by a food-avoidance diet, it
may not be possible to ensure dietary adequacy is maintained by simply using food
substitutes. This can be the case for a number of reasons:

• the number of foods to be avoided means that the range of alternatives is too
limited to ensure nutritional adequacy;

• an individual’s food preferences mean that food substitutes are not accepted;
• the use of food substitutes becomes monotonous, and compliance with dietary

advice to ensure nutritional adequacy is not achieved;
• poor availability or high cost of food substitute.

In the above instances, it may be appropriate to consider using micronutrient sup-
plements to ensure consistent dietary adequacy.

Micronutrient supplements should only be recommended following a thorough
assessment of an individual’s current nutritional intake. In infants under 6 months
of age, the 24-hour recall method may be sufficient to assess dietary adequacy.
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However, in all other individuals it is important to analyse dietary adequacy using a
food diary kept for three days or more17. If it is considered necessary to commence
dietary supplements, a number of factors need to be taken into consideration:

11.6.1 Composition

Detailed analysis of an individual’s current intake will identify whether a single
nutrient needs to be supplemented or whether the diet requires supplementation
with a range of nutrients. This assessment will ascertain the composition of the
micronutrient supplement that needs to be recommended. Single-nutrient supple-
ments are available, as are supplements containing a range of micronutrients.

When considering which supplement to recommend it is also essential to ensure
that the supplement is free from the foods that are being excluded from the diet.
This can be achieved by reviewing the ingredients list of a product, or by liaising
with the drug information team at the local hospital, a community pharmacist or
the manufacturer of the micronutrient supplement. Individuals who need to avoid
food additives or other naturally occurring food compounds may find it particularly
difficult to identify suitable products, and will need support in order to ensure
appropriate supplements are recommended.

11.6.2 Dose

Assessment of an individual’s current diet in conjunction with an awareness of their
micronutrient requirements will allow estimation of the dose of supplementary
micronutrients required. This information can then be equated to a dose of a single
micronutrient (e.g. calcium or iron) or used to review the suitability of a supplement
containing a range of micronutrients. Although a product may be marketed as 
containing a specific micronutrient, the dose that the product contains may not be
therapeutically significant. This highlights the importance of checking the doses of
micronutrients in a product instead of assuming from the marketing information
that a supplement is a rich source of a micronutrient.

11.6.3 Presentation

Vitamin, mineral and trace-element supplements come in a range of presentations,
for example as liquids, chewable tablets, effervescent tablets or tablets designed to
be swallowed whole. Flavoured supplements are also available in many of these 
presentations. The preferred or most appropriate presentation for an individual will
help facilitate compliance with the recommended supplement regime. As mentioned
previously, it is also possible to source individual micronutrient supplements (for
example calcium or iron) or supplements containing a range of micronutrients (for
example calcium and vitamin D or a multivitamin supplement). As an example,
Table 11.6 provides a list of calcium supplements that are available on prescription
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for both adults and children where only calcium supplementation is indicated, and
highlights the range of presentations and doses that are available.

11.6.4 Availability

A number of micronutrient supplements are available on prescription. The British
National Formulary (updated regularly in book format and available online) is an
essential resource detailing all prescribable vitamin and mineral supplements43. A
range of micronutrient supplements are also available over the counter in chemists,
supermarkets, specialist health-food shops or online. If a non-prescription product
is going to be recommended, it is important that the family or individual has easy
access to the product to ensure compliance and therefore ongoing dietary adequacy.

11.6.5 Cost

If an over-the-counter micronutrient supplement is recommended, it is also import-
ant to consider the cost of the supplement. The cost of micronutrient supplements

Table 11.6 Prescribable calcium supplements43.

Name of product

Calcium gluconate

Calcium gluconate

Calcium lactate

Adcal®

Cacit®

Calcichew®

Calcichew Forte®

Calcium-500

Calcium Sandoz®

Sandocal-400®

Sandocal-1000®

Nutritional profile

Calcium 53.4 mg
Sodium 4.46 mmol

Calcium 89 mg
Sodium 4.46 mmol

Calcium 39 mg

Calcium 600 mg

Calcium 500 mg

Calcium 500 mg

Calcium 1000 mg

Calcium 500 mg

Calcium 108.3 mg/5 ml

Calcium 400 mg

Calcium 1000 mg

Presentation

Tablets

Effervescent
tablets

Tablets

Chewable
tablets

Effervescent
tablets

Tablets

Tablets

Tablets

Syrup

Effervescent
tablets

Effervescent
tablets

Contents

Calcium gluconate 600 mg

Calcium gluconate 1 g

Calcium lactate 300 mg

Calcium carbonate 1.5 g

Calcium carbonate 1.25 g

Calcium carbonate 1.25 g

Calcium carbonate 2.5 g

Calcium carbonate 1.25 g

Calcium glubionate 1.09 g,
calcium lactobionate 727 mg

Calcium lactate gluconate
930 mg, calcium carbonate
700 mg, anhydrous citric
acid 1.189 g

Calcium lactate gluconate
2.263 g, calcium carbonate
1.75 g, anhydrous citric acid
2.973 g
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varies greatly, and in order to ensure long-term compliance with a product it is
important to ensure that the long-term cost is not prohibitive.

11.6.6 Length of supplementation

In some instances, the micronutrient supplementation may be required for the
length of the exclusion. However, there are a number of instances when this may
not be the case. As mentioned earlier in this chapter, an individual’s nutritional
requirements change with age. In the case of calcium, the requirement for a 0–1 year
old is 525 mg calcium/day, compared to 350 mg calcium/day for a 1–3 year old22. In
this instance, supplementation may be required in infancy but could be stopped
when the child is 1 year old if the diet is adequate to meet the reduced calcium
requirements. Micronutrient supplementation may also be able to be stopped if
assessment suggests adequate levels (for example of ferritin levels), or if assessment
of dietary adequacy indicates that the diet has become adequate to meet nutritional
requirements. All these scenarios highlight the importance of regular dietetic review
for all individuals on an exclusion diet, to ensure that the diet continues to meet an
individual’s nutritional needs.

11.7 Other common nutritional issues encountered when
implementing food-avoidance diets

11.7.1 Faltering growth/weight loss

There are a number of reports of faltering growth in the paediatric population fol-
lowing a food-avoidance diet. Following a retrospective case review to examine the
link between perceived food allergy and failure to thrive, Roesler et al. concluded
that parental beliefs about food allergy can lead to dietary restrictions severe
enough to cause failure to thrive6. Christie et al. reported that children with two 
or more food allergies were shorter, based on height-for-age percentiles, than the
children with only one food allergy9, a finding similar to that of Isolauri’s group28.

If, prior to commencing a food-avoidance diet, an individual is assessed as not
growing or maintaining weight appropriately, and the symptoms are mild, it may be
deemed appropriate to address the growth failure prior to implementing further
dietary restrictions. However, if delaying the implementation of a food-avoidance
diet is not possible, or if growth failure is observed as a consequence of a nutrition-
ally inappropriate food-avoidance diet, it will be essential to identify methods of
promoting appropriate growth in conjunction with necessary dietary restrictions.
Specialist advice with regard to increasing the energy density of a food-avoidance
diet using allowed food sources will be required. However, in some instances, pre-
scribable nutritional supplements may be required.

In children with a cow’s-milk-allergy and faltering growth, evidence suggests that
an amino-acid-based formula is the most appropriate formula choice44. There are
also a number of energy-dense, cow’s-milk-free supplements that are suitable for
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older children (of various ages from 1 year and upwards) or adults with faltering
growth or weight loss (Table 11.7).

Individual carbohydrate and fat supplements are also available, and may be of
use in individuals who are unable to incorporate the above supplements into their
diet. However, these products should only be used following a specialist nutritional
review.

There are also a number of cow’s-milk-free enteral feeds (based on alternative
proteins such as soya or free amino acids) which may be used as a suitable enteral
feed for individuals with cow’s-milk allergy.

Table 11.7 Energy-dense, cow’s-milk-free, prescribable supplements43.

Product name

Neocate Active
(SHS)

Neocate Advance
(SHS)

Elemental 028
(SHS)

Elemental 028 Extra
(SHS)

ProvideExtra
(Fresenius Kabi)

Protein content
(g/100 ml)

2.8

2.5

2

2.5

3.75

Energy content
(kcal/100 ml)

100
(21% standard
concentration)

100
(25% standard
concentration)

78
(20% standard
concentration)

89
(20% standard
concentration)

125

Indications

Amino-acid-based
Suitable from 1 year
Flavoured and unflavoured
varieties
Designed to provide dietary
supplementation for children
with cow’s milk allergy

Amino-acid-based
Suitable over 1 year
Flavoured and unflavoured
varieties
Suitable as a sole source of
nutrition under careful
medical supervision

Amino-acid-based
Suitable over 1 year
Flavoured and unflavoured
varieties
Suitable as a sole source of
nutrition under careful
medical supervision

Amino-acid-based
Suitable over 1 year
Flavoured and unflavoured
varieties
Suitable as a sole source of
nutrition under careful
medical supervision

Based on soya and pea
proteins
To be used with caution in
children under 5 years
Flavoured, fat-free
supplement
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11.7.2 Iron deficiency

Iron deficiency most commonly occurs when the diet cannot provide adequate levels
of iron to meet an individual’s requirement18. Iron deprivation can affect a number
of essential body systems including cardiovascular, respiratory, brain and muscle
function. In children, iron deficiency may also impact on mental and motor develop-
ment19. Despite the important roles of iron, the National Diet and Nutrition Survey
of young people aged 4–18 years showed that 50% of the older girls had an iron
intake below the lower RNI (reference nutrient intake)45.

There are a number of published reports of iron deficiency associated with food
hypersensitivity. In a retrospective review of the causes of iron deficiency in child-
hood and adolescence, Ferrara et al. concluded that in younger children (7.5 months
– 2 years) the most important cause of iron deficiency was blood loss associated with
the gastrointestinal symptoms of cow’s-milk intolerance2. There have also been case
reports of iron-deficiency anaemia as a result of unsupervised dietary restrictions13.

In infants with a diagnosed cow’s-milk-allergy, it is vital that a suitable altern-
ative is identified that meets the guidelines for infant formulas and is fortified with
iron. In older children and adults, it is important to assess the contribution that 
the food or foods to be avoided make to the overall iron content of the diet, and 
to provide suitable alternatives. If iron deficiency is suspected, medical assessment
and support is vital to ensure that it is corrected appropriately.

11.8 Conclusion

When providing support to an individual embarking on a food-avoidance diet, it is
vital to consider the impact of the diet on the person’s nutritional status, alongside
providing support with regard to eliminating the required foods. It is also essential
to review the impact of a food-avoidance diet regularly, to ensure that optimal
nutritional status is maintained. The impact of inappropriate and unsupervised
food-avoidance diets can be immense. A multidisciplinary approach to the treat-
ment of individuals with suspected or diagnosed food hypersensitivity is, therefore,
essential. Specialist healthcare practitioners such as registered dietitians can provide
vital support to allow individuals to enjoy a varied, nutritionally balanced food-
avoidance diet.

References

1. Lui T, Howard RM, Mancini AJ et al. Kwashiorkor in the United States: Fad Diets, Perceived
and True Milk Allergy and Nutritional Ignorance. Arch Dermatol 2001; 137: 630–6.

2. Ferrara M, Coppola L, Coppola A, Capozzi L. Iron deficiency in childhood and adolescence:
retrospective review. Hematology 2006; 11: 183–6.

3. Katz KA, Mahlberg MH, Honig PJ, Yan AC. Rice nightmare: kwashiorkor in 2 Philadelphia-
area infants fed Rice Dream beverage. J Am Acad Dermatol 2005; 52: S69–72.

4. Infante D, Tormo R. Risk of inadequate bone mineralization in diseases involving long-term
suppression of dairy products. J Pediatr Gastroenterol Nutr 2000; 30: 310–13.

9781405170369_4_011.qxd  22/12/2008  15:02  Page 262



Nutritional Consequences and Practical Approaches 263

5. Carvalho NF, Kenney RD, Carrington PH, Hall DE. Severe nutritional deficiencies in toddlers
resulting from health food milk alternatives. Pediatrics 2001; 107: E46.

6. Roesler TA, Barry PC, Bock SA. Factitious food allergy and failure to thrive. Arch Pediatr
Adolesc Med 1994; 148: 1150–5.

7. David TJ, Waddington E, Stanton RH. Nutritional hazards of elimination diets in children
with atopic eczema. Arch Dis Child 1984; 59: 323–5.

8. Black RE, Williams SM, Jones IE, Goulding A. Children who avoid drinking cow milk have
low dietary calcium intakes and poor bone health. Am J Clin Nutr 2002; 76: 675–80.

9. Christie L, Hine J, Parker JG, Burks W. Food allergies in children affect nutrient intake and
growth. J Am Diet Assoc 2002; 102: 1648–51.

10. Price CE, Rona RJ, Chinn S. Height of primary school children and parents’ perceptions of
food intolerance. Br Med J 1988; 296: 1696–9.

11. Stallings VA, Oddleifson NW, Negrini BY, Zemel BS, Wellens R. Bone mineral content and
dietary calcium intake in children prescribed a low-lactose diet. J Pediatr Gastroenterol Nutr
1994; 18: 440–5.

12. McGowan M, Gibney MJ. Calcium intakes in individuals on diets for the management of
cows’ milk allergy: a case control study. Eur J Clin Nutr 1993; 47: 609–16.

13. Fox AR, Du Toit G, Lang A, Lack G. Food allergy as a risk factor for nutritional rickets.
Pediatr Allergy Immunol 2004; 15: 566–9.

14. MacDonald A, Forsyth A. Nutritional deficiencies and the skin. Clin Exp Dermatol 2005; 30:
388–90.

15. Barth GA, Weigl L, Boeing H, Disch R, Borelli S. Food intake in patients with atopic dermat-
itis. Eur J Dermatol 2001; 11: 199–202.

16. Niggemann B, Heine RG. Who should manage infants and young children with food induced
symptoms? Arch Dis Child 2006; 91: 379–82.

17. Grimshaw KEC. Dietary management of food allergy in children. Proc Nutr Soc 2006; 65:
412–17.

18. Geissler C, Powers H. Human Nutrition, 11th edn. Edinburgh: Elsevier Churchill Livingstone,
2005.

19. Thomas B, Bishop J. Manual of Dietetic Practice, 4th edn. Oxford: Blackwell, 2007.
20. Mofidi S. Nutritional management of pediatric food hypersensitivity. Pediatrics 2003; 111:

1645–53.
21. Shaw V, Lawson M. Clinical Paediatric Dietetics, 3rd edn. Oxford: Blackwell, 2007.
22. COMA. Dietary Reference Values for Food Energy and Nutrients for the United Kingdom.

Report of the Panel on Dietary Reference Values of the Committee on Medical Aspects of
Food Policy. London: HMSO, 1991.

23. British Society of Gastroenterology. Guidelines for Osteoporosis in Inflammatory Bowel
Disease and Coeliac Disease. London: BSG, 2007. www.bsg.org.uk.

24. Food Standards Agency. Eat well, be well. www.eatwell.gov.uk.
25. Ministry of Agriculture, Fisheries and Food. Manual of Nutrition, 10th edn. London: 

Stationery Office, 1995.
26. Department of Health. Infant Feeding Recommendation. London: DoH, 2004.
27. Dairy Council. Nutrients in milk. www.milk.co.uk.
28. Isolauri E, Siitas Y, Salo M, Isosomppi R, Kaila M. Elimination diet in cow’s milk allergy: Risk

for impaired growth in young children. J Pediatr 1988; 132: 1004–9.
29. Infant Formula and Follow-on Formula (England) Regulations 2007 (S.I. 2007/3521) (as

amended by The Infant Formula and Follow-on Formula (England) (Amendment) Regula-
tions 2008 (S.I. 2008/2445)). This implements EC Directive 2006/141/EC. Similar regulations
apply for Scotland, Wales and Northern Ireland.

30. British Dietetic Association Paediatric Group. Paediatric Group Position Statement: Use of
Infant Formulas based on Soy Protein for Infants. London: BDA, 2008. www.bda.uk.com.

31. Vandenplas Y, Brueton M, Dupont C et al. Guidelines for the diagnosis and management of
cow’s milk protein allergy in infants. Arch Dis Child 2007; 92: 902–8.

32. MacDonald S. Managing GI disorders in children one year and older. Cited in Complete
Nutrition 2008; 8 (1): 23–5.

9781405170369_4_011.qxd  22/12/2008  15:02  Page 263



264 Food Hypersensitivity

33. Food Standards Agency. McCance and Widdowson’s The Composition of Foods, 6th sum-
mary edn. Cambridge: Royal Society of Chemistry, 2002.

34. Ministry of Agriculture, Fisheries and Food. Food Portion Sizes, 2nd edn. London: Stationery
Office, 1993.

35. Food Standards Agency Expert Group on Vitamins and Minerals. Safe Upper Levels of
Vitamins and Minerals. London: FSA, 2003.

36. Garrow JS, James WPT, Ralph A. Human Nutrition and Dietetics, 10th edn. Edinburgh:
Churchill Livingstone, 2000.

37. Committee on Toxicity. Phytoestrogens and Health. London: Food Standards Agency, 2003.
38. Committee on Toxicity and Scientific Advisory Committee on Nutrition. Advice on Fish

Consumption: Benefits and Risks. London: Stationery Office, 2004.
39. Simmer K, Schulzke SM, Patole S. Longchain polyunsaturated fatty acid supplementation in

preterm infants. Cochrane Database Syst Rev 2008; (1): CD000375.
40. Simmer K, Patole SK, Rao SC. Longchain polyunsaturated fatty acid supplementation in

infants born at term. Cochrane Database Syst Rev 2008; (1): CD000376.
41. Prescott SL, Dunstan JA. Prenatal fatty acid status and immune development: the pathways

and the evidence. Lipids 2007; 42: 801–10.
42. Food and Health Forum. The Links Between Diet and Behaviour: the Influences of Nutrition

on Mental Health. Report of an inquiry held by the Associate Parliamentary Food and Health
Forum, 2007.

43. British National Formulary. BNF 56, September 2008. London: Pharmaceutical Press, 2008.
www.bnf.org.

44. Isolauri E, Sutas Y, Makinen-Kiljunen S et al. Efficacy and safety of hydrolyzed cow milk and
amino acid-derived formula in infants with cow milk allergy. J Pediatr 1995; 127: 550–7.

45. National Diet and Nutrition Survey: young people aged 4 to 18 years. Volume 1: Report of the
diet and nutrition survey. London: Stationery Office, 2000.

9781405170369_4_011.qxd  22/12/2008  15:02  Page 264



12.1 Introduction

Living on a restricted diet usually requires changes to lifestyle to accommodate
dietary needs and prevent reactions. This can impact on many areas of the sufferers’
and their families’ lives and severely affect quality of life1–3. The level of the restric-
tion imposed and the severity of the reaction to accidental food consumption are the
dictating factors that impose these limitations and changes. This chapter will cover
issues that either directly or indirectly affect the lifestyle of the sufferer and the 
family, and it aims to provide information that will significantly reduce the impact
of this. Sufferers of severe allergies who are at risk of a potentially fatal reaction may
be given most press and have to deal with the most compromising lifestyle issues,
but sufferers of other types of food hypersensitivity also have a plethora of issues to
navigate – including, not least, the sceptical attitudes of other people. This group of
FHS sufferers also need support and understanding.

12.2 The burden of anaphylaxis and food allergy

A diagnosis of food allergy, potential anaphylaxis and the prescription and carriage
of adrenaline is a burden that has an impact on the whole family4,5 (see Chapter 14).
The impact has been found to be much worse in peanut-allergic children compared
with children who have other chronic diseases6. In social, educational and home 
settings such a diagnosis has been confirmed to have a negative impact on quality of
life7–9, for both the sufferer and their family. Furthermore, dietary and lifestyle
parameters are imposed which can be compounded further by cultural, ethical and
personal preferences. Effective care for individuals at risk of anaphylaxis requires a
comprehensive management approach10 involving the child at risk, the family and
carers, including medical, social and educational personnel. Together they can help
with the effective management of this life-threatening condition, thus minimising
the impact on their lifestyle.

12.3 The importance of reintroduction of foods

Reintroduction of foods, once an allergy has been outgrown, will lead to a better
and more achievable nutritional quality in the diet. There is little evidence in the 
literature regarding the reintroduction of foods. In one study Eigenmann et al.
found that one-quarter of patients who had had a negative food challenge continued
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to avoid the food11. Those with a previously confirmed peanut allergy were less
likely to reintroduce the food than those allergic to other foods, and girls were
found to reintroduce the challenge food significantly less frequently than boys. Fear
of persistence of allergies was a reason cited for not reintroducing the food and 
failing to cease dietary restrictions.

This has a negative effect on quality of life, social life, psychological wellbeing
and nutrition. Growth faltering in children is more likely with milk or wheat avoid-
ance, but it can occur with any food, depending on the dietary habits of the indi-
vidual. Non-allergy-related restrictions can compound this further. These include
food avoidance for religious, cultural and ethical reasons, as well as food taste and
texture preferences. Once an allergy has resolved, many of these restrictions can
cease. Allergy rescue medications no longer have to be carried, food labels no longer
have to be read, and those preparing foods no longer require constant scrutiny. Life
should be more relaxed and enjoyable.

12.4 Cross-contamination

Cross-contamination is the inadvertent transfer of food allergens or particles from
one food to another. This contamination can occur during manufacturing of foods,
when foods are prepared, or from touching or drinking from a vessel someone else
has used after eating. When foods are sold loose, such as in a bakery or delicatessen,
or served together, such as at a buffet, the risks of cross-contamination are extremely
high. This will usually only be an issue for those with a severe IgE-mediated food
allergy, where minuscule amounts are enough to trigger a severe reaction.

In 2006 the Food Standards Agency produced a report aimed at food manufac-
turers and caterers on adapting practices that will reduce cross-contamination12.
The food advisor for the anaphylaxis campaign has also produce guidance on 
the website www.allergytraining.com. In 2008, the FSA produced posters and
leaflets to help caterers by providing a practical guide to reduce the risks of cross-
contamination and the provision of suitable meals for those with ‘food allergies’.

Personal contact is another consideration for these sufferers who must be wary 
of others who have eaten the foods they are allergic to. Kissing on the lips presents
the highest risk, as particles of foods containing allergens may be transferred and
ingested. Even a trace of allergen could be sufficient to trigger a life-threatening
allergic reaction in the severely allergic population. This can be a real problem for a
teenager, who may not like to broach the subject of what his or her partner has been
eating if they are not well acquainted. Furthermore, teenagers are the group who are
least likely to be carrying their medication for a variety of reasons, putting them at
further risk. The Anaphylaxis Campaign runs workshops to help teenagers and
young adults deal effectively with this and other pertinent age-related issues.

12.5 Items on prescription

Managing the diet of patients on restricted diets can have financial implications.
One factor is the elevated cost of most replacement foods. The cumulative effect of
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this can impact on many areas of the sufferer’s and the family’s lives. The cost may
inhibit special foods being purchased, which may have not only nutritional effects
but also social and psychological implications. This has been recognised, and the
following foods have been approved by the Advisory Committee on Borderline
Substances (ACBS) so they may be prescribed to those requiring them:

• whole-egg and egg-white replacers;
• gluten-free foods for coeliacs;
• specialised formula milks;
• nutritional supplements.

12.6 Recipe information

Managing any diet is not just about obtaining adequate nutrition. Diets should 
also be varied and tasty irrespective of any restrictions which may be imposed 
due to food hypersensitivity. In addition, factors that restrict food choice also
require consideration. These include food and texture dislikes, unacceptable foods
due to cultural or religious reasons and self-imposed restrictions such as those
imposed by veganism and vegetarianism. It may be a challenge, but with the correct
planning, information, knowledge and support providing a nutritious, varied and
tasty diet despite these restrictions in addition to a food allergy is almost always 
possible.

Most everyday recipes can be easily adapted and replacement products can be
used. To help with this there are specialised recipe books, support groups, special
diet cookery classes and recipes available for specific products. Specialist healthcare
professionals such as allergy dietitians should also always have tried and tested
recipes to give to patients.

For infants and children using specialised formula milks, the manufacturers will
usually have recipes available on request that have been tested using their formulas.
Likewise the companies making gluten- and wheat-free flours have recipes available
using their products. This is usual for any special diet product. Generally the higher-
profile the product the greater the level of their recipe resources. In most cases these
are available on their websites or by telephone on request and are usually free of
charge (see Section 12.15, below).

12.7 Product information

Awareness of products available to enhance the nutrition, taste and quality of
restricted diets is one of the most important features of successfully managing them.
Both clinicians and patients should endeavour to keep abreast of available products.
Availability of products can be an issue but increasingly they are available in super-
markets, health-food stores, chemists (gluten- and wheat-free foods and egg replacers)
and online.

Another option is for patients to make their own products. Any vegan cookery
book will have a recipe to make soya milk and on the use of foods such as pureed
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apple to replace the properties of eggs in a recipe free from them. There are whole
books available on making dairy-free cheeses and egg-free cakes

Unacceptability in terms of taste, texture, cooking properties, variety, cultural
and cost are often reasons given by those not using these products. Encouragement
to try new products usually leads to satisfaction. Table 12.1 shows some of those
available.

12.8 Awareness products

To reduce the chance of a child being given a food he or she should be avoiding, the
use of identification on the person can be helpful. Suitable items include T-shirts,
badges, stickers, lunch boxes and key rings with logos. For older children and adults
with severe reactions, awareness jewellery with a universally identifiable logo can be
life-saving in an emergency situation. These are particularly helpful if the sufferer
has a reaction when alone, or in a foreign country, where communication may be
difficult. Examples of companies making these products area listed in Section 12.15,
below.

12.9 Nurseries, childminders and carers

Leaving an infant or child with others when the diet is restricted often requires
organisational skills to ensure the diet is safe but also varied, nutritious and tasty.
When the child has a potentially life-threatening reaction to a food that would
require emergency treatment if ingested this is a totally different matter: the child’s
food will need careful planning, cross-contamination is a risk, and the storage and
management of the medications and their indications and use will need careful 
consideration. Some nurseries have a nut-free policy, but it is rare for other foods to
be excluded.

For parents who are unwilling to place the child’s wellbeing in the hands of 
others, it will mean changing their work arrangements or giving up altogether so

Table 12.1 Replacements for common food ingredients.

Food avoided Replacement product for this diet

Cow’s milk Soya-based dairy-free milk, soft cheese, hard cheese, yoghurt,
cream, custard, ice cream, chocolate

Soya and cow’s milk Rice- or oat-based milk, cream, desserts, ice cream. Other milk such
as quinoa, almond, chufa and potato milks are also available

Wheat Flours based on rice, corn, potato, soya, millet, rye, barley, oat;
bread, cakes, pasta, pizza, bakery items, pies etc

Gluten Deglutenised wheat-based flours, bread, cakes, pasta, pizza, bakery
items, pies etc

Fish and shellfish Any vegetarian or vegan product including nutritional supplements
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they can care for their otherwise healthy child. This can have many knock-on
effects, financially, socially and psychologically.

Choices made by the parents can also curb the child’s lifestyle in a number of
ways. Some parents will home educate and refuse participation in social activities
away from them, whilst others live in fear, and they can pass these negative emotions
on to their child. With the correct management of the diet, with information,
knowledge, advice and support, a normal life is achievable, and many parents suc-
ceed in providing this for their child. The alternative may be exclusion of the child,
anxiety for the parent and carer, and stress for everyone.

Helpful information for childcare providers includes:

• a list of the exact foods the child can and cannot eat;
• suitable savoury and sweet recipes;
• information about replacement products and where to buy them;
• advice for the childcare provider about ‘fitting in’ and ‘not feeling different’;
• indications and use of any prescribed medications;

The parents should ask about the policies of the childcare facility in relation to:

• food swapping and cross-contamination issues;
• foods banned from the facility and what this means in practical terms;
• un-policed foods bought in from home by parents of other children being cared

for at the same time (though it should be noted that in recent years health-and-
safety concerns have meant that parents are not permitted to provide food for a
child whilst in most formal childcare settings).

A particularly useful information resource for carers of children with severe IgE-
mediated food allergy is the Allergy in Schools website, run by the Anaphylaxis
Campaign at www.allergyinschools.org.uk. This site includes advice and informa-
tion for parents, teachers, preschool childcare providers and caterers providing food
for these children. It can be used alongside the Department of Health publication
Managing Medicines in Schools and Early Year Settings (www.teachernet.gov.uk/
wholeschool/healthandsafety/medical).

12.10 Managing food allergy at school

The Allergy in Schools website is an essential tool for schools managing children
who have severe IgE-mediated food allergy. There are also children who are on
restricted diets who have reactions that are not life-threatening but still need careful
management, such as coeliacs who require a strict gluten-free diet, lactose-intolerants
who require a low-lactose diet, and any other type of food hypersensitivity which
needs appropriate and individual management. If these diets are not precise then the
result is the predictable onset of symptoms, but long-term the effects commonly
include time off school leading to low self-esteem, poor learning, fear of eating and
poor social interaction.
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Separate allergy tables, feeling different and bullying are among the other re-
ported problems associated with being on a restricted diet, and they can have both a
direct and an indirect impact on the child and his or her family.

For those who must have prescribed medications available at all times careful
planning is essential, and regular discussions with the school should be scheduled.
Issues to be discussed include where to keep the medication, who is to give it, the
indications and usage, what happens on days or activities away from the school.
Keeping the medications up to date and how to store them is another consideration.
Older children may wish to carry their medications, but this is rarely allowed due 
to health-and-safety regulations. It has been known for parents to request their child
to be ‘statemented’ to keep them safe: this is where a learning support assistant is
designated to watch the child at every moment in school to ensure that risks of 
inadvertent exposure to a food are minimised. If this is to be considered it should
not be undertaken lightly, as the long-term effects may be far-reaching. Equally it
may be entirely appropriate, so a thorough multidisciplinary approach to the final
decision is essential.

Training of school personnel in the indications and usage of prescribed medica-
tions can be done by the paediatric community nurse or the school nurse. The most
important aspect is to ensure that the training is done and that available competent
staff are accessible whenever the child is around. The school nurse, the head teacher,
the class teacher and the parent are usually all involved in agreeing a suitable man-
agement plan, based on the Department of Health’s Managing Medicines in Schools
and Early Year Settings.

For other types of food hypersensitivity it may be helpful to join a support group
related to the condition, such as those run by Coeliac UK, to gain a useful insight
into managing the diet and lifestyle of a school-aged child.

12.11 Managing food allergy at home

Managing food allergy at home is a really great opportunity for sufferers and their
families to try new products, to adapt recipes and to try new recipes. This will 
give confidence and hope that the new diet can be managed successfully. The infor-
mation can then be passed onto others who wish to cater for the sufferer. Feeling
positive about a new regime can make a great difference to how the sufferer and his
or her family view the diet and management of the condition, and can make a
significant difference in the short and long term. This should not be underestimated.

How a food allergy is managed at home will depend on the severity of the reaction
suffered and what quantity of the food is required to trigger a reaction. For severe
allergies it may be appropriate and easier to ban the food from the house altogether.
If the allergic food is a staple such as milk, egg or wheat this could be difficult to
manage. In this case the next best option is to have separate cooking vessels, chop-
ping boards and utensils, and also to prepare the foods separately. For those with
the luxury of two sinks, keeping preparation and washing-up separate is another
way of managing cross-contamination risks. For the less severe hypersensitivities
such extremes are unnecessary, but care with reading labels remains essential.
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The sufferer should feel safe and relaxed eating in his or her own home. For chil-
dren, sibling rivalry may be an issue, and other children may feel jealous because of
the sibling’s special diet. In their eyes, their sibling is always the focus of attention,
and it seems that everyone talks about nothing but the allergic child, cooking special
dishes and looking for special foods to buy. The power of this should not be under-
estimated – especially if the allergic child also has eczema with daily wet-wraps
which require much time and attention. In this instance parents may require a re-
minder about the feelings of other children in the household.

12.12 Managing food allergy at work

The best way to manage food allergy at work is to be well prepared and organised.
Good planning will omit the need for sufferers to be hungry because there is nothing
suitable to eat. For those who travel as part of their job this will be more difficult,
but it is achievable. See Sections 12.13 and 12.14 (below) for further advice when
work takes the sufferer away from home.

For those with milk allergy it is worth being aware that vending-machine drinks
often have cross-contamination issues, and ingredients are also unknown. It is not
unusual for a white coffee to contain milk, wheat and soy.

Another issue at work concerns the food that colleagues supply for special occa-
sions. It is worth having a few treats in a cupboard so that the sufferer does not feel
left out, and is not tempted to take the risk of eating a food whose ingredients are
unknown.

12.13 Eating out

Most reactions to foods occur when eating away from home13. This is generally
because ingredients are often unknown, mistakes are made and cross-contamina-
tion is common. Another important factor, which may account for the majority of
very severe reactions occurring in teenagers, is that this group can be self-conscious
and reticent about asking probing questions about ingredients and the way foods
are prepared. Risk taking is common amongst this age group, and in some cases
reluctance to carry prescribed medications or wear identification jewellery can
amplify the problem14.

Some reactions occur because the sufferer is poorly informed about the food that
is to be avoided. In this case advice and support should be sought from a specialist
healthcare professional, such as a registered dietitian specialising in managing food
allergy. A referral through the general practitioner is the usual route.

To reduce the risks involved in eating out, the following can be helpful:

• If possible a quiet time of day and day of the week should be chosen to eat out,
until the caterer learns about the sufferer’s needs. Visiting by appointment prior
to eating is the best way for needs to be explained for the caterer’s full attention.

• Clear communication of the allergy sufferer’s needs is vital, and this may mean
choosing an English-speaking restaurant.
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• Menu choices should be simple, steering away from soups, sauces and dressings
where ingredients are easily hidden and where there are so many that the caterer
could easily forget the exact ingredients.

• It should be remembered that EU food-allergen labelling laws apply only to
manufactured prepacked foods. Other foods are not legally bound to label
ingredients.

• For those with a severe IgE-mediated allergy special considerations such as
cross-contamination must be discussed with the chef to minimise risks. It may be
helpful to direct the caterer to some of the suitable advice available on the
Internet (see Section 12.15, below).

• Organisation and forward planning are essential. The caterer should be advised
in advance when possible (or at least on arrival) of the dietary restriction, with
details of the food(s) to be avoided and the potential severity of the reaction.

• The ingredients of the chosen dish should be discussed and the ingredients label
studied if available. In most cases this can be done prior to the sitting.

• In some cases it will be possible for the order to be prepared earlier and placed
under wrap and then just heated up as required. This reduces the risk of cross-
contamination, and of staff being so busy they make errors.

• For sufferers who may be having a reaction, they should tell those with them 
and take any prescribed medications without delay. For those with a potentially
life-threatening reaction an ambulance should be called immediately. A chef
card is frequently used in the USA (see www.foodallergy.org).

12.14 Going on holiday

Holidays should be fun and relaxing. By planning ahead and being organised, 
managing a restricted diet should not compromise this. Going on holiday could be
in the sufferer’s home country or when going abroad, so the arrangements should 
be adjusted accordingly. Self-catering is usually the safest option, especially if the
reactions are severe or there are multiple restrictions.

As always, there are two aspects to managing a restricted diet. First there is 
the issue of managing the food preparation, and deciding whether to prepare it 
oneself or take the risks associated with eating foods someone else has prepared.
Second, there may be language and cultural barriers: if the sufferer is abroad the
caterer may speak little English or may have a poor understanding of the potential
reaction.

When flying, taking favourite foods may be feasible only on a short-haul flight, so
choosing a holiday destination near a well-stocked international supermarket may
be a consideration for those deciding to self-cater.

In terms of managing a severe reaction whilst abroad, there are many steps that
can be taken:

• prescribed medications should be carried at all times;
• ID should be worn in the language of the country visited;
• translation cards should be made up that are specific to the individual;
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• aeroplane food should be avoided, as ingredients are usually unknown and 
mistakes in the provision of ordered special-diet meals are common;

• staples and favourite foods should be taken on holiday if possible, to aid enjoy-
ment and reduce risk taking or feeling left out;

• it is important to be aware that product ingredients are not always the same
despite the product looking the same;

• it should be highlighted that outside the EU food labelling laws are different.

12.15 Support and resources

There is a huge number of resources available to aid the management of restricted
diets, and sharing those that are pertinent to the individual patient’s requirements is
essential.

Eating out in the UK and abroad

When eating out, both in the UK and abroad, the following sites will aid safe food
choice, and help with the identification of suitable foods, making eating a safer and
more pleasurable experience.

• www.allergyfreepassport.com – guide to eating out safely
• www.allergyaction.org – for names of most common allergens in many different

European languages
• www.specialdietsconsulting.co.uk – information on special diets for individuals,

catering organisations and restaurants; includes detailed product information,
recipes and resources

• www.leaveitout.co.uk – a directory for people with special dietary needs who
wish to eat out; includes detailed information about the diagnosis and manage-
ment of food allergy and other hypersensitivity reactions

Translation cards

Translation cards will aid communication and reduce the risk of inadvertent expos-
ure to potentially harmful foods. They also help when reading labels and when calling
an ambulance in the event that it is required.

• www.kidsaware.co.uk
• www.yellowcross.co.uk

Identification

Identification jewellery is recommended for any patient with an unpredictable
potentially acute medical emergency. Anaphylaxis is one such condition. If someone
is found collapsed and they are alone and have no ID a diagnosis of anaphylaxis 
is not necessarily made immediately. Heart attacks, stroke, overdose and diabetic
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coma are just some of the other possible conclusions a passer-by could come to.
With anaphylaxis, time is of the essence when administering the medication, so
wearing ID could make the difference.

• www.medicalert.org.uk – identification jewellery
• www.sostalisman.com – identification jewellery and watches
• www.yellowcross.co.uk – mail-order range of bags and travelling containers for

medicines, translation cards for travelling
• www.kidsaware.co.uk – awareness clothing and accessories for children with

severe allergies, awareness bibs, babygrows and teddies for babies with allergies,
key rings, stickers, T-shirts

• www.icegems.co.uk – selection of awareness jewellery
• www.iceideas.co.uk – selection of awareness jewellery aimed at children

Carry bags for food and medication

Being on a restricted diet sometimes means taking your own food when eating away
from home and carrying medication at all times. The following sites help do this in
an organised and refined manner:

• www.yellowcross.co.uk
• www.kidsaware.co.uk

Nut-free products

Rather than risking having foods that ‘may contain traces of nuts’ it is sensible to
use the foods that are made in a nut-free factory (see also Chapter 8). For those
patients who choose to continue to eat ‘may contain traces’ foods, it could be sug-
gested they use nut-free products when away from emergency healthcare, such as
when they are on an aeroplane, on a ferry or walking in isolated areas.

• www.bakinboys.co.uk – flapjacks, cupcakes etc
• www.itsnutfree.com – cakes, biscuits, flapjacks etc
• www.kinnerton.com – sweets, chocolates, seasonal goods

Anaphylaxis resources

Anaphylaxis is much easier to manage when informed. The following sites provide
essential resources, enabling the sufferer to be in control of the condition, rather
than it controlling the sufferer and the family.

• www.anaphylaxis.org.uk – the Anaphylaxis Campaign: advice, resources,
information, helpline, support groups, product alerts, newsletter

• www.allergyinschools.org.uk – information from the Anaphylaxis Campaign
for nurseries, preschools and schools

• www.cateringforallergy.org
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• www.epipen.co.uk – all about the EpiPen, including videoclip of its use
• www.teachernet.gov.uk/wholeschool/healthandsafety/medical – Department of

Health publication Managing Medicines in Schools and Early Year Settings (2005)

Special diet food suppliers

Food on a restricted diet can be just as varied, tasty and nutritious as an unrestricted
diet using the following sites.

• www.goodnessdirect.co.uk – extensive website for special diet foods, including
nutritional breakdown, dietary suitability, mail order

• www.dietaryneedsdirect.co.uk – online and mail-order shopping for special diet
products

• www.ok-foods.co.uk – wheat-, gluten- and dairy-free biscuits, cake and snacks
• www.plamilfoods.co.uk – vegan chocolate bars and drops, carob, mayonnaise,

chocolate spreads
• www.viva.org.uk – dairy-free (and vegan) foods
• www.wheatanddairyfree.com – wheat- and dairy-free foods
• www.juvela.co.uk – gluten-free foods
• www.intolerablefood.com – gluten- and dairy-free foods

Recipes

Having savoury and sweet tried and tested recipes will enhance the taste, variety and
nutrition of the diet

• www.foodyoucaneat.com – extensive recipes sent in by the website users
• www.specialdietsconsulting.co.uk – recipe information, product information etc
• www.foodsmatter.com – recipes and product information
• www.allergycooks.co.uk – recipes free from wheat dairy and egg
• www.glutenfreecatering.com – dairy-, egg-, wheat- and gluten-free recipes,

product information etc

Allergy alert services

Allergy alert services allow sufferers to learn immediately about recipe mistakes in
manufactured foods.

• www.alert4allergy.org
• www.anaphylaxis.org.uk – the Anaphylaxis Campaign

IBS resources

Resources to help with the management of irritable bowel syndrome and other 
gastrointestinal-related symptoms.
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• www.theguttrust.org – IBS Network
• www.corecharity.org.uk – Core (the Digestive Disorders Foundation)
• www.ibsgroup.org – internet-based self-help group:

Other useful sites

• www.asthma.org.uk – Asthma UK
• www.eczema.org – National Eczema Society
• www.skinhealth.co.uk – information site written by dermatologists on skin

conditions
• www.ctpa.org.uk – Cosmetic, Toiletry and Perfume Association
• www.food.gov.uk – Food Standards Agency (FSA)
• www.eatwell.gov.uk – part of the FSA, offering advice on dietary matters for all

ages and stages; includes information on many food allergies and intolerances as
well as information for consumers on eating out, buying food and current food
labelling laws

• www.vegansociety.com – Vegan Society
• www.lasg.co.uk – Latex Allergy Support Group
• www.nhsdirect.nhs.uk – NHS Direct: government health information website
• www.bda.uk.com – British Dietetic Association: includes useful factsheets 

on food allergy and intolerance, autistic spectrum and allergy testing amongst
others

• www.nos.org.uk – National Osteoporosis Society
• www.allergicchild.com – useful American website for food-allergics: includes

information on American food labelling laws and books on food allergy for 
children

Resources for health professionals

• www.infantandtoddlerforum.org – up-to-date resources including factsheets,
study days, resources. on infant and toddler feeding and food hypersensitivity

• www.actagainstallergy.co.uk – educational initiative designed to increase the
awareness of childhood food allergy

• foodallergens.ifr.ac.uk – a searchable database with detailed information on
allergenic foods
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13.1 Introduction

Allergic diseases such as asthma, rhinitis and eczema are increasing in both the developed
and the developing world1,2. In the UK, 39% of children and 30% of adults are diag-
nosed with asthma, eczema or hay fever at some point in their lives3. It is estimated
that about 1.3–3.4% of adults suffer from food allergy4 –8 and around 0.5–8%8 –14

of children. Data from the Isle of Wight indicate that the prevalence of food hyper-
sensitivity may not be increasing11. Nevertheless, there remain two important reasons
for preventing sensitisation to food allergens early in life. For those children who
develop allergies to foods (in particular milk and egg15) it could have a huge impact
on their quality of life16–18. Most importantly, food allergy is not an isolated phe-
nomenon but often the beginning of an atopic career: those children with food allergy
are very likely to develop eczema, asthma and hay fever/allergic rhinitis later in life19.

Most nutritional recommendations are based on populations, and until we are
able to screen for specific genes, this will most probably be the case for some time.
However, based on family history20,21, we are to some extent able to identify those
at highest risk of developing allergic diseases, and most of the nutritional recommend-
ations regarding allergy prevention are directed to this group. The risk of a child
developing allergies is as follows20:

• both parents with identical allergy: 72%;
• both parents with non-identical allergy: 43%;
• one parent with allergy: 20%;
• one sibling with allergy: 32%;
• neither parent allergic: 12%.

The European Academy of Allergy and Clinical Immunology (EAACI) defines a
high-risk infant as one with at least one first-degree relative (mother, father or sib-
ling) with documented allergic disease such as asthma, eczema, hay fever or food
allergies22. This definition was also adopted by the American Academy of Pediatrics
(AAP). This method of screening is not entirely satisfactory, however, as a signi-
ficant number of children with no history of allergy will develop allergic disease. It is
also important to realise that it does not mean that the child will develop the same
types of allergies as the parents or the siblings.

Allergy Prevention and the
Effect of Nutrition on the
Immune System

Carina Venter

13

9781405170369_4_013.qxd  22/12/2008  15:02  Page 278

Food Hypersensitivity: Diagnosing and managing food allergies and intolerance   Edited by Isabel Skypala and Carina Venter
© 2009 Blackwell Publishing Ltd.  ISBN: 978-1-405-17036-9



Allergy Prevention and Role of Nutrition 279

In future, however, developments in genotyping, and in the fields of nutrigenetics
and nutrigenomics, may enable us to provide allergy-preventive recommendations
on an individual level.

This chapter deals with primary prevention of allergic disease and the involve-
ment of the immune system, i.e. preventing infants from becoming sensitised to
allergens23. Allergic sensitisation is a failure to develop tolerance to allergens, an
active immunological response induced by tolerogenic food proteins. The chapter
therefore does not include any advice for infants already sensitised to foods or
aeroallergens (secondary prevention) or those who are already clinically allergic and
need pharmacotherapy (tertiary prevention).

A large number of studies, including both observational and intervention studies,
have been conducted in order to look at preventive measures for allergic disease.
Presently, two major strategies for allergy prevention in high-risk children are being
pursued:

1 Avoidance of potential allergens early in life, i.e. from conception. The principle
behind allergen avoidance strategies is the hypothesis that reducing allergen 
levels may reduce the risk of sensitisation, hence a reduced risk of becoming 
clinically allergic. It is known that allergens pass from the placenta to the fetus
and via breast milk to the infant24. However, intervention studies have not 
been able to show such a clear pattern of events, i.e. that reduced exposure to
allergens equals reduced levels of clinical allergy.

2 Induction of tolerance early in life using certain prebiotics, probiotics, long-chain
fatty acids, vitamin supplementation and hypoallergenic infant formulas.

13.2 Introduction to the immune system

The fetal immune system starts to develop very early on in pregnancy and is
influenced by maternal factors. Birth and feeding/weaning during the first year of
life are critical control points in the development of appropriate responses to
pathogens and harmless dietary and commensal antigens. The development of the
fetal immune system and further development during the first few years of life are
crucial in promoting a fully functional, healthy immune system.

The immune system comprises cells and tissues, which play an important role 
in recognising and destroying pathogens (invaders) such as viruses, bacteria and
parasites. It also prevents the body from destroying its own cells or tissues.

The human immune system is divided into the innate and the adaptive immune
systems25,26.

13.2.1 Innate immune system

The innate system is the most basic part of the immune system, and it is almost fully
functional from birth25,26. It is non-specific and will therefore react similarly to all
foreign material. This immune system does not develop a memory, and will react to
any pathogen as if it is exposed to it for the first time (Figure 13.1).
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• The first line of defence is provided by non-specific physical barriers such as the
skin, the mucous membranes of the mouth, nose, respiratory, gastrointestinal
and genitourinary tract and the natural microflora (gut bacteria).

• The second line of defence is provided by cells such as phagocytes (eosinophils
and neutrophils), macrophages and natural killer cells, which kill invaders
mainly by engulfing them and destroying them with the help of specialised pro-
teins and proteolytic enzymes. This is also called cellular immunity.

13.2.2 Adaptive immune system

The adaptive immune system provides the third line of defence. It is immature at
birth and takes about 2–6 years to fully develop. The components of the adaptive
immune system are more sophisticated, having the ability to learn, to adapt, and to
remember. The adaptive immune system is therefore able to distinguish different

The innate system basically stays in ‘infancy’ and does not develop any further, but needs to
be nourished through good nutrition and stimulated by invaders to be able to fulfil its function.

The adaptive system is like the ‘eternal student’ who will continue to develop throughout life
(but mostly in the first six years). In order to keep up this process of lifelong ‘learning and
development’, this immune system also needs to be nourished and stimulated, as each

exposure will increase the potency of the next reaction.

Third line of
defence

Lymphocytes:
T cells and B

cells

Th1 cells: activate cells to
directly attack the virus

Th2 cells: activate B cells to
produce antibodies to destroy
parasites, bacteria and fungi

Second line of defence
Phagocytes, macrophages and natural killer cells

kill invaders, mainly by engulfing them and
destroying them with proteolytic enzymes. Also

called cellular immunity

First line of defence
Skin, mucous membranes and microflora stop invaders from

growing and getting in

INNATE

ADAPTIVE

Figure 13.1 The innate and adaptive immune system.
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viruses, bacteria, parasites and food proteins from one another. For each of these
there will be a specific immune reaction based on the memory developed, and the
reaction may be more severe at each encounter25,26. Lymphocytes are the cells
involved in the adaptive immune system, and they can be divided into two major
groups25,26: T cells are further divided into 4 types: T-helper 1 cells, T-helper 17
cells, Thelper 2 cells and T-regulatory cells. The T-regulatory cells are divided into 
T-regulatory 1 and T-regulatory 3 cells which are made by the thymus, and B 
cells, made by bone marrow. T cells play a primary role directing the immune
response25,26 (Figures 13.2 and 13.3). Once B cells are activated, they produce
immunoglobulins, which enable them to destroy pathogens (Table 13.1).

Lymphocytes

T cells B cells – make
antibodies

(immunoglobulins)

IgA
Ig
G

Ig
M

IgE
IgD

T-
regulatory

cells

T-
helper
1 cells

T-
helper 17

cells T-
helper
2 cells

Figure 13.2 Cells of the adaptive immune system.

Table 13.1 Immunoglobulins and their roles in the human body.

Immunoglobulin Role

IgA Found in mucous secretions and prevents infection in gut and 
respiratory tract

IgE Destroys parasites and is involved in allergic reactions

IgG Important in passing immunity from mother to fetus
Plays an important role in developing tolerance to antigens 
(food proteins)

IgM Plays an important role in the first days of infections
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13.3 Supporting the immune system through nutrition

13.3.1 During pregnancy

There is a fine balance of immune cell activity and production of immune cells
between the pregnant woman, the placenta and the fetus, to encourage normal fetal
growth and immunological responsiveness27,28.

Birth and feeding/weaning during the first year of life are critical control points in
preventing infants from becoming sensitised (producing IgE) to foods or launching
an attack on harmless bacteria. Pregnancy involves a subtle alteration (favours 
Th2 cells) of the maternal immune system that promotes tolerance of the fetus 
and prevents its rejection. The maternal immune system affects the fetus’s immune
system as the fetus can swallow IgEs and cytokines produced by the mother and 
IgG is transferred across the placenta27. Maternal immunity may therefore have
long-term, perhaps even lifelong, consequences for her infant.

Development of the fetal immune system starts very early in pregnancy. Stem cells
are present in the human yolk sac at 21 days of gestation, with the first lymphocytes
seen in the thymus at the end of the ninth week of gestation22,27–29. The amniotic
fluid is sterile to protect the fetus, so in order to get a functional immune system in
place, maternal–fetal interactions are needed. Two factors therefore determine
development of the infant’s immune system. The first is the maternal immune sys-
tem, whereby immunoglobulin G passes from the mother to the fetus and the fetus

Down-regulates function of Th1 and
Th2 cells

Up-regulates function of Th1 and
Th2 cells

Th1 Th2

T-reg cells

T-reg cells

Figure 13.3 The role of T-regulatory cells in allergy.
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swallows immunoglobulin E from the mother. The second determining factor is the
maternal diet.

Maternal diet

The maternal diet affects the general development of the fetus’s immune system, and
the pregnant woman should therefore consume a healthy balanced diet consisting 
of all the immune-supporting vitamins and minerals. In general it has been shown
that vitamin and mineral deficiencies adversely affect immune system function. Lack
of vitamin A30, iron31, zinc32,33, selenium34, and in particular vitamin D35 has been
shown to impair immune function and increase susceptibility to infection. This is
probably due to the role of these nutrients in ensuring fully developed and function-
ing immune cell membranes. A healthy immune system relies on these healthy cell
membranes to correctly identify pathogens, as well as dead and malfunctioning
cells. The maternal diet could also affect the development of allergic disease in the
infant. There are a number of papers dealing with allergy prevention during preg-
nancy, breast-feeding and the infant’s first year of life. It is difficult to compare 
the data from these studies, however, due to different methodologies and outcome
measures.

Observational studies during pregnancy

Studies looking at maternal intake during pregnancy and its influence on the devel-
opment of allergic disease in the infant have focused mainly on fatty-acid intake,
including fish consumption36–40, antioxidant intake based on fruit, vegetable and
supplement consumption37,38,40–44, vitamin D and zinc intake45, as well as seed37

and peanut consumption46,47.
These studies have shown that:

• Maternal fatty acid intake, particularly saturated fatty acids and omega-6 fatty
acids, may play a role in increased prevalence of atopic disease in the infant.

• Fish intake of at least more than once per week may have an allergy-preventive
effect.

• The role of total fruit and vegetable intake on the development of allergic 
disease is still controversial.

• Vitamin E, vitamin D and zinc intake may be preventive against the develop-
ment of allergic disease, particularly wheeze, in the infant.

• Vitamin C intake may increase the risk for development of allergic disease, 
particularly wheeze and eczema.

• More information is needed regarding peanut intake during pregnancy. A 1998
report on peanut allergy by the Committee on Toxicity of Chemicals in Food,
Consumer Products and the Environment (COT) stated that ‘pregnant or breast
feeding women who are themselves atopic, or where another first-degree relative
of the child is atopic, may wish to avoid eating peanuts and peanut products
during pregnancy and breast feeding’48. Researchers on the Isle of Wight have
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found that this advice has been misunderstood and incorrectly implemented by
both health professionals and pregnant women49. The COT report is currently
under review.

Intervention studies during pregnancy

Dietary avoidance
A number of studies have looked at whether maternal food avoidance during preg-
nancy or supplementing the maternal diet with certain dietary factors had an effect
on the prevalence of allergic disease50–56. The data obtained from these intervention
studies, however, do not give indisputable evidence to support incorporating any of
these measures into clinical practice.

Supplementation of the maternal diet with probiotics
The gut microbiota is the major source of microbial exposure, composed of 10 times
the number of cells in the entire body (104 microorganisms). Microbes play an im-
portant role in postnatal maturation of the immune response, particularly through
their role in regulating Th2 cells and Th1 cells. Differences in gut microbiota 
composition have been reported in infants who go on to develop allergic disease
compared with those who do not57

, and it has been found that different bacteria
may be associated with different types of allergic disease58. This has raised the ques-
tion as to whether supplementation with probiotic microbes (Table 13.2) may have
an effect in allergy prevention.

Five studies performed in high-risk families are cited in the literature looking at
the effect of probiotic supplementation during pregnancy and the infant’s first few
months of life on the prevention of allergic disease. Four of these were conducted
during pregnancy in the last 2–4 weeks59– 61 or last 4–6 weeks62 and continued for

Table 13.2 Definitions used in immunology.

Prebiotics are non-digestible food ingredients that beneficially affect the host (you and me)
by selectively stimulating the growth and activity of specific ‘friendly’ bacteria (also called
probiotics) in the intestinal tract. In other words, prebiotics are foods not for us but for our
‘good’ bacteria, because they stimulate their growth in our digestive tracts.

Probiotics are a live microbial feed supplement which beneficially affects the host animal by
improving its intestinal microbial balance.

Long-chain polyunsaturated fatty acids (LCPUFAs) play an important role in regulating
the immune system. They are divided mainly into omega-3 and omega-6 fatty acids.

Passive immunity is immunity passed from mother to child via placenta or breast milk.
Passive immunity is effective, but protection is generally limited and diminishes over time
(usually a few weeks or months). For example, maternal antibodies are passed to the infant
prior to birth; temporarily protect the baby for the first 4–6 months of life12.

Active immunity refers to the activated immune system during infection or after
immunisation.
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6 months post partum utilising Lactobacillus rhamnosus GG, Bifidobacterium breve
and Proprionibacterium freudenreichii plus a prebiotic mixture59, Lactobacillus
rhamnosus GG60,62 or Lactobacillus reuteri for 12 months61 of the infant’s life. One
study used Lactobacillus acidophilus during the first 6 months of the infant’s life
only63. The main benefit from these studies seems to be a reduction in eczema, found
in some studies59,60,64,65 but not all61–63.

It is thought that the effects of probiotics are strain-specific, and that environmen-
tal factors such as maternal and infant diet or factors specific to the host such as
genetic profile and susceptibility to colonisation may have an effect on the results
seen66. However, Kopp et al. showed that different outcomes can be seen with the
same strain as well62.

Omega-3 fatty acids
Two reports from Australia of randomised-controlled trials suggest that dietary n-3
polyunsaturated fatty acid (PUFA) supplements during pregnancy67 or in the early
postnatal period68 could have immunomodulatory properties and/or associated
clinical effects on atopy and asthma in offspring.

Recommendations regarding the maternal diet

• Women should consume a variety of foods according to the five food groups:
meat and alternatives, starchy food, fruit and vegetables, dairy foods and fat and
sugars.

• Whole grains, leafy green and yellow vegetables, and fruit should be consumed
daily to meet nutrient needs and provide enough fibre. Meat, poultry, seafood,
legumes and nuts are important sources of protein, as are zinc, iron and 
magnesium.

• Iron, zinc, selenium, vitamin A and vitamin C are particularly important for main-
taining a healthy immune system. Pregnant women should never be tempted,
however, to take any mineral or vitamin supplementation without consulting 
a medical practitioner and dietitian. It is also important to note that vitamin A
supplementation is contraindicated in pregnancy.

• Fish-oil supplementation should not be recommended at present unless the
fatty-fish intake is insufficient (see www.food.gov.uk or for advice on fatty-fish
consumption during pregnancy).

• The efficacy and safety of probiotics, and whether different organisms may have
different effects on the immune system, need further clarification.

• There is no evidence to suggest maternal avoidance of any of the allergic foods69,70.
• However, the current advice in the UK is that pregnant women from high-risk

families may wish to avoid peanuts and foods containing peanut48.

Method of delivery

The method of delivery can also affect the infant’s immune system. As infants 
are born with a sterile gut, exposure to bacteria is very important to enhance gut
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colonisation, which strengthens the immune system (the hygiene hypothesis’71).
Vaginally born infants obtain their gut flora mainly through the mother’s vaginal
tract, which is very similar to the mother’s gut flora. Children born by Caesarean
section, on the other hand, obtain their gut flora through skin contact and the 
environment. This results in a significant difference of bacterial microflora in the gut
of those infants born by Caesarean versus those born by vaginal delivery72 – an
effect which may last into childhood. There is also some evidence to suggest that
Caesarean-born infants are more likely to suffer from allergic disease73. Caesarean-
born children may therefore have an amplified need for correcting and nurturing
their gut flora in the first few years of life.

13.3.2 Method of feeding after birth

The gut is the biggest organ in the human body and houses as much as two-thirds of
the immune system. In addition to its role in digestion (processing and absorbing
ingested food), an important function of the gut is to provide a healthy immune sys-
tem (by discharging waste products)74,75. The mucosal immune system therefore
fulfils the primary function of defence against potential pathogens that may enter
across vulnerable (especially in the first year of life) surface epithelia. However, 
a secondary function of the intestinal immune system is to discriminate between
pathogen-associated and ‘harmless’ antigens, expressing active responses against
the former and tolerance to the latter. Two critical time points for the infant are the
period immediately after birth and at weaning.

The mucosal immune system encounters a large number of antigens (food pro-
teins/commensal organisms) on a daily basis, and generally suppresses an immune
response to these harmless substances even though it is fully capable of launching a
quick protective response to pathogens. The mucosal barrier uses physical barriers
and cells to prevent antigens from entering the circulation. The physical barriers
include:

1 epithelial cells joined by tight junctions;
2 a thick mucous layer that covers these cells;
3 factors that help strengthen and restore the barrier;
4 luminal and brush border enzymes;
5 bile salts;
6 a range of different pH;
7 gut bacteria.

These factors all lead to destruction of pathogens and render antigens non-
immunogenic, although 2% of food proteins will reach the circulation intact. Cells
involved in providing gut immunity includes cells form both the innate (natural
killer cells, macrophages, epithelial cells) and adaptive (lymphocytes, Peyer’s
patches, secretory IgA, cytokines) systems.

A number of these factors are either lacking or immature in the infantile gut, such
as suboptimal enzyme production and insufficient production of secretory IgA76.
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This is primarily because infants are born with a sterile gut, which is immature in
terms of handling large food proteins and foreign organisms causing infections. It is
therefore important to provide the infant with the correct nutrition to enhance the
colonisation and maturation of the gastrointestinal tract. This occurs in the first few
months and continues up to 6 years of age77. Breast milk contains nutritional and
immunomodulatory components that play an important role in this process. These
factors include prebiotics78, long-chain polyunsaturated fatty acids (LCPUFAs),
immunoglobulins (Table 13.1)74,79, nucleotides79 and proteins79.

The prebiotics (mainly oligosaccharides) and LCPUFAs in breast milk enhance
colonisation of the gut with bifidobacteria. These bacteria suppress development of
an allergy-prone immune system (Th2 system) and allergic inflammation. Probiotics
also reduce the dietary allergen load by degrading and modifying these large food
proteins, therefore possibly reducing food allergy80. It is well known that the gut
microflora of breast-fed babies contains more Lactobacillus and Bifidobacterium
than that of bottle-fed babies78.

There is also evidence to suggest that apart from the effect on prevention of
allergy, probiotics may positively affect the immune system, e.g. genitourinary tract
infection and cancer79,81. Breast-fed babies have been shown to be less likely to suf-
fer from diarrhoea and gastroenteritis, and seem to have more protection against
infections, such as ear infections, than bottle-fed babies.

One of the most important aspects of breast milk is that secretory IgA is passed
from the mother to the infant when feeding. The nucleotides in breast milk have
multiple functions. They are the building blocks of RNA and DNA and play an
important role in cell division79. The κ-casein and lactoferrin present in breast milk
have also been shown to provide protection against bacteria, viruses and fungus as
well as showing anti-inflammatory effects79.

Breast milk is therefore considered to be the best source of nutrition for infants,
not only because of the immunological components, but also because it contains
just the right nutrients to support the infant’s development. The nutritional unique-
ness of breast milk lies in the fact that it ‘adapts’ during the feed and during the
infant’s first months of life. In early lactation, breast milk contains a high protein
content, with a higher whey : casein ratio. This changes to a 50 : 50 whey : casein
ratio later in lactation. The lactose and fat content of breast milk is lower earlier on,
while the prebiotic and zinc content are much higher.

13.3.3 Breast-feeding and the development of allergic disease

The effect of breast-feeding on allergy prevention is still very controversial, due to a
number of studies with contradicting results. One major problem is that we have to
rely on observational studies rather than randomised controlled trials, as infants
could never ethically be randomised into a breast-feeding and a formula-feeding
group. Previous studies performed both in the general population82–88 and among
high-risk infants89,90 indicate that breast-feeding may not protect against all types of
allergic disease in all infants. There are a number of factors that could have led to
the discrepancy in the data:
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• All breast milk is not created equal. The lower omega-3 fatty acid levels of the
serum and breast milk of atopic mothers versus non-atopic mothers may play a
role in the development of asthma and eczema in the infant91. The reduced levels
of soluble CD14 (allergy-preventive immune cells) and omega-3 fatty acids in
breast milk could also favour the development of atopy in the infant92.

• It has been suggested that perhaps those with the highest degree of atopic 
heredity will tend to be breast-feeding for the longest period. This implies that
when we are looking at the effect of breast-feeding on allergy prevention, the
breast-feeding group may naturally include more of those highest at risk, as they
are the group that breast-feed for a longer period.

• It is also frequently mentioned that children are more likely to be breast-fed than
formula-fed if they were born to parents of higher socioeconomic status. One
could speculate that aeroallergen exposure may be lower or at least different in
this group. Furthermore, children born into a higher socioeconomic class proba-
bly have better access to healthcare facilities, resulting in their being prescribed
more antibiotics.

Eczema

Two systematic reviews reached the conclusion that exclusive breast-feeding (for at
least 4 months) does seem to have a protective effect on the development of allergic
diseases, particularly eczema, and that this effect is greater when there is a family
history of atopic disease93,94.

Asthma

The effect of exclusive breast-feeding on the prevention of asthma is less clear. It
does not seem that breast-feeding in high-risk children will prevent the infants from
developing asthma, but it can reduce wheezing in children under 4 years of age95.

Food allergy

Until recently, only one study had examined the effect of exclusive breast-feeding
(for 4 months) on food allergy, and found it had no effect82. A new study performed
on the Isle of Wight, however, has shown that breast-feeding of any duration (either
any breast-feeding or exclusive) does not seem to affect the prevalence of FHS96. 
A review paper concluded that firm conclusions about the role of breast-feeding 
in either preventing or delaying the onset of food allergies are not possible at this
stage95. It is known that nutrients such as fatty acids97 and proteins such as β-
lactoglobulin98 and ovalbumin24 are present in breast milk, and that their levels are
influenced both by maternal diet and by maternal bodily stores.

Observational studies during breast-feeding

Observational studies during breast-feeding found that fat intake could affect devel-
opment of atopy. Saturated-fat intake is associated with an increased sensitisation
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to allergens99 and the development of atopic dermatitis in the infant100. Seven 
studies are cited in the literature looking at breast-milk fatty-acid levels and allergic
disease in the offspring, with five studies finding that breast milk fatty acid levels 
can affect development of allergic disease in infants100–104, one finding an effect in
the infant but not later in childhood (5 years)105, and one study finding no effect106.
In addition, antioxidant intake may also play a role: Hoppu et al. showed that 
low intake of vitamin C together with a high intake of saturated fats increased the
risk of developing allergy99. Finally, based on one study, it did not seem that the 
prebiotic/oligosaccharide content of milk directly affected the development of 
allergic disease in the offspring107.

Intervention studies during breast-feeding

Reviews by the EAACI70 and the American Academy of Pediatrics Committee on
Nutrition and American Academy of Pediatrics Section on Allergy and Immunology95

conclude that there is no evidence for maternal dietary intervention during preg-
nancy or lactation in the prevention of allergic disease.

Recommendations regarding breast-feeding

Table 13.3 summarises the recommendations from three review papers regard-
ing dietary allergy prevention and the role of breast-feeding and formula-feeding.
These include a paper by the AAP95, a joint statement of the European Society for

Table 13.3 Recommendations regarding allergy prevention in high-risk infants by AAP,
ESPACI/ESPGHAN and EAACI.

Who is at risk?

Breast-feeding 
recommendations

Alternatives if 
breast-feeding not 
possible/sufficient

EAACI (2004,
updated 2008)70,109

If one first degree
relative with
documented allergic
disease

Exclusive breast-
feeding for 6 months
but at least 4 months,
combined with
avoidance of solid
foods and cow’s milk.

In case of a lack of
breast milk, formulas
with documented
allergenicity should
be used for at least 
4 months.

ESPACI/ESPGHAN
(1999)108

If one affected parent
or one affected sibling

Exclusive breast-
feeding to 4–6 months

Use formula with
proven reduced
allergenicity.

AAP (2007)95

If one first-degree
relative with
documented allergic
disease

Exclusive
breastfeeding for at
least 4 months

Extensively
hydrolysed formula
may be more effective
in preventing allergic
disease than partially
hydrolysed formula,
but the cost should be
taken into account
with any decision
made.
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Paediatric Allergology and Clinical Immunology (ESPACI) and the European Society
for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN)108 and a
review by a committee of EAACI70 with an update in 2008109. Recommendations
for breast-feeding are as follows:

• Breast-feeding should always be the first choice for feeding infants, for a number
of other reasons such as bonding, as well as because of the unique nutritional
and immunomodulatory composition of breast milk110,111.

• There is a need for dietetic counselling of mothers, as breast-feeding is recom-
mended to be the sole source of nutrition for the first 6 months of life in infants.

• Nutritional factors in breast milk such as the fatty-acid content may play a role
in allergy prevention, but more studies are needed.

• Exclusive breast-feeding for allergy prevention in high-risk children is recom-
mended for the first 4–6 months of life.

• Maternal dietary avoidance during lactation for allergy prevention is not 
recommended at present.

• No recommendations regarding supplementation of breast milk with any nutrient
so far exist, primarily due to a lack of evidence.

13.3.4 Use of infant formulas in the prevention of allergic disease

Some mothers are not able to breast-feed, or choose not to do so. In an attempt to
avoid exposure to cow’s-milk protein early in life, hydrolysed formulas (extensive
or partial) have been investigated as a replacement for or supplement to breast milk.

Intervention studies in non-high-risk families

Only four intervention studies have been performed in unselected cohorts of chil-
dren. Three of these found that early introduction of cow’s-milk formulas does not
lead to an increase in allergic disease112–114. However, two of these studies were 
performed in premature112 or low-birthweight infants114. The only study using a
reliable method of diagnosing FHS did find that early cow’s-milk feeding increased
cow’s-milk allergy between 18 and 34 months82.

Intervention studies in high-risk infants

No long-term studies have compared the effect of hydrolysed formulas to exclusive
breast-feeding, and there is no evidence that the use of these formulas is any better
than human milk in the prevention of atopic disease95. Hypoallergenic formulas
could provide a possible alternative to cow’s-milk formulas for mothers of high-
risk infants who choose not to, or cannot, breast-feed. It is paramount that the
results should be interpreted for each formula studied, rather than grouping results
of partially hydrolysed formulas115–120 and extensively hydrolysed formulas116,120,121

together. It is known that the immunogenicity of these formulas will differ depending

9781405170369_4_013.qxd  22/12/2008  15:02  Page 290



Allergy Prevention and Role of Nutrition 291

on the source of the protein (casein or whey), degree of hydrolysation (partial or
extensive), site of hydrolysation, enzymes used and filtration methodology109. A
formula for allergy prevention is therefore defined as a formula with documented
reduced allergenicity22,109.

Three studies in high-risk families did not compare the effect of a hydrolysed 
formula to cow’s milk, but compared different hydrolysed formulas. Nentwich 
and colleagues found a significantly decreased sensitisation to cow’s-milk proteins
in the partially hydrolysed whey formula (pHF-w) compared to the extensively
hydrolysed whey formula (eHF-w) group at 6 and 12 months122. Prevalence of eczema
did not differ among the groups during the first 12 months. In addition, Halken 
and colleagues showed that pHF-w was less effective than extensively hydrolysed
casein formula (eHF-c) in preventing cow’s-milk allergy (4.7% vs. 0.6%) when 
the children were reviewed at 18 months of age123. This confirmed the results of an
earlier study by Halken et al.124.

In summary, it seems that some protein hydrolysates may reduce allergic manifes-
tations during the high-risk infant’s first few years of life, as either a replacement or
a supplement to breast milk.

Recommendations regarding infant formula

UK NICE guidelines state that healthcare professionals should advise mothers 
who choose not to breast-feed that there is insufficient evidence to suggest that
infant formula based on partially or extensively hydrolysed cow’s-milk protein
helps to prevent allergies125. This, however, is in contrast to the recommendations
of the three review papers regarding dietary allergy prevention that are summarised
in Table 13.3.

Prebiotics and infant formula

The role of prebiotics on allergy prevention has been investigated in recent stud-
ies126. Prebiotic supplements were associated with a significantly higher number of
faecal bifidobacteria compared with controls but there was no significant difference
in Lactobacillus counts. Follow-up of these infants at 24 months (n = 134) showed 
a long-lasting effect of the prebiotic supplement. In the prebiotic group, children
were significantly less likely to suffer from eczema, recurrent wheezing and allergic
urticaria, and had fewer infections (of any kind), lower antibiotic use and fewer
reported fever incidents127. Data also showed reduced levels of total IgE and increased
levels of secretory IgA in the supplemented groups128.

It is difficult, however, to relate the findings of these studies to the prebiotics in
breast milk, as human-milk oligosaccharides are so heterogeneous. There are more
than 200 different human-milk oligosaccharides, and the numbers vary between 30
and 120 from mother to mother.

Despite these data, a recent Cochrane review concluded that there is currently
insufficient evidence to determine the role of prebiotic supplementation in infant
formula129.
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13.3.5 Weaning and nutrition in early life

There are two issues that should be addressed when dealing with weaning for allergy
prevention. First, there is the debate regarding suitable weaning age to ensure optimal
nutrition and developmental milestones for the infant, whilst preventing allergic
diseases. Second, it is unclear whether there should be different recommendations
for weaning onto allergenic (e.g. milk, egg, fish, nuts) and non-allergenic foods.

Weaning age

Weaning age and general health
At present, the World Health Organization recommends that weaning should not
be commenced before 6 months of age, based on the health benefits of exclusive
breast-feeding for at least 6 months such as less gastrointestinal or respiratory infec-
tion in the infant130. Furthermore, the Scientific Advisory Committee on Nutrition
(SACN) stated in 2001 that there was sufficient evidence that exclusive breast-feed-
ing for 6 months is nutritionally adequate, but that due to current practices in the
UK there should be some flexibility in the advice131. However, the COMA report
(1994) stated that weaning should not be commenced before 4 months of age132.

Weaning age and allergy prevention
For allergy prevention, the evidence is conflicting, but studies indicate that solids
should not be introduced before 4 months of age (ideally 6 months) and that there 
is no evidence to suggest delaying the introduction of the major allergenic foods
beyond 6 months of age82,133 –139. A recent systematic review looking at comple-
mentary feeding before four months of age could find few data linking early solid
feeding and allergic conditions, and called for additional trials to look at the rela-
tionship between the introduction of solids and allergic risk140.

Thus, there is no evidence of an allergy-preventing effect of restrictive diets after 
6 months of age. Guidelines regarding weaning age and allergy prevention can be
seen in Table 13.3.

Which foods when

Tolerance to food allergens appears to be driven by regular early exposure to these
proteins during a ‘critical early window’ of development. Timing of this window for
both allergenic and non-allergenic foods is not known at present, but it depends 
on a very delicate balance of not introducing allergenic foods too early (before gut
colonisation and tolerance mechanisms are established), but also not delaying intro-
duction beyond the point of ensuring tolerance to food proteins. Some evidence 
suggests that this ‘window of opportunity’ lies between 4 and 6 months of life, 
but the truth is that we really do not know, and furthermore we do not know if this
window differs for allergenic and non-allergenic foods141. Some studies also suggest
that continued breast-feeding during introduction of complementary foods is
important for promoting tolerance.
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Until recently, general allergy-preventive weaning advice was based on the studies
by Zeiger et al.54 The weaning advice in this study included a staged delay in intro-
duction of solid foods: non-legume vegetables, rice cereal, meats and non-citrus
fruits between 6 and 12 months; cow’s milk, wheat, soy, corn and citrus fruits
between 12 and 18 months; eggs at 24 months; and peanut and fish at 36 months.
However, most guideline documents now realise that there is limited evidence to
delay the introduction of allergenic foods to such an extent, and the guidelines have
been amended.

In order to shed some light on this issue, there is currently a UK-based ran-
domised controlled trial investigating the regular consumption versus avoidance 
of peanut protein during infancy. This trial involves infants (4–11 months of age)
with egg allergy, severe eczema or both. The intervention group is fed at least 6 g
peanut protein weekly, distributed over at least three meals each week. The primary
outcome of this study assesses the effects of this intervention on the proportion of
children with peanut allergy at 5 years of age142.

Individual nutrients and allergy prevention
Very little is known regarding the direct effect of specific nutrients in weaning foods
on the immune system of the infant.

Observational and intervention studies in early life

Fish intake
Kull et al. recently reported that regular fish intake during the first year of life
amongst infants from an unselected population was associated with a reduced risk
for allergic disease and sensitisation to food and aeroallergens by 4 years of age143.

Organic foods
Kummeling et al. were the first group to investigate whether organic food consump-
tion by infants was associated with developing atopic manifestations in the first 
2 years, and found that organic dairy products were associated with a lower risk of
developing eczema144.

Vitamin D
Hyppönen et al. found that the prevalence of atopy, allergic rhinitis and asthma 
was higher in participants who had received vitamin D supplementation regularly
during the first year compared to those who did not receive supplements145. These
results are in contrast to the data presented regarding vitamin D intake in pregnancy
and the development of allergic disease in the offspring.

Recommendations regarding weaning

In line with the recommendations summarised in Table 13.3, the ESPGHAN Com-
mittee on Nutrition recommends146:
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• Exclusive or full breast-feeding for about 6 months is a desirable goal.
• Complementary feeding (i.e. solid foods and liquids other than breast milk or

infant formula and follow-on formula) should be introduced not earlier than 
17 weeks and not later than 26 weeks.

There is no convincing scientific evidence that avoidance or delayed introduction of
potentially allergenic foods, such as fish and eggs, reduces allergies, either in infants
considered at increased risk for the development of allergy or in those not con-
sidered to be at increased risk. This is apart from peanut, where the UK COT report
advises avoidance of peanut or peanut-containing foods for the first 3 years of 
life48.

It is prudent to avoid both early (< 4 months) and late (≥ 7 months) introduction
of gluten, and to introduce gluten gradually while the infant is still breast-fed, inas-
much as this may reduce the risk of coeliac disease, type 1 diabetes mellitus and
wheat allergy.

More information is needed regarding the role of individual foods or nutrients
during the weaning stage in allergy prevention.

Practical recommendations regarding the weaning diet

• Start with fruit, vegetables and simple starches such as rice and corn (especially
if weaning is started before 6 months).

• Increase the variety of diet once the infant is 6 months old, and make sure 
foods containing vitamins A and D, iron, zinc and selenium are included in the
weaning diet.

• Do not start weaning before the age of 4 months, ideally 6 months147.
• For children at risk of developing allergies the advice (in the UK) is to delay the

introduction of peanuts until 3 years of age48.

13.4 Conclusions

In summary, the immune system starts to develop soon after conception and contin-
ues to develop through life. Nutrition and the environment, during pregnancy and
early life in particular, can influence the immune system. Follow a healthy balanced
diet, with an appropriate amount of calories. Important nutrients include vitamins
A, C, E and D, selenium, iron, zinc and LCPUFAs, but pregnant women should not
take any supplement without discussing it with a dietitian/midwife/doctor. Other
immunologically important nutritional factors include prebiotics (maternal diet,
breast milk, infant formula and perhaps the weaning diet) and probiotics (specific
strains may be beneficial in prevention of atopic dermatitis).

Concerning allergy prevention per se, a number of studies have examined dietary
factors during pregnancy, but no firm conclusions can be made from any of these
observational or intervention studies. In the meantime, pregnant women should be
advised to follow a healthy, balanced diet which includes recommended intakes of
white and fatty fish. For now, pregnant women from high-risk families should be
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advised regarding the content of the COT report in the UK. There is no evidence to
support avoidance of any of the other allergenic foods.

Mothers of newborns should be supported to breast-feed exclusively for at least 
4 months, and ideally for 6 months. As with pregnant women, breast-feeding 
mothers should be advised to follow a healthy, balanced diet including recom-
mended intakes of white and fatty fish. For now, breast-feeding mothers from 
high-risk families should be advised regarding the content of the COT report in the
UK. There is no evidence to support avoidance of any of the other allergenic foods
during lactation.

For high-risk mothers who cannot or choose not to breast-feed, an extensively
hydrolysed casein formula or a partially hydrolysed whey formula should be sug-
gested. All other mothers could use any cow’s-milk-based formula.

Weaning should not be commenced before 6 months, but at least not before 
4 months. More information is needed regarding the introduction of allergenic food.
Current knowledge suggests that there is no evidence to delay the introduction of
highly allergenic foods beyond the age of 6 months. This is apart from peanut,
where the UK COT report advises avoidance of peanut or peanut-containing foods
for the first 3 years of life.
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14.1 Allergic rhinitis

Samantha Walker

14.1.1 Introduction

Allergic rhinitis is a common problem which is trivialised by sufferers and health
professionals, despite being associated with absence from school and work, and
with learning impairment in children. In the UK, seasonal rhinitis is usually caused
by high grass-pollen counts, which coincide with national exams and require timely
and effective treatments. Perennial rhinitis is less commonly associated with allergy,
but can be triggered by persistent exposure to dust mites or furry animals. Nasal
steroids and antihistamines are effective treatments when taken regularly, but poor
nasal spray technique can result in treatment failure. Short courses of oral steroids
are useful in the event of treatment failure or before significant exams or life events,
whilst grass-pollen immunotherapy is available sublingually or subcutaneously for
those patients with hay fever who are unresponsive to conventional treatment.
Rhinitis alone is rarely a manifestation of food allergy, but symptoms commonly
coexist. It is therefore important to ask about rhinitis symptoms when investigating
food allergy so that appropriate treatment can be given.

14.1.2 Background

Rhinitis is a common problem in Western societies, affecting approximately 24% of
the UK adult population1. Rhinitis can be defined as a collection of symptoms
including a runny and/or blocked nose, sneezing, itching and sometimes postnasal
drip (mucus running down the back of the throat) or conjunctivitis, occurring for 
an hour or more on most days. Symptoms can be seasonal (hay fever), perennial, or
perennial with seasonal exacerbations, and have been shown to differ in their aller-
gic (atopic) state, clinical presentation and medical history. In a large study of nearly
3,000 adults, 3% had seasonal symptoms only, 13% had perennial symptoms only,
and 8% had perennial symptoms with seasonal exacerbations1. The majority (78%)
of those with seasonal symptoms had an allergic cause for their symptoms, whereas
only 50% of perennial symptoms were allergic in nature. In those with perennial
and seasonal symptoms, 68% were allergic. Seasonal rhinitis was characterised 
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by sneezing, itching, and a high prevalence of diurnal variation in symptoms. The
most common triggers were dust, pollens and infections. By comparison, perennial
rhinitis was characterised by a higher prevalence of nasal blockage and catarrh, and
a lower prevalence of diurnal variation and pollen-related triggers. Subjects with
seasonal rhinitis were more likely to be atopic (i.e. have positive skin prick tests or
serum IgE tests to common aeroallergens) and to have eczema and a family history
of hay fever than those without rhinitis. Those with perennial rhinitis were more
likely to have past or current eczema or migraine, be wheezy or labelled asthmatic,
or have a family history of nose trouble other than hay fever1.

14.1.3 Impact of allergic rhinitis

Allergic rhinitis (including hay fever) is common and can have a big impact on daily
activities. Research has shown that it may adversely affect concentration2, reduce
productivity and impair exam performance3 in adolescents. The high prevalence 
of hay fever among adolescents3, combined with that fact that GSCE and A-level
exams take place at the peak of the grass-pollen season, mean it is vital to consider
strategies for managing hay-fever symptoms in this age group proactively, and to
encourage patients to take advantage of the broad range of treatments available.

14.1.4 What is the role of allergy?

Causes of rhinitis are varied, but for simplicity they can be broadly grouped under
headings of allergic and non-allergic. Their symptoms are similar, but allergic 
rhinitis is characterised by sneezing and itching, whereas the commonest symptoms
in non-allergic rhinitis are nasal blockage and postnasal drip. Although rhinitis 
is easy to treat using a structured approach, it is helpful to differentiate between
allergic and non-allergic rhinitis, as the treatments may be different. In practice, 
simple questions can help you to discover the most likely cause and select the most
appropriate treatment.

Accurate history taking is of primary importance in establishing the role of
allergy. However, a positive response to the question ‘do you get hay fever?’ corre-
lates to a positive allergy test (skin prick test or measurement of serum specific IgE)
approximately 75% of the time3.

In general, rhinitis is more likely to be allergic in nature if a trigger can be identified,
if symptoms include sneezing and itching, and if there are associated eye symptoms.

Treatment is, in the majority of sufferers, extremely effective. However, care
needs to be taken to get the combination of treatments right and to ensure patients
take them correctly and regularly. Pollen avoidance may also help.

14.1.5 Mechanisms

Allergic rhinitis is caused by inhalation of allergen (e.g. grass pollen) which results 
in a classic sequence of events caused by an inappropriate immune response to 
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otherwise harmless substances4. The classic signs of allergy (itching, redness and
swelling) and its time course (immediate symptoms, usually occurring within 15 min-
utes of exposure) are caused mainly by the release of histamine, a potent chemical
that causes itching due to irritation of nerve endings, redness due to vasodilation of
blood vessels, and swelling due to increased vascular permeability via immunoglob-
ulin E (IgE). The signs of itching, redness and swelling mark the cornerstone of
allergy diagnosis and, at a simplistic level, allow the differentiation between allergic
and non-allergic symptoms.

Other causes of rhinitis symptoms include infection (viral, bacterial), structural
problems of the nose (e.g. deviation of the nasal septum and polyps) and, less 
commonly, endocrine problems (hypothyroidism) and iatrogenic disease (e.g. the
combined oral contraceptive pill).

14.1.6 Diagnosis

The medical history, related to the nature and timing of the symptoms, trigger fac-
tors, and evidence of personal and family history of allergic disease, should guide
the need for, and the choice of, diagnostic test7. Where avoidance is both effective
and possible (in the case of food or drug allergy) or an allergen-specific treatment
such as immunotherapy is being considered, then identification of the specific aller-
gen trigger is essential, although accurate history taking is of primary importance in
establishing the role of allergy and interpreting test results. The probability of rhini-
tis symptoms being allergic in nature is significantly increased, if symptoms are trig-
gered by animals or pollen, or if the patient has a personal history or a family history
of allergy3.

However for many individuals, identifying the underlying allergenic trigger may
have little or no bearing on the management of the condition, especially as it is not
always possible to avoid exposure to allergen triggers. The need for a diagnostic test
should therefore depend on whether or not the identification of an allergen trigger
will influence the treatment decision6. A pragmatic approach may be to opt for
empirical treatment as an initial step for rhinitis patients with a convincing history
of allergy, that is, patients with a personal or family history of asthma, eczema or
hay fever who have symptoms which occur within minutes of exposure and fit the
pattern of histamine release in one or more target organs (i.e. redness, itching or
swelling). For many patients treatment is based on managing specific symptoms that
include nasal blockage, discharge and sneezing. The most effective treatments are
oral antihistamine and topical nasal corticosteroids5.

14.1.7 Management

Allergen avoidance

Airborne allergens such as grass pollen, house-dust mite and cat allergen are
difficult to avoid. The effectiveness of allergen avoidance measures in adults5,8, has
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not yet been definitively shown, whereas complex interventions based on individual
allergen sensitivities have shown some benefit in high-risk children9.

Pharmacological management of rhinitis

Guidelines recommend a combination of non-sedating antihistamines, long-acting
topical nasal corticosteroids and anti-inflammatory eye drops10. Part of the man-
agement strategy should also be to arrange adequate follow-up and to encourage
patient self-management for optimal symptom control.

• Patients with persistent nasal symptoms (particularly nasal blockage, itching and
sneezing) should be treated with a nasal corticosteroid; once-daily preparations
may aid compliance.

• Possible side effects include nose bleeds and nasal crusting, and these are generally
related to method of administration. Prescription of topical nasal sprays should
always be accompanied by an explanation of device technique (Table 14.1);
sniffing hard during administration should be avoided.

• Patients should be advised of the need for regular steroid treatment and advised
that benefit may not be immediate.

• Regular (daily) use is superior to use as the need arises (PRN use), although PRN
use is superior to placebo.

• Watery rhinorrhea tends to respond to topical anticholinergic drugs better than
to nasal corticosteroids.

• In patients whose symptoms remain uncontrolled, consider adding a non-
sedating antihistamine.

• Antihistamines are less effective in the treatment of nasal blockage, although
newer antihistamines such as desloratidine or fexofenadine may be helpful.

• Antihistamines are effective at reducing associated eye symptoms.
• In patients with seasonal symptoms, treatment should begin at least 2 weeks

before symptoms are expected to start for maximal effect.
• Topical sodium cromoglycate should be added for uncontrolled eye symptoms

(its use is contraindicated in contact-lens wearers); topical H1-antagonists should
be considered in patients with isolated eye/nose symptoms; corticosteroid eye
drops should not be used unless supervised by an ophthalmologist because of
the risks of side effects.

Table 14.1 Using nasal sprays.

Advice when prescribing aqueous sprays should include

• Stand up, fixing the eyes on a point on the floor about 3 feet away

• Using the right hand for the left nostril and vice versa, insert the tip of the nasal spray as
far as is comfortable

• Use the required number of sprays according to instructions

• Do not sniff – this may result in the drug going to the stomach instead of the nose; sniffing
may be the primary cause of treatment failure
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• Patients with rhinitis should be investigated for asthma and treated with bron-
chodilators and inhaled corticosteroids as appropriate.

• A follow-up visit allows identification of side effects which may affect com-
pliance with treatment.

The main reasons for treatment failure are likely to be poor compliance, poor 
nasal spray technique, or inadequate dosing. If symptoms persist despite optimal
pharmacotherapy, or if the patient has exams or an important event coming up, a
number of options are available.

Managing severe or uncontrolled symptoms

A short course of oral corticosteroids (e.g. 20 mg prednisolone daily for 5 days) 
may be effective for severe hay-fever symptoms, although evidence is limited and
unacceptable systemic side effects occur with prolonged use.

Although depot steroid injections are effective in controlling symptoms of severe
hay fever6, there remains concern over their safety. Reported side effects include
local effects such as post-injection flare, facial flushing and skin and fat atrophy; 
systemic complications are rare but include tissue atrophy5,8,9,11,12. Moreover, a
persistent effect on bones or eyes cannot be excluded. Depot corticosteroid treatment
for hay fever was found to cause avascular necrosis of both hips10, and fatalities
related to intramuscular and intra-articular injections have been reported11.

Medico-legal issues related to the use of intramuscular corticosteroid treatment
have arisen, and using these drugs to treat a condition for which alternative safe and
effective treatments exist should be considered with caution.

Immunotherapy, or desensitisation, retains a role in the treatment of those with
hay fever who are unresponsive to or cannot tolerate conventional pharmacother-
apy. Subcutaneous immunotherapy has been shown to reduce symptoms by half
and medication use by 80%12. Long-term efficacy of immunotherapy following 3
years of treatment has also been demonstrated13.

Success depends on appropriate patient selection, that is, clinically monosensitive
patients with identifiable IgE-mediated disease who do not respond to a combina-
tion of nasal steroids and antihistamines. Subcutaneous immunotherapy is only
available from trained staff based in specialist centres. Sublingual immunotherapy is
a safe and effective alternative13 that can be prescribed in general practice, although
careful patient selection is again required.

Who and when to refer

Referral for a specialist allergy opinion should occur for patients in whom there 
is diagnostic uncertainty, or those for whom allergen-specific therapy is being 
considered, as well as those patients who have potentially life-threatening symp-
toms, or – particularly in children – concomitant food allergy and asthma. Other
patients who may benefit from referral to an allergist or appropriate specialist
include:
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• patients who are not responding to treatment;
• patients who require doses or drugs that are unlicensed for a particular 

condition;
• patients who require skin prick testing with non-aeroallergens which are not

available as a specific IgE test (e.g. fruits, vegetables, drugs);
• adults who have had anaphylaxis with cardiac or respiratory involvement;
• patients who are candidates for specific allergen immunotherapy;
• patients who require food challenges.

14.1.8 Summary

Allergic rhinitis is one of the most common allergic conditions, affecting a quarter 
of the UK population and often coexisting with food allergy. It is often trivialised 
by health professionals, although symptoms have been associated with impaired
concentration and learning ability. It is treatable in the majority of cases, but success
depends on recognition, appropriate treatment selection, patient education and 
regular follow-up. Adolescents particularly should be assessed and treated carefully
to prevent poor school and exam performance.
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14.2 Asthma

Jane Leyshon

14.2.1 Introduction

Asthma is a common chronic respiratory disease which can begin at any age,
although onset in childhood is most common. Asthma symptoms can vary in fre-
quency and severity over time and between people. At present there is no permanent
cure for asthma, but, for the majority of people with asthma, modern treatments
can effectively abolish symptoms. Unfortunately some people with symptoms are
not identified as having asthma, or when diagnosed do not receive correct treat-
ment. This can result in persistent symptoms causing significant limitations to daily
activities, absences from school or work, increased risk of acute episodes and 
associated hospital admissions, and potentially a greater risk of death or long-term
damage to the airways.

Asthma is considered part of the family of allergic diseases that include eczema,
rhinitis (hay fever) and food allergy. Symptoms are commonly triggered by inhaled
allergens such as pollens, animal dander or house-dust mite. Not all asthma 
symptoms, however, are allergic in origin, and symptoms can result from inhaling
irritant fumes, exercise, viral infection – or may have no clear trigger at all. Asthma
symptoms are not commonly triggered by food allergy, but the two conditions 
often coexist. Children with asthma and food allergy are at increased risk of fatal
reactions to food1, and should be referred to an allergy specialist. It is therefore
important to ask about asthma symptoms when investigating food allergy so that
appropriate referral and treatment can be given.

14.2.2 Background

Asthma currently affects approximately 5.2 million people in the UK, with about
1.1 million being children2. This equates to 1 in 12 adults and 1 in 10 children (2–15
years) with current disease2, although the number who will have received a diag-
nosis from a doctor at some time in their lives is much higher, at 15% of adults and
21% of children3. In recent years awareness of asthma by both the public and health
professionals has been growing, and there have been pharmaceutical advances and
continued refinement of clinical guidelines4. Despite this, asthma continues to cause
considerable morbidity, with poorly controlled asthma limiting every aspect of some
individuals’ lives. Of the over 5 million people in the UK with asthma it is estimated
that less than a tenth have severe or difficult-to-control asthma, and that the rest
have asthma that should be able to be well controlled using current treatments5.
Two-thirds of people with asthma, however, report difficulty in running for a bus 
or enjoying exercise, and half report disturbed sleep due to nocturnal symptoms5.
Poor control results in people being unable to perform their usual daily activities,
including paid work, and results in more intensive use of health-service resources
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with increased consultations and hospital admissions. It is therefore important to
improve asthma control in order to improve the individual’s quality of life and to
reduce the burden on society overall.

14.2.3 Disease process

When a person with asthma inhales an allergen to which they are sensitised it sets
off a chain of events leading to airway inflammation, triggered through the actions
of the antibody immunoglobulin E (IgE). The main mechanisms that result in nar-
rowing of the airways (bronchoconstriction) are:

• smooth-muscle constriction (bronchospasm);
• increased mucus production;
• oedema causing swelling of the airway wall.

Frequent exposure to allergens results in chronic inflammation and increased 
sensitivity of the airways, making them more reactive to triggers. If asthma is not
well controlled longer-term airway damage can occur as a result of damage to the
lining of the airways and thickening of the smooth muscle in response to chronic
inflammation. For this reason accurate diagnosis and appropriate treatment are
essential.

14.2.4 Diagnosis

Asthma is typified by variable airway obstruction which results in symptoms such 
as wheeze, shortness of breath, chest tightness and cough with or without sputum
production4. The variable nature of asthma means that patients can present with
seemingly episodic symptoms of varying degrees of frequency and severity, which
might at first appear to be a series of acute illnesses. A high index of suspicion 
must be raised if an individual presents with regular or frequent consultations for
respiratory symptoms, particularly in the presence of other allergic conditions. If
asthma is suspected then referral for full assessment is indicated.

A detailed and comprehensive history should be taken to eliminate other poten-
tial causes of symptoms such as other respiratory or cardiac conditions. A personal
or family history of eczema, rhinitis (hay fever) or other allergic reactions can 
indicate an increased likelihood of asthma. Clues that the common respiratory
symptoms of cough, wheeze and chest tightness may be caused by asthma include4:

• symptoms are variable;
• symptoms are intermittent;
• symptoms are worse at night and/or in the early morning;
• symptoms are made worse by specific trigger factors, including exercise.

Where possible, this clinical history should be supported with objective evidence 
of variable airflow obstruction using lung function tests. Investigations such as chest
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x-ray or blood and sputum tests are normally only required when diagnostic doubt
exists. The majority of people with asthma can be assessed and treated in primary
care, but if diagnostic uncertainty remains, particularly if there is little or no
response to asthma therapy, then specialist referral may be indicated4.

Triggers

Most people with asthma will have more than one trigger factor for their asthma
symptoms. Trigger factors are not the same for all people with asthma, and what
provokes symptoms in one person may not present a problem to another. The most
common trigger factors for asthma include:

• viral or bacterial infections including the common cold;
• house-dust mite;
• pollens and spores;
• animals (e.g. cats, dogs, horses, birds);
• exercise;
• cold air;
• drugs (beta-blockers; aspirin; non-steroidal anti-inflammatory drugs such as

ibuprofen).
• occupational agents (exposure at work is an important and often overlooked

cause of adult-onset asthma).

Asthma triggered by food is relatively uncommon, and tends to occur in people with
more than one allergic disorder. Foods that can trigger asthma by way of an allergic
reaction include:

• peanuts;
• nuts;
• sesame;
• fish and shellfish;
• dairy products and eggs.

Certain preservatives and food additives may also trigger asthma symptoms, but 
not via an allergic reaction. These include the dye tartrazine (E102), which is 
found in many foods and some medicines, the preservative benzoic acid (E210),
found in fruit products and soft drinks, and the sulphites (E220–228), which can 
be found in wine, home-made beer, fizzy drinks and some prepared meals and 
salads.

14.2.5 Management

In the treatment and management of asthma the aim is to enable people with asthma
to fully participate in all aspects of their daily lives. Individual patients may have 
different goals and different attitudes to the potential risk/benefit profile of taking
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the actions required to achieve ‘perfect’ control, so it is not appropriate to define a
fixed level of symptom control or lung function that must be achieved. British asthma
guidelines4 suggest that in general the following should be considered markers of
good control:

• minimal symptoms day and night;
• minimal need for reliever treatment;
• no exacerbations;
• no limitation of physical activity;
• normal lung function.

Allergen avoidance

It would seem to make sense that if the trigger for asthma could be identified then
avoidance of that trigger could form an effective method of eliminating symptoms.
For the majority of people with asthma, however, they will have multiple triggers
that cannot easily be avoided. There is little evidence to support allergen avoidance
measures in adults6, although complex interventions based on individual allergen
sensitivities have shown some benefit in high-risk children7.

Pharmacological management of asthma

The British guidelines for asthma management are regularly updated and provide
the basis for clinicians in providing evidence-based asthma management4. There are
two main groups of drugs that are used in asthma management: bronchodilators,
which help to open up the airways and are often referred to as relievers, and anti-
inflammatory treatments, which reduce or prevent inflammation of the airways and
are often referred to as preventers.

The guidelines adopt a stepwise approach to the pharmacological management of
chronic asthma4. For those with very mild and infrequent symptoms (less than three
times a week) it is possible to treat symptomatically with the use of intermittent
bronchodilators alone. The majority of people with asthma, however, will require
the use of regular anti-inflammatory treatment, usually in the form of inhaled corti-
costeroids to control airway inflammation, and the intermittent use of bronchodil-
ators to control breakthrough symptoms. It is important to remember that people
with asthma may also have rhinitis, and if this is treated appropriately with nasal
steroids and antihistamines it can contribute to an overall improvement in symptom
control and quality of life.

In cases of poor control on low doses of inhaled corticosteroids, then diagnosis,
inhaler technique and compliance should all be checked before increasing therapy.
Only if they are found to be satisfactory should treatment be stepped up by the 
addition of other agents. Current guidelines provide a hierarchy for the addition of
therapeutic agents such as long-acting beta-2 agonists (LABA), leukotriene receptor
antagonists (LTRA), increased inhaled corticosteroid and methylxanthines4. Where
inhaled corticosteroids and long-acting bronchodilators are used together they may
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be combined in one device, which may be helpful in simplifying treatment regimes
and promoting compliance.

To control symptoms in severe disease, higher-dose inhaled steroids may be
required along with the addition of multiple other agents and possibly regular oral
steroids. At any step of the current guidelines a short course of oral steroids may be
required to treat an acute exacerbation and regain control4.

Asthma exacerbations

Asthma exacerbations or acute attacks can occur, even in normally well-controlled
asthma, as the result of a viral infection or increased exposure to a trigger factor.
Sometimes, however, they can be indicators of a failure of long-term management,
and frequent exacerbations would indicate suboptimal therapy. This may be due to
inadequate doses of medication, poor inhaler technique or lack of compliance with
regular therapy.

Acute episodes of asthma are treated with increased doses of bronchodilators 
and a short course of oral corticosteroids, and depending on severity may require
hospital admission4. Follow-up is essential to monitor the response to treatment, to
identify where possible the reason for the acute episode, and to optimise therapy in
order to try to reduce the likelihood of future attacks4.

Using inhaler devices

The majority of asthma treatments are delivered straight to the lung by inhalation.
For inhaled therapy to be effective the required dose of the correct medication must
reach the lungs consistently and reliably8. In order for it to do this the individual
must be not only technically able to operate the device but also willing to do so. 
So treatment decisions are much more complex than simply selecting the correct
drug, because the selection of a suitable inhaler device is also crucial for a successful
outcome.

The wide range of currently available inhaler devices vary in shape and size, have
different features such as dose counters, and require different inhalation techniques
and different levels of manual dexterity to operate. Although the British guidelines
provide a clear framework for healthcare professionals for their treatment deci-
sions4, it is important to remember that each person with asthma is an individual
and will have different needs. Before an inhaler device is prescribed, the patient must
be shown how to use the device, and his or her ability to use it must be assessed. If
technique is poor with one device then an alternative device must be considered.
Regular teaching and checking of technique at every visit is essential, to maintain
ongoing effectiveness of therapy4.

Follow-up

An important part of the management of asthma is regular follow-up, to monitor
response to treatment and to encourage patient self-management. It is important
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that people with asthma clearly understand the need for regular steroid treatment
and are advised when starting therapy that benefit may not be immediate. It should
be explained that inhaled steroids must be continued even in the absence of symp-
toms in order to prevent acute episodes and long-term airway damage. It is also
important that the patient is made aware of signs of deteriorating control which
may indicate a need for increased medication or medical advice. Signs of worsening
asthma include4:

• increased symptoms, cough, wheeze or shortness of breath;
• waking at night with cough, wheeze or shortness of breath;
• reduced exercise tolerance;
• increased use of reliever inhaler;
• reliever inhaler not as effective as usual.

14.2.5 Summary

Asthma is a common respiratory condition which can often coexist with other 
allergic conditions such as eczema, rhinitis and food allergy. It is treatable, and in
the majority of cases successful treatment can abolish symptoms almost entirely.
Successful management relies on effective recognition of symptoms, appropriate
treatment including inhaler device selection, patient education and regular follow-
up. Although asthma symptoms are rarely triggered by food allergy, the presence of
both conditions in children indicates a high risk of fatal reactions to food. Where
asthma is suspected in children with food allergy, early referral for confirmation 
of diagnosis is crucial, and when asthma diagnosis is confirmed specialist allergy
advice is essential.
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14.3 Atopic eczema

Helen Cox

14.3.1 Introduction

Atopic eczema is one of the most common skin disorders seen in infants and chil-
dren. It is a chronic, itchy, inflammatory disorder of the skin which presents in the
first 2 years of life in the majority of infants. It typically follows an episodic course
with periods of exacerbations or flares, lasting from a few days to weeks, with spon-
taneous resolution of eczema in 50% by their teenage years and in 65% by the age
of 16 years1. There has been a fourfold increase in the prevalence of atopic eczema
over the past 40 years, and this has mirrored the increase in other allergic disorders
such as asthma and allergic rhinitis2. Having a child with eczema can have a profound
effect on many aspects of family life (Table 14.2). In particular, the detrimental
effects of sleep disturbance on the child’s psychological functioning and quality of
life should not be underestimated. Fortunately the majority of children with eczema
have only mild skin disease (80%) which follows an intermittent course and is more
likely to resolve spontaneously. The remaining 20% of children have moderate (18%)
or severe (2%) eczema, with fewer periods of remission and a tendency to persist
into adult life3.

There is a strong association with other allergic diseases, with up to a half of
infants with eczema developing asthma and two-thirds developing allergic rhinitis
in subsequent years. This association of diseases is frequently referred to as the 
allergic march1,3,4. Furthermore, in a subset of infants and young children with
moderate or severe atopic eczema, food allergy is present in one-third5–8.

Table 14.2 Severity of eczema.

Skin/physical severity

Clear Normal skin, no evidence 
of atopic eczema

Mild Areas of dry skin, 
infrequent itching

Moderate Areas of dry skin, frequent 
itching, redness (with or 
without excoriation or skin 
thickening)

Severe Widespread areas of dry 
skin, incessant itching, 
redness (with or without 
excoriation) extensive skin 
thickening, bleeding, oozing, 
cracking and alteration of 
pigment)

Impact on quality of life

None None

Mild Little impact on everyday 
activities, sleep and psychosocial 
wellbeing

Moderate Moderate impact on everyday 
activities and psychosocial 
wellbeing, frequently disturbed 
sleep

Severe Severe limitation of everyday 
activities and psychosocial 
functioning, nightly loss of sleep
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14.3.2 Management

The management of atopic eczema requires a holistic approach which takes into
account the severity of the eczema and its impact on the individual’s quality of 
life, everyday activities, sleep and psychosocial functioning9. This allows for more
effective treatment decisions based on an overall clinical impression of the severity
of the eczema (mild, moderate or severe). A detailed history needs to include the 
timing of eczema onset, the duration, pattern and severity of eczema, and response
to previous and current treatments.

The treatment of eczema requires a two-pronged approach: firstly the identi-
fication and avoidance of potential trigger factors, and secondly the control of skin
inflammation through topical and/or systemic therapies. Education on both avoid-
ance and the application of topical creams plays a significant role in determining the
effectiveness and success of any treatment strategy. Ideally verbal education should
be accompanied by a written care plan and a practical demonstration of how to
apply topical treatments.

14.3.3 Identification and avoidance of trigger factors

A number of potential trigger factors for eczema have been postulated. These include 
irritant factors (e.g. detergents, soap, wool), contact allergens (e.g. perfumed creams),
inhalant allergens, food allergens, dietary factors, infection, climate and environ-
mental factors (e.g. hard water, tobacco smoke, pollution)9. All of these factors
have the potential to contribute to epidermal barrier dysfunction. Whilst some of
these factors lead to damage specifically to the skin barrier, other factors (allergic
triggers and infection) are capable of inducing both skin and systemic responses.

Soaps and detergents

Optimal barrier function is maintained by the skin having an acidic pH of 5.4–5.9.
The acid mantle protects the skin from microbial invasion and is important for
integrity of the stratum corneum. Surfactants found in soaps, detergents and certain
creams can damage the skin, provoking dryness and thinning of the stratum
corneum, thereby exacerbating atopic eczema. Avoidance of soaps and detergents
and the frequent application of non-surfactant-containing creams form the corner-
stone of eczema management9.

Microbes

Bacterial colonisation of the skin with Staphylococcus aureus and group A
Streptococcus is a frequent feature of atopic eczema, with isolates of S. aureus being
present in 90% of eczematous skin compared with 30% of skin samples from 
unaffected individuals10. The density of S. aureus tends to increase with the sever-
ity of atopic eczema lesions, and it can contribute to acute flares of eczema11.
Recognition and treatment of bacterial infection with appropriate antibiotics forms
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an important and integral part of eczema management. However, the signs of
infected eczema are not always clinically obvious. Infection is usually suspected in
the presence of weeping, pustules, crusts, fever or malaise. These features are not
invariable, and infection should be considered when there is a rapid deterioration in
eczema or when eczema is poorly responsive to treatment, even in the absence of
overt clinical signs of infection9. Treatment is usually with systemic antibiotics for
1–2 weeks. Topical antibiotics should only be used to treat local areas of infection
for no longer than 2 weeks. Understanding the mechanism for increased S. aureus
colonisation and infection is an area of active investigation.

Infection with the herpes simplex virus (eczema herpeticum) can be potentially
dangerous and is an indication for urgent same-day referral if clinically suspected. 
It can arise in normal-looking skin without evidence of atopic eczema, leading to the
formation of blisters which rapidly erode to form ‘punched out’ lesions on the skin.
The severity can range from localised disease to widespread dissemination, and very
rarely herpetic encephalitis and death12. Systemic treatment with acyclovir should
be initiated immediately if herpes simplex infection is clinically suspected9.

Food allergens

The role of food allergens in the pathogenesis of atopic eczema is controversial 
(see also Chapter 2). However, there is now considerable evidence at a clinical, 
cellular and molecular level to support the role of food allergy as an important 
trigger in eczema pathogenesis. Double-blind placebo-controlled food challenges
have demonstrated that food allergens induce immediate hypersensitivity reactions
in 35–56% of children with moderate to severe eczema5–8. Up to 90% of patients
reacting positively on challenge developed skin rashes with intense pruritis, ery-
thema, and a macular, morbilliform or urticarial rash within 0–2 hours of challenge,
followed by a delayed eczematous response in 50%.

The foods most commonly implicated in atopic eczema are cow’s milk, hen’s egg,
peanuts and tree nuts, which account for 75% of all positive challenge tests. Reactions
to wheat, soya, fish, shellfish, sesame and kiwi occur less commonly. Although all
foods are potentially capable of provoking an allergic response the above foods
account for 90% of all food allergic reactions5–8. Removal of proven food allergens
from a patient’s diet can lead to significant clinical improvement in the eczema13.

The association between breast-feeding and atopic eczema has been controver-
sial. In most studies a protective effect of breast-feeding has been demonstrated14.
Rarely infantile eczema can be aggravated by the transmission of food proteins
within breast milk with the potential to cause protein-losing enteropathy with diar-
rhoea, marked weight loss, hypoalbuminaemia and severe eczema15. In the recent
NICE guideline for atopic eczema in children, the importance of early recognition
and treatment of food allergy in young infants with moderate to severe eczema 
is emphasised9. Clinicians are asked to consider food allergy in children with
eczema who have reacted previously with immediate symptoms or in infants and
young children with moderate or severe eczema, particularly if associated with gut
dysmotility (colic, vomiting, altered bowel habit) or failure to thrive. The guideline
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states further that a 6–8 week trial of an extensively hydrolysed or amino-acid for-
mula should be offered in place of cow’s-milk formula to infants less than 6 months
of age with moderate to severe eczema.

Regular follow-up and reassessment is important, as the natural history is for the
majority of patients to acquire tolerance over time to most allergens, particularly
when the binding epitopes are held together in a conformational structure, render-
ing them less stable and more susceptible to heat degradation (e.g. milk, egg, wheat,
soya). Other allergens, however, are more likely to persist due to the presence of 
linear binding epitopes (e.g. nuts, fish)16.

Aeroallergens

Several studies have demonstrated the ability of aeroallergens to provoke eczematous
flares. Intranasal and bronchial inhalation challenge with house-dust mite or animal
dander can lead to worsening of eczema skin lesions17. Epicutaneous application of
aeroallergens such as cat dander or house-dust mite can elicit eczematous reactions,
with isolation of house-dust-mite-specific T cells from patch tests sites.

Studies utilising covers impenetrable to house-dust mite have produced con-
troversial results, with some studies demonstrating benefit whilst others do not18.
The issue of pets is another area of controversy, with limited data to guide us on the
issue of avoidance. A paradoxical relationship has been shown between exposure 
to animal dander and subsequent development of atopic sensitisation, with early
exposure favouring the development of immune tolerance through stimulation of
Th1 responses. In contrast, exposure to animal dander at later time points does not
seem to be associated with any protective effects on the immune system, and indeed
might promote the development of allergic sensitisation19.

14.3.4 Treatment to control skin inflammation

Emollients

The application of topical creams forms the most important part of eczema 
management. In particular, the application of emollients should form the basis of
any treatment strategy and should continue even when the eczema has cleared.
Emollients form a protective film over the skin to keep moisture in, by occluding
water loss, and to keep irritants out, by directly adding water to the dry outer layer
of skin. In this way they are a highly effective treatment for atopic eczema provided
they are used liberally and frequently. The use of large quantities of emollients can
be markedly steroid-sparing, with up to a 75% reduction in the need for topical
steroids. All patients therefore require an essential package of emollient therapy.
This would normally include:

• a bath oil;
• a soap substitute for cleansing (with or without antimicrobial activity);
• large quantities of a non-perfumed leave-on emollient (250–500 g per week).

9781405170369_4_014.qxd  22/12/2008  15:02  Page 318



Management of Allergic Disease 319

A variety of different emollient wash products and leave-on preparations is avail-
able (creams, ointments, lotions, gels). Ointments are greasy in nature, whereas
creams and lotions contain water and are often more acceptable cosmetically. It is
important to offer patients a choice of emollients, as ‘one size does not fit all’9.

Topical corticosteroids

Topical corticosteroids are derived from the naturally occurring corticosteroid, cor-
tisol, which is secreted by the adrenal cortex. Corticosteroids have anti-inflammatory
and immunosuppressant effects and exert local effects on the skin, inhibiting the
proliferation of fibroblasts and synthesis of collagen, as well as causing local vaso-
constriction. They are available as both cream and ointment preparations and are
categorised as mild, moderate, potent and very potent.

A stepped approach to management is recommended in the recent NICE 
guideline for atopic eczema, with treatment being tailored to eczema severity9. 
The guideline stresses the importance of emollient therapy for everyday use, with
the addition or cessation of topical steroids or other anti-inflammatory treat-
ments depending on eczema severity. During eczema flares the potency of topical
treatments is ‘stepped up’, whilst once control is achieved the treatment is ‘stepped
down’ accordingly. In general, topical steroids of mild potency are used to treat 
mild eczema, moderate-potency steroids for moderate eczema and potent steroids
for severe eczema. In children with eczema of differing severity affecting different
parts of the body, the potency of topical steroid used is tailored to the individual 
site being treated (e.g. mild topical steroids for mild eczema on body, potent 
topical steroids for severe eczema on hands and feet.) In general, topical corti-
costeroids are only applied to affected eczematous skin. However, in children with
frequent recurrent flares (two or three per month), topical corticosteroids can be
used for two consecutive days per week applied to normal skin at the usual 
sites of eczema, as a strategy for flare prevention. This is often referred to as 
‘weekend therapy’, and it has been shown to be effective in maintaining eczema 
control20.

Although topical corticosteroids are highly effective at treating skin inflammation
in eczema, concerns regarding their possible adverse effects are expressed by the
majority of parents. This frequently leads to under-treatment of the eczema. Despite
the fact that topical corticosteroids have been around since 1962, limited data are
available on their long-term side effects. Clinical consensus suggests that long-term
usage within clinically recommended doses appears to be safe. Inappropriate use,
however, does have the potential to cause several adverse effects including damage
to the epidermal barrier (skin thinning, skin atrophy, telangiectasia, acne) and 
cutaneous absorption of corticosteroid with adverse systemic effects (adrenal sup-
pression, growth suppression). In light of this, certain precautions are necessary
when applying topical corticosteroids9:

• Topical corticosteroids should only be applied to affected eczematous skin (with
the exception of weekend therapy).
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• The face and neck should only be treated with mild-potency topical corti-
costeroids, apart from severe flares, where topical corticosteroids of moderate
potency can be used for up to 5 days.

• Moderately potent or potent topical corticosteroids can be used on areas of thin
skin such as the axillae and groin for 7–14 days only.

• Potent topical corticosteroids should not be used in infants < 12 months without
specialist dermatological advice.

• Very potent topical corticosteroids should not be used without specialist derma-
tological advice.

The finger-tip unit is a validated method to help guide the application of cream in
safe quantities. One finger-tip unit is a squeeze of cream along the index finger from
the tip to the first finger joint. This equates to half a gram and will cover the surface
area of two adult hands including the fingers21.

Calcineurin inhibitors

Both pimecrolimus and tacrolimus are topical immunosuppressants which act by
binding to and inhibiting the action of a protein called calcineurin, involved in the
activation of T cells. The main effect of calcineurin inhibitors is to inhibit the produc-
tion of cytokines, produced by T cells, which contribute to the skin inflammation
that leads to an eczematous flare. Topical tacrolimus is available in two strengths,
0.03% and 0.1%, with only the weaker strength being licensed for use in children
aged 2–16 years. Pimecrolimus is a 1% cream that is licensed for use in children
aged 2 years or over22.

One of the main advantages of topical calcineurin inhibitors over topical corti-
costeroids is that topical calcineurin inhibitors do not cause thinning of the skin or
skin atrophy. They are therefore particularly useful for treating delicate skin sites
such as the face, periorbital areas and neck.

Wet-wrap therapy

Various types of dressings can be used in the management of eczema. ‘Wet-wrap
therapy’ refers to the process of applying a wet bandage layer (soaked in tepid
water) to the skin immediately after the skin application of emollients and/or topical
corticosteroid. A dry bandage layer is then applied over this. Wet-wrap therapy can
be a useful adjunct to therapy in children with severe eczema that is either very dry
or failing to respond to conventional topical therapies. However, as the absorption
of topical corticosteroids increases under occlusion, the use of wet wraps together
with topical corticosteroids should be restricted to 7–14 days9,23,24.

Antihistamines

Antihistamines block the activity of histamine at receptor sites in the skin, alleviating
itching and reducing the wheal and flare response in urticaria. Older antihistamines
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tend to be more sedating and short-acting (6–12 hours) whilst the new-generation
antihistamines bind more selectively to H1 histamine receptors and are mostly 
non-sedating and longer-acting (about 24 hours). Although the evidence base sur-
rounding their use is rather weak, the review on which the current NICE guideline 
is based concluded that they were helpful in some circumstances, e.g. in the 
eczematous child with frequent urticaria. A reasonable approach is to offer patients
with severe itching or urticaria a 1-month trial of a non-sedating antihistamine,
which can safely be extended for longer periods if found to be of benefit. The use 
of sedating antihistamines should be restricted to short-term use (7–14 days) for
eczematous flares causing debilitating sleep disturbance9.

Other systemic treatments

Phototherapy and other immunomodulating systemic treatments (cyclosporine,
azathioprine) have been used to treat severe eczema which is poorly responsive to
topical therapies. These treatments should only be offered under close supervision
in specialist centres experienced and trained in their use, as they require close mon-
itoring for safety aspects.
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14.4 Anaphylaxis

Samantha Walker

14.4.1 Introduction

Anaphylaxis is an acute potentially life-threatening medical condition that is com-
monly due to a systemic allergic reaction to an allergen, e.g. a food, drug or insect
sting. Its onset is immediate and rapid. In patients who have experienced an episode
of anaphylaxis there is an increased risk of recurrence, but in far too many of these
episodes patients fail to receive potentially life-saving treatment with adrenaline1.
Recent estimates suggest that anaphylaxis is responsible for between 20 and 30
deaths each year in the UK2, many of which are potentially preventable. Although
patients with acute symptoms rarely present in outpatient or community settings, it
is essential that all health professionals are familiar with managing acute symptoms.
Equally important, and perhaps more relevant for long-term care, is the need to con-
sider anaphylaxis not only as an acute episode but as a chronic condition requiring
long-term follow-up and detailed health education3.

14.4.2 Mechanisms

Although anaphylaxis is the term commonly used to describe all acute, severe 
allergic-type emergencies, in fact there are two main mechanisms involved, namely
anaphylactic (allergic or IgE-mediated) and anaphylactoid (pseudoallergic or non-
IgE-mediated) reactions. In both anaphylactic and anaphylactoid reactions, a very
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similar clinical picture develops requiring identical immediate management; the 
precise mechanism involved may be important, however, in guiding investigations
in order to identify possible trigger(s), as IgE-mediated disease (but not non-IgE-
mediated disease) can be investigated using skin prick testing and measurements of
serum specific IgE.

14.4.3 Clinical features

Crucial to effective management is quick and accurate diagnosis and being able to
identify those at greatest risk of adverse outcomes. Any of a number of organ systems
may be affected, the most important of which are the respiratory and cardiovascular
systems. Early signs of anaphylaxis (which are often ignored or misinterpreted)
include flushing and systemic urticaria. Death is usually due either to cardiovascular
collapse or to suffocation (especially in younger children). Treatment may be delayed
due to non-recognition of early signs, and delayed administration of adrenaline is
associated with increased mortality.

Symptoms typically begin within minutes of exposure, and as a rule of thumb the
quicker that symptoms begin, the more severe the clinical reaction is likely to be.
Latex-induced anaphylaxis is known to develop more slowly, however – normally
over a period of about 30 minutes or so. The main clinical features that characterise
anaphylaxis are summarised in Table 14.3, and differential diagnoses are shown in
Table 14.4.

Symptoms typically differ according to the type of exposure, i.e. whether 
the offending substance has been inhaled, ingested or injected. Food exposure is
more likely to result in respiratory symptoms2, whereas patients who experience
injected- or venom-induced anaphylaxis are more likely to experience cardiovascular
symptoms. It should be recognised, however, that anaphylaxis is a dynamic event
during which multiple symptoms may come and go but which, once recognised,
should be treated promptly with adrenaline to prevent the development of potenti-
ally life-threatening symptoms.

Table 14.3 Clinical features of anaphylaxis.

Organ Symptoms and signs

Skin Pruritis, flushing, urticaria and angio-oedema

Respiratory Rhinitis, sneezing, stridor and hoarseness as features of upper-airway 
inflammation and oedema
Cough, wheezing and dyspnoea due to lower-airway obstruction; if 
untreated, cyanosis and asphyxia may develop

Cardiovascular Vasodilatation, tachycardia, hypotension, circulatory collapse, leading 
to shock and infarction of tissues

Gastrointestinal Tingling and swelling of the lips and tongue, palatal itch, nausea, 
vomiting, abdominal cramps and diarrhoea

Neurological Anxiety, headache, convulsions and loss of consciousness
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14.4.4 Diagnosis

Diagnosis of specific triggers may be possible using skin prick tests (not recommended
in primary care for reasons of safety) or measurement of specific IgE antibodies in
the blood. Measurement of specific IgE in the blood can be arranged via a local 
laboratory. Measurement of total IgE is not related to specific IgE and so is not help-
ful for diagnosis. In non-IgE-mediated reactions, however, there are no tests which
are able to identify specific triggers, and the diagnosis must be made from taking a
detailed history of the reaction.

Raised serum tryptase levels can be observed in approximately 50% of patients
presenting with acute allergic reactions, and may be helpful in providing evidence of
histamine release if measured at the time of the reaction4. Results should be inter-
preted with caution, as raised tryptase levels have been identified in patients without
respiratory, cardiovascular or abdominal signs.

14.4.5 Risk factors

Age

Risk of food-induced reactions is greatest in children. There is some evidence to sug-
gest that peanut-induced anaphylaxis is an increasing problem in young children5.
Although current recommendations advise families with an allergic history to avoid
peanuts during pregnancy and lactation, and that children should avoid peanuts
and peanut-containing products until the age of 3 years6, in fact there is little 

Table 14.4 Differential diagnosis of anaphylaxis.

Condition Comment

Vasovagal attack Bradycardia not tachycardia
No urticaria, pruritis, angio-oedema, upper respiratory 
obstruction
Pallor instead of flushing
Nausea without abdominal pain

Serum sickness Slower onset (over days instead of minutes)
No upper respiratory obstruction, brochospasm or hypotension

Mastocytosis No upper respiratory obstruction
Slower onset
Chronic low-level symptoms between attacks

Angiodema and No flushing, pruritis, urticaria, bronchospasm or hypotension
C1-esterase inhibitor History of C1-esterase inhibitor deficiency
deficiency

Globus hystericus No clinical evidence of upper respiratory obstruction
No flushing, pruritis, urticaria, angio-oedema, bronchospasm, 
hypotension

Acute or chronic urticaria Generalised rash without respiratory symptoms or hypotension
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evidence to support this advice, and each case should be considered individually.
Children with asthma and food allergy are at increased risk of fatal reactions to
food, and should be referred to an allergy specialist.

Overall, the risk of death from anaphylaxis is highest in females and the elderly7.
Young atopic males react more severely to foods, whereas there is a tendency 
for older non-atopic females to react more severely to idiopathic, drug, or venom
reactions8. Risk of drug-induced anaphylaxis increases with age, peaking in the
elderly, presumably because of the increased proportion of people regularly using
one or more drugs.

Concurrent disease and medication

Those with pre-existing ischaemic heart disease or asthma, and those on beta-
blockers, are at increased risk of serious adverse outcomes9.

It is important to be aware that parenteral use of drugs, especially if given by the
intravenous route, increases the risk of anaphylaxis. Reactions that occur following
parenteral use are also likely to be more severe. It is therefore advisable that, when-
ever possible, the oral route for drug administration is preferred.

14.4.6 Triggers

The life-threatening nature of anaphylaxis makes it important that all sufferers are
reviewed by an allergy specialist or, if unavailable, an organ-based specialist with a
particular interest in allergy. An important consideration is identification of the trig-
ger factor(s) and providing patients with detailed advice on avoiding these agent(s).
Familiarity with some of the most commonly encountered triggers (foods, drugs and
venom) is therefore important.

Foods

Whilst almost any foods may cause anaphylaxis, those most commonly implicated
are dairy products (egg, milk and cheese), nuts (peanuts and tree nuts), pulses, fruits
(e.g. strawberry and kiwi fruit) and seafood. Oral allergy syndrome (OAS) (see
Chapter 7), a condition common in those sensitive to tree pollen and characterised
by itchy lips, mild lip and mouth swelling on exposure to stoned fruits, is very rarely
a precursor of anaphylaxis. However, patients with a history of OAS should be
carefully questioned to ensure that anaphylaxis is not being overlooked. OAS alone
does not justify a prescription for injected adrenaline, although this may be con-
sidered in patients who get severe throat or tongue swelling.

Drugs

Penicillin-induced anaphylaxis is relatively common, and reactions may also be 
triggered by penicillin derivatives. Approximately 10% of those with penicillin
allergy will also be allergic to cephalosporins (the problem being most common
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with first-generation cephalosporins), an important example of the phenomenon of
cross-sensitivity. It is important to formally identify true IgE-mediated allergy to
antibiotics, as lifelong avoidance is often necessary. The majority of rashes which
occur during antibiotic therapy are not mediated by IgE and do not recur on sub-
sequent exposure.

In a hospital setting, anaesthetic agents (particularly muscle relaxants) are relat-
ively common culprits. Peptide hormones such as insulin and antidiuretic hormone,
and enzymes such as streptokinase, can also induce anaphylaxis. More important in
general practice, however, is the risk of anaphylaxis in those using aspirin and other
non-steroidal anti-inflammatory drugs10. Opioid analgesics are well recognised for
being able to precipitate anaphylaxis.

In children, immunisations represent the most important therapeutic risk. Those
members of the primary-care team involved in immunising children should therefore
be made aware of the early presenting features of anaphylaxis and its immediate
management.

Insect venoms

Venoms from the sting of bees and wasps are an important cause of anaphylaxis
during the spring, summer and autumn months. Bees tend to provoke symptoms
earlier on in the year whereas wasps are more abundant in the late summer and
autumn. Differentiating the two is important, because allergen immunotherapy (an
effective form of treatment involving regular injections of the venom involved) is an
option in this group11.

Latex

IgE-mediated allergy to latex rubber is an increasingly important trigger of anaphy-
laxis, particularly amongst medical personnel who have become sensitised through
the use of latex gloves12. Anaphylaxis may also occur in sensitised patients when
examined with the gloved hand.

Other triggers

Blood, plasma, immunoglobulins, and in very rare cases seminal fluid exposure
(during coitus), have been identified as triggers of anaphylaxis reactions. Less com-
mon causes include physical stimuli such as exercise and exposure to cold weather.
Idiopathic anaphylaxis also occurs, although mastocytosis and the carcinoid syndrome
should be excluded as occult causes.

14.4.7 Acute and longer-term care

Treatment of anaphylaxis can be considered as a two-stage process: immediate
treatment and longer-term care. In primary care, immediate treatment consists of:
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• basic and advanced life support (if required);
• restoring blood pressure (by lying the patient flat and raising the feet);
• adrenaline given by intramuscular injection: the dose of adrenaline that should

be given is 0.3–0.5 ml of 1 : 1,000 in adults, but varies with age and body weight
in children13;

• administering high-flow oxygen (if available);
• arranging emergency admission to hospital.

It is important to give adrenaline promptly, as delayed administration is associ-
ated with an increased risk of mortality. Doses of adrenaline may be repeated every
10 minutes, according to blood pressure and pulse, until improvement occurs. In
those who are moribund, and if there is doubt about the adequacy of the circula-
tion, a dilute solution of adrenaline (1 : 10,000) may need to be given by the intra-
venous route. Intravenous administration should only be given while the patient is
undergoing cardiac monitoring, because of the risk of cardiac arrhythmias.

Additional treatment measures that should be considered in those failing to
respond include chlorphenamine 10–20 mg by slow intravenous or intramuscular
injection and hydrocortisone 100–300 mg by intravenous or intramuscular injec-
tion. Other treatments that may be of value in resistant cases include intravenous
fluids, nebulised adrenaline and/or salbutamol and vasopressors.

A protocol can help primary-care professionals respond quickly and efficiently 
to anaphylaxis in a crisis situation. An algorithm based on the Resuscitation
Guidelines13 is useful. The protocol should be explicit, explaining how to recognise
symptoms, advising precisely when to administer adrenaline in response to which
symptoms, and stating what dose of adrenaline to give. It should also include a
reminder to dial 999 and to transfer the patient to hospital.

Longer-term care should involve identification of the trigger, advice on avoidance
and instructions on the immediate management of further episodes. Identification
of the triggers most likely to be responsible for provoking anaphylaxis in different
age groups may prevent future reactions by making allergen avoidance possible. An
anaphylaxis management plan has been shown to reduce the number and severity of
reactions in children with peanut or nut allergy14, and such plans should be devel-
oped and tailored to individual patient use.

14.4.8 Other considerations

Many health professionals prescribe adrenaline auto-injectors while the patient
waits for an appointment with an allergist. This may be unnecessary15, as it may be
later discovered that the patient did not have anaphylaxis, or had a reaction for
which adrenaline is no protection. Where possible, prescription of an auto-injector
should wait until a firm diagnosis has been made. Patients in whom an allergic trig-
ger has been identified may benefit from a Medic-Alert bracelet which gives details
of their allergy to others in an emergency.
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14.4.9 Conclusions

Many of the deaths from anaphylaxis are considered preventable. Patients treated 
in casualty departments often receive no follow-up or advice on management of
future reactions. It is vital, therefore, that the health professionals responsible for
assessing and/or managing patients with anaphylaxis are equipped to provide long-
term management strategies for their patients.

Living with anaphylaxis is for many people an extremely stressful experience. 
A detailed management plan, developed in collaboration with the patient, provides
practical, structured advice about symptom management and may reassure the
patient concerning his or her ability to manage reactions competently. Anxieties and
concerns, especially in the case of children, are likely to be high, and one of the key
roles of the primary-care practitioner is to explore and tackle such issues, thereby
helping those prone to anaphylaxis to live with their condition with confidence and
a sense of self-control.
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1. Certain medications must be stopped (this may differ from centre to
centre)

Avoid for _____ before 
challenge

Pirition (Chlorpheniramine), Vallergan, Phenergan 48 hours
Ketotifen, Zirtek (Ceterizine), Clarityn (Loratadine) 72 hours
Hismanal (Astemizol) 1 month

(If not possible to avoid completely, tailor the antihistamines down to the lowest
effective dose)

On the day of challenge, do not take or use:

• Anti-cholinergics (ipratropium bromide – Atrovent)
• B-agonist bronchodilators (Ventolin and Bricanyl)
• Cromolyn (Intal or Nalcrom)
• Nasal sprays and oral decongestants
• Steroids – discuss the use of all steroids with the doctor/nurse/dietician responsible

for the challenge.

2. The challenge should be done on an almost empty stomach, so you 
(your child) should eat only a light breakfast before you come in.

3. What will happen during the day?

You will sign a consent form for the challenge.
A doctor and nurse will see you (your child) before the challenge. They will also
monitor any changes in your (your child’s) condition during the challenge.
Your (your child’s) blood pressure, pulse rate, respiration and peak flow will be
monitored if and when appropriate.

(Then, for open challenge) We start the challenge by wiping the inside of the lip with
the suspected allergen (e.g. milk/egg/soya) whilst observing you (your child) closely
(some centres may wish to omit this step). If no reaction occurs you (your child) will

Appendix 1
An Example of Patient
Information Literature 
for a Food Challenge
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330 Appendix 1

be asked to undergo an oral food challenge test, which involves eating or drinking a
very small quantity of the suspected food or drink in increasing amounts. This could
be milk hidden in another fluid, cake or biscuits for an egg challenge, or flapjacks for
a nut challenge. If you (your child) is a fussy eater, discuss this with the dietician.

(Or, for blind challenge) You (your child) will receive two sets (some centres may
prefer to give 3 or more sets of food) of food or drink on the day of challenge. One
will contain the suspected allergen (e.g. cow’s milk) and the other placebo (dummy
substance). The challenge begins by wiping the inside of the lip with either the 
suspected allergen or a placebo whilst observing you (your child) closely. If no 
reaction occurs, you (your child) will be asked to undergo an oral food challenge
test which involves eating or drinking increasing amounts of the food or drink con-
taining the suspected food or placebo. This could be milk hidden in another fluid,
cake or biscuits for an egg challenge, or flapjacks for a nut challenge. Please discuss
any food preferences with the dietician.
The first challenge, which could contain either the suspected allergen or the placebo,
will be performed in the morning, and the next challenge (allergen or placebo) fol-
lows at a later time as discussed with the study doctor.
Neither the doctor nor the nurse involved in the study knows which food or drink
contains the active substance or the placebo.

The challenge may take several hours, so be prepared to spend most of the day at the
hospital/allergy centre.
If you (your child) has a reaction at any stage, the challenge will be stopped and
treatment given.
Before you go home the doctor will ensure that you (your child) is well.
There is tea and coffee available, and we can provide a sandwich lunch or you can
obtain lunch from the canteen. You are welcome to bring along any foods/drinks
you (your child) likes and would normally have for when you (your child) gets 
hungry/thirsty. No other food will be allowed for the first 2 hours of the challenge.
(For children) Although there are toys available to entertain young children, it is a
good idea to bring some activities or toys along.

4. On discharge, you (your child) should remain quiet for the remainder of
the day as strenuous exertion could induce a delayed reaction.

5. Should you experience a delayed reaction, please inform the ward. The
dietician and/or doctor will be in contact with you regularly during the
week following the challenge.

6. For any further information, please do not hesitate to contact . . .
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Objectives

1 To prove that a certain food allergen plays a role in individual clinical symptoms,
or to exclude a food allergy in order to prevent unnecessary food restrictions1.

2 To assess whether an adult has ‘outgrown’ a childhood food allergy such as
milk, egg or peanuts2.

3 To assess whether sensitisation to a food as evidenced by positive skin prick or
specific IgE tests is clinically relevant2,3.

Inclusion/exclusion criteria3

Inclusion

For those with a history of adverse food reactions who are actively avoiding those foods:

• Establish/exclude diagnosis where there is a negative specific IgE and/or skin
prick test or results which are well below the diagnostic cut-off point (although
we only have these for children and also only for certain foods).

• Determine threshold value or degree of food sensitivity where there are concerns
about exposure and reactions to trace amounts of food allergens.

For those without a history of adverse food reactions but who are actively avoiding
food(s):

• Establish/exclude diagnosis where chronic symptoms are suspected by the patient
to be food-related.

• Establish/exclude diagnosis where patient is on self-imposed improper exclusion
diet and is at nutritional risk.

• Determine the clinical relevance of sensitisation due to cross-reactivity where
tolerance is unknown or where there are positive skin prick or specific IgE tests
to foods but no symptoms.

Exclusion

• People with a strong reported history to a food they are actively avoiding who
also have positive specific IgE or skin prick tests (usually above the cut-off point).

Appendix 2
Example of Food Challenge
Protocol for Adults

9781405170369_5_end02.qxd  22/12/2008  15:01  Page 331

Food Hypersensitivity: Diagnosing and managing food allergies and intolerance   Edited by Isabel Skypala and Carina Venter
© 2009 Blackwell Publishing Ltd.  ISBN: 978-1-405-17036-9



332 Appendix 2

• Patients with ongoing disease, e.g. infection, unstable angina, and those who are
pregnant.

• Patients taking medication which may enhance, mask or delay/prevent evalu-
ation of any reaction.

• Patients with reported oral allergy syndrome who have severe reactions should
not be challenged in allergen season if relevant.

• NB: European Academy of Allergology and Clinical Immunology (EAACI)
guidelines also suggest that patients with a history of anaphylaxis should not be
challenged. However, we do currently challenge such people but will always
weigh the risk of challenge against the risk of misinterpreting a skin prick or
specific IgE test and the misery of an unnecessary dietary exclusion.

Material

1 Fresh foods brought in by patients will be used, as this is known to produce 
better results for both skin prick testing and oral food challenge4,5.

2 If the food causing the symptoms is unknown then the composite food should be
brought in, being the exact type and brand of food the patient reported symp-
toms to.

3 Foods will either be raw or cooked as appropriate. If required raw for skin prick
testing, foods will be cooked prior to consumption as appropriate (e.g. fish and
shellfish).

Procedures (include timing, preparation of dilutions,
processing samples, equipment, etc.)

1 Referral made to specialist allergy registrar
2 Specialist allergy registrar discusses cases with specialist allergy dietician
3 Appointment sent – patients are requested to bring the foods they consider to

be involved in their reactions
4 Patient admitted and observations taken by nursing staff
5 Seen and assessed by specialist allergy registrar and specialist allergy dietician
6 Written consent obtained
7 PEFR and BP measured
8 Prick-by-prick testing performed with appropriate fresh foods
9 Medical assessment and cannulation as appropriate

10 Oral challenge commences with a maximum of one or two foods being chal-
lenged on any one admission

Open challenges

1 Labial challenge (outer lip) – food rubbed on outer lip and then removed with a
wet tissue

2 Wait 10 minutes
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3 Labial challenge (inner lip) – food rubbed on inner lip
4 Wait 10 minutes
5 Chew and spit – food chewed and disgorged (fruit and vegetables), or hold on

tongue – food held on tongue and disgorged (all other foods)
6 Wait 15 minutes
7 Swallow – a pinhead-sized piece of the food is swallowed
8 Wait 10–15 minutes (depending on clinical history)
9 If there are no reported symptoms, give the next dose, which is double the size

of the previous dose
10 Follow the above until the patient has taken what is considered to be a normal

portion, e.g. one apple or one bag of nuts
11 If there are any reported or observed symptoms at any stage, the challenge will

be stopped and BP and PEFR measured
12 An assessment will be made whether this symptom is related to the food chal-

lenge or not and a positive challenge will be declared where there is:

• Observable lip or tongue oedema
• Obvious laryngeal oedema, or vocal cord dysfunction
• 20% fall in PEFR or severe wheezing
• Severe facial flushing, rash or hives
• Vomiting/diarrhoea (this may require confirmation through blind challenge)
• Faintness or dizziness accompanied by a fall in BP

13 If the symptoms do not meet the criteria for a positive challenge then the challenge
will be paused until symptoms have subsided, following which the same chal-
lenge dose as that which caused the symptoms will be administered with caution

14 If the symptoms do not return the challenge will continue as per the protocol,
but if symptoms return then a blind challenge will need to be performed

15 All patients will have the result of their challenge recorded both in the clinical
notes and in the food-challenge lever arch file

Blind challenges

These will follow the same protocol but there will be two challenges, preferably held
on two different days. The test food will either be in a flapjack (nuts, legumes and
seeds), a vegetable puree (wheat), or a blackcurrant puree (fruits and vegetables).
The dosages will be prepared by the dietician and administered by the registrar or
nurse specialist, using the protocol above.

Safety precautions (for patients and doctors)

• All patients will give written consent.
• All patients will be cannulated if they have previously experienced anaphylaxis,

severe angio-oedema, dizziness, fall in blood pressure, vomiting or a systemic
reaction.
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• The anaphylaxis box will be placed on the patient’s bedside table.
• All personnel involved in food challenge testing have been trained to recognise

the signs of anaphylaxis and can administer epinephrine.
• There is an agreed protocol on the management of anaphylaxis.

Advice to patients after procedures

All patients will have a letter sent to their general practitioner (GP) informing the
GP of the outcome of the challenge.

Patients who have a positive challenge will be:

• given written information on the avoidance of the food, advice about food
labels, eating out and holidays;

• prescribed medication as appropriate, including epinephrine, and given advice
on how to administer the medication and what to do if they think they are hav-
ing a reaction;

• given information on MedicAlert bracelets if they have not received this 
previously;

• sent an appointment to come back to the clinic in 6–12 months’ time but advised
to return sooner if they should experience any further reactions.

Patients who have had a negative challenge will be:

• given advice on how to normalise their diet;
• advised to try to include the tested food back in their diet where possible;
• given advice about the medications they may have been taking or carrying, such

as an epinephrine auto-injector pen, and whether this is still necessary;
• told to make an appointment should they develop any further symptoms, but

otherwise they will be discharged from the clinic.
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Examples of Food Challenge
Procedures
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Milk challenge

For children < 1 year

For the prolonged challenge, we would like you to provide your child with the 
equivalent of 20 oz of cow’s milk formula per day. You can use the formula to make
custard or use it on cereal.

For children > 1 year

For the prolonged challenge, we would like you to provide your child with 2–3 
portions of cow’s milk or cow’s milk products per day. The following foods are all
equal to 1 portion of milk:

• 8 fl oz of cow’s milk infant formula
• 8 fl oz of cow’s milk
• 8 oz of custard
• 1 yoghurt or fromage frais
• 1 oz cheese

For adults

For the prolonged challenge, we would like you to consume 3–4 portions of cow’s milk
or cow’s milk products per day. The following foods are all equal to 1 portion of milk:

• 8 fl oz of cow’s milk infant formula
• 8 fl oz of cow’s milk
• 8 oz of custard
• 1 yoghurt or fromage frais
• 1 oz cheese

Soya challenge

For children < 1 year

For the 7-day/prolonged challenge, we would like you to provide your child with 
20 oz of soya milk formula per day. You can use the formula to make custard or use
it on cereal.

Appendix 4
Examples of Prolonged Open
Food Challenge Procedures
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338 Appendix 4

For children over 1 year (1–21/2 years)

For the 7-day/prolonged challenge, we would like you to provide your child with the
equivalent of 20 oz of soya milk per day. The following foods are all equal to 1 oz of
soya milk:

• 1 oz of soya milk infant formula
• 1 oz of soya milk (up to a maximum of 5 oz mixed in with food) not suitable as a

main source of milk intake in children younger than 2 years
• 1 oz of custard made with soya milk using custard powder
• 1/4 soya yoghurt
• 1 oz soya cheese

For children over 21/2 years and adults

For the prolonged challenge, we would like you (your child) to consume 2–4 por-
tions of soya milk or soya milk products per day. The following foods are all equal
to 1 portion of soya milk:

• 8 fl oz of soya milk
• 8 oz of custard made with soya milk
• 1 soya yoghurt or soya dessert
• 1 oz of soya cheese

Wheat challenge

For the 7-day/prolonged challenge, we would like you (your child) to consume the
following amounts of wheat-containing foods on a daily basis:

Children aged 6 months to 2 years 2–3 portions
Children aged 2–3 years 4 portions
Children aged 4–6 years 4–5 portions
Children over 6 years and adults 4–6 portions

You could give half-portions of a larger variety of wheat-containing foods as well,
e.g. to provide three portions to a 1-year-old child, you could give six half-portions.
The following foods are all equal to 1 wheat portion:

• 1 slice of bread
• 3 tablespoons of cereal (not rice cereals or corn cereals)
• 1 Weetabix or Shredded Wheat type cereal
• 1 biscuit
• 1 slice of cake
• 1 tablespoon of pasta
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Appendix 5
Food Challenge Form

CHALLENGE PROCEDURE

Food to be challenged: Date:

Type of challenge Open Double-blind placebo-controlled
To be completed only when
code is broken

Active Placebo

DOB

Age at challenge             yr              mth 

IW No

Weight at challenge

Patient’s name & address

Other relevant allergies/illness (asthma etc)
If yes

Yes No

Relevant medication taken in last 3 days
If yes

Yes No

Supervising Doctor

Supervising Nurse

Supervising dietician

Overall result of challenge

Negative Positive Not completed Reason

Reactions No N/A

No N/A

If yes

If yesMedication given Yes

Yes

Medication Dose

Doctor’s signature _______________________ Date ______________________ 
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340 Appendix 5

Method of challenge: Labial Oral Topical

Name No.

DOB Weight

Time

T

P

R

BP

Peak flow

Erythematous rash

Eczema

Pruritis

Urticaria

Angio-oedema

Rash

Sneezing/Itching

Nasal congestion

Rhinorrhoea

Laryngeal

Wheezing

Abdo pain

Nausea

Vomiting

Diarrhoea

Pallor

Headache

Other

Change in behaviour, mood, activity – describe:

Other – describe:

FOOD CHALLENGE CLINICAL MANIFESTATION
For 1-day challenge
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Food Challenge Form 341

Time given Vehicle/
food

Dose Time
evaluated

Reaction
(additional notes on

reverse)
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Skin

Erythematous rash – % area involved

Pruritis

0 = Absent
1 = Mild – occasional scratching
2 = Moderate – scratching continuously for > 2 min at a time
3 = Severe – hard continuous scratching – excoriations

Urticaria

0 = Absent
1 = Mild – < 3 hives
2 = Moderate – < 10 hives but > 3
3 = Severe – generalised involvement

Angio-oedema

0 = absent
1 = 1 area affected (e.g. lips)
2 = 2 areas affected (e.g. lips and tongue)
3 = 3 or more areas affected (e.g. lips, tongue, throat, eyes)

Rash

0 = Absent
1 = Few areas of faint erythema
2 = Moderate – areas of erythema, macular and raised rash
3 = Severe – generalised marked erythema (> 50%), extensive raised lesions (25%),
vasculation and/or piloerection)

Appendix 6
Food Challenge Symptom
Score Chart
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Food Challenge Symptom Score Chart 343

Upper respiratory

Sneezing

0 = Absent
1 = Mild – rare bursts
2 = Moderate – bursts < 10, intermittent rubbing of nose, and/or eyes
3 = Severe – continuous rubbing of nose and/or eyes, periocular swelling and long
bursts of sneezing

Nasal congestion

0 = Absent
1 = Mild – some hindrance to breathing
2 = Moderate – nostrils feel blocked, breathes through mouth most of time
3 = Severe – nostrils occluded

Rhinorrhoea

0 = Absent
1 = Mild – occasional sniffing
2 = Moderate – frequent sniffing, requires tissues
3 = Severe nose runs freely despite sniffing and tissues

Laryngeal

0 = Absent
2 = Mild – occasional sniffing
4 = Moderate – hoarseness, frequent dry cough
6 = Severe – Inspiratory stridor

Lower respiratory

Wheezing

0 = Absent
2 = Mild – expiratory wheezing to auscultation
4 = Moderate – dyspnoea, inspiratory and expiratory wheezing
6 = Severe – dyspnoea, use of accessory muscles, audible wheezing

Gastrointestinal

Subjective

Nausea

0 = Absent
1 = Mild – frequently complains of nausea + decreased activity
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344 Appendix 6

2 = Moderate – frequently complains of nausea > 30 min + decreased activity +
pallor
3 = Severe – patient in bed, notably distressed

Abdominal pain

0 = Absent
1 = Mild – frequently complains of abdominal pain + decreased activity
2 = Moderate – frequently complains of abdominal pain > 30 min + decreased 
activity + pallor
3 = Severe – patient in bed, notably distressed

Objective

Vomiting

0 = Absent
1 = Mild – 1 episode of emesis
2 = Moderate – 2–3 episodes of emesis
3 = Severe – > 3 episodes of emesis

Diarrhoea

0 = Absent
1 = Mild – 1 episode of diarrhoea
2 = Moderate – 2–3 episodes of diarrhoea
3 = Severe – > 3 episodes of diarrhoea

Pallor

0 = Absent
1 = Mild
2 = Moderate
3 = Severe

Headache

0 = Absent
1 = Mild – complains of headache
2 = Moderate – frequently complains of headache > 30 min
3 = Severe – patient in obvious distress, crying 
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This appendix contains a summary of the main points from each chapter in Part 2
(Chapters 5–10). Each summary gives the key points for each food group, including
prevalence, population group affected, foods involved, diagnosis and management.

Milk allergy

Who is affected

Hypersensitivity reactions to cow’s milk are seen both in children and in adults.
Cow’s-milk protein allergy (CMPA) has a prevalence of 2–3% in the first three years
of life. In adulthood the most common CMPA is non-immune-mediated, with 4.8%
reporting a variety of symptoms.

Lactose intolerance is often confused with CMPA. It is distinctly different, in that
it is not immune-mediated and is due to an intolerance to the carbohydrate lactose
in cow’s milk, caused by the absence or deficiency, to a varying degree, of the
enzyme lactase in the gastrointestinal tract.

Which foods are involved

Cow’s milk and any other mammalian milks (e.g. goat, sheep, donkey and buffalo)
and milk products should be avoided.

Presenting symptoms

CMP can induce both acute (IgE-mediated) and delayed (non-IgE-mediated and mixed)
reactions. The clinical spectrum ranges from acute anaphylactic manifestations to
atopic dermatitis, urticaria, food-associated wheeze, rhinitis, infantile colic, gastro-
oesophageal reflux, enterocolitis, food-associated proctocolitis and constipation.

How to diagnose

Positive specific IgE antibody skin prick or serum tests and a positive history are
usually sufficient to make a diagnosis of CMPA. Food challenge is used to diagnose
resolution of the allergy.

Appendix 7
Dietary Management
Summaries
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346 Appendix 7

Management

The mainstay of treatment is the avoidance of cow’s-milk protein in addition to
other mammalian milks and milk products. Dietary exclusion must be complete,
including traces of milk, and measures to reduce accidental exposure from cross-
contamination should also be implemented. The management of lactose intolerance
depends on the level of lactase deficiency and therefore may vary from total avoid-
ance of milk and milk products to avoidance of dairy products high in lactose only
(e.g. fresh milk).

Egg allergy

Who is affected

Hypersensitivity reactions to hens’ eggs are seen both in children and in adults. Egg
allergy has a prevalence of 1.6% in the first three years of life. Egg allergy follows a
similar trend to cow’s-milk protein allergy in adults.

Which foods are involved

Clinically relevant allergens are found in both egg yolk and egg white, but egg-white
allergy is more commonly seen. Research has found a difference in allergenicity
between cooked and raw egg. It is therefore not uncommon for egg-allergic indivi-
duals to tolerate well-cooked egg, but not loosely cooked or raw egg.

Presenting symptoms

Atopic dermatitis represents the main clinical manifestation of egg allergy in infancy,
although several authors have reported urticaria, angio-oedema, acute vomiting,
violent diarrhoea or even anaphylaxis on first known exposure to egg in infants’
weaning diets.

How to diagnose

Positive specific IgE antibody skin prick or serum tests and a positive history are
usually sufficient to make a diagnosis of egg allergy. History will often reveal if the
allergy is to all egg or just certain forms of egg (e.g. cooked egg). Food challenge is
used to diagnose resolution of the allergy.

Management

The treatment for egg allergy consists of avoiding egg and all egg-related products.
Those who can tolerate well-cooked egg can eat this but should continue to avoid
loosely cooked and raw egg.

9781405170369_5_end07.qxd  22/12/2008  15:00  Page 346



Dietary Management Summaries 347

Seafood allergy

Who is affected

Both children and adults can have fish allergy, whereas allergy to crustaceans tends
to occur mainly in older children and adults. Seafood allergy is also more likely to
occur in people who are atopic and sensitised to other aeroallergens, or have rhinitis
or asthma.

Which foods are involved

Fish allergy can involve both fresh- and salt-water fish as they are cross-reactive.
Fish do not normally cross-react with crustaceans but there is the risk of contamina-
tion. Crustacean allergy is more common than mollusc allergy, and the commonest
allergen is the shrimp or prawn allergen. There is cross-reactivity between crus-
taceans (prawns, lobster, crab, crayfish) and molluscs (mussels, squid, clams, octopus),
but also between crustaceans and house-dust mite, and cockroaches.

Presenting symptoms

Usually only associated with immediate symptoms related to an IgE-mediated food
hypersensitivity response. Reactions to both fish and shellfish are potentially severe
and cross-reactivity is common.

How to diagnose

Positive specific IgE antibody skin prick or serum tests and a positive history are
usually sufficient to make a diagnosis. However, due to the often very severe re-
ported symptoms, and the possibility of a differential diagnosis, a negative specific
IgE screen needs confirmation by an oral food challenge.

Differential diagnoses include scombroid poisoning, allergy to fish roe and allergy
to the nematode worms which can be found in several fish species including cod and
herring.

Management

Avoidance of all fish/seafood is often required due to cross-reactivity or contam-
ination. Although they are all now required by European Union (EU) legislation 
to be labelled, fish, crustaceans and molluscs can appear in some unusual foods
(Worcestershire sauce and Gentleman’s Relish) and due to the longevity of shrimp
allergens, contamination can be a major problem, especially when eating out.
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Fruit and vegetable allergy

Who is affected

Primary fruit/vegetable allergy – is a condition where the sufferer has a primary sens-
itisation to a fruit or vegetable allergen. It usually affects older children and adults,
but is becoming an increasing problem in younger children, especially to particular
foods such as kiwi. The prevalence is unknown, although in adults this type of fruit
and vegetable allergy is thought to be more common in southern Europeans than in
the UK or northern Europe.

Oral allergy syndrome (OAS) – does not involve a primary sensitisation to a plant
food allergen, but is caused by a cross-reaction between pollen antibodies and plant
food allergens. OAS is most common in people who are sensitised to birch-tree
pollen, and therefore often have seasonal rhinitis in the spring from March to May.
The condition usually affects teenagers and adults, and is thought to affect 5% of
northern Europeans.

Which foods are involved

Primary fruit/vegetable allergy – can be provoked by any raw or cooked fruit or 
vegetable, although apple, peach, kiwi and celery cause the most severe reactions.

OAS – triggered by many different plant foods, most commonly apple, stone
fruit, tree nuts, strawberry, kiwi, tomato, melon and citrus fruits. Reactions are 
usually to the raw fruit or vegetable, with cooked, canned or microwaved foods 
tolerated.

Presenting symptoms

Primary fruit/vegetable allergy – symptoms usually are moderate to severe and
involve immediate reactions to the food, in any form, often resulting in urticaria,
angio-oedema and systemic symptoms including anaphylaxis.

OAS – usually sensitised to tree pollens and may have rhinitis in the spring and/or
summer time. Their food symptoms are characterised by immediate-onset mild
symptoms, typically involving pruritis, tingling, and oedema of the oropharynx,
which usually resolve within half an hour, often without any medication.

How to diagnose

Primary fruit/vegetable allergy – best made using skin prick and specific IgE estima-
tion, although negative tests need to be confirmed by a prick-to-prick test with the
suspected food followed by an oral challenge, especially if symptoms are severe.

OAS – take a careful clinical history, which can be confirmed by skin prick testing
with the suspected raw food using the prick-to-prick method.
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Management

Primary fruit/vegetable allergy – it is essential to avoid all forms of the food, raw or
cooked, in even small amounts.

OAS – avoid the trigger food in it raw state, but there is no need to avoid botan-
ical relatives of that food unless they also precipitate symptoms.

Peanut, legume, seed and tree-nut allergy

Who is affected

Affects both children and adults, although peanut, soya bean, nut and sesame seed
allergy are more common in young children. The prevalence of peanut allergy is ris-
ing, and it is thought to affect 1.4% of all children. Also on the increase, especially
among the very young, are cashew-nut and sesame-seed allergies.

Which foods are involved

Peanut and soya-bean allergy are the most common legume allergies. Peanut allergy
is infrequently outgrown (only in 20%) whereas soya-bean allergy is a transient
childhood allergy rarely seen in adulthood. Lentil and chickpea are by contrast
more common in adulthood. In the UK, the commonest tree-nut allergies are to
almond, Brazil nut and hazelnut, with cashew-nut allergy becoming more of a 
problem in childhood. The commonest seed allergy in the UK involves sesame seeds,
which are capable of causing severe reactions. Mustard, the other common seed
allergen, occurs predominantly in adulthood.

Presenting symptoms

Nuts and seeds can provoke a full range of moderate to severe allergic symptoms
including urticaria, atopic eczema, angio-oedema and projectile vomiting. Peanut
allergy is the commonest cause of reported food-induced fatal anaphylaxis.

How to diagnose

Positive skin prick tests (SPT) and high specific IgE levels in blood alongside a clear
clinical history are necessary for an accurate diagnosis of these food allergies. Food
challenges should be used when these tests prove equivocal or contradict clinical
history. In childhood, diagnostic predictive values for both SPTs and specific IgE
levels have been developed for peanut allergy, thus allowing the clinician to be more
certain of the diagnosis.

Management

Because of the severity of allergic reactions provoked by legumes, nuts and seeds,
complete avoidance, even to trace amounts in the diet, is necessary. Particular care
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must be taken to reduce the risk of cross-contamination, and thorough cleaning of
hands and cooking and eating surfaces is essential, given the hardy nature of these
allergens.

Coeliac disease

Who is affected

CD affects 1% of the population in the UK, although only 1 in 8 cases are diag-
nosed. CD can present and be diagnosed at any age.

Which foods are involved

Gluten-containing cereals, e.g. wheat, rye and barley (and in some cases oats), need
to be avoided. The most obvious sources of gluten in the diet are breads, flour,
pasta, pizza bases, biscuits, cakes and pastries.

Presenting symptoms

Possible symptoms include bloating, abdominal pain, nausea, diarrhoea, excessive
wind, heartburn, indigestion, constipation, any combination of iron, vitamin B12 or
folic-acid deficiency anaemias, tiredness, headaches, weight loss (but not in all
cases), recurrent mouth ulcers, hair loss, dermatitis herpetiformis, defective tooth
enamel, osteoporosis, depression, infertility, recurrent miscarriages, joint or bone
pain, neurological problems such as ataxia and neuropathy.

Infants may present after weaning onto gluten with symptoms such as failure to
thrive, diarrhoea, vomiting, abdominal distension, constipation, muscle wasting
and irritability.

How to diagnose

Antibody blood test, IgA tTG and/or EMA, followed by small-bowel biopsy. Biopsy
is mandatory in all cases (both adults and children). Anyone being tested for CD
must be on a normal gluten-containing diet prior to testing. A GF diet should not be
started until diagnosis of CD is established. Therapeutic trials of a GF diet are not
warranted if CD is suspected; clinical response to either withdrawal or reintroduc-
tion of gluten has no role in the diagnosis of CD.

Management

A lifelong GF diet involving complete exclusion of the cereals wheat, rye and barley.
Some people also need to avoid oats. Because of the increased risk of osteoporosis,
adults with CD may need additional calcium.
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Wheat and cereal allergy

Who is affected

More common in children, and may affect 0.4% of the population. Rare in adults,
in whom it is usually linked to exercise-induced anaphylaxis (WDEIA).

Which foods are involved

Wheat staples such as bread, pasta and breakfast cereals, but can also involve a
diverse range of foods such as wheat beer, tortilla chips (corn), bitter beer (barley),
malted foods (barley) or Breton galettes (buckwheat).

Presenting symptoms

Children may present with mild symptoms of atopic dermatitis, and adults with
pruritis and erythema. However severe symptoms can be quite common and so 
anyone presenting with anaphylaxis or severe angio-oedema linked to foods other
than peanuts and seafood, especially if it is their first episode, should be screened for
an allergy to wheat or other cereals.

How to diagnose

History, skin prick and specific IgE tests are not very useful. The best method is to
perform an open or blinded food challenge. It is important to ensure that those with
grass-pollen allergy who have a positive SPT or specific IgE to wheat are further
tested, because of the high cross-reactivity between grass and wheat.

Management

Avoidance of wheat requires expert advice on wheat substitutes, and depending on
the quality of the diet may necessitate supplementation of vitamins and minerals.
Exclusion of other cereals will also require expert intervention to assess the indivi-
dual’s diet, to ensure that all forms of the offending cereal are removed. Food labels
have to declare the presence of all gluten-containing cereals (wheat, barley, rye 
and oats), but corn and rice are not required to be labelled as an allergen on food
product labels.

Food additives

Who is affected

Reported prevalence much greater than confirmed prevalence, which is in the region
of 0.1–1% in adults. Prevalence in specific subjects is likely to be higher: 1–3% of
those with chronic idiopathic urticaria and 2–5% of asthmatics could be affected by
food additives.
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Which additives and foods are involved

Food additives are present in a wide range of foods and include food colourings
such as cochineal or carmine, annatto, turmeric and saffron and azo dyes, pre-
servatives such as benzoates and sulphites, flavour enhancers such as monosodium
glutamate (MSG) and others.

Presenting symptoms

Chronic urticaria has been linked to the consumption of both benzoates and 
tartrazine, rhinitis with benzoates and sulphites, and asthma with sulphites.
Hyperactive disorders and behavioural changes in children have also been linked to
both azo dyes and benzoates. MSG has been linked with headache but has also been
reported to provoke symptoms in asthmatics.

How to diagnose

Skin prick and specific IgE tests are not useful due to the lack of IgE-mediation
thought to characterise hyerpsensitivity to most food additives, although a skin
prick test using natural colourings may provoke an antibody response. A careful
history will help, but reactions may be dose-related and therefore not happen 
every time the additive is consumed. The best method of diagnosis will be careful
elimination of the suspected additive, followed by reintroduction and oral food
challenge if available.

Management

Avoidance of all foods containing the additive may be required, although if the 
reaction is dose-dependent then a limited amount of the additive may be safely con-
sumed. All additives have an E number, and some such as sodium metabisulphite
have to be declared on the food label if present above a certain level.

Pharmacologic food reactions: salicylates, vasoactive
amines, coffee and alcohol

Who is affected

There are little or no prevalence data for this type of food hypersensitivity. Aspirin-
sensitive asthmatics are more likely to suffer from salicylate hypersensitivity, and
histamine-containing foods may exert a greater effect on those suffering from
migraine. Surveys suggest that alcoholic drinks may affect up to 14% of the popula-
tion, with those who have asthma or allergic rhinitis more likely to experience
hypersensitivity reactions to different forms of alcohol.
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Which foods are involved

Salicylates are present in a great many fruits and vegetables, being particularly high
in wine, dried herbs, tea, coffee, black pepper, tomatoes, strawberries and foods
containing oil of wintergreen or spearmint flavouring. Histamine is found naturally
in strong cheese, red wine, tuna and mackerel. The commonest alcoholic drinks to
cause reported reactions are red and white wine. Wine, beer and lager can provoke
an IgE-mediated reactions; they also contain sulphites.

Presenting symptoms

Symptoms of salicylate hypersensitivity can be very varied, non-specific and dose-
dependent. The main symptoms of hypersensitivity to vasoactive amines are flushing
and headache, although a range of other symptoms can also be reported.

How to diagnose

Skin prick and specific IgE tests are not helpful unless an IgE-mediated reaction to
wine or beer is suspected. If salicylate sensitivity is suspected, then confirmation of
aspirin hypersensitivity is an important diagnostic step. Careful evaluation of the
history of the reactions and symptoms elicited will give the best clue as to what is
causing the problem. Elimination of the offending foods and objective symptom
scoring is the only way to diagnose hypersensitivity to food additives. It can be
difficult to undertake oral provocation tests due to difficulties in quantifying the
dose present in the food.

Management

Avoidance of salicylates is very difficult, and it is important to establish thresholds,
as many people only need to avoid high-salicylate foods. If someone is very sensitive
to salicylates, then expert dietary advice will be needed in order to ensure that nutri-
tional deficiency does not arise. There are no specific nutritional issues involved in
the avoidance of vasoactive amines, coffee or alcohol.

Food-dependent exercise-induced anaphylaxis (FDEIA)

Who is affected

Prevalence is unknown, but studies suggest that 13% of cases of anaphylaxis could
be caused by FDEIA, and that 80% of cases of anaphylaxis linked to exercise are
precipitated by food.

Which foods are involved

Wheat, crustaceans and tomatoes are all commonly reported to cause this condi-
tion. However, FDEIA can be precipitated by a wide range of foods including maize,
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soya, peanuts, celery, cheese, strawberries and alcohol. Aspirin can also precipitate
FDEIA in the absence of exercise.

Presenting symptoms

There may be severe systemic symptoms including urticaria, angio-oedema and ana-
phylaxis, on or soon after taking exercise in close proximity to eating a particular
food or foods.

How to diagnose

A good history is very important, recording fully those foods taken before exercis-
ing, when these foods may be consumed without getting reactions, type of exercise
and proximity to eating. If wheat is suspected, then an estimation of IgE antibody
levels of omega-5 gliadin, the key allergen involved in wheat-dependent exercise-
induced anaphylaxis, can be diagnostic when correlated with a good history. 
If other foods are suspected it is important to look for specific IgE antibodies,
although a negative result does not rule out FDEIA. Neither does the type of exer-
cise involved. Jogging is the most common type to elicit a reaction, but much more
mild exercise such as sweeping up can also be a trigger. The final diagnostic test is
exercise with/without prior consumption of the food within 2 hours of the exercise
taking place.

Management

Avoidance of the trigger food 4–6 hours before exercising, or taking aspirin if that
is a known augmentation factor, is the main advice. Rarely do patients need to avoid
the food altogether, unless the condition is being precipitated frequently due to a
low threshold for exercise. In some people just walking upstairs can be sufficient to
cause an attack. Patients should also wear medical identification jewellery and carry
adrenaline. An exercise ‘buddy’ is also advisable, especially if patients are exercising
in a remote place.
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gluten-free and gluten-containing foods,
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goat, 40, 64, 67, 110, 118, 121
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gout, 81
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205–6, 230
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ground nuts, 169
ground rice, 207
groundnut oil, 169
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muesli, 123, 170, 179, 191
mugwort, 147, 154–6, 160
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musculoskeletal disorders, 81
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myalgia, 70
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nasal corticosteroids, 306
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nasal sprays, 306
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non-allergic food hypersensitivity, 4, 7, 9,

90, 107
non-Hodgkin’s lymphoma, 189
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oat milk, 122
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occupational asthma, 204, 205
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oil of wintergreen, 222–3, 353
oily fish, 254, 255
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ovotransferrin, 129
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pancreatic insufficiency, 188
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parabens, 216, 220
para-hydroxybenzoate, 211
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paralytic shellfish poisoning, 140
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parvalbumins, 110, 137
passive immunity, 284
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172, 174, 177, 178
Ara h 2, 108, 111, 112, 156, 167
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Ara h 8, 111
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monkey nuts, 169
peanut allergens, 111
peanut allergy diagnosis, 168
peanut oil, 167, 169, 170
peanut, legume, seed and tree-nut allergy,
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raw peanuts, 167
roasted peanuts, 111, 167

pears, 41, 152, 156
peas, 39, 167, 190, 223, 251
pecan, 150, 177, 178
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353
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peptides, 6, 27, 64, 124
perennial rhinitis, 216, 303–4
peripheral neuropathy, 72
peripheral vasodilation, 227
pervasive development disorder, 63
Peyer’s patches, 47
pH of the stools, 90
pharmacologic food reactions, 7, 221, 352
phenol sulphotransferase enzymes, 76
phenolic flavinoids, 75
phenolic-compound diet, 64
phenylethylamine, 7, 223–5
phosphate, 247, 248
phosphorous, 121, 254
phototherapy, 321
phyto-oestrogen, 253, 254
pickles, 191, 194, 196, 213, 216, 223
pigeon pea, 150, 172
pimecrolimus, 320
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pine nut, 177, 179
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pistachio nut, 150, 177–9
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primary lactose intolerance, 127
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primary sensitisation, 147
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prodromes, 74
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prunes, 213, 216, 223, 229
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268, 293–4, 338, 351

rice cakes, 207
rice milk, 122–3, 248–50
rice noodles, 207
rice paper, 207
rice pudding, 207

rickets, 120, 244, 248
roast potatoes, 217
Rosaceae, 151, 156, 158
Royal Gala, 161
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347, 351
Seafood allergy, 347
seal meat, 113
seasonal rhinitis, 303–4, 348
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