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PART I

Diagnosis






IgE antibody tests in diagnosing allergy

STAFFAN AHLSTEDT, LEN FROMER, LARS SODERSTROM

1. Without firm diagnosis, conditions with allergic aetiology are difficult to distin-
guish from conditions with different aetiology.

2. Sensitization and presence of IgE antibodies is not a dichotomous, 'yes/no' but
rather a quantitative phenomenon that needs to be interpreted in the context of
the case history.

3. The presence of risk factors increases the risk of allergy as a contributing factor to sympt-
oms, and this is multiplied by the presence of IgE antibodies and exposure to the allergens.

4. Exposure to different allergens in the sensitized individual works in concert. This
can be emphasized even more by immunological cross-reactivity between different
allergen components.

5. The sum of IgE antibodies quantitatively demonstrate:
a. the risk of current allergy and
b. risk of reaction and exacerbation,
c. aggravating the effect by confounding factors as well as
d. the allergy evolving over time.

6. Decreasing IgE antibody levels can demonstrate development of tolerance and out-
growth of the allergy.

Introduction

Diagnostic testing is used to provide evidence for an allergic as distinct from a
non-allergic aetiology, to establish the degree of atopy, and to identify the offend-
ing allergen/s. Since allergic diseases generally present as a multitude of symptoms
and signs and since they tend to evolve over time, the conditions are often diffi-
cult to differentiate from similar clinical conditions that are non-allergic in origin.
Thus, as many as 60-70% of conditions commonly suspected as allergic may have
a different aetiology |1]. For example, respiratory symptoms that resemble allergy

© Atlas Medical Publishing Ltd



4 PART | Diagnosis

presenting seasonally or perennially, may actually be due to infections, vasomo-
tor reflexes, anatomical conditions |2, or chronic obstructive pulmonary disease.
Furthermore reactions elicited by foods may give identical signs regardless of being
of allergic or non-allergic nature i.e. lactase or diamino oxidase insufficiency [3.4].
To date there are no prospective studies that have specifically aimed to differenti-
ate between allergic and non-allergic reactions in the respiratory tract on the basis
of clinical symptoms, signs, and physical examination. Attempts have been made
to distinguish between different aetiologies for food reactions, especially those of
the anaphylactic type |5|. This chapter presents information regarding how case
history and physical examination provide a certain level of diagnostic informa-
tion and how this level can be elevated and improved upon when combined with
accurate and objective diagnostic tests. In reaching the diagnosis the time and
costs for diagnostic procedures need to be considered in the context of patient
management and utilization of the resources of the healthcare system. This also
relates to the formulated goals of the healthcare system as characterized by safety,
effectiveness, timeliness, patient focus, cost and efficiency |6].

Definitions

It is essential to define the terms used when discussing allergic disease. The definitions
of several key terms are given in Box 1.1 (from |7]).

Box 1.1

® Total and specific IgE: total IgE (tlgE) means the total amount of the immunoglobulin IgE
present in blood, irrespective of what these IgE molecules may bind to; specific IgE means
specific IgE (sIgE) antibodies binding to particular and identifiable allergens.

® Sensitization means that slgk antibodies have been formed due to previous allergen expo-
sure, as evidenced by blood or skin tests.

® Atopy is the propensity to produce specific IgE (sIgE) antibodies upon exposure to common
allergens in the environment.

® An allergic reaction is an immunologically-determined clinical reaction to an identified
substance or allergen. IgE-mediated allergy means that the immunological mechanism is
related to sIgE.

® Clinical sensitivity and specificity: sensitivity is defined as the ability of a test to identify
patients with the condition; specificity defines the ability of the test to correctly exclude
those who do not have the condition.

What to accomplish by setting the diagnosis

There are well-documented genetic-environmental interactions between sensi-
tization and the development of disease as well as other contributing factors in
the expression of the disease. For example, 40% of young children with atopic
dermatitis have been shown to develop asthma later in life |8]. In such a context, to
be able to provide the best care for the patient, the diagnostic information should
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Box 1.2 Goals to be accomplished with a diagnostic work-up.
Diagnosis
Distinguish allergy vs non-allergy
Identify allergen(s) which may be involved
Risk patient prediction
Confounding factors
Virus infection
Exposure to environmental factors
Other allergies e.g. food, drug
Disease course prediction
Transient vs persistent disease
One symptom followed by other symptoms: Allergy March
Sensitization as a prognostic parameter to predict upcoming allergic disease
Early vs late
Mono vs multi
Natural course of allergic disease: food allergy and wheeze/asthma
Treatment prediction
Responsiveness to pharmacotherapy
Avoidance strategies:
inhalants
food diets
combinations between avoidance and pharmacotherapy to lower the medication burden
Outcome of specific immunotherapy

also include prognostic information for evaluation of the disease process and pos-
sibly also prediction of the outcome of treatment. Examples of accomplishments
with any diagnostic work-up should cover the aspects listed in Box 1.2.

Establishing an allergy diagnosis

Considering the difficulties in distinguishing between allergic symptoms and
those symptoms that are non-allergic in origin (or both), and to accomplish the
diagnostic goals, as a first step any practising physician needs to consider several
important questions:

1. Isallergy contributing to the presence of symptoms (e.g. wheeze, rhinitis, eczema)?
2. Isallergy contributing to the severity and frequency of the symptoms?
3. Will the symptoms become continuous or persistent or resolve?

Information about the family history of allergic disease and the individual’s
own possible other allergic diseases may help in this decision-making process.
Particular and pertinent questions to ask the patient and evaluate in the environ-
mental context would include:
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. Do your symptoms get worse when in contact with dust and during cleaning

the house, or when you’re in contact with cats, dogs, pollens, or in environ-
ments with mould?

. Are symptoms worse during any particular time of the year? Have you had

symptoms during the last 12 months?

Are your problems associated with your eyes, nose, lungs, stomach or skin?
Have you had hay fever? Have you been tested for allergy before and were the
tests positive; and has a doctor already diagnosed you with rhinitis or asthma?
Do other substances like tobacco smoke, or odours from flowers and perfume,
increase your problems?

Does anybody in your family suffer from asthma, hay fever or eczema?

In addition to those questions, more recent publications suggest that information
regarding obesity, physical inactivity and time spent indoors may add to the precision
of the diagnosis 19,10]. The importance of a thorough case history can be illustrated
from several epidemiological studies. They have addressed some of the questions and
related them to an increased risk if the factor is present, usually expressed as odds
ratio (OR). The OR represents a measure of whether the probability of a certain event
or disease is the same (OR=1) or different (OR higher or lower than 1) for individu-
als from two different populations. Box 1.3 gives some examples of approximate risk
as published in the literature if a certain factor is present.

Box 1.3 Risk factors found in several studies on children. Odds ratios approximated
from the literature |11-15|.

In relation to persistent wheeze

Male gender? OR=2
Did the child wheeze before 3 years of age? OR=3
Does mother have asthma? OR=4
Does any parent have asthma? OR=3
Did mother smoke during pregnancy? OR=2
Was there eczema before 2 years of age? OR=2
In relation to persistent eczema
Is there a parental allergy?

This is atopic eczema OR=2
Will this eczema stay and get worse until school age?

Frequent scratching OR=6

More than 2 allergic family members OR=2
Having early wheeze OR=2

Thus, asking simple questions can raise suspicions as to what the aetiology

of the symptoms may be. However, although contributing to the diagnosis, case
history and physical examination are on their own not sufficient to diagnose
the presence and extent of allergy. This is especially true in patients with rhini-
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tis, asthma and/or atopic dermatitis, and stinging insect anaphylaxis. Such cases
require confirmation of the presence of a sIgE-mediated aetiology [16,17].

Information on the IgE system

The level of total IgE (tIgE) is a function of the genetic control of IgE produc-
tion and the synthesis of specific IgE antibodies (sIgE). Total IgE levels can be
elevated in a number of non-allergic conditions such as parasite infestation, ataxia tel-
angiectasia, etc. In atopic dermatitis, tIgE levels have some—albeit weak—relation
to the severity of atopy. They are also to some extent associated with the severity
of allergy in asthma/rhinitis. However, the tIgE values in normal and atopic indi-
viduals vary with age and selection of the reference population |18|. Thus, there is
a considerable overlap between non-atopic and atopic patients, and also between
the different allergic diseases, making the interpretation of the total IgE levels in an
individual patient of uncertain value. Further, the tIgE levels do not reveal much
information regarding the progress of allergic disease. tIgE is not a good marker
for screening to identify atopic individuals, although high tIgE levels suggest the
need for further investigation. In contrast, sIgE are specifically produced follow-
ing exposure of a susceptible individual to an allergen. sIgE levels reflect exposure
to the offending allergen/s and more importantly the clinical reactivity of a given
patient. Allergen-specific IgE molecules are present on mast cells in the skin and
other organs as well as in blood. They bind to these cells in these tissues and can
thereby initiate a clinical reaction upon subsequent allergen exposure. Thus, the
presence, quantity, and specificity of sIgE can be regarded as a risk factor for clini-
cal allergy in the respiratory tract, skin, and gastrointestinal tract, upon exposure
to the allergen.

The diagnostic performance of a test for specific IgE antibodies—i.e. its ability
to detect an allergic aetiology—is usually expressed as its clinical sensitivity and
specificity using an arbitrarily chosen cut-off value as compared to the actual diag-
nosis. Good sensitivity and specificity results for IgE antibody tests compared both
with doctor’s diagnosis and with skin prick testing (SPT) have been documented
for a variety of allergens using different methodologies [19]. However, in this con-
text it is important to realize that there is an uncertainty in the determination of
sIgE antibodies with SPT as well as in the doctor’s conclusion [20|. Data for the
best documented system include clinical and serological information for thou-
sands of patients in more than 3000 peer-reviewed publications. For this system,
values above 90% sensitivity, specificity, and positive predictive value have been
demonstrated |21]. Similar documentation for other systems is less clear but they
frequently compare their analytical performance with ImmunoCAP [22-24].

There is a considerable documentation that information on the presence of
sIgE antibodies from a well-established assay system adds significantly to the pre-
cision of the diagnostic work-up. In more general terms, for a variety of reasons,
studies have shown that when clinicians use only the history and physical exam-
ination, the accuracy of their diagnoses rarely exceeds 50% [20|. Box 1.4 gives
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some examples from the literature of approximate increase of risk if a specific
factor is present in conjunction with sIgE antibodies.

Box 1.4 Risk factors to consider in the diagnosis of a child with symptoms of wheezing
[11-15].
Signs at 2 years of age  IgE antibodies also
at 7 years of age

Does mother have asthma? OR=4 OR=16
Was there eczema before 2 years of age? OR=2 OR=10
Was there eczema and sensitization before
2 years of age? OR=7
Was there sIgE to inhalants before 2 years
of age? OR=3 OR=10
to foods and inhalants? OR=9

Diagnosis of a child with eczema
Is there a parental allergy?
Risk for atopic eczema OR=2
Are there sIgE antibodies?
Risk for severe atopic eczema OR=3
Having slgE antibodies before 12 months of age is worse than at 24 months of age

Will eczema stay and get worse until school age?
Presence of sIgE antibodies

To food OR=3
Wheat OR=7
Soy OR=5
Inhalant OR=2
Any OR=3

Dose-response relationship between exposure to
allergens and formation of sigE

It is important to emphasize that development of allergy and formation of sIgE is
a cumulative process. Therefore, it should not be regarded as an ‘all or nothing’
phenomenon. Instead, all individuals (even if they are sensitized) have a certain
level of tolerance to exposure to offending substances. However, when such expo-
sure to the offending substance is increased, symptoms may become evident. In
this context, it is also important to understand that several allergens may have
components with similar structures, i.e. they are cross-reactive and they can
induce sIgE antibodies and elicit clinical reactions. As a consequence, the indi-
vidual allergen load may be higher than that which appears immediately obvi-
ous. Thus, birch, alder and hazel contain similar structures, as do different grasses.
Furthermore, pollen allergy may manifest as a clinical reaction to certain vegeta-
bles due to structural similarity of some of the molecules of the food compared
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with the pollen [25-27|. The risk of such clinical reactions to food has been esti-
mated and is indicated in Box 1.5 [28].

Box 1.5 Estimated risks of clinical reaction to cross-reacting allergens if allergy is present
to one allergen as verified by double-blind placebo-controlled food challenge |28].

If allergic to Risk of reaction also to Estimated risk
Pollen Fruits/vegetables 55%
birch, ragweed apple, peach, honeydew
Alegume Other legumes 37%
like peanut peas, lentils, beans
A grain Other grains 20%
wheat barley, rye
Peach Other Rosaceae 55%
apple, plum, cherry, pear
A tree nut Other tree nuts 37%
walnut brazil, cashew, hazelnut
Melon Other fruits 92%
watermelon, banana, avocado
A shellfish Other shellfish 75%
shrimp crab, lobster
Cow’s milk Beef 10%
hamburger
Latex Fruits 35%

kiwi, banana, avocado

There is a close link between allergy to birch, alder and hazel pollen, and oral
allergy to hazelnut, apple, pear, stone fruits, tomato and almond. Similarly, mug-
wort exhibits cross-reactivity with celery, carrot and certain spices. More infor-
mation has demonstrated a relationship between grasses and legumes while
grass pollen has also been associated with reactions to tomato and peas, includ-
ing peanut and wheat, and also melon, watermelon and orange, whereas ragweed
is associated with melon and banana. There are also well-documented common
structures between arthropods like mite and shellfish, and between latex, banana,
kiwi and avocado. In such cases, the different allergens can work in concert add-
ing to the relative amount of similar structures presented to the individual, which
can increase production of sIgE levels reactive to the allergen in question. For fur-
ther information on cross-reactivity the reader is referred to [25-28|.

In a multi-sensitized individual, the sum of the individual sIgE antibody levels
and the consequences of multiple allergen exposures may be functionally additive
or synergistic in activating the inflammatory processes leading to symptoms |29].
In addition, the extent of exposure to a given allergen may be an important fac-
tor in producing symptoms. When it is practical, avoiding allergen exposure for
sensitive individuals is a useful tool in the management of the patient. It has been
shown that children with dust mite allergy who have symptoms at sea level where
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dust mite exposure is high improve clinically by moving to higher altitudes where
dust mites are not present |30|. In contrast, there has been a recent debate as to
whether very high exposure to an allergen can actually decrease clinical reactivity
and permit development of tolerance in the patient and induce protection of the
allergic subject [31,32]. In fact, heavy exposure to allergen, particularly from pets
(such as cats and dogs), may preferentially drive other immune responses rather
than sIgE formation, and therefore result in less allergy 132,33|. This emphasizes
the need to understand both the qualitative and quantitative extent of relevant
exposures in the investigation of the patient.

Using sIgE results for risk assessment in patients
with allergy

A higher level of exposure to allergens generally results in corresponding sensiti-
zation and formation of specific IgE antibodies to those allergens. Consequently,
by utilizing a quantitative approach to the IgE antibody results, rather than a
dichotomous ‘yes/no’ approach, recent studies suggest that for the individual
patient, even higher precision can be achieved. This was first demonstrated in food
allergy by Sampson and his colleagues 134,35|. In those studies, a higher sIgE anti-
body value implies that the subject has a substantial risk of reacting with symp-
toms upon exposure and the patient can be diagnosed without further measures.
In contrast, a lower, albeit ‘positive’, value may not be completely predictive of
whether or not the subject will exhibit a clinical reaction upon exposure. In these
cases a referral to an allergist for a challenge procedure should be considered. A
still lower value implies a rather low probability that the subject will react upon
exposure. Consequently, the food may not be considered as a likely problem for
symptoms (Fig. 1.1). Despite this, in cases with a convincing history despite a low
sIgE value, further investigation may be necessary. Factors to consider are that
the levels depend on age and that different food allergens vary in their potency
and show different values for when a clinical reaction is likely to occur |36-39|
(Fig. 1.1). Thus, it is necessary for the physician to get a feeling for the probability
related to the allergy in question. For this reason, for patients with food allergy it
may be appropriate to consider referral to an allergist. In this context it must be
emphasized that other reactions to food like gliadin in coeliac disease, lactose in
lactase deficiency, histamine in histamine-containing foods also need to be con-
sidered in relation to the case history and these are not associated with IgE anti-
body results.

For inhalant allergy, implementing sIgE antibody testing may increase the
accuracy of the diagnosis and the management of the patient to a considerable
extent. In particular, with this knowledge, a number of uncertain and equivocal
cases can be given a firm diagnosis 140,41|.

Quantitative sIgE antibody patterns and symptom induction similar to those
described for food allergy have been revealed for a variety of allergens, providing
information on the extent to which allergy contributes to the expression of symptoms
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Fig. 1.1 Probability curves
for whether a patient

will have a reaction

when ingesting hen's
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With permission from

the American Academy
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Immunology |134,35|.
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[20,33,42]. Since most allergic individuals exhibiting symptoms have sIgE to sev-
eral allergens and rarely only to one, quantitative sIgE evaluation may reveal the
relative importance of the different offending allergens. Thus, reports from a pro-
spective birth cohort study demonstrate that a single positive sIgE test was seldom
on its own associated with clinical allergic disease. In contrast, in that study, when
there were four or more positive sIgE tests out of a total of 14 common allergens,
or a sum of the individual sIgE antibody levels above 34kU /I to these allergens,
there was a 75% likelihood of identifying those individuals with allergic disease
[43]. In practical terms, this implies that to obtain an adequate diagnosis, allergy
tests should be performed to the most common allergens evident in the patient’s
environment, and that quantitative information should be gained and evaluated
both for individual allergens and summated (see below and Fig. 1.2).

Recent information also demonstrates that the sum of sIgE antibody levels
against the most common inhalant allergens in the environment of the individual
can answer whether allergy contributes to the clinical expression of wheeze in
preschool children (Box 1.6) 33]. In fact, with increasing levels of sIgE antibod-
ies, the risk of having current or persistent wheeze and impaired lung function in
children increases. As an example, 10 kU, /1 of sIgE to the allergens of cat, dog and
mite summed, corresponds to a three-fold increase in the risk of symptomatic
wheeze compared to those without such sIgE, and 30 kU, /1 a four-fold increase in
risk (Fig. 1.2). In contrast, tIgE does not provide such information. Using quan-
titative sIgE results in such a way needs well-standardized methods. Evaluation
of the size of the skin prick test weal may also give similar information provided
that the testing and interpretation is carefully standardized. Such standardization
and evaluation of the procedure has to be done in each clinical setting and may be
difficult in clinical routine practice. In practical terms, the available information
implies that patients with allergic asthma should be investigated by measuring their
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Predicted probability of current allergic wheeze
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With permission from
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of Allergy, Asthma and
Immunology |33].

0.7

0.3 1 3 10 30 100
Sum of mite, cat and dog specific IgE antibody concentration (kU,/1)

sIgE antibody levels to the most prominent allergens in their environment. Such
measures will allow the optimization of pharmacotherapy along with attempts to
decrease the allergen exposure. On the contrary, a low or negative sIgE antibody
level indicates the need to consider an alternative ‘non-allergy’ treatment.

Box 1.6 Diagnosis of a child with symptoms of wheezing [33].

Is this related to an allergic reaction?
10 kU, /I* corresponds to 30% probability of allergy relation
100 kU, /I* corresponds to 60% probability of allergy relation

Will the present wheeze develop into persistent wheeze during next years to come?
10 kU, /I* corresponds to 50% probability of development into persistent wheeze
30 kU, /I* corresponds to 90% probability of development into persistent wheeze
* sum of sIgE values for mite, cat and dog

Since asthma exacerbations are well known with viral infections, much focus
has been placed on the role of viral infections and the susceptibility of asthmatic
subjects to such infections. Recent information points to extensive synergistic
effects of virus infections and allergic inflammation both in children and adults
[9,44-45]|. Furthermore, in a recent study it was reported that not only was being
sensitized a risk factor but that the risk increased with increasing specific IgE lev-
els [44]. Further similar analysis of results in schoolchildren showed that the sum
of mite, cat and dog specific IgE was associated with an increased risk of hospital
admission with an asthma exacerbation. Thus, a sum of 10 kU, /1 sIgE increased
the risk almost 2.5 times and a sum of 30 kU, /l increased the risk three-fold. This
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corresponds to a 30-40% probability of being admitted to hospital due to an
asthma exacerbation (Fig. 1.3, solid line) |7,44|. Elevated sIgE levels and expo-
sure to allergens in conjunction with a virus infection appear to strongly increase
the probability of hospitalization among childhood asthmatics over and above
that of the sIgE alone. In such cases, a sum of as little as 3 kU, /1 of sIgE may cor-
respond to a 60% probability, and a sum of 30 kU, /1 as greater than a 80% proba-
bility, of hospital admission (Fig. 1.3, dotted line) |7,44]|. This information points
to the importance of optimized allergy management of patients at risk and meas-
ures undertaken to both decrease allergen exposure in relation to the sIgE levels
and include prescription of increased anti-inflammatory therapies particularly
during periods of time when other contributing factors like virus infections are
likely.

To use quantitative IgE information in a clinical setting, a system for highly
precise, reproducible, and accurate determination of the IgE antibody levels is
essential |46]. It has to be emphasized that this approach is not generally applica-
ble and has been well documented with one testing modality (ImmunoCAP) after
very careful standardization |46|. Data from the system that has been used for
developing quantitative probability models attributing the risk of clinical disease
cannot be generalized. Since the IgE results obtained using other test systems may
differ significantly [22,23], prescribing clinicians and testing laboratories need to
be aware of possible differences in the results from different systems |24]|. Similar
results may be obtained using carefully performed skin prick tests with high qual-
ity extracts and precise assessment of the weal size. However, this is unlikely to be
applicable to a general clinical setting, where skin tests are performed on a routine
basis by different operators using a range of different allergen extracts which may
not be standardized |33,47|.
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The natural course of allergy development
(Allergy March)

In many or most allergic children, their symptoms evolve along a particular path
(Allergy March). Symptoms of eczema and wheeze as well as sensitization and
IgE antibody formation to first food and later inhalant allergens may occur early
during this path. These symptoms can evolve from mild eczema and wheeze
into severe conditions. However, on the contrary about half of the children lose
their symptoms when growing older. Although early wheeze is frequently trig-
gered by virus infection, it may also have an allergic component. It has been
noted that two out of five children are sensitized and have sIgE antibodies to
inhalants but only 25-30% of those develop asthma |14,15,48|. Of asthmatics in
general about two out of three asthmatics are sensitized and have sIgE antibod-
ies to inhalant allergens. Furthermore, those having higher sIgE antibody levels
have a higher likelihood of allergic wheeze and asthma developing over time
[14,15,48]|.

A major concern for many patients is to know whether their disease will persist
or resolve. In a young child with wheeze there are several options available for
improving the accuracy of the diagnosis—the clinical history with information
on family history, family smoking habits and other environmental exposures, all
adding a certain level of risk of the diagnosis (see Box 4). Some results have shown
that the persistence of wheeze at age 5 years can be predicted using the sIgE anti-
body levels at age 3 years |33|. For example, 10 kU, /1 of sIgE in the presence of a
positive family history gives a probability of current wheeze of about 90%, cor-
responding to a 30-fold risk. The same 10 kU, /I of sIgE, even with a negative
family history, gives a probability of current wheeze of 65%, corresponding to an
eight-fold increased risk (Fig. 1.2). When evaluating sIgE to allergens in this con-
text, sIgE to food must not be neglected even if the symptom is asthma [49-50].
Together with the patient’s case history, such information would allow the physi-
cian to reveal the likelihood of allergy and exposure to a specific allergen as being
the driver of symptoms and disease. Furthermore, this would allow the physician
to adopt the appropriate therapy accordingly, since it is not likely that a patient
with very low sIgE level to relevant allergens would benefit from allergen-specific
treatment and corticosteroids.

In situations when the allergy is expected to disappear or is already fading
away, sIgE antibody determinations may also be useful |51]. Declining levels of
sIgE antibodies can be taken as a marker of decreased allergen exposure, or of
emerging allergen tolerance. This has been well documented in children with
food allergy, where a high (>30 kU, /1) level of sIgE is seen to slowly decrease
(over more than 12 months) which indicates that tolerance may not be evolving,
whereas a moderate to low value (approx 10 kU, /1), decreasing by more than 75%
in 12 months, is highly predictive of evolving tolerance |51|. Again such informa-
tion is not revealed by tIgE.
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Conclusion

In allergy, clinicians frequently follow a ‘trial and error’ process, by progress-
ing directly from patients presenting signs and symptoms to pharmacotherapy.
Empirical management may result in inadequately controlled symptoms and
repeat office visits, as well as unnecessary referrals and drug use. The addition
of sIgE antibody results improves the accuracy of diagnosis. The goal by using
a sIgE antibody test is to change the probability that a patient has a certain diag-
nosis from the one without using such a test. Thus, allergy testing should be con-
sidered as an adjunct to the clinical history and physical examination similar to
other diseases such as hypercholesterolaemia and diabetes. In these situations all
information from case history, physical examination and diagnostic test results
is evaluated together to guide optimal therapeutic decision-making. However, in
some patients despite an intermediate or high probability of allergy, as assessed
by history and physical examination, the sIgE antibody results may prove to be
negative. In such cases, extensive analysis of the case history and empirical drug
therapy is warranted with further testing for those who do not respond adequately
[16,17,52].

It must also be pointed out that allergic diseases are variable and can change
over time from a sensitized situation without any obvious symptoms, to symp-
toms that may change from eczema to wheeze to rhinitis, the so-called Allergy
March, and sometimes even escape to a symptom-free state.

Generally, all individuals with severe and/or persistent/or recurrent symptoms
like those typically ensuing from allergic reactions should be examined for an
allergic condition and tested for which allergens may be the cause of those symp-
toms [53]. Furthermore, the age of the individual, the family history as well as
the character of the symptoms, including whether they are diurnal and/or occur
during certain periods of the year |53, need to be evaluated during the diagnostic
process and should be taken into account when evaluating the specific IgE anti-
body levels.
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Asthma treatment: introduction and
background

ELIZABETH ERWIN, THOMAS PLATTS-MILLS

1. The increase in asthma has been so great that treatment should reflect or respond
to the causes of the increase.

2. A large proportion of patients with mild, moderate or severe asthma are sensitized

to one or more of the common inhalant allergens.

- ldentification of this sensitization by skin tests or in vitro assays is important for
education as well as treatment.

- Specific treatment with allergen avoidance or immunotherapy is recommended
in the new asthma guidelines.

- Both the prevalence of sensitization and the titre of IgE antibodies to dust mite
and cockroach allergen reflect indoor exposure.

3. Distinguishing different causes of severe asthma such as allergic bronchopulmonary
aspergillosis (ABPA), aspirin triad, vocal cord dysfunction (VCD) or brittle asthma
due to allergen exposure requires specific investigation.

Introduction

In modern western society a large proportion of the population are allergic as
judged by skin tests or in vitro assays. The primary route of exposure is by inhal-
ation of particles through the nose or mouth while the commonest sources of
allergenic proteins are pollens or mould spores outdoors and the major indoor
allergens. Most decisions about the treatment of allergic disease are dependent on
understanding the extent to which allergen exposure contributes to the diseases.
These questions are relevant to rhinitis, atopic dermatitis (AD) and anaphylaxis,
however nowhere has the question been more critical than in understanding the
relevance of allergen-specific treatment in the management of asthma |1-3].

For allergens that have a strict season or a specific location, causality may be
obvious. Thus the seasonal ‘epidemic’ of asthma in Northern California coincides
with the season for rye grass pollination and the patients are predominantly
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allergic to allergens derived from rye grass pollen |4|. Equally, most patients who
develop asthma while working as a baker are found to be allergic to one of the
ingredients of flour and improve when they stop working in this environment |5|.
The causal relationship may also be clear for some patients who are allergic to cat
allergens and develop symptoms of asthma within minutes or hours of entering a
house with an animal. By contrast, the majority of patients who become allergic to
allergens such as dust mites, cockroaches or Alternaria spp. are not aware of any
temporal relationship between exposure and their lung symptoms [6]. This creates
real problems in management both because the relationship of a given exposure
to disease is difficult to establish, but also because it may be difficult to convince
the patients about the need to control exposure.

On a world basis the single most common and probably the most important
source of non-seasonal allergens is the dust mite |7-9|. Thus, it is not surprising
that much of the argument about causality has related to this allergen. This is true
both for arguments about the role of allergen-specific treatment and for under-
standing the relevance of allergen exposure to the increased prevalence and sever-
ity of asthma. Detailed discussion of allergen avoidance and immunotherapy are
included in Chapters 13 and 14. In this chapter we will address:

® Evidence about the role of allergens in asthma.

® The relevance of understanding possible causes of the increase in asthma.
@ The reasons why it is essential to define sensitivity.

® The identification of allergic factors in severe asthma.

Time course of the increase in allergic disease and
asthma

In the UK, allergic disease was first recognized as a problem in 1873 by Charles
Blackley, who focused on hay fever [10]. By 1910 hay fever was sufficiently well
recognized that:

® The island of Heligoland in the North Sea was advertised as a colony for hay
tever sufferers; and

® Noon introduced immunotherapy as a method of moderating the toxic effects
of seasonal pollen [11].

Evidence about the high prevalence of hay fever came from New York in 1935
and 1946, from Bill Frankland’s clinic numbers in the 1950s, and epidemiology in
Michigan in 1955 [12-15]. All these studies precede evidence about the increase in
asthma that was first reported in studies in Birmingham schoolchildren in 1968
compared to 1958 |16]. Since then evidence about asthma prevalence has come from
many different countries and many different types of study. However, most impor-
tant there has been an increase in symptomatic wheezing [17,18|, in the numbers
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of children on treatment or hospitalized for asthma [19,20]. Our own evidence on
African-American children in Charleston, South Carolina showed a 20-fold increase
in asthma admissions over the period 1960 to 1995 [21].

Although the evidence for the increase is clear and the time course has been
consistent in many different countries, the scale of the increase has been very
different. Two reviews ten years apart illustrate the differences in prevalence of
wheezing between countries such as Greece, Spain, Albania and Scandinavia
(1-6%) on the one hand, and New Zealand, Australia, UK and Japan (~20%) on
the other [17,18]. Indeed in many ways the differences between countries are more
impressive than the increase over time. Thus, there are two questions:

® Why has asthma increased?
® Why is the prevalence (and severity) so much higher in some countries?

The hygiene hypothesis in its current form is correctly credited to David Strachan;
however, the idea was suggested earlier |22]. In fact, Charles Blackley, writing in 1873,
pointed out that hay fever was uncommon among individuals working on a farm [10].
Many authors have used the hygiene hypothesis as an explanation for the increase in
asthma |23|. This idea is related conceptually to the protective effect of close contact
with farm animals [24]. However, the primary observation that Strachan built on was
the lower prevalence of rhinitis among children with older siblings, which has not
proved consistent. Most recently a study from Denmark reported the opposite find-
ing that children with older siblings were more likely to have been infected at age
1 month and that these children had an increased prevalence of eosinophilia, elevated
immunoglobulin (Ig)E and wheezing at age 5 years |25]. More troubling for the
hypothesis is the fact that the major changes in hygiene in the USA occurred prior to
1920, i.e. long before the increase in asthma started. Taking New York (or London) as
a model, shoes were universal (~1900), the streets were cleaned (1900-1920), water
supplies were chlorinated (1920) and both helminth infections and malaria had been
eradicated prior to 1920. The disease that increased following these changes was hay
fever, which was epidemic by 1950. Thus it is possible, and indeed likely, that some
elements of hygiene were necessary for the rise of allergic disease but that even with
these changes asthma did not significantly increase until after 1960.

The question can then be rephrased to ask what changes since 1960 could have
influenced the prevalence, persistence and severity of asthma |26]. The list is not
short and includes:

1. Changes in houses in the UK, Australia and New Zealand that could have
improved the environment for dust mites [1,7].

2. Progressive increase in the number of hours that children (and adults) spend
watching television or computer screens |27], resulting in:
@ Increasing obesity in children |28];
® Decreased physical activity and prolonging periods with inadequate expan-

sion of the lungs [29];

® Decreased sunlight with resulting decrease in Vitamin D [30].
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3. Introduction and widespread use of broad-spectrum antibiotics; with conse-
quent changes in gut flora [31].

4. Introduction and widespread use of inhalers to deliver adrenergic agonists:
with clear evidence of harmful effects from isoprenaline (1967), fenoterol
(1978), salmeterol (2005) and formoterol (2006) |32].

At this point itis clear that no simple answer can be given to explain the increase
in asthma. Indeed it is likely that a sequence of different events is involved |26].
However, what is relevant here is that this raises real questions both about proposals
to decrease the prevalence of the disease and also about the optimal management
of symptomatic asthma.

Epidemiological evidence on the role of allergens
in the development of asthma

In cross-sectional studies allergen sensitization is consistently associated with
asthma. Results have come from population-based studies in schoolchildren and
case—control studies |16,33-36/|. These studies have addressed both wheezing in
a community and also acute asthma in an emergency department or hospital. In
addition to evidence about the role of sensitization, these studies have provided
evidence about the role of allergen exposure and viral infections |34,35,37,38|.
Some conclusions are clear but they are age related. Under age 3 years the evidence
from studies on acute asthma or bronchiolitis provides very strong evidence for
the role of viral infections. By contrast, it is not clear that allergic sensitization
is relevant to acute asthma under three years. After age 3 years and increasingly
up through young adults allergen sensitization is very strongly associated with
asthma [39].

Prospective studies have greater power to establish causality, however they
often lack power in relation to acute episodes and they take time! The first study
to enrol children before birth and include measurements of allergen exposure
was carried out in Poole, Dorset between 1979 and 1990 [9]. That study reported
many findings that have been confirmed in subsequent larger studies. In particu-
lar the full association between sensitization and asthma was not apparent until
age 10 years. Perhaps equally significant, those children who had wheezing epi-
sodes before age 5 years but did not have symptoms or bronchial hyper-reactivity
(BHR) at age 10 years were no more allergic than the children who never reported
wheezing |9].

The pattern of early non-allergic or viral-induced wheezing which generally
remits, and persistent (often later onset) asthma related predominantly to indoor
allergens has been clear in each of the long-term studies |40-43|. This was par-
ticularly obvious with the MASS study from Berlin where a report in 2001 sug-
gested that allergen exposure was not an important factor in asthma at age 5 years
[40|. Evaluation of the same cohort at age 10 showed a highly significant effect
of both sensitization and allergen exposure |41]. Similarly, in the Tucson birth
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cohort, the investigators had difficultly seeing an association between sensitiza-
tion and wheezing at age 5 whereas at age 10 years the relevance of sensitization to
Alternaria spp. was clear |43,44|.

Although there are major differences in the relevant allergens in different
cohorts, in general, indoor or perennial allergens have been found to be more
significant than pollens. This was spelt out in several early studies and it was par-
ticularly clear in the Dunedin study. In that cohort Sears carried out multivariate
analysis on the relevance of allergen sensitization at age 11 years |42|. The results
showed that dust mite, cat and Aspergillus sensitization were strongly associated
with asthma. By contrast, although 30% of the children were skin sensitive to grass
pollen, this sensitization was not significantly associated with asthma.

Opver the last ten years in vitro assays for IgE antibodies have developed so that
the quantification is consistently in absolute units |45,46]. Using CAP assays on
sera from New Zealand, it is clear both that the titre of IgE antibodies to mite aller-
gen can be very high and also that IgE antibodies to this specific allergen can make
a major contribution to total serum IgE |47,48|. By contrast, IgE antibodies to cat
or dog allergens are lower in titre and in general do not represent a significant part
of total serum IgE. Our own data suggest that IgE antibody responses to mouse
allergens are also lower titre than mite, cockroach or pollen responses [49].

The implication of the results is that those allergens that induce high titre IgE
antibodies will also increase total IgE. Given the strong correlation between total
IgE and asthma we would argue that those allergens that play the biggest role in
asthma are typically those that increase total IgE.

The cat paradox

Bjorkstén and his colleagues first reported that children raised in a house with a
cat were [ess likely to become sensitized to cat allergens |50]. This finding was such
a profound reversal of our traditional thinking/teaching that many investigators
fought against the idea with an almost religious zeal |51]. However, the data have
developed with results from many different cohorts, and in countries with very
different exposure levels. Our own results on middle schoolchildren in the USA
showed a significant decrease in prevalence of sensitization among those who were
living with exposure over 8jug Fel d 1/g |52|. We added the finding that many of
the children raised with high exposure had made an immune response including
IgG and IgG, antibodies to Fel d 1 without becoming sensitized. We used the term
‘modified Th2 response’ to describe this form of tolerance because expression of
the IgG, isotype is dependent on interleukin (IL)-4 |52,53|. Since then we have
shown that subjects who have IgG, antibodies without IgE antibodies:

1. Have circulating T cells that respond in vitro to produce IL-10 [54].

2. Are not at increased risk of wheezing compared to children who have made no
antibody response to cat allergens |36].

3. Do not have increased levels of total serum IgE |48,55|.
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Dust mite
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N

\\\
! Cat IgG
\\\ \ \ Fig. 2.1 Contrast between

exposure to dust mite
or cat allergens and
the relevant immune
responses

Airborne allergen exposure ng/day

The dashed line indicates the approximate value of 20 ug Fel d 1/g floor dust
or the presence of a cat.

Several elements of the studies on cat exposure have influenced interpretation of
the results. In some studies the effect appears to require more than one animal and
is non-specific. For example, Ownby and colleagues found that a cat and a dog in
the home was associated with decreased sensitization to allergens in general |56].
By contrast, a study initiated by Julian Crane in New Zealand found that a cat in
the house was associated with decreased sensitization to cat but had no effect on
the IgE antibody response to dust mite |47|.

Overall there are several conclusions that are consistent (Fig. 2.1) |57|. The
presence of a cat in the house does not increase the prevalence of sensitiza-
tion to cat allergens and the maximum titres of IgE antibodies to cat are lower
than the maximum titres to dust mite, cockroach or pollen. The reasons for the
different responses to cat allergens are not simple. Exposure to the cat allergen
Fel d 1 occurs in all homes and schools and rises to very high levels in homes with
a cat. However, high titre IgE antibodies is unusual with either high or moderate
exposure. Presumably, cat (and dog) allergens are not very effective in stimulating
responses at low dose possibly because of the limited evolutionary distance (~65
million years) between mammals and primates. At high doses these antigens are
likely to stimulate the production of mature germinal centres where production of
IgG and IgG, B cells is increased but where IgE responses are generally switched
off (Fig. 2.2) |58|. Whether IgG, antibodies play a protective role remains contro-
versial, however a recent report has provided extensive evidence about the struc-
ture of IgG, and the biological role of this isotype |59].

In the early analysis of the MASS study from Berlin it looked as though increas-
ing cat exposure led to increased sensitization [40]. However, the average levels of
Fel d I in houses in Germany were lower than in the USA, UK or New Zealand.
When the minority of children with truly high exposure were analysed separately
it was clear that a significant proportion of these children had become ‘tolerant’
[60]. An important aspect of the ‘paradox’ is that those children living in a house
with a cat who do become sensitized have a high risk of developing symptoms.
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Fig. 2.2 Isotype diversity in the response to low (A) or high (B) allergen exposure (with
permission from |52]).

Thus, the primary effects of high exposure to cats are a decreased prevalence of
sensitization rather than decreased symptoms among allergic children.

Severe asthma in adults

Asthma has traditionally been classified either by severity or as allergic (extrinsic)
or non-allergic (intrinsic) |61,62]. Intrinsic asthma as defined by Rackemann was
characterized as late onset, severe, non-allergic and eosinophilic. However, he
also included the observation that these patients didn’t get better simply because
they were admitted to hospital. In adults, severe disease has several special forms,
which present a challenge for treatment. The obvious examples are ABPA (see
Chapter 3), chronic sinus disease with nasal polyps and aspirin sensitivity (see
Chapter 5) and vocal cord dysfunction (Table 2.1) [63,64|. The correct manage-
ment of these cases is distinct and in many cases the published guidelines on
asthma treatment do not address the issues well. We would include other forms of
asthma that can be severe:

1. Dermatophyte infection and associated sensitivity.

2. Special forms of upper airway dysfunction.

3. Form fruste ABPA or allergic bronchopulmonary mycosis (ABPM) i.e. cases
where there is evidence for colonization of the lungs with fungi but without the
full syndrome of ABPA. Finally, in any discussion of severe asthma in adults we
should include patients who are both allergic and heavily exposed to relevant
allergens in their home [65]. Some of these cases present as persistent severe
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Evaluation of severe or moderate-severe asthma in adults
History/physical examination
@ History of seasonality or exacerbation in relation to exposures such as work, cat or dog

@ Voice changes; sensitivity to chemicals or perfume; rapid changes in symptoms—consider
VCD

® Productive cough and colour of sputum; brown, orange, grey or black sputum suggests fungal
involvement

@ Physical examination for nasal polyps; evidence of fungal or yeast colonization in nails, skin or
throat; skin exam for atopic dermatitis

Evidence of inflammation
@ Eosinophilia =300 eosinophils/cubic mm

® Exhaled NO =20 ppb
@ Sinus CT showing extensive disease (score =12)

Evidence for inhalant or other allergen sensitization
® Symptoms

@ Skin tests

® Serum assays for total IgE and specific IgE antibodies

Productive cough

® Sputum colour, and culture for fungi
® Bronchoscopy; BAL culture

® Lung CT

(or brittle) asthma and the response to a complete change in environment can
be dramatic |8,66|.

The classical definition of intrinsic asthma implied that these cases were idiopathic [61].
However it is not easy to classify patients using a simple intrinsic/extrinsic division.
Cases that really fit the model proposed by Rackemann are not common and indeed
may not have increased over the period when other forms of asthma have increased
dramatically. Some cases of sinus disease with polyps present the full syndrome of intr-
insic disease and can become severe rapidly. In addition, some cases with fungal infec-
tion present as ‘intrinsic’ disease and can become severe |67,68|. By contrast, ABPA is
more often a complication of long-standing allergic asthma. Vocal cord dysfunction in
its pure form presents a very different phenotype with normal peripheral blood eosi-
nophil counts (i.e. <200 eosinophils/mm?), low exhaled nitric oxide (NO), negative
sinus computed tomography (CT) and no evidence of sensitization to inhaled aller-
gens. A guide to evaluating and treating these cases is presented in Tables 2.1 and 2.2.

Relevance to management of asthma

Given the scale of the increase in asthma over the last 50 years, it could be argued
that treatment is unlikely to be successful unless it addresses/reverses the changes



02 Asthma treatment:
introduction and background 29

Subgroups of severe asthma in adults Specific treatment

A. High exposure to allergen in an allergic  Allergic avoidance = allergen Immunotherapy
subject; with or without Rhinovirus
infection

B. Chronic hyperplastic sinusitis
i. With aspirin sensitivity Aspirin desensitization
ii. Without aspirin sensitivity

C. Fungal colonization

i. Allergic bronchopulmonary Oral antifungal treatment;
apergillosis (ABPA) itraconazole, voreconazole.

Other species Curvularia, Candida etc.

Form fruste ABPM, i.e. fungus or
Candida in the lungs without the full
syndrome

ii. Dermatophytosis with associated Topical and oral antifungal treatment; fluconazole
sensitization to fungal allergens.

D. Upper airway or vocal cord dysfunction Local treatment including nebulized Cromolyn, or
lidocaine, speech therapy, Botox injections to vocal
cords, etc

that have caused the increase. However, there is no general consensus about the
causes of the increase. Furthermore, logical approaches to treatment are easier
to propose for some causes than others. Reducing allergen exposure, increasing
exposure to endotoxin in early childhood, or increasing physical activity of chil-
dren are easy in concept but difficult in practice. When we come to other possible
causes of the increase it may be almost impossible to make changes. If prolonged
periods of sitting watching video or computer screens are harmful to the lungs
[27,29,69,70|, it may be very difficult to change this practice. Equally, if the wide-
spread use of adrenergic agonists is an important cause of increased severity it
would require compelling trial evidence to persuade patients not to use relief
inhalers.

Regardless of the specific causes of the increase in asthma, allergen exposure is
an important element both for sensitization and in ongoing inflammation of the
lungs. Thus, decreasing allergen exposure should be an important part of the treat-
ment. However, as pointed out by Dr Custovic in Chapter 14, there are real ques-
tions about the effectiveness of allergen avoidance in routine treatment. We do not
agree with all his conclusions, primarily because we are much less impressed with
the studies that enrol large numbers of patients using an avoidance protocol that
is not consistently effective |71,72|. However, we are biased because we know that
studies in which patients are moved into a low antigen environment have been
consistently effective |18,66,73|. Thus, patients moved to a hospital room or a sana-
torium with low allergen levels experience a dramatic improvement in symptoms,
lung function and bronchial reactivity [8,73,74|. The problem with interpreting
those studies is that in most cases the patients also had a progressive reduction in
the use of beta-adrenergic inhalers and a marked increase in physical activity.
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Conclusions

It is now 20 years since it was generally accepted that asthma is characterized by
widespread inflammation of the bronchi. This finding led inevitably to a focus
on anti-inflammatory agents in treatment. Not surprisingly, the main agents in
use for control of the disease are drugs that are widely anti-inflammatory (i.e.
steroids) or that block specific parts of the inflammatory process, such as theo-
phylline (adenosine antagonist) or the leukotriene antagonists. This understand-
ing has encouraged extensive experimental studies both in man and mice aimed
at understanding the inflammatory process in the lungs. All these experiments
assume that the inflammation is caused by inhalation of foreign proteins into the
lungs of a specifically sensitized individual. In keeping with this the only known
method of inducing bronchial hyper-reactivity in man is bronchial provocation
with allergen in a specifically allergic patient. Similarly, the best established non-
pharmacological approach to decreasing BHR is to decrease allergen exposure
either in a hospital room, in a sanatorium or at home [3,8,66,73,74|. In keeping
with this, the new National Heart, Lung and Blood Institute (NHLBI) guidelines
for asthma management recognize a primary role for allergen-avoidance as well
as allergen-specific immunotherapy (IT) |62].

Defining the sensitivity of patients can be achieved by skin tests or in vitro
assays. The in vitro assays are accurate, highly repeatable and can give results in
the same units that are used for total IgE |45,46|. On the other hand, skin tests are
rapid, and make it possible to react to the results and carry out further tests during
the same visit. Perhaps more importantly, reviewing the results of skin tests can
be an effective method of educating patients about the role of allergens in their
disease. The investigation of some forms of sensitivity is best carried out with skin
tests. The most obvious example is fungal sensitivity where intradermal skin tests
may be necessary and the in vitro results are not as sensitive.

The commonest sensitivity in chronic asthma is to one of the major perennial
allergens such as dust mite, cat, dog, cockroach or Alternaria spp. The importance
of each of these allergens can vary dramatically from community to community
even within one country. In the USA there are areas or cities where each of the
above mentioned allergens is dominant |34-36,75,76|. Apart from emphasizing
the importance of defining sensitivity, the results strongly support the argument
that these exposures are causally related to asthma. However, in addition, there
is good evidence that exposure to some allergens, particularly dust mite or cock-
roach, is at least partially responsible for the high prevalence of asthma in the UK,
New Zealand, Australia, Taiwan, Japan, and the American inner cities |17,18,48].
Defining sensitivity or the risk of sensitivity is also an important part of investigat-
ing cases of asthma that do not respond to routine treatment (Tables 2.1 and 2.2).

The range of treatment approaches for moderate persistent or severe asthma
demands careful investigation. Thus, the decision to carry out aspirin desensitiza-
tion; to use antifungal treatment; to introduce Anti-IgE; or to focus on treatment
of the upper airway requires careful investigation well beyond what is necessary
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for managing mild cases. It is also worth keeping in mind that occasional cases
reflect foreign bodies, benign tumours of the lung, helminth parasitization, fungal
infection away from the lungs or the effects of diet. Thus, it is important to re-
investigate cases if they do not respond to treatment.

Finally, we need to remember that the true cause or causes of the increase in
asthma remain poorly defined. When it seemed likely that changes in homes were
responsible for the increase in the UK, the implications were obvious. However
this is not a convincing explanation for the pattern of increase that has occurred
in most parts of the developed world. If the increase has been driven by changes in
lifestyle or antibiotic use, it may be impossible to reverse these changes. However,
we need to remain aware that there may be other approaches to treatment that
could not only help us to manage patients, but could also help to reverse the cur-

rent high prevalence.
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Fungus (or mould) allergic pulmonary
disease

DAVID DENNING

1. Fungi are ubiquitous and are inhaled daily. Sensitization is common in atopy and
associated with severe asthma, allergic bronchopulmonary mycosis and allergic
fungal sinusitis.

2. Allergic bronchopulmonary aspergillosis is associated with many genetic traits and
responds to antifungal therapy with itraconazole in asthmatics.

3. Severe asthma with fungal sensitization is associated with numerous fungi, and
asthma control and quality of life is improved by antifungal therapy.

4. Several occupational diseases have been associated with fungal exposure including
‘Cheese workers lung', ‘Suberosis’ and ‘Mushroom workers lung'.

Introduction

One of the facts of life is exposure to fungi, via the respiratory tract, gut and skin.
Exposure is high level to airborne fungi, with some seasonal geographical and
local environmental variations. Airborne fungal spore levels may be up to 1000
times higher than pollen levels. A culture-based survey of lung tissue from patients
dying suddenly or undergoing elective surgery showed that >75% of patients har-
bour fungi in their lungs, most commonly Aspergillus spp. |1]. Most gut exposure
is to commensal fungi, such as Candida albicans, but any fungi found on fruit
or vegetables, also pass through the gastrointestinal (GI) tract. Perhaps what is
remarkable is how little disease these organisms do cause, probably a reflection on
genetic characteristics of the host and the relative scarcity of allergenic proteins,
especially on spores or conidia. This chapter explores the relationship between
fungi and man, from the perspective of allergy and sensitization, and lower res-
piratory tract disease. It ignores invasive, saprophytic and chronic infections with
fungi, principally caused by Aspergillus spp.

© Atlas Medical Publishing Ltd
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The nose is a filter for airborne fungi, and what is culturable from the ante-
rior nares is a good indication of local exposure. An extremely large number of
fungi can be cultured from the nose, and it is possible that all are allergenic |2].
However, some fungi are particularly common, including Aspergillus fumigatus
and other species, Alternaria spp., Cladosporium spp., Penicillium spp. and oth-
ers. While Alternaria spp., Cladosporium spp., Penicillium spp. are rare invasive
pathogens, A. fumigatus causes multiple diseases in humans including acute and
subacute invasive aspergillosis, aspergilloma of the lung and maxillary sinus, and
chronic pulmonary aspergillosis |3]. Invasive aspergillosis occurs primarily in
patients who are immunosuppressed with functional T-cell or phagocytic defects
or neutropenia |4|. In contrast, allergic fungal disease affects those with atopy,
who are probably genetically predisposed, although this point requires additional
confirmation. There are several different disease phenotypes associated with fun-
gal allergy, and the principal ones are listed in Table 3.1. Delineation of the differ-
ent phenotypes of fungal allergy of the nose requires additional work, and is not
covered in this chapter.

Respiratory tract allergy associated with fungi

Lung

Allergic bronchopulmonary aspergillosis
Severe asthma with fungal sensitization
Thunderstorm asthma

Occupational asthma, working with fungi
Extrinsic allergic alveolitis

Sinuses
Allergic Aspergillus sinusitis
Eosinophilic fungal rhinosinusitis

Fungi implicated

Table 3.2 shows the common fungi implicated in fungal allergy. This list is far
from exhaustive, and relates to those fungi which have been tested, and does
not exclude the possibility of other fungi being implicated in the future. Most
allergic fungi described are Ascomycetes, rather than Basidiomycetes, possibly
because of the difficulties of preparing pure and reproducible extracts from field
fungi, which are difficult to cultivate in vitro. While some fungi are undoubt-
edly particularly common causes of fungal allergy, the current methodology for
determining sensitivity and allergy is crude and limited by availability of certain
fungal reagents. For example, immunoglobulin (Ig)E RAST tests are available for
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Fungi probably important in respiratory tract allergy

Aspergillus fumigatus (and other aspergilli)
Alternaria alternata

Cladosporium herbarum (and possibly other species)
Penicillium spp. (probably multiple)
Trichophyton interdigitale (mentagrophytes)
Aureobasidium pullulans

Candida albicans

Malassezia furfur (Pityrosporum orbiculare)
Rhodatorula rubra

Epicoccum nigrum

Botrytis cinerea

Helminthosporium halodes

numerous fungi, including Acremonium kilense, Alternaria alternata, A. fumiga-
tus (and other Aspergilli), Aureobasidium pullulans, Botrytis cinerea, C. albicans,
Chaetomium globosum, Cladosporium herbarum, Curvularia lunata, Epicoccum
purpurascens, Fusarium prolifleratum, Helminthosporium halodes, Malassezia
furfur (Pityrosporum orbiculare), Mucor racemosus, Penicillium chrysogenum and
glabrum, Phoma betae, Rhizopus nigricans, Stemphylium herbarum, Trichophyton
interdigitale (mentagrophytes) (and other species), Trichosporon pullulans and
Ulocladium chartarum. Most of the same fungi are prepared as skin tests, but
there are some differences. For example, different Aspergillus species, Exserohilum
rostratum, different species of Fusarium, Neurospora sitophila, Serpula lacrymans
and Sporothrix schenkii are all available as skin tests. It has been demonstrated
that there is a considerable mismatch between skin prick test (SPT) and serum
IgE RAST qualitative results.

There are significant seasonal fluctuations in airborne fungi counts in outside
air. For example, in south Wales, maximal levels of Cladosporium spp. are seen in
July, A. alternata and hyaline basidiospores in August, uredospores in September
and coloured basidiospores in October with similar results elsewhere in northern
Europe. The fungi encountered indoors differ to an extent from those encoun-
tered external to the house.

Allergens

Most allergens are eukaryotic proteins from plant, fungal, animal and mite
sources. Certain cross-reactive allergens are well characterized having both con-
served function and sequence homology (i.e. enolase, thioredoxin, or cyclophy-
lin) |5]. Others are conserved across the fungal kingdom (i.e. some proteases or
glucanases), or are conserved in the fungal and plant kingdom (i.e. flavodoxin).
Some allergens are specific to individual species or genera (i.e. Altal in A. alternata
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and Asp fl in A. fumigatus). About half of all known allergens are common to
most eukaryotes implying that potential cross-reactive allergens are ubiquitous
and plentiful in our environment, especially in vegetables, fruit and both edible
and environmental fungi and fungal products (bread, alcoholic drinks, sauces
etc). However, most proteins found in eukaryotes are not allergens. In A. fumi-
gatus, for example, the recently determined genomic sequence showed that there
are only ~67 allergenic proteins out of an estimated 9900 gene products |6]. The
intrinsic characteristic of an allergen is not known, and only a few crystal struc-
tures of allergens have been published and epitope mapped. As with non-fungal
allergens such as Der p1, Fel d1, many fungal allergens are proteases, suggesting
a direct role in causing tissue damage which could be important in inciting and
perpetuating an allergic response |7|.

Allergic bronchopulmonary aspergillosis (ABPA)

ABPA is characterized by several clinical and immunological responses to A.
fumigatus antigens, which colonize the bronchial tree of genetically predisposed
patients |8]. A. fumigatus grows saprophytically in the bronchial lumen resulting
in persistent bronchial inflammation typically leading to proximal bronchiectasis.
Rarely, other fungi may induce a syndrome similar to ABPA known as allergic
bronchopulmonary mycosis.

Epidemiology
ABPA occurs primarily in adults with asthma and cystic fibrosis, although it is
described occasionally in those without either condition. The frequency of ABPA
is not known but is estimated to be ~1% of the adult asthmatic population referred
to hospital and ~12% of the adult cystic fibrosis population [9,10]. It has a world-
wide distribution, with no well-described locales with very high or low frequen-
cies.

Clinical presentation

Most patients with ABPA present with worsening asthma or pulmonary func-
tion in cystic fibrosis, typically with wheeze. A common clinical feature is major
coughing bouts relieved by coughing up a thick plug of mucus. Sometimes these
plugs resemble the interior of the airways and may be described as spaghetti-like,
slug-like or so large they cause choking. They are usually pale grey, yellow, orange
or brown but are usually thick and may be hard. Once coughed up, some patients
then describe additional thin mucus, which may be green. Some patients do not
describe coughing up plugs at all, but may present with consolidation or atel-
ectasis on chest radiograph or computed tomography (CT) scan, which may be
relieved by suction of thick material on bronchoscopy.

Other less common presentations include fatigue, with almost no pulmonary
features, culture of A. fumigatus from respiratory secretions, chronic persistent
asthma, unresponsive to maximal medical therapy, and positive A. fumigatus
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precipitin or RAST test. A fixed patch of erythema may be present when the dis-
ease is active. Many patients present with the features of bronchiectasis, ABPA
only being uncovered by serology. Many patients also have chronic sinusitis,
often with nasal polyps, a condition known as the sinobronchial allergic myco-
sis (SAM) syndrome.
Diagnosis

The cardinal diagnostic features of ABPA include an elevated total serum IgE,
together with evidence of Aspergillus sensitization as evidenced by positive
Aspergillus precipitating IgG antibody, Aspergillus specific RAST or SPT, culture
of A. fumigatus from respiratory secretions and peripheral eosinophilia (before
starting systemic corticosteroids) (Table 3.3). Common features include prob-

lematic asthma or cystic fibrosis, central bronchiectasis and evidence of episodes
of pulmonary obstruction or pneumonia on chest X-ray.

Criteria for the diagnosis of ABPA and SAFS compared

Criterion ABPA SAFS

Asthma? Usually Always

Cystic fibrosis? In some cases No (not studied)

Mucus plugs Often No

Eosinophilia Usually Often

Aspergillus fumigatus Usually Rare

sputum culture positive

Total serum IgE Always >500, usually <1000 U/l
>1000 1U/1

A. fumigatus precipitins (IgG) Usually Sometimes

detectable

A. fumigatus RAST test or SPT  Almost always Common

positive

C. herbarum RAST or SPT Occasional Common

positive

C. albicans RAST or SPT positive  Occasional Common

A. alternata RAST or SPT

positive Occasional Common

P. chrysogenum RAST or SPT

positive Occasional Common

Trichophyton spp. RAST or SPT

positive Occasional Common

Pathogenesis and genetics

ABPA develops as a result of an aberrant Th2-type response to A. fumigatus |9].
It is marked by remarkable sensitization to certain allergens of A. fumigatus.
Development of allergy to A. fumigatus depends on the mode and frequency
of exposure and typically occurs in combination with other aeroallergens. In
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susceptible atopic individuals fungal spores and hyphal fragments lead to the
production of specific IgE. Exposure to allergens of A. fumigatus triggers an IgE
and/or eosinophil-mediated allergic inflammatory response in the bronchi.

Various human leukocyte antigen (HLA) Class II genotypes confer either sus-
ceptibility of protection from ABPA, including DQ2 being protective. Several sin-
gle nucleotide gene polymorphisms confer increased risk including being a cystic
fibrosis carrier, higher interleukin (IL)-10, IL-13, IL-15 and IL-4 activity (via an
alteration in IL-4 receptors), low tumour necrosis factor alpha (TNFa) produc-
tion and a defect in surfactant A2 function but not mannose binding protein
activity [11,12].

Treatment and outcome

Exacerbations of ABPA are best treated with a course of oral steroids such as
10 days of 40 mg prednisolone or prednisone. Aside from treating asthma itself,
it is now absolutely clear that many patients derive benefit from itraconazole
treatment (200 mg twice daily initially) [13,14|. Therapeutic drug monitoring is
advised for itraconazole to optimize exposure to itraconazole, which may require
switching between capsules and oral solution, and sometimes raising or lowering
the dose. Productive patients appear to benefit most, perhaps because there is a
reduction in mucus production with the reduction in immune stimulation. There
may be an apparent deterioration in the first week or two of therapy, as large
amounts of mucus are coughed up, with subsequent improvement. The duration
of itraconazole therapy is not clear, but should not be less than 6 months, in those
who tolerate it, and may be extended safely, with benefit, for years.

Some patients have such thick tenacious mucus plugs that therapeutic bron-
choscopy may be required. Physiotherapy is also of value. In patients with per-
sistent symptoms, despite itraconazole therapy, nebulized hypertonic saline (5 ml
7% NaCl once or twice daily after challenge to ensure they don’t get significant
bronchospasm) may be of value.

In cystic fibrosis patients the impact of antifungal therapy is generally less
marked [9]. Absorption of itraconazole is highly variable from one patient to
another, and often itraconazole oral solution is better. Sufficient serum con-
centrations do not predict adequate sputum concentrations. If the response
is poor, usage of an alternative agent such as voriconazole may be appropriate.
Voriconazole also has variable kinetics and it is wise to monitor concentrations to
ensure adequate exposure, at least in blood.

Bronchiectasis is a common sequel of ABPA. Sometimes patients do better
with long-term macrolide treatment (i.e. azithromycin), if they are highly symp-
tomatic, but this should not be used lightly, and should be started with ‘cleaned
out airways’ after alternative antibiotics to prevent immediate acquisition of
organisms with macrolide resistance.

Some patients with ABPA develop chronic cavitary pulmonary aspergillo-
sis |15]. These patients should be managed with long-term antifungal therapy.
Others get pulmonary fibrosis, but the precise frequency and cause of this com-
plication is not clear.
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Severe asthma with fungal sensitisation

Asthma is common affecting ~7% of the US population (~17.5m) and a propor-
tional number in the UK (~5m). Most asthma patients have sufficient respira-
tory symptoms to limit their activities and are dissatisfied with their lifestyles,
indicating that they feel that their disease is not treated very effectively. Probably
about 20% of asthmatics suffer from severe asthma, and roughly 50% of these
patients are at the very severe end of the spectrum, utilizing about 70% of the total
resource expended on asthma. Worldwide, it is estimated that ~100000 people
die of asthma annually, especiallyin high-risk inner city populations. Many of the
worst affected are also sensitized to fungi [16,17], and so the term severe asthma
with fungal sensitization (SAFS) was introduced to describe this particular phe-
notype of severe asthma |18]. A case of SAFS is defined by:

® Severe asthma (i.e. British Thoracic Society step 4 or worse) |18].
® Exclusion of ABPA (i.e. total IgE <1000 IU/ml).
® Evidence of sensitization to one or more fungi, by skin prick test or RAST test.

By utilizing this terminology, both improved diagnostics and directed treatment
become possible, although the concept and diagnostic criteria could change as
more is understood. Based on limited epidemiological work, around 4-8% of
adult asthmatics have SAFS.

Clinical features

Patients with SAFS have troublesome asthma. All described patients are adults
and may be male or female, with a mean age at diagnosis of ~50 years with a wide
spectrum. Their pulmonary function measured by forced expiratory volume in
one second (FEV ) or peak flow varies from 20-120% predicted, depending on
how well their disease is controlled. Many have significant nasal symptoms with
runny nose, sneezing and hay fever-like symptoms. They do not produce plugs
of sputum, as ABPA patients do, although CT scans may show some mucus in
airways. Eosinophilia is common. Most are completely dependent on high-dose
inhaled corticosteroids, with intermittent courses of oral steroids required for
exacerbations, and some are on continuous oral steroids.

Persistent asthma typically leads to deterioration in pulmonary function over
time often characterized as chronic obstructive pulmonary disease.

Diagnosis
Patients with SAFS have severe asthma as defined by the British Thoracic Society
[19] and evidence of sensitization to one or more fungi. Sensitization can be
determined with SPT or RAST tests (Table 3.3). While some patients are sensi-
tized to many fungi, the majority only react to one or two fungi. The common-
est fungi that patients are sensitized to are A. fumigatus and C. albicans, with
A. alternata, Trichopyton spp., C. herbarum, P. chrysogenum and B. cinerea. SPT
results are often not concordant with RAST results. RAST titres (to A. fumigatus)
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are much lower than titres in patients with ABPA. Patients have total serum
IgE values below 10001U/ml, and often close to or in the normal range. Some
patients (~25%) have weakly positive A. fumigatus IgG antibody titres or precip-
itins detectable.

Pathogenesis and genetics

Sensitization and/or exposure to mould allergens are clearly associated with
asthma severity |16-18]. For example, a recent cross-sectional study published in
the British Medical Journal in 2002 of 1132 adults with asthma found that sen-
sitization to Alternaria spp. or Cladosporium spp. is strongly associated with
severe asthma (odds ratio of 3.2 for Cladosporium) in Europe and Australia, New
Zealand and in Oregon, USA |20|. No such association was found for pollens
or cats. Eight published studies showed that fungal sensitivity is associated with
increased asthma severity, hospital admission and intensive care admissions in
adults and with increased bronchial reactivity in children [18]. Skin reactivity to
fungal allergens such as Alternaria spp. has been reported to be especially com-
mon in patients with life-threatening asthma.

High fungal spore concentrations in outdoor air are associated with admission
to hospital and asthma severity. There is a strong temporal relationship between
high environmental spore counts and asthmatic attacks. For example, asthma
deaths, emergency room attendance, hospital admission rates, and wheezing and
cough are more likely to occur on days when local mould spore counts are high,
in both adults and children. Asthma deaths and admissions in young adults and
children in the UK coincide with the summer—autumn peak of ambient mould
spores.

In addition to outside air exposure, considerable evidence supports an associ-
ation between asthma severity and indoor mould exposure. Respiratory symp-
toms are more commonly reported in damp and/or mouldy houses. Numerous
population-based studies have reported one or more positive associations
between indoor fungal exposure levels and health outcomes. There are weak
associations between measured dampness and respiratory symptoms. A Scottish
study reported that asthmatic patients were more than twice as likely as control
patients to live in a house that was considered damp or mouldy by a building
surveyor. Rising indoor exposure to Cladosporium significantly increased the risk
of an asthma attack. All these features are consistent with asthma severity being
determined partly by continuous, or intermittent exposure to airborne fungi.

Treatment and outcome

Patients with SAFS are highly experienced asthmatic patients, usually on multi-
ple medications. Long-term inhaled and frequent courses of oral corticosteroids
usually control patients’ worst symptoms, but at the long-term cost of well-known
adverse events. These patients are usually already taking short- or long-acting
beta 2 agonists, with some benefit. Many are also taking leukotriene antago-
nists. Antifungal therapy with itraconazole (200 mg twice daily) is beneficial in
having a major effect on pulmonary and nasal symptoms |21]. Therapeutic drug
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monitoring is advised for itraconazole to optimize exposure to itraconazole,
which may require switching between capsules and oral solution, and some-
times raising or lowering the dose. Fluconazole may be beneficial in those sensi-
tized to Trichophyton spp. |22]. The duration of antifungal therapy is uncertain.
Omalizumab, anti-IgE therapy, has not been studied in SAFS specifically.

Thunderstorm asthma

There is also an association between high spore counts, thunderstorms and severe
asthma attacks, so called ‘thunderstorm asthma’, first noted in 1985 |23|. The
hypothesis is that increased humidity coupled with high winds triggers increased
spore release and dissemination. Some outbreaks have implicated grass pollen,
but not measured fungal spores. However, several allergens are common to fungi
and grasses, so it could be a mutually synergistic effect. Several fungi have been
implicated including Didymella exitialis, Sporobolomyces and Alternaria |124|. No
long-term follow-up on affected patients has been reported to indicate what action
to take or the outcome after the acute attack is over. Only conventional therapy
has been used in these episodes, not antifungal therapy, presumably because there
is no immediate means of establishing the diagnosis with certainty.

Occupational asthma and extrinsic allergic alveolitis
caused by fungi

Numerous examples of extrinsic allergic alveolitis (EAA) (hypersensitivity
pneumonitis or more correctly bronchioloalveolitis) 125,26 caused by fungi are
described (Table 3.4). While most cases of EAA are related to bacterial exposure,
some other occupational pulmonary problems such as ‘grain fever’ or ‘organic dust
syndrome’ have a fungal component to them. A ‘pure’ cause and effect relationship
with any specific agent can be difficult to define. Whilst the occupational causes
of the EAA are many and varied, there are a few reports of occupational asthma
caused by fungi, and unusual environmental fungi at that. Occupational asthma
is under-diagnosed and any (fungal) exposure is often obscure, suggesting that
these few examples represent a more common problem than is realized. A well-
documented example includes an outbreak among workers producing citric acid
from Aspergillus niger in which many of the symptomatic workers had skin-prick
positivity to Aspergillus [27]. Other case examples include:

® Asthmainamushroom worker with no evidence of alveolitis, but with immuno-
logical (IgE and IgG) reactivity to the spores of Pleurotus cornucopiae.

® Occupational asthma confirmed in 2 women working in condom manufacture
where Lycopodium clavatum was used as a dusting agent.

® A research microbiologist developed occupational asthma with specific IgE
antibodies, while working with the slime mould, Dictyostelium discoideum.
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Well-described allergic extrinsic bronchioloalveolitis caused by fungi

Disease name Fungus implicated Process

Farmer’s lung Penicillium brevicompactum/ Turning or storing damp hay,
olivicolor opening bales for feeding live-

stock, threshing mouldy grain

Mushroom worker’s lung Agaricus bisporus, Pleurotus Exposure in spawning sheds
osteatus, Lentinus edodes

Malt worker’s lung Aspergillus clavatus Handling grain

Suberosis Penicillium frequentans Storage of hot damp cork

Maple bark stripper’s lung Cryptospora corticale Stripping bark from logs

Sequoiosis Aureobasidium pullulans Damp saw mill dust

Wood pulp worker’s lung Alternaria species Pulping contaminated wood

Wine grower’s lung Botrytis cinerea Mould contamination

Cheese worker's lung Penicillium casei/roqueforte Cleaning mould off cheese

Tobacco worker’s lung Aspergillus fumigatus Handling contaminated tobacco

® A coal miner in a mine contaminated with Rhizopus nigricans developed occu-
pational asthma with specific IgE antibodies to the organism.

® A plywood factory worker whose case was confirmed by specific challenge to a
Neurospora species, which was isolated in the air. The individual was IgE RAST
positive and skin positive to this organism.

® An orchid grower developed sensitivity to Cryptostroma corticale, found in the
wood chips used in cultivating the orchids.

There are no data published as to whether antifungal therapy is of any value for
either EAA or occupational asthma related to fungi. Generally avoidance is rec-
ommended, but for some patients this has significant economic consequences.

Conclusion

There are considerable data indicating that particular genetic factors provide the
seedbed for disease related to fungal exposure, which is especially true for ABPA.
Different genetic factors are likely to be contributory for SAFS, EAA and other dis-
ease entities related to fungal exposure. Numerous fungi are implicated, suggest-
ing that some common allergens may be implicated, although certain individuals
may be sensitized to only one fungus or allergen. Current diagnostic approaches
are fairly crude and narrow in scope, especially as patients with SAFS may have
relatively normal total IgE concentrations, and negative RAST or negative SPT
tests. The role of antifungal therapy, as a component of the total care package
delivered, requires further study, but data showing considerable improvement are
convincing for ABPA and SAFS.
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Managing rhinitis

GLENIS SCADDING

1. Rhinitis is often the first manifestation of allergy in the teenager or young adult.

2. Rhinitis is classified into mild or moderate to severe depending on whether the
symptoms interfere with quality of life, and into intermittent or persistent depend-
ing on the time course.

3. Allergic rhinitis is much more that sneezing, rhinorrhoea and nasal obstruction;
it is associated with poor quality sleep, problems with academic performance and
behaviour, and a detrimental effect on examination performance in teenagers.

4. The diagnosis of allergic rhinitis is based upon a typical history of allergic symptoms
and diagnostic tests that demonstrate the presence of allergen-specific IgE.

5. The majority of asthmatic patients have rhinitis; the presence of allergic rhinitis in
such patients may exacerbate asthma, and appropriate treatment of rhinitis may
facilitate better asthma control.

Introduction

Our noses are the gatekeepers of our airways. The nose is responsible for filtering,
warming and humidifying 10000 litres of air daily. Nasal functions also include
olfaction and immune defence. The adjacent sinuses are probably needed for skull
lightening, vocal resonance and production of nitric oxide at microbicidal levels.

Rhinitis is frequently disregarded by clinicians. This is a mistake since not only
are the symptoms of running, blocking, itching and sneezing of importance to
many patients, they can sometimes be so severe as to prevent normal work or
school attendance. Quality of life is considerably reduced by rhinitis, even more
so by rhinosinusitis, which has effects comparable to those of angina or severe
arthritis |1].

Rhinitis is often the first manifestation of allergy in the teenager or young adult.
This may progress to persistent symptoms with resultant nasal congestion which

© Atlas Medical Publishing Ltd



48

Is it

PART Il Allergic airway disease

impacts on adjacent structures such as the sinuses, throat, middle ear and lower res-
piratory tract |2|. Rhinitis, both allergic and non-allergic is a risk factor for the devel-
opment of asthma with an odds ratio of 3 |3]. It is also implicated in otitis media
with effusion in childhood [4| and in sinusitis |5], which should rightly be termed
rhinosinusitis since sinus inflammation occurring other than via the nose is a rarity.
More recently there has been recognition that rhinitis results in poor quality sleep
and in consequent problems with academic performance and behaviour |6|.

Therefore it is worth taking rhinitis seriously and managing it well. This
demands close co-operation with the patient and, if the patient is a child, their
parents or carers.

Recently, synergy has been demonstrated between allergy and infection in chil-
dren with asthma. Asthmatic children who get a rhinoviral cold are 20 times more
likely to be hospitalized if they are allergic and exposed to their relevant allergen
[7]. This phenomenon is probably also operative in otitis media with effusion and
rhinosinusitis. Allergic children have been shown to have more infections and
more problems with those infections. Adequate treatment of the underlying aller-
gic disease helps to diminish these problems.

rhinitis?

The clinical definition of rhinitis is of nasal running, sneezing and itching and
blocking. The Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines [8|
classify rhinitis into mild or moderate to severe depending on whether these
symptoms interfere with quality of life and into intermittent or persistent depend-
ing on the time course (Table 4.1).

Classification of allergic rhinitis according to ARIA (with permission
from |s])
1. ‘Intermittent’ means that the symptoms are present
<4 days a week
Or for <4 consecutive weeks
2. 'Persistent’ means that the symptoms are present
More than 4 days a week
And for >4 consecutive weeks
3. ‘Mild’ means that none of the following items are present:
Sleep disturbance
Impairment of daily activities, leisure and/or sport
Impairment of school or work
Symptoms present but not troublesome
4. 'Moderate/severe’ means that one or more of the following items are present:
Sleep disturbance
Impairment of daily activities, leisure and/or sport
Impairment of school or work
Troublesome symptoms
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Rhinitis has several underlying causes, which can be grouped into three cate-
gories—allergic, infective and other |8|. Allergic rhinitis is remarkably common
affecting some 25% of the population. In children, recurrent viral colds are the
major differential diagnosis. These are not usually accompanied by significant
itching or conjunctivitis. Other less common differential diagnoses are primary
ciliary dyskinesia |9] (which involves continual unremitting rhinorrhoea present
since birth, usually together with a wet cough) and, in adults, cerebrospinal fluid
(CSF) rhinorrhoea which is predominantly unilateral, increases on bending for-
wards and in which condition nasal fluid tests positive for beta transferrin. Nasal
obstruction in children can be caused by structural problems such as choanal
atresia, encephalocoeles and meningocoeles or by nasal polyps, which should
elicit tests for cystic fibrosis [10].

The diagnosis of an allergic form of rhinitis rests on taking an adequate detailed
history and supplementing this by examination and, if necessary, specific allergy
tests.

History

The history should include the areas noted in Table 4.2. The timing of symptoms
in relation to possible allergen exposure is of primary relevance. A questionnaire
is helpful in that it allows the patient and family to focus their attention on the
disorder and possible causes.

Allergic triggers for rhinitis

Trigger types  Origin/specific example of Type of rhinitis caused
trigger
Mites House dust mite, storage mite Main causes of perennial rhinitis
allergen in mite faecal pellets
Pollens Trees, grasses, shrubs, weeds Main causes of seasonal rhinitis
Cross-reactivity among pollens
Animals Cats, dogs, horses Allergen in sebaceous glands and saliva
Mice, rats Allergen mainly in urine
Moulds Cladosporium, Alternaria, Seasonal and/or perennial symptoms
Asperqgillus
Occupation- Flour, latex, laboratory animals, Reversible with early diagnosis and
induced wood dust, enzymes, other air- avoidance but becomes chronic and
borne proteins irreversible if the exposure is prolonged
May progress to asthma. Diagnosis based
on symptom diary cards and provocation
tests
Occupation- Smoke, cold air, formaldehyde, Pre-existing rhinitis can be aggravated by
aggravated sulphur dioxide, ammonia, glues, work-place irritants

solvents etc

Nasal and palatal itch together with sneezing suggest an allergic cause. If this
is seasonal then pollens or mould spores are likely causes, if occurring mainly
at home then house dust mite, pets or mould could be causative. Symptoms
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occurring at work usually relate to occupational allergens such as latex, wheat
flour, animal allergens etc. Remission of these symptoms on holiday suggests an
environmental cause.

Rhinorrhoea can be anterior or can occur predominantly into the nasopharynx
as a post-nasal drip. If clear then infection is unlikely. Thick yellow secretions can
be caused by allergy with eosinophilic infiltration and do not necessarily repre-
sent infection. When secretions are green there are usually neutrophils involved
and an underlying infection is likely, although this may be complicating an aller-
gic diaphysis. Blood stained secretions if unilateral should suggest ENT referral
for investigation of tumour or possibly foreign body, these can however also be
caused by misapplication of nasal sprays on to the septum or nose picking. Severe
bilateral crusting and bleeding suggests an underlying granulomatous disorder or
bleeding diathesis, cocaine use or extensive nasal picking.

Nasal obstruction, if unilateral, is often related to septal deviation but can also
be caused by foreign bodies, especially in childhood, antrochoanal polyps and
various tumours. Unilateral choanal atresia can also occur. Bilateral obstruction
is most likely due to nasal polyposis or significant rhinitis. Obstruction that alter-
nates from nostril to nostril over several hours occurs when a degree of nasal con-
gestion reveals the normal nasal cycle.

Olfaction is important as the original brain was a smell brain and there is
still remarkable radiation of impulses from the olfactory receptors around the
brain, particularly to the limbic areas, which relate to memory. Hyposmia can
occur with almost any form of rhinitis. Complete persistent anosmia has mul-
tiple other causes including anterior cranial fossa tumours and endocrine dys-
function. Patients should be referred for investigation. Hyposmia may also be the
initial presentation of neurodegenerative diseases such as Parkinson’s disease or
Alzheimer’s dementia.

Pain alone is almost never due to allergy or to any form of rhinosinusitis. It
can, if accompanied by discharge and poor sense of smell accompany an infect-
ive rhinosinusitis. Bilateral symmetrical symptoms of pressure around the nasal
bridge without any other symptoms are regarded as mid-facial segment pain and
are a version of tension headache [11].

Conjunctivitis usually occurs in association with seasonal allergic rhinitis, but
can be a feature of perennial rhinitis.

Concomitant symptoms from other areas of the respiratory tract should be
sought. These include snoring, sleep problems, vocal difficulties, hearing prob-
lems. Some patients may reveal food reactions to fresh fruits and vegetables in
association with seasonal allergic rhinitis. This is the oral allergy syndrome and
is caused by ingestion of food antigens that cross-react with those of pollen. The
foods are often tolerated if cooked, since a major cross-reacting allergen (profil-
ing) is heat labile |12].

Disorders of the lower respiratory tract are common in patients with rhinitis,
especially in those with more severe rhinosinusitis. A history of cough, wheeze,
shortness of breath, sputum production and haemoptysis should therefore be
sought.
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A family history of atopy, seasonal rhinitis or asthma makes a diagnosis of
allergic rhinitis more likely.

A detailed social history is needed to look for possible allergens. Inhalant aller-
gens are frequently involved, but food ones rarely. Exceptions are the oral allergy
related ones, gustatory rhinitis which is probably neurological rather than aller-
gic, non-IgE mediated symptom exacerbation by aspirin-related foodstuffs such
as preservatives, E numbers, alcohol, spices, herbs and dried fruit and in small chil-
dren with skin and /or gut allergies IgE mediated reactions to milk, eggs, soya etc.

A drug history should be taken looking both for drugs as a cause of rhinitis
(alpha blockers, other antihypertensives, overuse of topical sympathomimetics,
aspirin, non-steroidal anti-inflammatory drugs [NSAIDs]) and also for rhinitis
therapies which have been tried. It is important to ask how these were used and
for how long since many patients will have tried a nasal spray briefly and ineptly.

Examination

Tests

A brief external visual assessment may provide clues to the diagnosis of rhinitis. A
horizontal crease (allergic crease) is produced by constant rubbing of the nose (the
allergic salute), which may itself be seen. Other significant abnormalities include
the widened nasal bridge due to polyposis, depression of the nasal bridge, which
can occur post-operatively or be caused by Wegener’s granulomatosis or misuse
of cocaine. A purple tip to the nose is seen in sarcoidosis (lupus pernio). The facies
may be those of hypothyroidism, which is a cause of nasal obstruction.

Internal nasal examination can be achieved with a head mirror and Thudichum’s
speculum, but is more simply done with an otoscope. In specialist clinics the nasen-
doscope is more likely to be used and gives better quality information especially at
middle turbinate level. Chest physicians may use fibre optic bronchoscopes via the
nose and these can provide adequate nasal information.

The turbinate appearance should be noted. These may be hypertrophied, pale
and wet in allergy. Any secretions present, plus their colour and consistency
should be described together with the presence of any nasal polyps. Large polyps
can be distinguished from inferior turbinate by their lack of sensitivity, yellowish
grey colour and the fact that it is possible to separate them from the sidewall of the
nose. Any deviation of the septum can contribute to obstruction, particularly as
there is often compensatory hypertrophy of the opposite turbinate.

Crusting and granulations raise the possibility of a granulomatous disease such
as Wegener’s or sarcoidosis. A septal perforation is most commonly caused by pre-
vious surgery but can be due to regular use of vasoconstrictors such as cocaine or a
vasculitis. Extensive nose picking and possible steroid sprays are much rarer causes.

Skin prick tests should be carried out routinely to determine if the rhinitis is allergic
or non-allergic. These need interpretation in the light of the clinical history, since
some 15% of people with positive skin prick tests do not develop symptoms on
exposure to the relevant allergens. They are however sensitized, and are at risk of
doing so at some point in the future. Skin prick tests have a high negative predictive
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value. Care must be taken if the patient has been taking antihistamines, tricyclic
antidepressants or topical corticosteroids all of which can suppress the skin prick
test results. Care must also be taken in patients with a history of anaphylaxis, and
skin prick tests in such patients are inadvisable outside specialist clinics [13].

Specific IgE in serum may be requested if skin tests are not possible or when
skin tests together with a history give equivocal results. Skin prick tests are more
sensitive to inhalants such as cat, mould and grass pollen. Currently available skin
prick tests and immunoassays show similar sensitivity to house dust mite.

Other tests may be necessary in order to establish a putative diagnosis or to
assess the patency of the nasal airway.

The tests used to diagnose IgE-mediated allergy are outlined in Figure 4.1 (for
further details, see Chapter 1).

Treatment of rhinitis

Figure 4.2 shows an algorithm for the treatment of allergic rhinitis. Grades of rec-
ommendations of various interventions are given in Table 4.3.

Education

In any chronic disorder where the patient needs to take prolonged measures and
therapy, adequate education about the disease itself, the measures to be taken, the
nature, mode of application and safety of the treatment is vital in order to achieve
concordance. Standardized allergy education has been shown to improve disease-
specific quality of life. It is also important to educate patients about the possible
complications and comorbid associations of rhinitis together with their recogni-
tion and possible treatments.

Allergen avoidance

If adequate, then this is remarkably effective: hay fever patients are not symptomatic
outside the hay fever season. Avoidance has shown clear benefit in domestic pet,
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Fig. 4.2 Rhinitis management (with permission from [8]).

horse, laboratory animals and latex allergy. Trials of house dust mite avoidance have
proved negative |14,15]; however, no high quality trial has used a variety of measures
to reduce all domestic allergens (for details, see Chapter 14). A recent brief open study
using carpet removal, decluttering, pet removal and extensive superheated steam
cleaning followed by repeated domestic cleaning showed significant improvement
in 10 children with allergic rhinitis and asthma over 2 months. A properly controlled
prospective trial is needed. Nasal air filters have been shown to be useful in seasonal
allergic rhinitis, but increase nasal obstruction and can be uncomfortable.

[rritant avoidance

Many rhinitic patients exhibit nasal (and bronchial) hypereactivity to irritants
such as smoke, perfume, dust, pollutants and temperature change. Avoidance of
these is likely to cause a reduction in symptoms.
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Level of evidence for different interventions in allergic rhinitis (with

permission from |g|)

Intervention Seasonal rhinitis

Adults

H,-antihistamine
Oral
Intranasal
Intraocular

Glucocorticosteroid
Intranasal
Oral
IM

Cromones
Intranasal
Intraocular

NAAGA (topical)

Antileukotriene

Decongestant

Intranasal
Oral

Oral + H,-antihistamine
Anticholinergic
Homeopathy
Acupuncture
Phytotherapy
Other CAM

Specific immunotherapy: rhinoconjunctivitis

Subcutaneous
Sublingual#
Intranasal+
Specific immunotherapy: asthma
Subcutaneous

Sublingual#

Anti-IgE

>

D
D
B
D
A

A
A

Children

A over
6 years

o © O O

>

A

A

A over
12 years

Perennial rhinitis Persistent
(mostly applies for rhinitis®
studies =4 weeks)*
Adults Children
A
No data
No data
A A No data
No data
B B No data
A B No data
B B No data
C C No data
No data
C C No data
No data
B B No data
A A No data
D D No data
D D No data
D D No data
D D No data
A A No data
No data
No data
A
A
B Nows
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(continued)

Intervention Seasonal rhinitis Perennial rhinitis Persistent
(mostly applies for rhinitis®
studies =4 weeks)*

Adults Children Adults Children
Allergen avoidance
House dust mites D D D D No data
Other indoor allergens D D D D No data
Total avoidance of A (for d
occupational agent asthma) No data
Partial avoidance of B No data

latex
* Very few studies longer than 4 weeks.
1 Applies to treatments only carried out in studies with persistent rhinitis.

¥ Applies to high-dose treatment.

Nasal douching

A recent review suggests that douching is effective in rhinitis and rhinosinusitis
[16]. It reduces symptoms in children and adults with seasonal rhinitis and is
safe and inexpensive. Isotonic saline solutions are usually used. Hypertonic solu-
tions can disrupt thick mucus more effectively but are more irritating to the nasal
mucosa. Nasal douching may also be helpful in primary ciliary dyskinesia.

Topical corticosteroids

Topical corticosteroids are the treatment of choice for anything more than mild
rhinitis and have been shown by meta-analysis to be superior to antihistamines in
controlling rhinitis symptoms [17]. They act by suppressing inflammation at mul-
tiple points in the inflammatory cascade. They reduce rhinitis symptoms by about
50% with a variable effect on associated allergic conjunctivitis. They are effective
both in allergic and some forms of non-allergic rhinitis.

Patients need to be warned that the clinical effects may not be apparent for sev-
eral days and that regular repeated use is necessary. Treatment should be started
some 2 weeks prior to a known allergen season as this delays the onset of symp-
toms and improves efficacy.

The first generation of topical corticosteroids (betamethasone, dexamethasone)
are significantly absorbed and are not suitable for long-term use. There is mod-
erate absorption from molecules such as beclomethasone and budesonide. The
former has been shown to decrease childhood growth if used twice daily. Systemic
absorption is negligible with mometasone and fluticasone both of which have
been shown to be safe used once daily in children over a 1-year period |18,19|.
Concomitant treatment with CYP3A inhibitors such as itraconazole or ritonavir
may increase the systemic bioavailability of intranasal corticosteroids.
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« B

Fig. 4.3 Use of nasal sprays. A. Correct: the opposite hand is used to spray towards the lateral wall
of the nose. The spray should not be sniffed hard back but should be allowed to remain in the nose
where mucociliary clearance will spread it slowly over the lining and back towards the back of the
throat over 10-20 minutes after which it is swallowed. B. Incorrect: using the ipsilateral hand and
pushing the opposite side of the nose allows the spray to land on the nasal septum which is likely to
become sore and may bleed.

Side-effects of local nasal irritation, sore throat and minor epistaxis occur in
about 1 in 10 users. These can be minimised by correct use (Figure 4.3). Septal per-
foration is an extremely rare complication. Care is needed if patients with glaucoma
are treated and eyeball pressure monitoring should be frequent and regular.

Nasal drops are preferable for nasal polyposis and probably also for chronic
rhinosinusitis |20|. These are used in the ‘head upside down position’ in order to
reach the osteomeatal complex at which the sinuses drain. Care should be taken
in children who may be receiving corticosteroids at three sites: nose, lung and
skin for rhinitis, asthma and eczema. Childhood growth, which is very sensitive to
corticosteroids, should be monitored.

Systemic glucocorticosteroids

These are rarely indicated for rhinitis except if nasal obstruction is very severe or
as short-term rescue for uncontrolled symptoms of seasonal rhinitis at important
times. They should always be used briefly and in combination with a topical nasal
corticosteroid. A suggested regime for adults is 0.5mg per kg orally in the morn-
ing with food for 5 days.

Injectable corticosteroids

These are not recommended, as the risk benefit profile is poor compared to other
available treatments. Injection of the inferior turbinate with corticosteroid has
resulted in blindness and is therefore not recommended.
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Antihistamines

Antihistamines reduce total nasal symptom scores by a mean of 30% compared to
placebo and are predominantly effective on neurally mediated symptoms such as
itching, sneezing and running. They are useful alone in mild to moderate rhinitis
and are also of benefit when added to topical corticosteroids in moderate to severe
rhinitis, if steroids alone fail to control the symptoms.

Given orally they improve allergic symptoms at sites other than the nose, e.g.
conjunctiva, palate, skin and lower airways.

A Cochrane meta-analysis shows that they cause a small improvement in nasal
obstruction [21]. This may be more marked in the recent molecules (deslorata-
dine, fexofenadine, cetirizine and levocetirizine).

Antihistamines, like topical nasal corticosteroids have been shown to signifi-
cantly improve quality of life in rhinitis and to be cost-effective |22,23].

Side-effects

First-generation antihistamines cause sedation and psychomotor retardation and
are associated with a decrease in academic performance so are not suitable for
rhinitis therapy |24,25|. Second-generation antihistamines are less sedating with
fexofenadine having the least sedative effects. Terfenadine and astemizole were
found to prolong the cardiac QT interval if higher doses were used or if hepatic
metabolism was competitively inhibited by other drugs. The presently avail-
able second-generation antihistamines (acrivastine, cetirizine, desloratadine,
fexofenadine, levocetirizine, loratadine, mizolastine) do not cause significant QT
prolongation at normal therapeutic doses and do not have any major significant
drug interactions. Some patients are hypersensitive to antihistamines and this is
usually a problem with the whole class of drugs.

Topical nasal antihistamines

These have therapeutic effects similar, or slightly superior, to those of oral anti-
histamines in the nose but do not improve symptoms at other sites. They have the
advantage of fast onset of action, usually within 15 min (the fastest oral antihis-
tamine levocetirizine takes around 30 min). Topical antihistamines are therefore
useful as rescue therapy but may also help in non-allergic rhinitis.

Side-effects
Local irritation and taste disturbances with azelastine are the major problems
encountered. Their place in therapy is similar to that of the oral antihistamines.

Antileukotrienes

These are of two kinds, receptor antagonists (LTRAs, e.g. montelukast and zafirlu-
kast) and synthesis inhibitors (e.g. zileuton). Around 50% of rhinitis patients
respond to these drugs; however, this responsiveness is not easy to predict at
present. Their therapeutic profile is similar to antihistamines, with an efficacy
comparable to loratadine in seasonal allergic rhinitis |26]. They are less effective
than topical nasal corticosteroids. The combination of antileukotriene plus anti-
histamine does not improve efficacy compared to either alone to an extent which
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is clinically relevant |27|. The combination is not superior to a topical corticoster-
oid alone |28|. At present their place is in patients with seasonal allergic rhinitis
and asthma.

Side-effects

These drugs are usually well tolerated with occasional headaches, gastrointesti-
nal symptoms or rashes at frequencies similar to that seen with placebo in clini-
cal trials. There have been occasional reports of the Churg-Strauss Syndrome
developing in patients treated with antileukotrienes. However this may relate to
steroid withdrawal and further long-term evaluation is needed.

Antileukotrienes may also be useful in patients with asthma and persistent
rhinitis or nasal polyposis |29].

Anticholinergics

Ipratropium bromide decreases rhinorrhoea but has no effect on other nasal
symptoms. It needs to be used three times a day. Regular use may be effective
in predominant rhinorrhoea conditions, such as old man’s drip, or as an add-on
for allergic rhinitis when watery rhinorrhoea persists despite topical steroids and
antihistamines |30|. It is also useful for autonomic rhinitis when the dominant
symptom is profuse watery rhinorrhoea in response to irritants or temperature
changes, and it has been shown to be useful in the common cold.

Side-effects
The major side-effects are dry nose and epistaxis. Systemic anticholinergic effects
are unusual but urinary retention and glaucoma can occur and caution is advised
in the elderly.

Intranasal decongestants

Alpha 1 agonists such as xylometazoline or ephedrine are sympathomimetics
that increase nasal vasoconstriction and reduce obstruction in allergic and non-
allergic rhinitis. They are used briefly in order to avoid rebound effects of rhini-
tis medicamentosa (less than 10 days is suggested) [31]. Their use is mainly for
Eustachian tube dysfunction when flying, in children with acute otitis media to
relieve middle ear pain and pressure, and following a cold to reduce nose and
sinus congestion. They can be used at the start of topical nasal steroid therapy
to increase nasal patency and allow the topical steroid sprays access to the nasal
mucosa. However, it is difficult then to persuade patients to go on with the steroid
spray rather than the decongestant spray. Combined therapy with a topical cor-
ticosteroid (Dexa-Rhinaspray Duo) is helpful in exacerbations of rhinosinusitis
with nasal blockage.

Oral decongestants (pseudoephedrine)

Oral decongestants are weakly effective in reducing nasal obstruction, but do not
cause rebound. They have significant side-effects of hypertension, insomnia, agi-
tation and tachycardia and show interaction with antidepressants. For these rea-
sons they are not generally recommended.
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Sodium cromoglicate

Used as a nasal spray, sodium cromoglicate inhibits mast cell degranulation and
is weakly effective in reducing nasal obstruction. It needs to be used three or four
times daily but is generally very well tolerated. There are occasional reports of
local irritation and transient bronchospasm or headache.

The place in therapy is mainly for children under four for whom topical
intranasal corticosteroids are not available. It may also be useful where rhinitis
symptoms are mild and intermittent prior to exposure to a known allergen.

Allergen immunotherapy

ST

SLIT

Allergen immunotherapy involves the repeated administration of an allergen
extract in order to alter the nature of the immune response and reduce allergic
symptoms (for details see Chapter 13). This is the only treatment that has been
shown to modify the natural history of allergic rhinitis and to offer the potential
for long-term disease remission [32]. Immunotherapy can be provided either by
injection (subcutaneous immunotherapy, SCIT) or sublingually (SLIT).

The quality of allergy and vaccines is important and only standardized extracts
should be used. With injection immunotherapy an optimal maintenance dose of
5 to 20 wg of major allergen has been shown to correspond with clinical efficacy.
Adverse events include pain and swelling at the site of injection, seen in the majority
of patients; systemic reactions (particularly in patients with asthma) include urti-
caria, angio-oedema, asthma and anaphylaxis and occur in about 10% of injections.
Chronic asthma is a contraindication in the UK.

For these reasons, SCIT should only be performed under the supervision of
a physician fully trained in the management of allergic disease with immediate
access to adrenaline and other resuscitative measures. Each patient needs to be
observed for a minimum of 1 h following an immunotherapy injection.

At present in the UK, allergen injection immunotherapy is recommended in
patients with IgE-mediated seasonal pollen-induced rhinitis whose symptoms
do not respond adequately to pharmacotherapy used pre-seasonally and then
regularly throughout the season. It may be considered in a few carefully selected
patients with cat or house dust mite allergy.

The long-term benefits include reduction in progression of rhinitis to asthma
and reduction of new sensitizations.

A recent Cochrane meta-analysis |33| has shown that SLIT is a safe treatment that
significantly reduces symptoms and medication requirementsin allergic rhinitis. The
size of benefit compared to injection immunotherapy is unclear at present. Recent
studies with a grass pollen tablet demonstrate a 30% mean reduction in symptoms
over the pollen season with a 38% mean reduction in medication requirements.
The long-term benefits of sublingual immunotherapy have not yet been assessed in
adults. Efficacy in children has recently been reported together with a reduction of
seasonal asthmatic symptoms.
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Other therapies
Anti-IgE

Anti-IgE is licensed only for severe asthma in patients over 12, but associated
allergic rhinitis may benefit. Future use may include a combined treatment with
immunotherapy in high-risk patients [34].

Surgery

Surgery is rarely required in rhinitis, unless there is pharmacotherapy-resistant
inferior turbinate hypertrophy, septal deviations with functional relevance or
anatomical variations of the bony pyramid with functional or aesthetic relevance.
Chronic rhinosinusitis unresponsive to medical therapy may respond to endo-
scopic sinus surgery. Certain forms of nasal polyposis (antrochoanal or solitary
polyps) should be removed for histology. Bilateral allergic type nasal polyposis
can be treated medically provided that an ENT surgeon has seen the patient and
is happy with the diagnosis. However, from time to time, surgical removal may be
necessary when polyps regrow and become resistant to medical treatment. Fungal
sinus disease (mycotoma invasive forms allergic fungal sinusitis), are best treated
surgically with an attempt to remove all fungal tissue |35].

Special considerations

Rhinitis of pregnancy

Rhinitis occurs in one in five pregnancies, and can start at any time during the
pregnancy. Nasal vascular engorgement secondary to placental growth hormone
appears to be involved. Treatment is difficult, since most medications cross the pla-
centa and the risk/benefit ratio should always be considered. Regular nasal douch-
ing is important and previously tried and tested drugs such as beclomethasone,
fluticasone and budesonide, which are widely used in pregnant asthmatic women,
and loratadine and cetirizine, which have been used for many years, are recom-
mended. Cromones are the safest drug in the first three months of pregnancy.
Patients started on immunotherapy prior to pregnancy may continue if they have
reached the maintenance phase. Initiation and updosing are contraindicated.

Paediatric rhinitis |136|

Allergic rhinitis is common in childhood but differentiation needs to be made
from other forms such as infective rhinitis and structural abnormalities. Selection
of treatment needs to be considered in the context of the child’s needs and
response, and the child’s and parent’s wishes. Treatment options need to be thor-
oughly explained to both.

Antihistamines used once daily tend to be tolerated. Nasal steroids with the
least systemic bioavailability (fluticasone and mometasone) should be used at
the lowest possible dose to control symptoms. The child should be taught how
to use the nasal spray. Use prior to cleaning the teeth each morning is helpful in
ensuring that the spray is remembered and in that tooth-cleaning provides a dis-
placement activity so that spray is not sniffed back quickly into the nasopharynx.
Antileukotrienes may be helpful in children with concomitant asthma.
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Nasal douching is simple and safe in children and may provide sufficient relief
in mild seasonal rhinitis if used alone.

The rhinitis/asthma link |37|

Rhinitis and asthma are both common diseases and are associated with substantial
costs both to patients, their employers and to healthcare systems. They frequently
coexist, with rhinitis symptoms occurring in roughly 80% of patients with asthma.
Medical care costs are higher in those patients with asthma and rhinitis compared
to those with asthma alone.

Rhinitis, both allergic and non-allergic is a risk factor for the development of
asthma. Allergic rhinitis increases non-specific bronchial hyper-reactivity dur-
ing allergen exposure (both seasonal and perennial). Conversely, nasal reactiv-
ity to cold dry air is higher where rhinitis is associated with asthma compared
to rhinitis alone. Bronchial responsiveness is also increased in viral rhinitis and
following nasal allergen challenge. Bronchial hyper-reactivity is reversed by
intranasal treatment with sodium cromoglicate, nedocromil sodium and with
corticosteroids.

Biopsy studies have shown rhinitic changes in asthma patients without nasal
symptoms. Eosinophil numbers correlate between the upper and lower respira-
tory tract.

A systemic link between the nose and bronchi has been demonstrated by local
allergen challenge. Nasal allergen challenge increased bronchial inflammation
and vice versa. This appears to be related to extravasation of immature eosinophils
from the bone marrow, passage in the circulation and extravasation at the site of
allergen exposure but also along the remainder of the respiratory tract.

Rhinosinusitis shows an even higher correlation with asthma |38]. In severe
asthmatics, 84% of computed tomography (CT) scans are abnormal. The level
of abnormality corresponds to eosinophil numbers in sputum and blood and to
functional residual capacity. It correlates inversely with transfer factor.

These observations suggest that the respiratory tract responds and should be
considered as one organ in asthma and rhinitis. Thus, as recommended by the
ARIA guidelines, all asthmatics should be tested for rhinitis and treatment con-
sidered and vice versa.

Specific allergen immunotherapy for rhinitis may reduce the development of
asthma in children, and reduces non-specific bronchial hyper-reactivity and sea-
sonal asthma in adults with seasonal rhinoconjunctivitis |39,40].

Patients with comorbid asthma and rhinitis receiving treatment for rhinitis
have a significantly lower risk of attending accident and emergency departments
and of hospitalizations for asthma |41-43|. A prospective study is awaited.

Rhinosinusitis

Isolated inflammation of the sinus linings rarely occurs, so rhinosinusitis is
the preferred term. Symptoms under 12 weeks are regarded as acute, longer as
chronic rhinosinusitis 144|. As with rhinitis, allergic, infective and other forms
occur. Mixed forms can exist (e.g. allergic rhinosinusitis with superadded infec-
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tion). Nasal polyposis is considered a form of rhinosinusitis (chronic polypoid
rhinosinusitis) and can have an allergic, infective or non-allergic aetiology.

The major symptoms of rhinosinusitis are of nasal obstruction, discharge that
is frequently posterior, together with facial pain or pressure and olfactory dis-
turbance. To confirm the diagnosis, these symptoms need to be complemented
by either endoscopic signs at the middle meatus: oedema and obstruction of the
osteomeatal complex, polyps, mucopurulent discharge and/or changes at this
complex or in the sinuses on computerized tomography |44].

The diagnosis and treatment of this condition is dealt with in the European
and American guidelines. In severe forms, the underlying pathogenesis is likely
to involve aspirin hypersensitivity, allergic fungal sinusitis or antineutrophil cyto-

plasmic antibody (ANCA)-associated disease.
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Chronic sinusitis and asthma

JEFFREY CULP, JOHN STEINKE, LARRY BORISH

1. Disease within the sinuses is one of the most common healthcare problems, affect-
ing ~16% of the population and having significant adverse impact on quality of life
and daily functioning.

2. The majority of patients with chronic sinusitis do not primarily have an infectious
disorder.

3. Chronic sinusitis comprises numerous disorders including those characterized by
chronic inflammation with mucous gland hyperplasia and remodelling, chronic
hyperplastic eosinophilic sinusitis and allergic fungal sinusitis.

4. The pathological appearance of chronic hyperplastic eosinophilic sinusitis is very
similar to that of asthma and is frequently diagnosed in association with asthma.

5. Pharmacological and surgical interventions which act to reduce systemic effects
of chronic hyperplastic eosinophilic sinusitis, including topical corticosteroids, leu-
kotriene modifiers and aspirin desensitization could modulate severity of asthma;
however, this linkage at present remains unproven.

Introduction

Definitions and classification of sinusitis

The term sinusitis refers to the presence of inflammation within any of the four
pairs of paranasal sinuses. Disease within the sinuses produces one of the most
common healthcare problems, affecting ~16% of the population and having sig-
nificant adverse impact on quality of life and daily functioning |1-3|. The diag-
nosis and management of sinusitis have been challenging and, to a great extent,
unsatisfactory. Sinusitis comprises many conditions with distinct aetiologies and
recognition of this has led to increasing appreciation of the importance of categor-
izing these unique presentations of sinusitis, with the expectation that this will
lead to implementing improved, disease-specific therapeutic interventions.

© Atlas Medical Publishing Ltd
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Classification of sinusitis

Categories Grouping

Acute sinusitis Viral sinusitis

Acute bacterial sinusitis

Subacute sinusitis ~ Bacterial sinusitis

Chronic sinusitis Chronic infectious sinusitis

Aetiology

Rhinovirus, Metapneumovirus, Influenza A/B

Streptococcus pneumoniae, Moraxella
catarrhalis, Haemophilus influenzae

Strep. pneumoniae, M. catarrhalis, H. influenzae
Immune deficiency, anatomical abnormalities.

Secondary infections with anaerobes, Gram-
negative organisms, Staphylococcus aureus

without nasal
polyposis

Chronic inflammatory Anatomical abnormalities, allergic rhinitis
sinusitis
Chronic hyperplastic
eosinophilic sinusitis

Chronic sinusitis
with nasal
polyposis

Aspirin-tolerant
Aspirin-exacerbated respiratory disease

Allergic fungal sinusitis Bipolaris spicifera, Curvularia lunata, Aspergillus

fumigatus, Fusarium sp.

Cystic fibrosis Infection, bacterial biofilm, possibly AFS

Sinusitis traditionally has been divided into three categories (acute, subacute,
and chronic) based on disease duration (Table 5.1). Challenges associated with
the appropriate diagnosis of sinusitis are discussed below. Patients with sinus
symptoms for less than 4 weeks’ duration are considered to have ‘acute sinusi-
tis’. ‘Subacute sinusitis’ comprises patients whose disease is of 4-8 weeks’ dur-
ation. When the symptoms persist beyond 8 weeks, it is termed ‘chronic sinusitis’
(CS). Acute and subacute sinusitis typically represent infectious processes that
are caused by respiratory viruses and pyogenic bacteria (Streptococcus pneumo-
niae, Haemophilus influenza, and Moraxella catarrhalis). Historically, CS has been
managed as an infectious disease thought to be caused by anaerobic bacteria,
Gram-negative organisms, Staphylococcus aureus, and other unusual bacteria.
This concept led to the prominent utilization of antibiotics and surgical drainage
as treatment. It is becoming apparent, however, that the majority of patients with
CS do not primarily have an infectious disorder |4-6|. Unfortunately, physicians
continue to prescribe antibiotics to treat CS despite numerous contradictory effi-
cacy studies |7]. With development of CS, patients lose mucociliary clearance and
other physiological mechanisms that normally act to maintain the sterility of the
sinuses and thereby become colonized with numerous bacteria. When obtaining
sinus cultures using appropriate sterilization, sinus puncture, and quantification,
studies have demonstrated polymicrobial organisms and non-virulent organisms
present at low titre |4,6]. In combination with the prominent absence of neutro-
phils 18] and the failure to respond to multiple courses of broad-spectrum anti-
biotics, these observations support the increasing recognition that most patients
with CS do not have an infectious process.

Contrasting studies that purported to show that CS is an infectious disorder
may have misinterpreted the nature of this colonization. It remains plausible,
however, that this bacterial colonization is not completely inert. Bacterial-derived
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microfilms are likely to be contributing to the severity of the chronic inflamma-
tion and, as discussed below, bacterial by-products, such as endotoxin and Staph-
derived superantigens, can directly exacerbate the immune mechanisms that
underlie CS. Finally, while most patients with CS do not primarily have an infec-
tious disorder, it is important to appreciate that the development of CS predis-
poses the patient to recurrent episodes of acute sinusitis. Interestingly, the acute
sinusitis that complicates CS is produced by the same spectrum of pyogenic organ-
isms as affects patients without CS [9]. The recognition that most chronic sinusitis
is not infectious has instigated efforts to better categorize these disorders.

A summary statement comprising expert opinion within this field argues that
CS consists of two disorders. CS without nasal polyps (NPs) is characterized by the
presence of a chronic inflammatory infiltrate with or without neutrophils and gen-
erally by the absence of NP. CS with NP is a hyperplastic disorder characterized by
eosinophils and generally by the presence of NPs |2,3|. A small subset of patients
with CS does, in fact, have ‘chronic infectious sinusitis’. This typically involves
patients with underlying anatomical abnormalities, humoral immune deficien-
cies, human immunodeficiency virus, Kartaganer syndrome, and cystic fibrosis
(CF). Pathologically, these patients are identified by prominent neutrophilia and
intense bacterial infiltration (>10° to 10° cfu/ml) within their sinuses. In contrast,
most patients in the CS without NP category have a non-infectious inflammatory
disorder |10]. ‘Chronic inflammatory sinusitis’ is thought to result from chronic
or recurrent occlusion of the sinus ostia secondary to viral rhinitis, allergic rhin-
itis, anatomic predisposition, or other causes. These processes lead to recurrent
acute (or subacute) bacterial infections possibly in association with barotrauma
of the sinus cavities and damage to the respiratory epithelium, ciliary destruction,
mucous gland and prominent goblet cell hyperplasia, bacterial colonization, and
ultimately the chronic inflammatory changes |11,12]. The inflammatory compon-
ent of this form of sinusitis consists of a mononuclear cell infiltrate with few, if
any, neutrophils. Eosinophils are not a feature of chronic inflammatory sinusitis
and nasal polyp formation is uncommon. This disease is associated with robust
remodelling with dense deposition of collagen and other matrix proteins [13].
When caused by anatomical occlusion, chronic inflammatory sinusitis may be
responsive to surgical interventions |14,15]. While chronic infectious and chronic
inflammatory sinusitis together comprise the subgroup of patients with ‘CS with-
out NP’, it should be noted that nasal polyposis can complicate both conditions.
For example, nasal polyps are often the presenting complaint in CF.

The other idiopathic immune inflammatory disease is referred to as ‘chronic
hyperplastic eosinophilic sinusitis’ (CHES). This disease is frequently associated
with nasal polyps, leading to the consensus group suggesting that CHES be termed
‘CS with NP’ |2|. Among the disorders producing CS, it is CHES that is uniquely
linked to the presence of asthma, and thus, this disorder will be the focus of the
chapter. As discussed below, up to 20-30% of patients with CHES who also have
NP and asthma demonstrate exacerbation of their upper and lower airway symp-
toms with exposure to aspirin and other non-steroidal anti-inflammatory drugs
(NSAIDs) 116,17]. This has led to the recognition of a distinct subset of patients
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who have aspirin-exacerbated respiratory disease (AERD or Samter’s triad). In
contrast to chronic inflammatory sinusitis, CHES acts as a self-propagating syn-
drome and, as such, does not respond well to surgery alone [14]. The final condi-
tion associated with CS is allergic fungal sinusitis (AFS). AFS represents a severe
variant of CHES associated with the colonization of fungi within the sinus cavities
and the presence of an immunoglobulin (Ig)E and Th2-like lymphocyte-mediated
allergic inflammatory response. Immune and allergic mechanisms of AFS are
discussed in detail elsewhere |18,19]. The remainder of this chapter will focus on
CHES, its association with asthma, its role in contributing to the presence, sever-
ity and exacerbations of asthma, and evidence that attenuation of CHES might
have therapeutic utility in asthma.

Pathogenesis

Immune mechanisms of chronic hyperplastic eosinophilic sinusitis

CHES is an inflammatory disease characterized by the accumulation of eosino-
phils, fibroblasts, mast cells, goblet cells, and T helper lymphocytes |1,20]. It is
the prominent accumulation of eosinophils, however, which is the diagnostic fea-
ture of this condition (Fig. 5.1) 18,13,20-22|. The diagnosis of CHES can only be
unambiguously established upon pathological examination of tissue taken from
the disease site with histochemical staining for eosinophils or eosinophil-derived
mediators (such as eosinophil cationic protein or major basic protein) |8,21,23].
While nasal polyposis frequently occurs with cystic fibrosis and less commonly
can occur with chronic inflammatory sinusitis, the presence of nasal polyposis
(and also asthma) may be used in practice as presumptive evidence for CHES
[2,24-26].

In CHES, the sinus tissue demonstrates a marked increase in cells (lym-
phocytes, fibroblasts, and eosinophils) that express cytokines, chemokines, and
pro-inflammatory lipid mediators (cysteinyl leukotrienes (CysLTs), 5-oxo-
eicosatetraenoic acid (5-oxo-ETE), and others) that are responsible for the devel-
opment of eosinophilia. Eosinophilic inflammation is a complex process reflecting
the need to synthesize these cells, recruit them into the sinus tissue, and activate
them to release the toxic cationic granule proteins and other mediators respon-
sible for sinus inflammation. Eosinophilopoiesis reflects primarily the biological
activity of the cytokine interleukin (IL)-5. Other cytokines including IL-3, and
granulocyte-macrophage colony-stimulating factor (GM-CSF), and the CysLT's
synergize with IL-5 in this process. Eosinophil precursors are increased in num-
bers in both the blood and bone marrow of patients with CHES and asthma [27].
Recruitment of eosinophils into the sinus tissue reflects the synergistic influences
of cellular adhesion and chemotaxis. Important to adhesion are the induction on
endothelium of P-selectin (CD62P) by cytokines and CysLTs and vascular cell
adhesion molecule (VCAM)-1 by IL-4, IL-13, and tumour necrosis factor (TNF)-a.
Important chemotactic factors include CCL11 (eotaxin-1) and other eotaxins |28],



05 Chronic sinusitis and asthma 69

Fig. 5.1 Pathology of
CHES (HE&E stain): the
prominent expression of
eosinophils is apparent
|13]. E = epithelium;
arrow = eosinophil.

platelet-activating factor (PAF), CysLTs |29], and 5-oxo-HETE. Newly synthesized
eosinophils display a limited ability to degranulate in response to inflammatory
stimuli. In order for degranulation to occur, the cells need to be ‘primed’, an effect
mediated primarily by IL-3, IL-4, IL-5 and GM-CSF. Within the sinuses, eosino-
phils are activated by many compounds including CCL5 (RANTES), CCL11,
IL-1, IL-3, IL-5, GM-CSF, TNF-a, PAF and the CysLTs |30-36|. Although nor-
mally short-lived, many of these factors, including IL-3, IL-5 and GM-CSF, inhibit
eosinophil apoptosis and permit the cells to survive for days or even weeks within
the inflammatory milieu. Finally, in CHES, the sinuses contain eosinophil- and
basophil-specific progenitor cells |37,38]. These eosinophil/basophil progenitors
or colony-forming units (Eo/B cfu) are bone marrow-derived mononuclear cells
that express CD34, CD35, and IL-5 receptors. In response to appropriate signals
(e.g., IL-5 and GM-CSF), these stem cells can mature and allow the autonomous
(bone marrow-independent) perpetuation of sinus inflammation |27|. Eosinophils
are a prominent source of many of these cytokines and lipid mediators, and this
suggests that CHES is a disease of unrestrained inflammation. Once eosinophils
are recruited, they provide the growth factors necessary for their further recruit-
ment, proliferation, activation and survival.

The role of bacteria and bacterial-derived immune adjuvants in CHES

As discussed, patients with CHES routinely become colonized with numerous bac-
teria and are prone to recurrent bacterial infections. Bacteria may be relevant to the
pathophysiology of CHES through their ability to provide antigens and immune
adjuvants (such as endotoxin). Staphylococcus aureus colonizing the sinuses is
thought to play a particularly important role in exacerbating CHES through its
ability to generate superantigens. The S. aureus-derived enterotoxins (SAEs) are
a group of superantigens that activate the immune system by cross-linking certain
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Fig. 5.2 Arachidonate metabolism pathway.

V,-chains of the T cell receptor on nearby T helper lymphocytes. Binding of SAE
leads to the activation of all T cells expressing the target V -chains (up to 30% of
all T cells) |39]. Superantigens require the existence of pre-existing disease to make
available T cells upon which the SAEs can act. Staph colonization was present in
66.7% of subjects with ‘CS with NP’, and when a subgroup of aspirin-sensitive sub-
jects was examined this frequency jumped to 87.5% |40|. This colonization with
Staph is associated with the demonstration of SAEs in the nasal polyp tissue [41].
These studies support a role for SAEs in exacerbating CHES; however, the critical
proof of a role for SAEs in CHES requires data demonstrating over-expression of
T cells bearing relevant V -chains specific to the SAEs in the sinus tissue |42,43].
Reducing the volume of bacteria in the sinuses, and thereby the concentration of
superantigen, could explain the anecdotal benefits ascribed to antibiotics in CHES,
without requiring this to be an infectious disorder.

Aspirin-exacerbated respiratory disease

Aspirin-exacerbated respiratory disease reflects a distinct subset of CHES. These
patients develop upper respiratory symptoms of nasal congestion, rhinorrhoea,
and paroxysmal sneezing, typically with severe exacerbations of their asthma after
taking aspirin or other NSAIDs that inhibit cyclooxygenase (COX)-1. Ingestion
of these agents leads to a shift in arachidonic acid metabolism from cyclooxy-
genase products (prostaglandins) to the CysLTs (Fig. 5.2) |44-46|. CysLTs are
produced by activated eosinophils, basophils, mast cells, and to a lesser extent
by monocytes, dendritic cells, and T cells. CysLTs are metabolites of arachidonic
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acid, which is liberated from membrane phospholipids in response to cytosolic
phospholipase A, (Fig. 5.2). For CysLT generation, 5-lipoxygenase (5-LO) acts in
concert with the 5-LO-activating protein (FLAP) to convert arachidonic acid to
LTA,. LTA, is conjugated to glutathione by LTC, synthase (LTC,S) to form LTC,.
LTC, is released and further metabolized by the removal of glutamate to LTD,
and then by removal of glycine to form LTE, |47].

AERD was originally defined by the ‘triad” of nasal polyps, aspirin sensitivity,
and asthma (Samter’s triad). Other features of this disorder are its association
with severe CHES, tissue and circulating eosinophilia, and the frequent absence
of atopy 116,26,48,49|. Aspirin intolerance occurs in as many as 20% of adult
asthmatics and up to 30% of asthmatics with chronic sinusitis or nasal polyposis
[16,17]. In many patients, asthma does not develop, thus the current preference
for the term AERD rather than aspirin-intolerant asthma or ‘triad’ asthma.

AERD is explained in part by the over-expression of and over-responsiveness
to the CysLTs. AERD subjects display dramatic upregulation of two essential
enzymes involved in CysLT synthesis, 5-LO and LTC,S [25,48,50|. This over-
expression makes possible the constitutive over-production of the CysLTs and
the life-threatening surge in CysLTs that occurs with ingestion of aspirin and
other NSAIDs |45,51]. CysLTs have important pro-inflammatory and pro-fibrotic
effects that contribute both to the extensive hyperplastic sinusitis and nasal poly-
posis that characterize this disorder and to the severity of these patients’ asthma
|26,47,52,53|. Prostaglandin E, (PgE,) inhibits mast cell and eosinophil activation.
It is hypothesized that PgE, prevents activation of these allergic inflammatory
cells, and that when PgE, concentrations are reduced by NSAIDs, they become
activated. Support for this concept is derived from the observation that exoge-
nously administered PgE, prevents this response from developing |54|. The robust
expression of 5-LO and LTC S leads to the subsequent surge in CysLT secretion.
Aspirin-tolerant subjects have much lower expression of 5-LO and LTC,S and
therefore do not have this surge in CysLT secretion. In general, selective COX-2
inhibitors are well tolerated in these subjects [55,56| suggesting that it is constitu-
tive, COX-1-derived PgE, that is necessary for this protective effect.

CysLTs function through their ability to interact with two homologous recep-
tors. The CysLT type 1 receptor is prominently expressed on airway smooth
muscle, eosinophils, and other immune cells and these receptors mediate CysLT-
induced bronchospasm [57|. CysLT2 receptors are prominently expressed in
the heart, prostate, brain, adrenal cells, endothelium and lung [58,59| but are
also expressed on eosinophils, monocytes, T and B lymphocytes, and mast cells
[60]. Although the precise function of CysLT2 receptors in allergic disease and
immunity is not known, they are thought to play a greater role in remodelling and
fibrotic processes 147|. Subjects with AERD demonstrate enhanced responsive-
ness to CysLTs related to impressive over-expression of CysLT receptors on their
sinus and NP tissue |61,62].

In addition to modulation of CysLTs and their receptors, the pathophysiology
of AERD also involves dysregulation of the prostaglandin synthesis pathway. The
expression of cox-2 and PgE, are both diminished in AERD [25,63|. NP tissue
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obtained from AERD patients also displays diminished expression of the anti-
inflammatory PgE, receptor (EP2) exacerbating the harmful effects of its dimin-
ished production |64|. This baseline deficiency in PgE, renders AERD patients
increasingly susceptible to anaphylaxis in response to its further reduction after
aspirin ingestion.

Natural history and epidemiology of asthma in CS

CHES frequently coexists in patients with asthma. When adult asthmatics are
evaluated by computed tomography (CT) scan, ~74-90% have some degree of
mucosal hyperplasia [65-69|, which in ~30% of asthmatics is sufficiently greater
than that observed in healthy controls to be specific to the presence of asthma.
Most individuals diagnosed with CHES have asthma, and among non-asthmatics
the presence of CHES defines a cohort at high risk for development of asthma. The
sinuses are an extension of the respiratory tract and the inflammation observed
in CHES/NP has many pathological and immune similarities to that observed in
asthma. In addition to the shared eosinophilia and inflammatory mediators, simi-
larity extends to the same prominent basement membrane thickening (Fig. 5.3)
[13,21]. These shared features support the view that CHES and asthma represent
different manifestations of similar disease processes developing in the upper and
lower respiratory tract.

It is generally accepted doctrine that sinusitis contributes to the presence and
severity of asthma. This is largely based on anecdotal association studies dem-
onstrating worsening of sinusitis concomitantly with asthma exacerbations
and intervention studies alleging that surgical or medical treatment of sinusitis
improves asthma. The problem with this argument is that precipitants of asthma
are generally also precipitants of sinusitis, and thus, the association of sinusitis
with asthma exacerbations may be an epiphenomenon. For example, allergen
exposure |70-76| and respiratory viruses |[77-79| are the most important precipi-
tants of asthma exacerbations and both produce or worsen sinusitis.

The intervention studies are also problematic insofar as the effect of sinusitis
intervention on asthma has never been addressed in a controlled study and these
patients routinely receive treatments to improve their asthma [80,81|. In add-
ition to the absence of a controlled study, many of the interventions utilized to
establish this dogma are unproven in CHES (antibiotics), often ineffective for CS
(Caldwell-Luc surgery), or likely to mediate their beneficial effects through direct
effects on the airway (macrolide antibiotics). The concept that treatment of CHES
might improve asthma is based upon treatments that have not been established to
even improve the sinusitis itself! In summary, the present literature is insufficient
to categorically conclude that sinusitis directly influences asthma severity and it
remains quite plausible that these are merely similar disease processes effecting
the upper and lower respiratory tract and sharing similar natural histories. An
effort is underway to define effective therapies for CS |2,3]. It should therefore
become possible to perform definitive studies to address this important question.
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Fig. 5.3 Pathology of CHES (trichrome stain): basement membrane in normal sinus tissue (A)
compared to basement membrane thickening in CHES (B) [13]. Arrows = basement membrane.
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While it is important to appreciate that the concept regarding a linkage of sinusitis
to asthma is unproven, such a linkage is supported by some evidence and remains
plausible. For example, a recent study by Ragab and colleagues demonstrated that
both medical and surgical treatment of CS was associated with improvement in
concomitant asthma [82]. What follows is a discussion of current theories regarding
the basis for a connection by which sinusitis could worsen asthma and, by exten-

sion, through which sinusitis treatment could ameliorate asthma severity.

Proposed mechanisms linking chronic sinusitis to
asthma (Table 5.2)

Neurological reflex

A sinus-bronchial neurological reflex mediated by the cholinergic pathway is
supported by some data. There are certainly well-described axonal loops acting
in the lungs of asthmatic subjects that contribute to bronchial hyper-reactivity.
However, the distinct innervation of the lungs (vagus nerve) and sinuses (trigemi-
nal nerve) is inconsistent with typical reflexes or axonal loops. The neuronal
reflexes do not adequately explain the inflammatory processes characterized by
activated eosinophils and Th2-like lymphocytes that develop in the lungs in tem-

poral association with sinusitis exacerbations.

Mouth breathing

The nose conditions the inhaled air by providing a tortuous surface over which
the air is humidified and warmed, and on which large particles impact and are
removed. Nasal congestion developing with CHES could force the patient into
mouth breathing. Inhaling unconditioned (cold, dry) air is a known cause of
bronchospasm in asthmatics. However, this is unlikely to be a cause of worsen-
ing airway inflammation which occurs with concomitant flares of sinusitis and

asthma.
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Mechanisms of sinusitis exacerbation of asthma

Coincidental association of similar
pathological processes in upper and
lower airways

Sinus-bronchial reflex

In the absence of controlled studies, there may
not be a causal interplay between sinusitis and
asthma

Some evidence, however, of the distinct innerva-

tion of the lungs (vagus) and sinuses (trigeminal) is
inconsistent with typical reflex or axonal loops as
described in bronchial hyper-reactivity (BHR); nor
is this likely to explain what is primarily an
inflammatory Th2-like lymphocyte eosinophilic
disease of the lungs

Inhaling unconditioned air could cause

bronchospasm but would not exacerbate
inflammation

Mouth breathing

Aspiration Well-performed studies with instillation of
isotope into the sinuses (as opposed to intranasal
application) eliminates this as an aetiology in

conscious subjects 84|

In contrast to aspiration, mucopurulent posterior
pharyngeal drainage could cause laryngeal irritation
and produce VCD [85]. Studies connecting sinusitis
and asthma may have failed to address confounding
effects of VCD.

The currently accepted model (Fig. 5.4)

Vocal cord dysfunction

Humoral recirculation of cytokines and
immune cells (T helper lymphocytes,
eosinophils, and eosinophil precursors)
from the upper airway and sinuses to
the lungs

Aspiration

This is the concept that sinus-derived posterior pharyngeal drainage, enriched in
inflammatory cells, their secreted by-products, and other irritants, could be aspir-
ated into the airways and thereby exacerbate underlying asthma |83|. However, in
well-performed studies using instillation of radioisotopes directly into the sinuses,
no evidence for aspiration could be discerned [84]. Conflicting studies showing
apparent aspiration of sinus contents into the lungs utilized nasal sprays, and this
approach may have allowed direct access of the spray into the airway. While sig-
nificant aspiration below the larynx is not likely to occur in non-obtunded sub-
jects, posterior pharyngeal drainage is a characteristic feature of CS and this is
likely to function as a laryngeal irritant. CS could thereby be a cause of the para-
doxical closure of the vocal cords that is responsible for vocal cord dysfunction
(VCD or ‘paradoxical laryngospasm’) |85]. Many of the studies linking CS to
asthma may have failed to address the confounding effects of including patients
who actually had VCD.

Humoral recirculation

Any link between sinusitis and asthma can best be ascribed to a systemic inflam-
matory process. The cytokines associated with allergic inflammation do not func-
tion hormonally. Thus, T helper lymphocyte-associated cytokines such as IL-4,
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IL-5, and IL-13 cannot be identified in serum samples and certainly are unlikely to
access the bone marrow at a concentration sufficient to drive haematopoietic dif-
ferentiation. In contrast, T helper lymphocytes, including those newly differenti-
ated from naive cells in sinus lymphatic tissue or reactivated memory cells, present
within the sinus tissue are capable of migrating to the bone marrow. This is analo-
gous to the migration of T lymphocytes from the asthmatic airway to the bone
marrow that has been described in murine asthma models. It is this ability of acti-
vated cytokine-expressing cells to circulate that provides the ability of cytokines
to function at a distance [86]. Once delivered to the bone marrow, these T helper
cells will stimulate the production of inflammatory cells including basophils, eosi-
nophils, and mast cell precursors |27,87,88|. Cells activated in the sinuses also
include locally produced eosinophil basophil colony forming units (Eo/B cfu) |89]
and these will be released into the circulation where they will mature [27,38,90].
There will be selective recruitment of the newly generated eosinophils (and other
inflammatory cells) generated through these mechanisms back into the sinus tis-
sue. However, these cells will also migrate into the lungs of susceptible individuals,
specifically individuals with pre-existing asthma. Newly generated eosinophils
(and other cells) generated through these mechanisms express adhesion molecules
that will direct their migration and adherence to inflamed tissue displaying relevant
counter-ligands. For example, very late antigen (VLA)-4 on eosinophils will inter-
act and adhere to endothelial cells expressing the counter-ligand VCAM-1. This
will lead to the further influx of eosinophils into the sinuses. However, in the pres-
ence of established asthma, vascular endothelium in the lungs will also express the
relevant counter-ligands, leading to inflammatory cell adherence. These inflamed
organs are rich in chemotaxins such as CCL11, PAF, and CysLTs, that drive the
diapedesis and chemotaxis of these cells into the inflamed tissue 120,34,52,91].
Through these systemic humoral mechanisms, inflammation in the sinuses can
produce increased inflammation in the lungs including the reported eosinophil
influx |27,88,90|. Non-asthmatics do not express the necessary adhesion molecules
and chemotaxins in their airways and thus do not have the machinery necessary to
recruit inflammatory cells into their lungs during exacerbations of sinusitis. This
model is summarized in Figure 5.4.

While this model has never been specifically studied, the concept that CHES
could contribute to asthma severity is supported by studies linking CHES to sys-
temic and airway inflammation. Several studies have shown that severity of CHES
directly influences circulating eosinophilia and CHES may have a stronger influ-
ence on absolute eosinophil counts than does asthma |65,68|. In the most intrigu-
ing study, subjects with CHES were divided into groups with limited and more
severe disease according to a CT scan-based volumetric measure of hyperplastic
tissue content in their sinuses. The severity of sinus disease was linked to increased
absolute eosinophil counts (440/ul vs 170/ul), and appeared to influence airway
inflammation as shown by eosinophilia in induced sputum samples (7.3% vs 0.7%)
[68]. This circumstantial evidence supports a linkage between CHES and asthma.
At present, however, the concept that sinusitis directly influences the develop-
ment or severity of asthma and that sinusitis treatment will improve asthma has
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Fig. 5.4 Model giving overview of mechanism by which allergen immune activation can induce
inflammation in sinus tissue (see text for details).

not been categorically established. Treatment of CHES may be warranted as part
of a treatment plan for the refractory asthmatic and certainly is essential in reduc-
ing the morbidity directly ascribable to this disorder. The remainder of this chap-
ter will address current approaches to the treatment of CS.

Clinical course

Therapeutic implications

The management of CS has been disappointing and at present, in the United States
at least, there is not a single Federal Drug Administration approved treatment
for this disorder. A problem confounding the evaluation of clinical interventions
of sinusitis has been the absence of validated criteria to assess the presence and
severity of sinusitis. Traditionally, studies have utilized clinical criteria to evalu-
ate the sinuses including presence of such symptoms as purulent anterior or pos-
terior nasal drainage, nasal congestion, frontal headaches, cough, etc. However,
none of these criteria are specific for the sinuses because they indirectly reflect the
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presence of either nasal disease (purulent drainage) or lower respiratory tract dis-
ease (cough). The relevance of headaches to sinus disease is unclear as compelling
data suggest that most patients with ‘sinus headaches’ actually suffer from atypical
migraines 192,93]. As a result, clinical studies that have compared sinusitis symp-
tom scores with CT scans show that clinical scores are often little better than ran-
dom when predicting the presence and severity of sinusitis |65-69]|. The absence
of validated objective criteria for assessing presence of CHES or responsiveness to
therapeutic interventions has tempered the value of most sinusitis studies.

Ancillary therapies

Many ancillary therapies are routinely recommended for CS and are similar to
those utilized for acute sinusitis (Table 5.3). Interventions designed to increase
sinus ostial patency are based on the hypothesis that reducing ostial obstruction
should help in the expulsion of retained mucous and infectious materials—mech-
anisms of dubious benefit in CHES. This approach includes the use of systemic
decongestants such as pseudoephedrine. While decongestants reduce nasal resist-
ance, the only study of a systemic decongestant on sinus function was performed
with phenylpropanolamine and this agent produced an insignificant increase in
maxillary ostia |94|. No controlled study with systemic decongestants in CS has
been performed and the only controlled study in acute sinusitis demonstrated
no clinical benefit [94]. Improved mucociliary clearance can be accomplished by
reducing the viscosity of secretions. This can be accomplished with nasal saline
irrigation. Saline irrigation must be performed with large volumes of saline, which
can be administered with a bulb syringe or other device. Nasal saline irrigation
might also provide efficacy in CS through its ability to break up bacterial biofilms.
Various mucolytics and expectorants have also been recommended in CS based
on the hypothesis that they should ease clearance of tenacious, viscous mucus.
While these agents, including iodinated glycerol, guaifenesin, and acetyl cysteine,
have some efficacy in COPD, there have been no studies showing efficacy in CS.

Allergen avoidance / immunotherapy: the role of allergy
in CHES

A role for allergen avoidance or allergen desensitization immunotherapy is con-
tingent on the extent to which CHES is an allergic disorder. In support of this,
CS has been linked to the increased expression of allergic (IgE) sensitization.
Thus, allergic rhinitis was seen in 56% of 200 consecutive patients with CS |75].
Similarly, 50% of children with ‘recalcitrant’ sinusitis were skin test positive as
were 78% of patients with ‘severe’ sinus disease |75|. In another study, slightly
less than half of patients with CHES/NP had allergies |70|. The significance of
these observations is unclear insofar as the prevalence of allergic rhinitis or posi-
tive skin tests in well-matched control populations was not reported and can be
highly variable reflecting variables regarding how the skin testing is performed. In
fact, a recent extensive National Health Survey in the United States reported the
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Treatment of chronic hyperplastic eosinophilic sinusitis

Category

Nasal saline irrigation

Decongestants
(pseudoephedrine,
phenylephrine)

Antihistamines
(loratadine,
fexofenadine,
cetirizine)

Expectorants:
guaifenesin, potassium
iodide, acetyl cysteine

Allergy avoidance /
immunotherapy

Systemic corticosteroids

Topical corticosteroids

Leukotriene modifiers

Aspirin desensitization

Surgery

Proposed mechanism

Diminish viscosity of inspissated
secretions—improve mucociliary
clearance; dissolution of bacterial
biofilms

Reduced sinus ostial obstruction;
promote expulsion of mucous and
infectious materials

Reduce oedema and mucus secre-
tion caused by histamine

Ease clearance of tenacious, viscous
mucous

A role for allergy in CHES is
unproven and inconsistent with
inability of aeroallergens to access
the sinus cavities

Corticosteroids have potent
anti-inflammatory and especially
anti-eosinophil efficacy

Reduce eosinophils and cytokines

Cysteinyl leukotrienes are important
pro-inflammatory mediators highly
expressed in CHES tissue

Associated with diminished
cysteinyl leukotriene production
and responsiveness (CysLT receptor
expression)

Provide drainage of inspissated
mucus and inflammatory tissue

Role in CHES

Useful adjunct therapy

Unproven
Proposed mechanism is of
dubious benefit in CHES

Ineffective

CHES is not an allergic disease
and histamine is not a prominent
mediator

Unproven
Limited efficacy in COPD; this has
never been extended to CS

Unproven

Effective therapy but inappro-
priate in the face of long-term
treatment requirements

Reduce size and recurrence of NP
Unproven for CHES; efficacy is
limited by ability to access sinus
cavities

LT receptor antagonists are
unproven.

5-LO inhibitor zileuton associated
with diminished polyp size and
reversal of anosmia

Reduce frequency of acute
sinusitis complications of CHES,
polyp recurrence, and anosmia.
Only effective in aspirin-intolerant
patients

Produce instant reduction in
CHES biomass. Without
follow-up medical therapy
disease is likely to recur. Useful
adjunct to medical therapies.

prevalence of positive prick skin tests to be 54.3% in healthy adults, not impres-
sively different from that reported in CS |95]. The presence of a positive skin test
in a patient with CHES cannot be interpreted as signifying an allergic aetiology.
An additional argument against a role for allergy in CHES is the lack of evidence
that inhalant allergens access the sinus cavities. In one study, radiolabelled aller-
gen did not access the sinuses |96]. Using a much smaller radioisotope placed on
the nasal mucosa, it was shown that isotope could access the sinuses with nose
blowing but not with nasal breathing, sneezing, or coughing |97]. These studies
were done in healthy volunteers and even this limited potential access of allergens
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into the sinuses is likely to be reduced in CS secondary to inflamed sinus mucosa
and the occlusion of the sinus ostia. Ironically, this natural protection of sinus tis-
sue from inhalant allergens is likely be reversed by sinus surgery.

Despite the unlikelihood that allergens directly access the sinuses, there is
intriguing evidence that still supports a role for allergy in CHES. Thus, insufflation
of ragweed pollen in sensitive subjects was associated with increased hyperaemia
and metabolic activity in the maxillary sinus and similar changes were observed
during the ragweed season that became inactive post-seasonally |72,73]. In a dif-
ferent study, either radiographic changes in the maxillary sinuses or symptoms
referable to the sinuses were seen in approximately half of the subjects under-
going allergen provocation challenges |74|. The strongest evidence that inhalant
allergens could have a role in CHES is derived from studies in which catheters
were inserted into both maxillary sinuses. Nasal challenges were performed with
grass or ragweed extracts instilled into one nostril after which bilateral sinus lav-
ages were performed. In these studies, nasal allergen challenges triggered eosino-
phil influx into the ipsilateral, but more impressively, this also occurred in the
contralateral maxillary sinus |76|. These data support a role for inhalant allergens
in the pathophysiology of CHES, but also suggest that this does not necessarily
require direct allergen access into the sinuses. Allergic rhinitis activates Th2-like
lymphocytes in the nose with subsequent mast cell recruitment and eosinophil
activation. It is reasonable to speculate that a systemic inflammatory mechanism
similar to that described for the link between sinusitis and asthma could develop
between the nares and the sinuses. At present, however, a role for allergies in the
aetiology or severity of CHES remains unproven. No clinical studies have shown
that either allergen avoidance or immunotherapy has clinical benefit in CHES
using validated sinus-specific outcome parameters. Recommendations for aller-
gen avoidance and immunotherapy should be primarily focused on achieving
benefit for the underlying allergic rhinitis or asthma.

Systemic corticosteroids

Systemic corticosteroids benefit CHES through their ability to directly attenuate
eosinophilia and other components of the inflammation of this disorder |98]. In
an attempt to decrease the use of systemic corticosteroids, a recent study showed
that a two-week tapering course of oral corticosteroids improved all nasal symp-
toms, polyp size and nasal flow, and subsequent use of intranasal budesonide
maintained these effects |99]. The ability of topical corticosteroids (CCS) to locally
reduce cytokine production (including IL-4, IL-5, GM-CSF and TNF-a), inhibit
T helper lymphocyte function, and inhibit activation of both eosinophils and eosi-
nophil precursors supports the concept that these agents could provide efficacy in
CHES [100,101]. In contrast to allergic rhinitis and asthma, however, it is unlikely
that intranasal CCS can directly access the sinus cavities in order to achieve that
efficacy. Although various manoeuvres have been proposed to promote the access
of nasal corticosteroids into the sinuses, the likely presence of occlusion of the
ostiomeatal complex precludes their direct access, although this may be partially
achieved in subjects who have undergone functional endoscopic sinus surgery
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(FESS). In contrast to their lack of proven efficacy for CHES, intranasal CCS can
reduce nasal polyps [102], reflecting their ability to directly access the polyp tissue.
The role of intranasal CCS in CHES has not been adequately addressed in a prop-
erly performed controlled clinical trial with validated outcome criteria.

Leukotriene modifiers

CHES tissue demonstrates increased presence of CysLTs and metabolic enzymes
involved in LT synthesis |25,52|. CysLTs have important pro-inflammatory cap-
abilities including primarily their ability to promote eosinophilic inflammation.
Other activities relevant to CHES include their ability to increase vascular per-
meability, stimulate mucus secretion and decrease mucociliary clearance |52].
Clinical trials of leukotriene modifiers in asthma and allergic rhinitis have shown
reductions in both circulating absolute eosinophil counts and tissue eosinophilia
[103,104]. Leukotriene modifiers could therefore provide benefitin CHES through
direct reduction of eosinophil recruitment and activation in the sinuses. CysLT1
receptor antagonists (zafirlukast and montelukast) have been suggested to have
efficacy in CHES in uncontrolled trials [105]. Montelukast has been reported to
decrease nasal itching, post-nasal discharge, sneezing, and rhinorrhoea for 1 year
in the patients who are status post-endoscopic sphenoethmoidectomy [106]. In
the only placebo-controlled trial of an LT modifier in CHES, the 5-LO inhibitor
zileuton was shown to reduce polyp size and restore sense of smell |107]. The effi-
cacy of zileuton is intriguing as inhibition of 5-LO has broader implications than
use of one of the CysLT1 receptor antagonists. In addition to blocking LTB, and
the 5-oxo-ETE pathways, reduced synthesis of CysLTs will thereby block inflam-
mation mediated through the CysLT2 as well as CysLT1 receptor.

Antifungal approaches

Recently, it has been suggested that CHES might be caused by the development of a
Th2-like lymphocyte-mediated response to fungal colonization of the sinus cavities
[108,109]. In addition to the presence of fungi in the sinuses, this concept is sup-
ported by the increased production of IL-5 and IL-13 when T lymphocytes derived
from CS patients, but not controls, were exposed to fungal extracts [109]. These
studies led to the concept that intranasal amphotericin B might be an effective treat-
ment for patients with CS. Although initial uncontrolled studies supported efficacy,
more recent controlled studies with amphotericin B nasal lavages have shown either
modest improvement in CT scan volumetric scores [110] or, alternatively, no evi-
dence for reduction of the clinical signs and symptoms of CS [111].

Aspirin desensitization

Aspirin desensitization is a proven therapy in patients with AERD. This technique
involves successive ingestion of increasing doses of aspirin over several days, until
a therapeutic dose is achieved (generally 650 mg twice a day). This technique is
risky and must be done cautiously, ideally in a hospital setting. The use of a leu-
kotriene modifier reduces—but does not eliminate—the risks of aspirin desensi-
tization. Successful aspirin desensitization decreases basal and aspirin-stimulated



05 Chronic sinusitis and asthma 81

leukotriene synthesis as well as decreasing sensitivity to cysteinyl leukotrienes
by dramatically downregulating expression of CysLT receptors |61,62|. Aspirin
desensitization decreases symptoms of sinus disease, reduces courses of antibiot-
ics reflecting reduced numbers of secondary acute sinusitis episodes, decreases
need for sinus surgeries, and restores the sense of smell [112]. These beneficial
results are tempered, however, by the risks of desensitization and long-term aspi-
rin administration. Aspirin desensitization can also be indicated in patients with
AERD who require aspirin treatment for an unrelated medical condition. Selective
COX-2 inhibitors can generally be safely administered to individuals with AERD
(but these agents do not provide benefit for the sinus disease) |55,56].

Surgery

No controlled trial of functional endoscopic sinus surgery has been performed; how-
ever, FESS has been associated with high reported rates of clinical improvement (up
to 97.5% at 2 years) |14]. Unfortunately, patients with extensive disease, multiple
sinus involvement, nasal polyposis, asthma or aspirin intolerance have a poor out-
come. These observations suggest that FESS may be uniquely useful in patients with
chronic inflammatory sinusitis in whom anatomical defects are present that are pre-
disposing the patient to recurrent acute or subacute infections with the subsequent
mucociliary damage, remodelling, and chronic inflammation. With CHES, FESS is
less unlikely to be curative for what is primarily an immune-mediated hyperplas-
tic disease of the sinuses. In the absence of post-surgical medical management, the
immune mechanisms underlying CHES are still extant and the disease is likely to
recur. FESS remains a valuable adjunct to the treatment of this disorder, as medical
approaches are likely to be more effective in preventing recurrence of CHES and NP
than in ameliorating well-established disease.

Newer biotechnology approaches

Given the pathophysiological similarities between CHES and asthma and the like-
lihood that these are similar or perhaps even identical disease processes affecting
the upper and lower airways, respectively, it seems likely that newer biotechnol-
ogy-derived therapies designed to treat severe asthma are likely to produce similar
benefits for CHES. Clinical experience with humanized anti-IgE (omalizumab)
in asthma shows that it lessens allergen-induced IgE-mediated activation of mast
cells and basophils and thereby attenuates acute allergic reactions |113]. The effi-
cacy of omalizumab in CHES is obviously limited by the extent to which CHES is
an IgE-mediated disease. As previously discussed, allergen-specific mechanisms
may produce a systemic inflammatory milieu that could contribute to the severity
of CHES. It seems less likely, however, that inhaled aeroallergens directly access
the sinus cavities and exacerbate CHES in an IgE-dependent fashion that is likely
to be ameliorated by omalizumab. In contrast, it is plausible that IgE-dependent
reactions could develop in CHES to locally produced allergens. For example,
allergic fungal sinusitis is associated with IgE-mediated allergic reactions to fungi
colonizing the sinuses and, similarly, specific IgE is known to develop to Staph-
derived antigens in patients colonized with that microorganism |114]. At present,



82 PART Il Allergic airway disease

no clinical data exist to support the use of humanized anti-IgE as a specific treat-
ment for CHES.

Insofar as CHES is defined by the accumulation of activated eosinophils, it
seems likely that interventions designed to attenuate eosinophilic inflammation
will be particularly beneficial in this disorder. There is convincing evidence regard-
ing the role of eosinophilia in fibrosis and airway remodelling in allergic disease.
IL-5 deficient mice have markedly diminished eosinophil numbers and suppres-
sion of remodelling |115-118|. More specifically, mice genetically engineered to
lack eosinophils continue to display airway hyper-reactivity and increased mucus
secretion but do not develop fibrosis and remodelling |119]. The production of
transforming growth factor-p, platelet-derived growth factor, fibroblast growth
factor, and other growth factors by activated eosinophils contribute to the pro-
liferation of fibroblasts and deposition of connective tissue observed in asthma
and CHES [120-122|. The experience with humanized anti-IL-5 (mepolizumab)
in asthma supports the ability of this intervention to greatly attenuate both the
bone marrow eosinophilopoietic response associated with asthma and airway
eosinophilia [123]. Similar to what was observed in the murine model |119], anti-
IL-5 treatment, while markedly reducing eosinophil numbers, had no significant
effect on lung function or bronchial hyper-reactivity in human studies. However,
anti-IL-5 is associated with diminished deposition of matrix proteins [124]. As
a disease characterized by exuberant remodelling and deposition of matrix pro-
teins, CHES could be uniquely responsive to eosinophil-directed therapies, such
as with mepolizumab. A recent study using reslizumab (a humanized anti-human
IL-5 mAb) showed reduction of nasal polyp size in half of the patients, while nasal
levels of IL-5 predicted the response to the anti-IL-5 treatment [125].

That significant residual tissue eosinophilia was observed in the mepolizumab
studies |123] suggests that single target interventions may insufficiently reduce tis-
sue eosinophilia to produce adequate therapeutic benefit in CHES (or asthma).
This reflects in part the complementary role of other cytokines, including especially
GM-CSF, in promoting activation and differentiation of eosinophilic precursors
[126]. This failure may also reflect roles for both constitutive (IL-5-independent)
eosinophilopoiesis and perhaps the need to attenuate expression of either eosinophil-
specific chemokines (e.g., inhibition of CCL11 [eotaxin] using chemokine receptor
CCR3 antagonists) or eosinophil-specific adhesion molecules (e.g., through the use
of VLA-4 antagonists) |[127]. Arguably, no single agent is likely to be effective for
CHES and it will be necessary to synergistically block both the systemic bone marrow
component of CHES as well as local factors critical for inflammatory cell recruitment.
The shared pathology of CHES with asthma suggests that as newer agents become
established for asthma they may subsequently prove to have utility in CHES.

Conclusion

Chronic sinusitis comprises numerous disorders including those characterized by
chronic inflammation with mucous gland hyperplasia and remodelling, CHES,
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and allergic fungal sinusitis. Only very rarely is chronic sinusitis primarily an
infectious disorder. CHES is characterized by unrestrained proliferation of eosi-
nophils, Th2-like lymphocytes, fibroblasts, goblet cells, and mast cells. The patho-
logical appearance of CHES is very similar to that of asthma and is frequently
diagnosed in association with asthma. Exacerbations of CHES occur temporally
with worsening of asthma. In the absence of well-controlled studies, this link-
age at present remains unproven, as precipitants of asthma exacerbations are
capable of concomitantly producing sinusitis episodes. Many mechanisms have
been ascribed for the putative linkage of sinusitis to asthma including a neuron-
ally mediated sinus-bronchial reflex, the harmful effects of mouth breathing and
inhaling unconditioned air into the lungs, aspiration of sinus contents into the
lungs, or the confounding influences of sinusitis as a precipitant of vocal cord dys-
function. The best current explanation for an association of CHES with asthma
is that the activation of T helper lymphocytes in the sinuses leads to the differen-
tiation and activation of immune cells including eosinophils and basophils from
precursors present in the nasal tissue and bone marrow. In subjects with pre-
existing asthma, the presence of specific adhesion molecules, such as VCAM-1,
and chemotactic molecules, such as CCL11 (eotaxin) and the CysLT's in the lungs
will promote the recruitment of these newly generated cells from the circulation.
Finally, pharmacological and surgical interventions which act to reduce systemic
effects of CHES, including topical corticosteroids, leukotriene modifiers and aspi-
rin desensitization could modulate severity of asthma, although clinical trials with
appropriate outcome measures are needed.
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Eczema

MICHAEL ARDERN-JONES, PETER FRIEDMANN

1. There are many types of eczema, most of which do not involve allergy.

2. Allergic contact eczema/dermatitis is a specific T lymphocyte-mediated immune
reaction to exogenous chemicals.

3. Allergic causality is established by topical patch tests with suspected chemicals.
Tests are read at 48 hours.

4. The predisposition to atopic dermatitis is likely to be genetically determined defects
in the skin barrier and immune system.

5. Allergens derived from many environmental substances including dust mite, animal
fur and occasionally foods are implicated in the manifestation of atopic dermatitis.

6. Immediate (IgE mediated) reactions are not commonly important triggers of atopic
dermatitis.

Introduction

The term eczema (interchangeable term: dermatitis) denotes a pattern of inflam-
mation in the skin. This is characterized microscopically by infiltration predomin-
antly of lymphocytes and the formation of fluid within the epidermis as well as the
dermis. Clinically, the lesions of eczema are itchy and consist of tiny erythematous
papules, which may coalesce to form ill-defined patches. The fluid may form tiny
collections and sometimes coalesce to form bigger blisters, or may simply ooze
and ‘weep’ through the epidermis. Eczema may be differentiated into endogen-
ous (no known predisposition) or exogenous (genetic predisposition to responses
to the environment) as defined by the causative factor involved. Eczemas with
external causation are classified further as allergic or irritant. Allergic responses
are specific to the individual and the allergen involved, whereas irritant responses
may occur in any individual and are not specific to the irritant. Eczemas with

© Atlas Medical Publishing Ltd
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an external cause include allergic contact eczema, irritant contact eczema, sun-
light-induced eczema and atopic eczema. In these exogenous eczemas there is an
underlying genetic susceptibility to developing allergy. This chapter will focus on
irritant and allergic contact eczema and atopic eczema since these are the condi-
tions in which management of allergy is of crucial importance.

Irritant and allergic contact eczema (dermatitis)

Aetiology and pathogenesis

The skin comes into contact with a wide range of environmental chemical sub-
stances on a daily basis. Many of these are potentially toxic and many are capable of
inducing T lymphocyte-mediated immunological reactions. Irritants are generally
not able to activate specific T cell responses (adaptive immunity) but through their
toxic effects they can activate innate immune responses in the form of cytokines
and non-specific recruitment of inflammatory processes. Typical irritants are
surfactants (soaps and detergents), solvents (petrol, paraffin) or caustics (acids or
alkalis). Contact sensitizers are mostly small molecules which, in susceptible indi-
viduals, can evoke adaptive immune responses via recognition by T lymphocytes.
Once immune sensitization has occurred and clones of specific memory/effector
T cells have been generated, then wherever the sensitizer contacts the skin, the
T cell-mediated inflammation of contact eczema will be elicited.

Mechanisms of sensitization by contact allergens

Small chemical entities are not visible to T lymphocytes unless they act as hap-
tens, becoming bound to proteins which act as carriers, suitable for mount-
ing in the grooves of major histocompatibility complex (MHC) molecules and
hence recognition by T cell receptors. Chemicals vary in their intrinsic sensitizing
potency, but their ability to act as immunogens is mainly related to their chemi-
cal reactivity and ability to bind to proteins |1-3]. In order to mount a ‘positive’
immune response to a chemical, the immune system has to receive danger sig-
nals that activate dendritic cells—most potent contact sensitizers are also irritants
and it is likely that the irritant effects involve activation of the innate immune
response. The contact sensitizer has to penetrate to the viable layers of the epi-
dermis where they are taken up by the epidermal dendritic antigen-presenting
cells—Langerhans’ cells. In response to the danger signals sensed by the kerati-
nocytes and Langerhans’ cells in the epidermis, cytokines interleukin-1p and
tumour necrosis factor-a (TNFa) are produced which stimulate the Langerhans’
cells to migrate down into the dermis carrying whatever substance(s) perturbed
their environment (Fig. 6.1) [4,5]. At the same time, the dermis responds to the
perturbation by activating mechanisms that facilitate trafficking of T cells into
the skin, hence enhancing immune surveillance. Thus, microvascular endothe-
lium increases expression of adhesion molecules intercellular adhesion molecule
(ICAM)-1 and E-selectin while chemokines are released which can attract T cells
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passing through the dermal microvessels |6]. The Langerhans’ cells migrate to the
regional lymph nodes and on the way they mature into more potent antigen pre-
senting cells by augmenting their expression of MHC-class II and costimulatory
molecules (CD40, 80 and 86). Upon arrival in the regional nodes they enter the
T cell-rich paracortical regions where they present their ‘cargo’ to the naive T cells.
When a T cell with the appropriate hapten-specific cognate receptor recognizes
its target, it is activated by the dendritic cell via the full range of signals, surface
costimulatory molecules and cytokines. It undergoes proliferation to generate a
clone of memory/effector T cells, which leave the lymph node to enter the sys-
temic circulation. These T cells are able to circulate to the skin and respond to
presentation of the sensitizer by antigen presenting cells. However, the major-
ity of cells will undergo apoptosis without further activation. A small fraction of
T cells establish long-lived immunological memory for that hapten/sensitizer, so
that the next time it is in contact with the skin the T cell response will be recruited
to the site over 18-24 h to generate the allergic contact hypersensitivity response

which is manifested as allergic contact eczema.

Diagnosis of contact allergy

The first part of the process of diagnosis is the clinical assessment. The rash must
be recognized as eczematous and the distribution on the body should be compat-
ible with the pattern of contact with the suspected or possible contact sensitizers.
When eczema is confined to the hands, the differential diagnosis will include irri-
tant contact dermatitis, which is usually induced by solvents, soaps/detergents,
acids, alkalis and various forms of wet work including handling raw foods. If the
eczema is localized to the face and hands (dorsa) it may indicate that sunlight is
playing a role as a provoking agent. In some cases, long wavelength ultraviolet
(UV-A) light can directly trigger an eczematous reaction—photo-dermatitis. In
others, the UV light may interact with chemicals to generate altered photoprod-

ucts that may be immunogenic—the condition of photo-allergic dermatitis.
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A careful history must be taken to assess the likely exposure to possible sources
of contact sensitivity that the individual may experience in day-to-day living.
Individuals with contact allergies are often aware of the culprits or they may have
suspicions. The time course of exacerbations and ameliorations of the rash in rela-
tion to time at work or engagement with hobbies such as gardening or painting
may provide important clues. The nature of the occupation is important, as there
are particular risks associated with many occupations. Hairdressing, the build-
ing industry, the electrical industry, the woodworking and joinery industry are all
examples of occupations that have particular occupational exposure risks. Patients
with facial eczema may be reacting to personal products applied to the skin or to
airborne products including fragrances in aerosols, ‘vapours’ from house plants
or fumes from occupations or hobbies involving soldering or welding. A source
of contact allergy that is easily overlooked is the ingredients in topical medica-
ments—preservatives, stabilizers and even the active drug molecules such as
corticosteroids.

Once the clinical diagnosis is suspected, one or more culprit allergens may be
evident. However, to prove the patient is allergic to these and to screen for other
contact sensitivities, the procedure of contact allergy patch testing should be per-
formed.

Patch testing

The basic procedure involves application of agents to be tested to the skin, usu-
ally of the back, in purpose-designed chambers. The most frequently employed
are Finn® chambers which are circular aluminium discs moulded to have a central
depression or chamber. The substance to be tested is usually mixed in white soft
paraffin, which can be placed directly in the chamber; liquids can be dropped onto
an absorbent paper disc placed in the chamber. Each chamber is mounted on an
adhesive hypoallergenic adhesive tape (Scanpore). Other chambers also available
include Hill Top® which are rectangular plastic chambers and T.R.U.E. Test® which
are paper discs impregnated with the standard contact allergens and mounted on
adhesive tape in strips. The chambers are applied in strips to the upper back over
the scapulae if possible. The whole assembly is then carefully marked with indel-
ible marker pen to enable location of the placement of the different allergens after
the chambers have been removed. The patches are removed 48 h later and read
(Box 6.1) according to the scale devised by the International Contact Dermatitis
Research Group (ICDRG) |7]:

Box 6.1 Reading patch test responses as set out by ICDRG |7].

7+ Doubtful reaction; faint erythema only

+ Weak positive reaction; erythema, infiltration, possibly papules
++ Strong positive reaction; erythema, infiltration, papules, vesicles
+++ Extreme positive reaction; intense erythema and infiltration,

coalescing vesicles

IR Irritant reaction—different types
NT Not tested
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The first patch tests are normally performed using the ‘European Standard Battery’
(ESB) devised by the ICDRG. This battery comprises 30 tests including metals
(nickel cobalt, chromate); dye substances (paraphenylenediamine and other azo
dyes used in clothing); rubber chemicals (grouped as a mixture), thiurams (used
in the vulcanization of rubber) and the mercapto mix (comprising chemicals used
as accelerators in hard rubbers such as shoe soles). In addition, there is a group of
excipients used in medicaments and personal products, including preservatives
and stabilizers.

While the ESB is often adequate for detecting common contact allergies, it is
frequently necessary to use more specialized batteries containing chemicals rele-
vant to particular occupations or situations. When the patch test reactions are
read they must be assessed as being either true allergic (type IV hypersensitivity)
or irritant reactions. Irritant reactions often have more sharply defined margins
and less oedematous swelling than true positive reactions. The next part of the
diagnostic procedure is that of determining whether positive responses to patch
test challenges are of clinical relevance—are they detecting the causally relevant
allergy or are there positive responses which are not causally relevant and which
can be discounted?

The process of determining which allergens should be tested and what the
responses mean is highly specialized and should be performed by specifically
trained staff in dermatology departments with appropriate equipment. Having
established that there are clinically relevant contact allergies present, the crucial
part of management of allergic contact eczema then becomes the avoidance of the
causal allergens. Sometimes this is easy, and can be achieved by changing to a dif-
ferent personal product or medicament. However, frequently, there is a significant
implication regarding the person’s workplace and their job. Redeploying people
within the workplace is one method of avoiding contact with causally important
substances, but some individuals have to give up their job, sometimes needing to
retrain and enter a completely new profession. One of the hardest groups of aller-
gens to avoid are the rubber accelerators—people with shoe dermatitis can find it
remarkably difficult to find shoes that are free of all rubber components—rubber
glues are used almost universally in shoe manufacture.

In conclusion, the management of contact eczema involves identification of
the causal factors—irritants or sensitizers, avoidance of the culprit and treatment
of the skin inflammation with appropriate topical anti-inflammatory corticoster-
oids and emollients.

Atopic eczema—atopic dermatitis (atopic eczema)

Definition
Atopic dermatitis is widely recognized to be a disease of many clinical appear-

ances. As a result it has not only been described by a number of different names
but criteria for diagnosis have varied. Realizing the importance of a strict disease
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The Hanifin and Rajka diagnostic criteria for atopic dermatitis. With
permission from |9|

Major criteria Features

Pruritus Present

Dermatitis Affecting flexural surfaces in adults and the face and
extensors in infants

Disease pattern Chronic or relapsing

Personal or family history of atopy Cutaneous or respiratory atopy

Minor criteria

Features of the ‘atopic face’ Facial pallor or erythema, hypopigmented patches,
infraorbital darkening, infraorbital folds or wrinkles,
cheilitis, recurrent conjunctivitis, and anterior neck folds

Triggers of atopic dermatitis Foods, emotional factors, environmental factors, and skin
irritants such as wool, solvents and sweat

Complications of atopic dermatitis Susceptibility to cutaneous viral and bacterial infections,
impaired cell-mediated immunity, immediate skin test
reactivity, raised serum IgE, keratoconus, anterior
subcapsular cataracts.

Others Early age of onset, dry skin, ichthyosis, hyperlinear palms,
keratosis pilaris, hand and foot dermatitis, nipple eczema,
white dermatographism, perifollicular accentuation

A diagnosis of AD is made when three of four major and three minor symptoms are present.

Criteria for the diagnosis of atopic dermatitis. Adapted with
permission from |12]

Major criteria Features
Pruritus Evidence of itchy skin, or parental report of scratching or
rubbing

Minor criteria

History of a recurrent rash On the flexures

Personal (or family history) of atopy ~ Asthma or hay fever (or first-degree relative if under 4 years)
Disease pattern Onset under 2 years old (not used if child is under 4 years)

Current active dermatitis In flexures (including cheeks, forehead and lateral aspects of
limbs if under 4 years)

A diagnosis of AD is made when one major and three or more minor criteria are present.

definition, Hanifin and Rajka published their seminal diagnostic criteria in 1980
[8], which Hanifin later revised (Table 6.1) |9]. These contained major and minor
criteria for the diagnosis. The criteria were subsequently refined and validated by
the UK working party [10-13| to produce evidence-based diagnostic criteria rele-
vant to the outpatient setting (Table 6.2). The criteria are currently purely clinical
features from history and examination with no reference to IgE, which creates
some confusion when the World Allergy Organization (WAQ) diagnosis of atopy is
considered in respect of the name ‘atopic dermatitis’. To somewhat rectify this appar-
ent disparity, the WAO have suggested a reclassification of dermatitis (Fig. 6.2)
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[14], which distinguishes eczema from dermatitis of other causes and sub-divides
eczema into atopic and non-atopic as defined by immunoglobulin (Ig)E and or
skin testing.

Clinical features, natural history

The major symptom of atopic dermatitis is pruritus. However, affected individuals
also suffer discomfort from very dry or cracked skin and often have difficulty sleep-
ing. The typical cutaneous features of atopic dermatitis include scaling/xerosis, ery-
thema, papules, vesicles, lichenification and excoriation. These features represent
a wide spectrum of overlapping phenotypes. Currently, there is no good model
to explain a particular disease pattern in any individual. Typically, infants present
with involvement of the forehead and cheeks. In early childhood, the disease may
be more flexural including elbows, knees, wrists and ankles. The adult pattern of
disease arises at or after puberty and generally affects the face (often peri-orbital
and forehead regions), neck, upper back, upper arms and lower legs. Hands and
feet are also frequently involved in the teens and adult pattern. Discoid eczema
(well demarcated lesions usually on the trunk and limbs) is more common in adult
onset disease. Lichenification (thickening of the epidermis) usually predominates
as a marker of chronic disease. Acute flares in all age groups will be accompanied
by increased inflammation often with associated exacerbation of pruritus. Skin
infection is frequent and may present as exudation, crusting and ulceration.

Disease onset is typically in early life, 60% in the first year and 85% before the
age of five |15] and it affects both sexes equally. Three disease patterns are recog-
nized: persistent disease (19%), intermittent disease (38%) and remitting disease
(43%) |16]. The strongest predictive factors for development of persistent disease
include disease severity and a family history of atopy [16].

Epidemiology
Atopic dermatitis is the most common inflammatory skin disease in the UK,
affecting up to 20% of the school age population and 3% of adults. World preva-
lence is highest in Northern Europe and developed countries [17]. For compari-
son, prevalence in rural Ethiopia was estimated to be 0.3% in 1996 [18], yet this
was significantly lower than the urban population of the same country (1.5%). A
difference in prevalence in populations of the same genetic background separated
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only by geographical factors, particularly between agricultural and city dwell-
ing populations, is also well documented in developed countries (e.g. in Finland
higher prevalence occurs in the industrialized southern region in comparison to
the eastern rural areas |19]). Similarly, higher socioeconomic class |20] and smaller
family size |21] have been associated as risk factors for atopic dermatitis.

Over the last 50 years, numerous epidemiological studies have demonstrated
an increasing prevalence of AD and allergic disease in general (e.g. from 1.3%
to 23% in Scandinavia |22]). Disease incidence appears to show corresponding
trends: before 1960 incidence ranged from 1.4% to 3.1%; 1960-70, 3.8% to 8.8%;
after 1970, 8.9-20.4% |23].

Differential diagnosis

As discussed above, the clinical phenotype of atopic dermatitis is heterogene-
ous. This occasionally makes clinical diagnosis difficult. Other diseases that
may mimic atopic dermatitis include cutaneous superficial fungal infections,
infestations (scabies mite), and allergic contact dermatitis. The predilection for
hands and feet in some individuals may also make psoriasis difficult to exclude.
Facial eczema is usually distinct from seborrhoeic dermatitis but can be similar.
Cutaneous lymphoma (mycosis fungoides) may also resemble atopic dermatitis
in some individuals.

Histopathology

Histopathology of acute atopic dermatitis lesions demonstrate intra- and inter-
cellular oedema (spongiosis) of the keratinocytes, which occasionally progresses
to vesicle formation. Associated with spongiosis is a sparse infiltrate of CD4* T
lymphocytes in the epidermis. There is mild to moderate epidermal hyperplasia
and a loose perivascular infiltrate around superficial venules in the papillary dermis.

In chronic eczema the epithelium is irregularly thickened, the papillary der-
mis is often hyperplastic, and a chronic inflammatory infiltrate, dominated by
macrophages and eosinophils, is present in the dermis. The epidermis contains
an increased number of IgE-bearing Langerhans’ cells. Perineural fibrosis is often
present in cutaneous nerves in the superficial portion of these lesions. The reticu-
lar dermis is usually unaffected.

Pathogenesis

Genetics

The importance of genetic factors in atopic dermatitis is underlined by the high
level of concordance observed in monozygotic versus dizygotic twins (0.72-0.77
vs 0.15-0.23) [24,25]. Candidate genes that have demonstrated disease associ-
ation include filaggrin, IL-4, IL-4R and SPINK5. Genome scans have revealed
hot spots at 1q21 [26], 3p24-22 [27| and 3q21 |28|. Interestingly, many of the
hot spots do not overlap between atopic conditions; rather there is considera-
ble overlap between atopic dermatitis and psoriasis. This finding suggests that the
focus of the genetic influence is on the skin itself [26] rather than on the immune
system.
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Fig. 6.3 Interaction between the epidermis and immune system in atopic eczema. The
epidermis has increased permeability (genetic abnormalities of filaggrin) and reduced innate
antimicrobial defences. In addition, production of thymic stromal lymphopoietin (TSLP) and
prostaglandin E, conditions dendritic cells to induce Th2 differentiation. T cell re-encounter
with antigen in the skin induces inflammatory Th2 cytokine release and induces down-
regulation of genes involved in both antimicrobial defence and skin barrier formation.

Skin function defects

As keratinocytes differentiate towards the skin surface, they change shape (flat-
ten) and eventually lose their nuclear components (corneocytes). Corneocytes are
bound together by corneodesmosomes and these are surrounded by a complex
mixture of fatty acids and enzymes known as the lipid matrix. The combination of
structural and lipid components form the skin barrier, which is essential to keep
required nutrients in (e.g. water) and environmental agents out (e.g. microbes).
Recently it has been shown that mutations in the gene encoding a key structural
protein in the skin (filaggrin) are strongly associated with atopic dermatitis [29].

AD patients are particularly susceptible to certain cutaneous infections [30].
The most common skin infection is with Staphylococcus aureus. However, human
papilloma virus-induced warts, fungal infections, viruses (such as HSV1 and 2,
vaccinia, coxsackie A and molluscum contagiosum) are also frequent pathogens,
in some cases, causing severe complications such as eczema herpeticum.

Defects in innate immune responses made by skin cells have been associated
with AD (Fig. 6.3). For example, there are reported reductions in keratinocyte
derived antimicrobial peptides (cathelicidin LL-37, -defensin 2 and -defensin
3) 131,32]; neutrophil chemoattractant IL-8 |32[; and inducible nitric oxide syn-
thase (iNOS) [32] which mediates pathogen killing through release of NO [33].
Further compromise of antimicrobial defence in AD occurs as a result of defect-
ive dermicidin-derived antimicrobial peptides, produced by eccrine glands [|34].
Production of IgA, a key epithelial antimicrobial immunoglobulin, is also reduced
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in the sweat and tears of AD patients |35,36] which may help explain the concord-
ance between staphylococcal growth on both mucosal and skin surfaces in these
patients.

Immune defects
In both contact dermatitis (see earlier) and atopic dermatitis, T cells infiltrate
the skin early in the disease. One of the principal findings that distinguishes AD
from allergic contact dermatitis is the cytokine profile present in acute lesions. In
an acute lesion of AD, Th2 cytokines (IL-4, IL-5 and II-13) predominate |37,38|
whereas Th1 cytokines are dominant in allergic contact dermatitis.

T cells, which make IL-4 and IL-13, are able to induce B cell production of
allergen-specific IgE. Of individuals with AD, 55-90% have increased total and
specific IgE levels in the blood |39]. IgE is cross-linked on the surface of cells fol-
lowing encounter with allergen, this leads to degranulation and release of inflam-
matory mediators in mast cells and enhanced dendritic cell allergen up-take and
subsequent allergen-epitope presentation to T cells. The predisposition to making
allergen-specific Th2 responses is therefore thought to be central to the pathogen-
esis of atopic diseases. Atopic adults make Th2 responses |40,41], and Th2 skewed
responses in cord blood have been found to predict childhood atopic dermatitis
[42]. Recently, thymic stromal lymphopoietin (TSLP) produced by keratinocytes
has been found to modulate dendritic cell polarization of T cell responses towards
Th2 [43]. Further work revealed that transgenic over-expression of TSLP in the
skin induces atopic dermatitis in the mouse |44].

Signalling between innate and adaptive immune systems as a result of muta-
tions in pattern-recognition receptor genes has also been found to be defective in
some individuals with AD.

Infection

Unlike controls, most individuals with AD will have Staphylococcus aureus identi-
fiable on skin swabs, usually at higher density in lesional skin [45-47|. Treatment
resulting in lower staphylococcal loads produces clinical improvement in most cases
[47,48|. Furthermore, S. aureus present on the skin of atopics is significantly more
likely to express superantigen and indeed the levels correlate with disease severity
[49-51]. Recent data suggest that staphylococcal superantigen can act to enhance
allergen presentation in the skin and also further skew the allergen-specific immune
response to a Th2 profile |52, thus providing a link between infection and allergy.

Hygiene
Strachan [21] first proposed the ‘hygiene hypothesis’ in 1989. His proposal sug-
gested that smaller family size and increased hygiene in the home contribute to
the reduction in childhood cross-infection between siblings and subsequent rise
in incidence of allergic disease. However, repeated epidemiological studies have
failed to reproducibly demonstrate a reduced infection rate in AD [53-63|.

Neuropeptides
Many patients report an association between stress and exacerbation of their
atopic dermatitis. Further work has demonstrated that neuropeptides and nerve
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The frequency of positive patch test responses in patients with atopic

eczema
D. pteronyssinus D. farinae Cat Grass

Adults
Number tested 31 21 31 22
Number +ve 21 9 16 11

% +ve 68% 43% 54% 50%
Children*
Number tested 24 15 20 24
Number +ve 14 2 8 6

% +ve 58% 13% 40% 25%

* Children were aged 7 years and above.

fibres are prominently increased in lesions of atopic dermatitis, thus suggesting
an influence of efferent nerve mechanism that may regulate inflammation in the
skin |64,65|.

Allergy and allergens

The role of immediate hypersensitivity (allergy) to environmental aero and food
allergens is still not well established in AD. The presence of allergen-specific
immune reactivity can be detected in vitro by tests which measure specific IgE
(RAST, Immunocap), basophil function (markers of activation, histamine
release), lymphocyte function (markers of activation, proliferation, cytokine
release, cytotoxicity) and lymphocyte specificity (peptide-MHC conjugates).
Unfortunately, most of these tests have not been validated for clinical use so most
centres measure only allergen-specific IgE. Augmented immune reactivity (posi-
tive allergy tests) can be detected by several types of challenge in response to many
allergens but the problem is to establish clinical relevance and causal significance
of these responses. Thus, skin prick tests elicit positive weal and flare responses at
15 min, reflecting IgE-dependent, immediate type hypersensitivity. Intradermal
injection of allergens elicits a complex triphasic response comprising the immediate
15 min weal and flare, the 6-12h late phase responses and also delayed 24-48h
responses thought to reflect lymphocyte-mediated allergy 166]. Epicutaneous
patch application of aero and food allergens for 48 h may elicit an eczematous
response that is indistinguishable from naturally occurring eczema. The frequen-
cies of positive responses to aeroallergen challenge tests in atopic eczema patients
are of the order of 90-95% for prick tests and 45-85% for patch tests (Table 6.3).
The rate of positive patch test responses depends on the dose of allergen used
and whether or not the skin permeability barrier is disrupted by tape stripping
[67-69]. The ‘Atopy Patch Test’, as defined by the European Task Force on Atopic
Dermatitis (ETFAD), involves application of 200 ‘index of reactivity’ (IR) units of
each allergen on 12mm diameter Finn Chambers, with no deliberate disruption
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of the stratum corneum permeability barrier. One hundred IR was designated as
the strength of allergenic extract that elicited a weal of geometric mean diameter
of 7 mm on skin prick test in 30 subjects sensitive to the corresponding aller-
gen. APT elicits positive responses to house dust mite allergens in up to 45% |69|
However, with tape stripping |67| and higher concentrations of allergen, much
higher frequencies of positive responses can be obtained (Table 6.3).

Another source of allergic ‘drive’ for atopic eczema is the skin surface com-
mensal yeast Malassezia furfur. This organism is present on the skin of everyone.
In a proportion of atopic eczema sufferers, active allergic responses reflected by
positive prick tests (specific IgE dependent) and patch tests (T cell-mediated) are
present [70,71].

Allergen avoidance

The main aim of establishing causal relevance of a given allergen for any patient
with atopic dermatitis is to ameliorate the skin condition by avoidance of the
allergen. However, interpretation of whether positive challenge tests reflect
causal significance of the relevant allergens is surprisingly unreliable. Immediate
Type 1 responses are generally thought to relate to mucosal symptoms, which
many eczema sufferers also experience. While it is generally presumed that
cutaneous symptoms are best represented by eczematous responses at 48 h after
epicutaneous patch tests, there is little evidence that these responses are good
predictors of allergens that would be beneficial to avoid. Clinical responses to
oral challenge with milk in 118 children aged 2 to 36 months elicited positive
responses in 54% |72|. The children showing positive responses to milk chal-
lenge exhibited immediate responses (urticaria, pruritus and exanthemata) in
49% while they were of a delayed-onset eczematous type in 41%. Positive prick
tests occurred in 67% of the children with acute onset symptoms, while positive
patch tests occurred in 89% of the children with delayed onset symptoms |72].
A number of authors have suggested that after double-blind placebo-controlled
food challenges, patch test challenges are the next best method for identify-
ing sensitization by foods |72-74|. However, the number of studies that have
linked the outcome of skin tests to the results of avoidance of the provoking
foods is very limited |69,75|. Therefore, dietary manipulation to avoid ingestion
of causally relevant foods appears still to be best achieved after double-blind
placebo-controlled food challenge. ‘Hit and miss’ omission of foods of choice or
suspicion is generally unrewarding.

Of the environmental aero-allergens the house dust mite is the one that is of
greatest significance firstly because it elicits positive allergy tests in most atopic
eczema patients and secondly, because it is a practical possibility to put into place
effective dust mite allergen avoidance regimens. Although many authors have
examined the frequency of positive skin tests, both prick tests and patch tests, and
found positive responses in the majority of eczema sufferers, the ability to use these
results to predict who will benefit from allergen avoidance is low to non-existent.
Also, the question of whether dust mite elimination is clinically efficacious is still
controversial. The clinical efficacy of dust mite elimination has been clearly shown
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by three studies |76-78| while others found no clinical benefit |79,80|. Sanda and
colleagues used an environmental chamber 77|, Tan and colleagues |78 used a
combination of occlusive bedding encasements, a spray containing both tannic
acid to denature allergens and an acaricide to kill dust mites as well as a high pow-
ered, high filtration vacuum cleaner. They observed highly significant reductions
of Der p 1 content on the surface of the mattress and in the domestic environment.
This was associated with significant improvements in the atopic eczema scores
for both adults and children. Interestingly, neither Gutgesell and colleagues |79|
nor Oosting and co-workers |80| observed any clinical benefits. Gutgesell used
bedding encasements and high powered vacuum cleaners but not the allergen
denaturing spray, and Oosting used only bedding encasements without either
the vacuum cleaner or the spray. It seems unlikely that the allergen denaturing
spray made the critical difference since in Tan’s study, although the reduction in
Der p 1 load in the carpets was highly significant, there was no difference between
the active (high-powered vacuum plus spray) and placebo—(normal vacuum
cleaner only) treatments. The other difference in the study designs was their dura-
tion: Tan’s study ran over 6 months while those of Gutgesell and Oosting ran over
12 months. In Tan’s study, the patients with the worst eczema severity derived the
greatest benefits from introduction of dust mite eradication measures.

Colonization and infection of atopic eczema skin with Staphylococcus aureus
is present in almost 100% of cases. Although commonly viewed as an alternate
mechanism of inflammation, recent clinical and molecular investigation has
highlighted the potential of staphylococcal superantigen to provide an interac-
tion between the innate and acquired immune systems which may enhance aller-
gic reactivity |52,81]. Such a mechanism may suggest that allergen avoidance in
the setting of reducing the antimicrobial load may be more beneficial than either
approach alone.

Eczema sufferers who exhibit the pattern of worst involvement on the head,
neck and upper torso often derive clinical benefit from use of imidazole anti-
fungal agents to temporarily eradicate the M. furfur.

Overall management of atopic eczema
1. Allergen avoidance: From the above, it can be seen that allergen avoidance
strategies can be applied for foods, dust mites and possibly animal furs and
also M. furfur. The biggest problem is that although many eczema sufferers
give positive skin tests to some or all these allergens, being certain which are
the causal ones is unreliable. If anti-dust mite measures are attempted they
must be done thoroughly and must include encasing all components of the
bed (mattress, duvet and pillows) in mite/dust-proof bags. An alternative for
the duvet is to change to ‘hospital style’ cotton air cell blankets that can be
washed frequently. Similarly, the pillows can be given a hot wash and tumble-
dry every 3-4 months, or even renewed completely. Most modern ‘box con-
struction’ vacuum cleaners do a good job of allergen removal. If carpets are
present then it is impossible to completely eliminate dust mite allergens and
animal fur allergens as they remain stuck in the carpets. The requirement for



allergen denaturing sprays is raised by Tan’s study above, but the real value of

2. Treating the skin: Moisturizing with bland oils, creams or ointments is essen-
tial and helps improve the barrier function of the skin as well as soothe itch
and dryness. The inflammation of eczema requires topical corticosteroids in
arange of potencies. When they fail or if they induce side-effects, then topical
calcineurin inhibitors (tacrolimus or pimecrolimus) are indicated. If there is
inadequate control of the eczema with topical regimens, then systemic ther-
apy with immunosuppressants such as azathioprine or cyclosporine may be
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such sprays is still uncertain.
required.
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Angio-oedema and urticaria

BETTINA WEDI, ALEXANDER KAPP

1. Exact definition of the respective angio-oedema/urticaria subtype is required to
choose the best treatment approach.

2. Most subtypes persist for several years and health-related quality of life is signifi-
cantly impaired.

3. The aetiology of chronic urticaria is heterogeneous and involves persistent,
subclinical bacterial infections, non-allergic hypersensitivity reactions and autore-
activity.

4. Specific and sufficient treatment of identified triggering factors can result in com-
plete remission of angio-oedema/urticaria.

5. First line symptomatic treatment consists of second generation H -antihistamines.

6. Flawless studies investigating alternatives are rare.

Introduction

Correct recognition of the diverse clinical subtypes of the common disorders urti-
caria and angio-oedema facilitates clinical assessment and treatment. Appearance,
distribution, duration of (individual) weals and/or angio-oedema, and of add-
itional symptoms is often informative. In most cases urticaria and angio-oedema
coexist but may occur separately.

Although rarely life-threatening, angio-oedema and urticaria result in a signif-
icant impairment of health-related quality of life. Exact definition of the respect-
ive subtype is required to choose an adequate treatment approach. The goal is to
maximize quality of life and ability to work or to go to school and to minimize
potential side-effects.

© Atlas Medical Publishing Ltd
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Fig. 7.1 Typical asymmetric non-C1
inhibitor deficient angio-oedema of the
lower lips.

What is angio-oedema?

Angio-oedema is defined by sudden, pronounced swelling of the deep dermis
and subcutaneous or submucosal tissues and is often more painful than itching
[1]. Although angio-oedema can occur anywhere on the body, frequently the
eyelids, lips (Fig. 7.1), and genitalia are involved but sometimes also the tongue
and laryngo-pharynx, which can be life-threatening. Resolution can take up to
three days. The pathomechanism is local vasodilatation and increase in capillary
permeability with plasma leakage. Two main types are subclassified, C1 inhibi-
tor deficient and non-Cl inhibitor deficient angio-oedema [2,3]. Most non-C1
inhibitor deficient angio-oedema are caused by histamine release mediated by
immunoglobulin (Ig)E- or non-immunological activation of mast cells.

What is urticaria?

Urticaria, also known as hives, is one of the most common dermatological condi-
tions |1]. It is characterized by acute or chronic, superficial swellings of the skin
associated with itching (Fig. 7.2). Lifetime incidence is higher than 20%. The itch-
ing can be pricking or burning and is usually worse in the evening or at night. The
size, number and shape of weals, which are more often rubbed than scratched,
vary considerably and can develop anywhere on the body. Systemic symptoms
such as fatigue, respiratory, gastrointestinal and arthralgic symptoms may occur.
The clinical pictures are of heterogeneous aetiology and therefore subclassified
into distinct groups. More than half of the patients with urticaria have concurrent
angio-oedema.
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Fig. 7.2 Typical weal and flare reactions in two patients (A, B) with spontaneous urticaria.

Classification and management of angio-oedema

With or without urticaria?

Depending on the cause, several subtypes of angio-oedema can be classified [2,3]. In
most cases angio-oedema (80-90%) is associated with urticaria (Table 7.1). Angio-
oedema without weal and flare reaction must be regarded as a separate entity.

Non-C1 inhibitor deficient angio-oedema

Subtype Cause Association with urticaria
1. Allergic 1. IgE-mediated (usually with urticaria) 1. Usually

2. Non-allergic 2. e.g. NSAID-induced 2. Usually

3. Pharmacological 3. ACE inhibitor-induced (class-effect) 3. No

4. Infectious 4. e.g. associated with H. pylori infection 4. Usually

5. Physical 5. Exposure to vibration, cold, pressure 5. Possible

6. Idiopathic 6. No identifiable cause 6. Usually

C1 inhibitor deficient?

Angio-oedema without urticaria can be caused by C1 inhibitor deficiency |2,3],
either of hereditary subtype (only 5% of all angio-oedema without urticaria) or
acquired angio-oedema (very rare) (Table 7.2).

Hereditary angio-oedema (HAE) is a rare autosomal dominant condition with
a prevalence of 1:50,000 in the general population. It is caused by a deficiency
(type I, 85%) or dysfunction (type II, 15%) of C1 inhibitor without sex bias. In
contrast, type III occurs exclusively in women with quantitatively and function-
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C1 inhibitor deficient angio-oedema (without urticaria)

Subtype Cause, laboratory findings
Hereditary Type | ® (1 inhibitor protein deficiency; low C1 inhibitor, low C4, normal
(HAE) or slightly decreased C1q
Type ll ® C1inhibitor dysfunction; normal C1 inhibitor protein, but
decreased

functional C1 inhibitor activity, low C4, normal or slightly
decreased C1q

Type lll
Exclusively in women; normal C1 inhibitor, normal C4, low C1q
Acquired Type |
(AAE) ® Secondary to lymphoma, immune complex-mediated depletion
Type ll of C1 inhibitor; low C1 inhibitor, low C4, low C1q

Autoimmune; autoantibodies against C1 inhibitor; decreased
functional C1 inhibitor activity, low C4, low C1q

ally normal C1 inhibitor activity related to oestrogens (episodes during menstrua-
tion, pregnancy and use of contraceptives or hormone replacement therapy).

HAE develops more slowly compared to ordinary angio-oedema, often begin-
ning with a prodrome and can be associated with colicky abdominal pain. It devel-
ops spontaneously or after trauma, particularly with dental manoeuvres. Most
cases are diagnosed in childhood and have a positive family history. The attacks
become worse at puberty and usually decrease in frequency and severity after the
age of 50. The main sites involved are face, hands, arms, legs, genitalia and but-
tocks. Glossal, pharyngeal or laryngeal involvement can be life-threatening and
treatment with corticosteroids/antihistamines is ineffective. In one large series,
10% had required intubation or tracheotomy, at least once.

In HAE, laboratory findings reveal a low (<30% normal) functional C1 inhibi-
tor titre and profoundly depressed C4 level. Antigenic (or quantitative) levels of
Cl1 inhibitor are low in type  HAE patients but normal in type II HAE patients. If
C1 inhibitor value appears normal or raised (and C4 is low), a test of C1 inhibitor
function should be carried out. The absolute levels of C4 or C1 inhibitor function
do not change with acute symptoms. Hence, it is not necessary to await an attack
of angio-oedema to obtain a diagnostic specimen; the C4 concentration will be
<10 mg/dl even during quiescent periods.

Acquired Cl inhibitor deficient angio-oedema (AAE) occurs in the fifth and
six decades of life. In type I, Cl inhibitor depletion may the result of circulat-
ing immune complexes secondary to malignancy (e.g. B-cell lymphoma, mye-
loma). In type II, autoantibodies directed against C1 inhibitor itself are generated.
Laboratory assessment should include C1 inhibitor protein level and function,
and levels of C4 and Clq. The laboratory findings in both types of acquired C1
inhibitor deficient angio-oedema are similar to those in HAE except that Clq lev-
els are also decreased.

Treatment of C1 inhibitor deficient angio-oedema

Treatment of HAE is difficult [2,3]. For acute attacks, C1 inhibitor concentrate or
fresh frozen plasma should be administered. Intubation or tracheotomy may be
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necessary. Corticosteroids and antihistamines are not helpful, epinephrine may
be tried. Prophylactic treatment involves anabolic androgens (e.g. danazol) that
increase the serum levels of C1 inhibitor and should be prescribed in the lowest
effective dosage (hepatotoxicity, liver tumours, hirsutism). In mild HAE, avoid-
ance of provoking factors, angiotensin-converting enzyme (ACE) inhibitors,
estrogens together with C1 inhibitor, or fresh frozen plasma prophylactically
before dental or surgical procedures may be sufficient.

In 2008, a selective peptidometic bradykinin {3,-receptor antagonist (icatibant)
may be available for the treatment of HAE.

Which subtype of non-C1 inhibitor deficient angio-oedema?

Angio-oedema with normal C1 inhibitor function may be of allergic (IgE-
mediated), non-allergic (e.g. non-steroidal anti-inflammatory drug [NSAID]-
induced), pharmacological (ACE inhibitor-induced), infectious (e.g. Helicobacter
pylori-induced), physical (e.g. in cold urticaria) or of unknown (idiopathic) nature
(Table 7.1). Details of the management of these aetiologies are described under
the heading chronic urticaria.

Treatment of non-C1 inhibitor deficient angio-oedema

Antihistamines are of little value in non-Cl1 inhibitor deficient angio-oedema,
but given on a regular basis, they may attenuate severity or frequency of angio-
oedema. Randomized controlled trials focusing on recurrent non C1 inhibitor
associated angio-oedema without urticaria are not available. Treatment is similar
to chronic urticaria but often emergency treatment is needed. A dose of 40-60 mg
of prednisone can be used; if needed, the treatment may be extended by an addi-
tional 1 or 2 days. For life-threatening episodes, parenteral corticosteroids, epine-
phrine or even intubation or tracheotomy may be necessary.

Pharmacological non-C1 inhibitor deficient angio-oedema

Angio-oedema occurs in about 0.6% of patients receiving ACE inhibitor treatment,
and is more common in African-Americans. In most cases, angio-oedema occurs
within three months of starting the drug but occurrence after several years is also
possible. The pathomechanism of pharmacological angio-oedema involves accumu-
lation of bradykinin caused by decreased bradykinin degradation secondary to ACE
inhibitors, angiotensin II receptor blockers (sartans) or vasopeptidase inhibitors.

In recurrent angio-oedema, ACE inhibitors, sartans and NSAIDS should be
avoided. Occasionally, angio-oedema may continue for some weeks or even
months after the ACE inhibitor has been withdrawn.

Classification and management of urticaria

Several classifications of urticaria subtypes exist |4-6]. Here, the clinical classifica-
tion of the European Guideline |6] is used. Other classifications place emphasis
on the aetiology (e.g. ordinary urticaria, autoimmune urticaria) or include other
diseases such as urticarial vasculitis. Differences have been explained by historical
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influences, exposure of specialties to different populations with urticaria and most
importantly to the complexity, breadth and diversity of the condition with mul-
tiple causes, associations and aggravating factors |7|.

Which type of urticaria? Spontaneous, physical or special type?

About 80% of urticaria is spontaneous, 10% physical, and less than 10% of special
type (Table 7.3), but two or, rarely, more subtypes can occur in the same patient
(e.g. spontaneous chronic urticaria and dermographism). In these cases, urticaria
is long persisting and more often difficult to treat.

Classification of urticaria subtypes

Urticaria type Subtype

Spontaneous (80%) Acute
Chronic

Physical (<10%) Cold

Delayed pressure
Localized heat
Solar
Dermographic
Vibratory

Special type (<10%) Aguagenous
Cholinergic
Contact
Exercise-induced

Spontaneous urticaria: acute or chronic?

About two-thirds of spontaneous urticaria is acute (allergic or non-allergic), com-
monly seen in medical emergency service, and about one-third is chronic urti-
caria (non-allergic). In both types, episodes of angio-oedema are associated in
more than 50% of cases.

Acute urticaria is defined as spontaneous weal and flare reaction of less than
6 weeks’ duration, most often for one or two weeks, often due to an allergic or
viral aetiology.

In contrast, chronic urticaria (lifelong prevalence about 0.5%, most com-
mon in middle-aged adult women) is defined by persistence for more than six
weeks with nearly daily wealing episodes. Urticaria with less frequently occur-
ring bouts over a long period is called episodic and is more likely to have an
identifiable environmental trigger. Chronic urticaria usually persists on aver-
age for 3 to 5 years but may be still present even after 20 years. Quality of life is
significantly impaired due to intense pruritus, sleep disturbances and secondary
psychosocial problems.
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Acute urticaria: allergic or non-allergic?

Acute non-allergic urticaria is most frequent and often associated with an acute
upper respiratory or genitourinary infection and/or a non-allergic (so-called
pseudoallergic) reaction to NSAIDs (particularly preferential cyclooxygenase I
inhibitors such as aspirin). In contrast, in atopics, acute allergic urticaria caused by
IgE-mediated allergy (e.g. to food allergens, hymenoptera stings, and drugs such
as penicillin) can be found more frequently. Diagnosis is based upon a careful his-
tory to identify potential triggering factors (ask for atopic diseases, known aller-
gies, drug intake, signs of infections) and physical examination (blood pressure,
pulse, lung auscultation).

Treatment of acute urticaria

Causal treatment may include stopping of culprit drug intake or the prescription
of antibiotics in bacterial infections. If a cause cannot be primarily identified, no
further investigations are recommended due to the self-limiting nature. Inpatient
care is recommended in cases of dyspnoea, hypotension, and generalized severe
urticaria. Symptomatic treatment consists of low-sedating H -antihistamines
up to fourfold daily (consider potential side-effects when increasing the dose!)
for one to two weeks. In severe cases (associated severe angio-oedema) initial
administration of glucocorticosteroids up to 100-250 mg prednisolone (i.v.) and
H -antihistamine (i.v.) are needed, maybe repeatedly. In progressive cases (ana-
phylactic shock), administration of epinephrine is advised. It has been suggested
that adequate treatment of acute urticaria is able to inhibit progression to chronic
urticaria.

How to diagnose and manage chronic urticaria

The diagnosis of chronic urticaria is based upon a thorough history considering
potential triggering factors, a physical examination including a test for dermo-
graphism, laboratory investigations and, if needed, additional specific proce-
dures. Every attempt should be made to find an underlying aetiology in each
patient, because the identification and elimination of causal factors represents the
best therapeutic approach. With regard to the long duration of the annoying skin
disease, a well-directed work-up based upon a thorough history is indicated. An
expert opinion should be sought in severe and unusual cases.

IgE-mediated hypersensitivity is very rarely the cause of symptoms in chronic
urticaria. Therefore, routine skin prick tests to inhalant and food allergens are of
little value. However, many direct and indirect mast cell releasing factors may
be involved such as autoimmune mechanisms, infectious diseases (viral, bacte-
rial, fungal, parasites) |8| particular Helicobacter pylori-associated gastritis |91,
pseudoallergic mechanisms and others such as internal diseases and malignan-
cies. Several of these mechanisms can be active in a single patient.

About one-third of patients show evidence for an autoimmune pathogen-
esis caused by functional mast cell stimulating IgG antibodies against the alpha
subunit of the hight-affinity IgE receptor and, more rarely, against IgE itself
[10]. Indicative is a positive autologous serum skin test (ASST) although the
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clinical relevance is far from being clear. ASST may be confirmed by in vitro
serum-induced basophil activation tests (histamine release, leukotriene produc-
tion, increase in surface expression of activation markers such as CD63) [11]. In
addition, about 30% of chronic urticaria cases are also associated with thyroid
antibodies [12].

Aspirin [13], NSAIDs and other mast cell activating drugs like morphine,
codeine, muscle relaxants, polymyxin and dextran aggravate symptoms and
evoke exacerbations. Rare, non-allergic hypersensitivity reactions to food addi-
tives should be proven by a double-blind, placebo-controlled challenge |14].

The treatment goal is to maximize quality of life and ability to work or to attend
school and to minimize drug-related side-effects such as sedation.

Unspecific trigger factors should be avoided (Table 7.4). Specific and sufficient
treatment of identified persistent bacterial and parasitic infections can result in
complete remission.

Long-acting low-sedating antihistamines are the mainstay of symptomatic
treatment and can be given the highest grade of reccommendation according to the
criteria of evidence-based medicine. It is common practice to exceed the licensed
dose although available data are limited [15]. The current European Guideline
[16] recommends an increase up to fourfold the normal dose while considering
the side-effects. Management is better achieved by taking antihistamines regu-
larly, not just when the patient is symptomatic. Due to the long-term duration
of the disease, low-sedating H1-antihistamines are preferred, particularly when
increased dosage is needed. For chronic urticaria the evidence base is of high
quality for azelastine, cetirizine, desloratadine, ebastine, fexofenadine, levoceti-
rizine, loratadine and mizolastine (in alphabetical order) [17]. Replacement of one
H1-antihistamine with another should be tried because of individual differences
in responsiveness. The primary choice is based on pharmacokinetic properties,
side-effects, comorbidity and concomitant treatment |18]. The clinical relevance
of additional anti-inflammatory effects that have been demonstrated in vitro is
considered controversial [19].

How to approach the antihistamine-resistant patient with chronic urticaria

Antihistamines, even in increased off-label dose, fail in a significant number of
severely affected patients, particularly in patients with autoimmune urticaria.
However, antihistamines are the only drugs approved for chronic urticaria
treatment. All alternatives are not licensed for chronic urticaria and the evi-
dence base is limited |16-18,20|. Second-line approaches are summarized in
Table 7.4.

Chronic urticaria subgroups (i.e. with positive ASST and/or intolerance to aspi-
rin/food additives) might benefit from addition of leukotriene antagonists [21].

The choice of a combination of an H -antihistamine with a H,-antihistamine
is not justified nowadays. The evidence base is poor and mainly exists for first-
generation antihistamines. The H -antihistamine effect has been explained by
interaction with the hepatic cytochrome P450 enzyme system resulting in an indi-
rect increase of the H -antihistamine plasma concentration |22|.
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Cyclosporin A |23,24| appears to be of value in severely affected patients
although urticaria may reappear after discontinuation.

Randomized controlled trials of the efficacy of glucocorticosteroids have not
been published. They should only be used with caution, for example, to achieve
short-term control of symptoms in acute exacerbations.

Antidepressants (doxepin), mast cell stabilizers (oxatomide, ketotifen), cal-
cium channel blockers (nifedipine) and sympathomimetics (terbutaline) as well
as warfarin and stanozolol were evaluated in randomized controlled trials of poor
quality. In light of high rates of side-effects and limited benefit, these drugs cannot
be recommended.

Other drugs such as dapsone, sulfasalazine, tacrolimus, methotrexate, myco-
phenolate mofetil, cyclophosphamide, interferon, and COX-2 inhibitors as well
as plasmapheresis and intravenous immunoglobulin (IVIG) infusions have not
been studied in randomized controlled trials. Evidence is based on case reports,
case series or uncontrolled, open trials. Substances such as colchicines have only
been studied in other entities such as hypocomplementemic urticaria vasculitis
syndrome (HUVS) or in urticarial vasculitis but not in chronic urticaria.

Based upon our in vitro [11] and in vivo [17,18| evidence in addition to lower
quality randomized controlled trials |25,26] dapsone and (hydroxy-)chloroquine
may be worthwhile subjects for future randomized controlled trials.

Potential future treatment options are under investigation or might be inter-
esting including H, receptor antagonists or biologicals such as anti-IgE (omalizu-
mab) or anti-CD20 (rituximab).

Treatment side-effects

Discontinuation of antihistamines due to unwanted interactions occurs in few
patients. Potential side-effects of antihistamines such as impairment of performance,
sedation, interaction with CYP450 enzymes, liver, cardiac side-effects and nephrotox-
icity should be considered for the respective choice. For antihistamines metabolized
by CYP450 enzymes, co-administration of macrolide antibiotics (e.g. clarithromycin
in triple therapy of Helicobacter pylori) or imidazole antifungals can prolong the QTc
interval and lead to potentially fatal arrhythmias (torsades de pointes).

The risk-benefit profile for each alternative (off-label use) should be care-
fully considered before treatment. This applies especially to immunosuppressive
agents. Table 7.5 demonstrates possible daily doses and drug-related side-effects
that should be considered.

How to manage a child with chronic urticaria

It has been shown that 20-30% of children with acute urticaria of which almost
all were associated with acute infections progressed into chronic urticaria 27].
Accordingly, persistent chronic, often bacterial, infections (e.g. with streptococci,
staphylococci, but also with Helicobacter pylori) and sometimes also viral infec-
tions (e.g. with Epstein-Barr virus or cytomegalovirus) can be found in childhood
chronic urticaria [28]. As in adults, positive ASST indicating autoreactivity can be
found in one-third |29|.
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Evidence-based recommendations for antihistamines in childhood urticaria do
not exist. First-generation antihistamines should be avoided since they are associ-
ated with significant impairment of school performance and may also have para-
doxical stimulatory central nervous system (CNS) effects. Modern antihistamines
show a better safety profile. Cetirizine, levocetirizine, loratadine, desloratadine
and fexofenadine are available in paediatric formulations. There is evidence that
elimination of antihistamines is more rapid in children compared to adults |30].

How to manage chronic urticaria in pregnancy

It is best to avoid all antihistamines in pregnancy, particularly in the first trimes-
ter, although teratogenic effects have not been proven.

Cetirizine and loratadine belong to Food and Drug Administration (FDA) preg-
nancy category B (no evidence of harm to the foetus in animal studies but no proof
of safety in humans); fexofenadine and desloratadine belong to FDA pregnancy
category C (evidence of harm to the foetus, no studies available in animals and no
proof of safety in humans) |31,32|. There is some debate that older antihistamines
such as chlorphenamine (FDA category B) might be preferred due to longer expe-
rience |5]. During lactation, fexofenadine and loratadine might be used.

Differential diagnosis of chronic urticaria

Differentials include scabies, arthropod reactions, urticarial stages of autoim-
mune bullous skin diseases such as bullous pemphigoid, and early stages of vascu-
litis and erythema multiforme.

If weals are non-itching, autoinflammatory syndromes with urticaria-like skin
lesions should be considered |33]. These are characterized by persistent or recur-
rent fever and may be hereditary (mutation of CIAS1 on chromosome 1q44 encod-
ing cryopyrin) such as Muckle-Wells syndrome, familial cold autoinflammatory
syndrome (FACS), and chronic infantile neurological cutaneous and articular
syndrome (CINCA), or may be acquired such as Schnitzler’s syndrome. In add-
ition, other immune disorders (e.g. systemic lupus erythematosus, hypocomple-
mentemic urticaria vasculitis syndrome) may present with (often non-itching!)
urticaria-like skin lesions.

Classification and management of physical urticarias

Physical urticarias form a distinct group that is caused reproducibly by external
physical stimulus and should be clearly differentiated from spontaneous urti-
caria although both can coexist |34]. Usually the weals resolve within 2 h except
in delayed pressure urticaria and delayed dermographic urticaria. Although
clinically impressive, to date the pathomechanisms have not been clarified, nor
are sufficient data available to recommend treatment schedules based upon cur-
rent evidence. Most physical urticarias persist for an average of 3-5 years or
longer. Physical urticaria is diagnosed by thorough history, clinical examination
and provocation procedures using standardized physical tests |34|. Infection as
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Fig. 7.3 Dermographic
urticaria three minutes
after firm stroking of the
skin.

an aetiology for physical urticaria has been controversial |8]. Autoreactivity, i.e.
positive ASST, autoantibodies against IgE-receptor/IgE or against thyroid has not
been described.

Dermographic urticaria (factitial urticaria, symptomatic dermographism)

Dermographic urticaria develops within a few minutes after firm stroking of the
skin (Fig. 7.3) and presents with intensely itching linear weals. In contrast, urti-
carial dermographism is asymptomatic. Dermographic urticaria is the most fre-
quent subtype of physical urticaria with a mean duration of 6.5 years and is often
combined with spontaneous chronic urticaria. Thorough history guides further
investigations to exclude causative agents such as infections. Treatment is simi-
lar to chronic urticaria with low-sedating H -antihistamines given regularly and
at adequate dose (up to fourfold the normal dose). Additionally, some evidence
exists for the use of ketotifen |16].
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Delayed pressure urticaria

In delayed pressure urticaria deep, painful swellings develop 6-8 h after sustained
pressure and persist for up to 2 days. Typical localizations are the palms and soles,
buttocks, back and skin under straps and belts. Systemic symptoms of malaise,
arthralgia, myalgia, and leukocytosis can be associated. Delayed pressure urticaria
is more common in middle-aged males and persists for an average of 6-9 years,
often resulting in disability to work. It may be associated with chronic urticaria.

Diagnostic are standardized pressure tests applying weights in amounts of 0.5 to
1.5 kg/cm? for 10 min in different areas (back, ventral and dorsal thigh). Readings
should be done at least after 30 min, 3 h, 6 h and 24 h [34]. Only definite raised weals
occurring after several hours indicate delayed pressure urticaria. Elicited weals that
persist for more than 24 h should be biopsied to exclude vasculitis.

Antihistamines, even in increased doses, often fail; nevertheless, they repre-
sent the mainstay of treatment. Some patients benefit from additional low-dose
corticosteroids (e.g. 40-20 mg prednisone), others by treatment with dapsone
(100-150mg/d). Moreover, methotrexate (15 mg/week), montelukast, ketotifen
plus nimesulide, sulfasalazine or topical clobetasol propionate 0.5% ointment
have been tried successfully [16].

Cold urticaria

Acquired cold urticaria and angio-oedema occur mainly in young adults within
minutes after contact with cold bodies or cold water, also cold air and sometimes
cold food/drinks |35]. Coexistence with cholinergic urticaria has to be consid-
ered. The average duration is five years. Generalized systemic, sometimes life-
threatening, reactions can follow lowering of the body temperature. Standardized
cold provocation should ideally define the threshold temperature. Recently, low-
voltage Peltier thermoelectric elements have been developed.

Identified infectious diseases such as syphilis, borreliosis, hepatitis, infectious
mononucleosis and HIV infections but also unrecognized bacterial infections have
been reported as triggering factors and should be treated adequately. Low-sedating
H l—antihistamines are the first line in treatment. In idiopathic cases, antibiotic treat-
ment (e.g. with doxycycline or penicillin, i.m. or p.o.) is worthwhile trying. Other
low-evidence alternatives are cyproheptadine, ketotifen, and montelukast |16].

Localized heat urticaria

Rare localized heat urticaria with small sized and fleeting weals develops imme-
diately by direct contact with a warm object such as air or water (eliciting tem-
perature ranges from 38°C to more than 50°C). Ideally, the threshold temperature
should be defined. Evidence-based treatment is not available. Skin hardening to
heat or chloroquine may be tried |16].

Solar urticaria

Solar urticaria comprises only 4% of all photosensitive skin disorders and affects
predominantly women in their third or fourth decades of life. Mostly UV light is
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the eliciting physical stimulus but wavelengths ranging from 280 to 760 nm have
been described. Standardized provocation should use specific wavelengths of a
monochromator and, for example, a slide projector (visible light) for 10 min to
determine the minimal urticarial dose (MUD). The lesions usually fade 15 min to
3 h after onset. The differential list includes systemic lupus erythematosus, eryth-
ropoietic protoporphyria, and more common, polymorphous light eruptions.

Low-sedating H -antihistamines are the first line of treatment but often
fail. Photo-hardening of the skin may be effective. Otherwise, plasmapheresis,
cyclosporinA, photopheresis, plasma exchange, intravenous immunoglobulins or
hydroxychloroquine can be tried |16].

Vibratory urticaria/angio-oedema

Very rarely, strong vibrating forces (e.g. pneumatic hammer) result in vibratory
urticaria and/or angio-oedema. In these cases, avoidance of exposure to vibrating
forces represents the treatment of choice |16].

Special types of urticaria

Special types should be differentiated from physical urticaria because they are not
(only) caused by an external physical stimulus.

Cholinergic urticaria

Cholinergic urticaria which is common in young adults usually lasting for an
average of 5-6 years is caused by a short increase in body temperature that can
be the result of physical exercise, passive warmth (hot bath) or emotional stress.
Coexistence of cold urticaria should be considered. The weals are fleeting (disap-
pearance within several minutes to one hour) and typically only of pinhead size.
Systemic symptoms such as nausea, headache and dizziness may be observed.
Provocation by ergometer exercise or by running in place for 5 to 15 min is used for
diagnostic purposes. The mainstay of treatment is low-sedating H, -antihistamines
(in increased dose) regularly and/or 60 min before typical triggering situations,
but they often fail |16]. It is difficult to achieve exercise tolerance. Optional medi-
cations to use are ketotifen or danazol.

Exercise-induced urticaria/angio-oedema

Exercise-induced urticaria and/or angio-oedema is a condition that can occur
during or after exercise. Usually, the weals are bigger than in cholinergic urti-
caria and systemic symptoms, even anaphylactic shock, are more common. Some
conditions additionally depend on food intake irrespective of the type, and some
depend on specific food intake if IgE-mediated sensitization is present. In these
cases, exercise should be avoided for 4 to 6 h after eating. Antihistamines may not
be sufficient to prevent symptoms. Exercises should be slowing down or stopped
as soon as symptoms start and it is better to exercise with a partner who knows
about the condition and can apply emergency medication.
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Aquagenic urticaria

In rare aquagenic urticaria, contact to water of any temperature liberates a water-
soluble allergen from the stratum corneum that diffuses into the dermis. Weals
occurring in the contact area (e.g. to a water compress at body temperature for
30min) are small-sized. Prophylactic treatment withlow-sedating H -antihistamines
is sufficient in most cases.

Contact urticaria

Contact to an urticant that may cause an immunological (IgE-dependent) or non-
immunological reaction (IgE-independent) results in contact urticaria. Allergic
contact urticants such as food, latex and animals mainly play a role in atopic
individuals (particularly in atopic dermatitis) and can progress to anaphylaxis.
Contact to stinging nettles is the most common form of non-allergic contact urti-
caria. Other non-allergic contact urticants are irritants such as balsam or Peru,
benzoic acid and cinnamic aldehyde in cosmetics. Most reactions are work-related
therefore details of the patient’s employment are essential. If I[gE-mediated reac-
tions are suspected, skin prick test and specific IgE measurements are indicated.
Other commonly used tests are open application tests with readings at 20, 40, 60
min or chamber tests applied for 15 min with similar reading. Early diagnosis is
critical to educate the patient to avoid the contact, because several episodes of
contact urticaria can result in protein contact dermatitis.

Conclusion

Urticaria and angio-oedema are common and, if chronic, often persist for years
with significant impact on quality of life and occupational ability. There is a
clear need for agreement and rationalization of the nomenclature and diagnos-
tic classification of urticaria and angio-oedema at a cross-specialty and inter-
national level. To achieve a better understanding of disease aetiopathogenesis
and to compare clinical trials, a clear-cut definition of patient subgroups is
required. Treatment of most urticaria subtypes is difficult and, apart from the
antihistamines, is neither standardized nor ‘approved’. Avoidance of identified
trigger factors (infections, NSAIDs, mast cell activators) is generally recom-
mended. Low-sedating H1-antihistamines represent the mainstay of treatment.
In most cases their dose has to be increased (according to the current European
guidelines up to fourfold while considering potential side-effects). The evidence
base for treatment alternatives is totally insufficient and the risk-benefit profile
of each oft-label used drug should be carefully considered. More randomized
controlled trials of high quality including carefully characterized urticaria
patients are vitally needed.
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Latex allergy

PAUL CULLINAN

1. Allergies to rubber take two basic forms: an immediate, type | hypersensitivity to
one or more of the several allergenic proteins in latex (this is true latex allergy); or
a delayed, type IV allergic response to one or more of the chemical additives, com-
monly a thiuram, carbamate or benzothiazole (this is not latex allergy).

2. Type IV allergic responses to chemical additives in rubber have a slower onset fol-
lowing exposure; such responses tend to be local to the site of direct exposure and
are almost exclusively dermal.

3. Several latex allergens have structural homology with fruit, pollen and mould aller-
gens and it is unsurprising that some patients with latex allergy are also allergic
to these (e.g. bananas, kiwis, mangos, avocados, chestnuts, walnuts, tomatoes and
sweet peppers).

4. A diagnosis of latex allergy should never be made without supportive immunology
(skin prick testing and/or the measurement of serum specific IgE antibodies); the
diagnostic sensitivity of these tests is well above 95%.

5. The cornerstone of management is avoidance of exposure; the provision of adrena-
line for self-administration may be helpful in patients who have suffered anaphy-
lactic reactions to latex contact; ready access to antihistamines is also useful.

Introduction

Latex allergy erupted dramatically about 20 years ago, flared brightly for a dec-
ade or so and has now become quite an unusual diagnosis in most European and
North American countries. Nonetheless, new cases will continue to be identified
and there is a sizeable legacy of the earlier epidemic; moreover, the factors that
gave rise to it may give rise to another in the future.

Latex allergy is not a diagnosis to be made lightly since its consequences are
serious and far-reaching. Nor is it a particularly difficult diagnosis to make; and
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the principles of effective management are not complicated. Nonetheless, there
is widespread confusion—both within the medical profession and outside—and
misdiagnosis remains fairly common.

Background: what is latex and where does it come
from?

Much of the misunderstanding arises from confusion between ‘latex’ and ‘rubber’
and can be cleared up by understanding how rubber is made and used. The process
begins with Hevea brasiliensis,' the ‘rubber tree’, whose name reveals its origins in
the forests of the Amazon and other parts of southern and central Americas. Early
European visitors to these parts of the world—including Christopher Columbus
in Haiti—found the inhabitants to be familiar with an elastic substance that they
extracted from the rubber tree and fashioned into bouncing balls, unbreakable
bottles and even waterproof clothing. However, latex alone is friable, relatively
inelastic, dull in appearance and likely to decompose; moreover Hevea brasiliensis
in its natural habitat grows in solitary stands and is prey to a host of predators and
disease, making it difficult to harvest on a large scale.

For many decades the commercial uses and production of latex were thus lim-
ited. Three nineteenth-century developments were to change this. First was the
recognition by, among others, Charles Macintosh in Glasgow and James Dunlop,
a veterinary surgeon from Belfast, that if treated appropriately the material had
wide (and eponymous) applications. Second was the accidental discovery of vul-
canization by Charles Goodyear in Massachusetts—a process that rendered nat-
ural rubber latex more durable but retained its water resistance. Finally, in 1876,
Henry Wickham, an English entrepreneur, smuggled several thousand seeds of
the rubber tree past the Portuguese customs officers in Belém do Para at the mouth
of the Amazon and shipped them to the glasshouses at Kew in London. There they
flourished and within the year had been shipped to the British colonies of Ceylon
and subsequently Malaya where they became the foundation of the great rubber
plantations of South East Asia (Fig. 8.1)—and a source of far cheaper and purer
latex than had ever been produced in the Amazon.

Only the Second World War could halt such progress; the difficulties in extract-
ing and exporting natural rubber occasioned by the war encouraged the develop-
ment of alternative, artificial elastomers such as nitrile (a polymer of butadiene
and acrylonitrile), neoprene, styrene butadiene and silicone rubber. These rapidly
gained popularity and remain in common use. Only a global epidemic such as
AIDS could subsequently re-stimulate demand for natural rubber latex. The fear
of nosocomial cross-infection and the introduction of ‘universal precautions’ to
healthcare—and to an increasing number of other industrial and care sectors—

1 A member of the family Euphorbiaceae; gardeners will recognize the milky sap from domestic
varieties (‘spurges’) which is a well-known skin irritant. The rubber tree must not be confused with
the ‘rubber plant’—Ficus elastica.
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Fig. 8.1 Hevea brasiliensis plantation in Fig. 8.2 Manufacture of latex gloves by
Malaysia. 'dipping" process.

stimulated an enormous and worldwide demand for latex gloves and the resur-
gence of rubber production in South East Asia.

Thus, most rubber tree plantations are now in Malaysia, Sri Lanka, Thailand
and West Africa; very little rubber is still produced in the Amazon. Considerable
effort has been put into the breeding of high-output strains of Hevea brasilien-
sis and it is speculated that some strains produce a higher-protein and perhaps
more allergenic variety of latex. Latex tapping is carried out by hand in the early
hours of the morning when the tree sap is rising. The milky fluid is preserved—
usually with ammonia—before being processed with a variety of other preserva-
tive, plasticizing, vulcanizing and colouring chemicals. Almost all latex is used
in the manufacture of ‘dry goods’ such as car tyres where it is combined with
synthetic elastomers and pressed, moulded or extruded into the required shape.
Around 10% is used in the production of directly prepared articles from a latex
concentrate using a ‘dipping technique’ (Fig. 8.2). Such articles include gloves,
contraceptives and bottle-feeding teats.

Almost all dipping methods involve the use of a powder to facilitate handling
of the sticky products; the powder may be removed during manufacture by sub-
sequent washing—or may be further added to aid in the use of the final prod-
uct. Originally, powdered talc was used—and still is in the manufacture of rubber
balloons. The recognition in the 1960s however that talc caused granulomas and
encouraged the formation of adhesions after surgery prompted its replacement
in surgical and then other gloves with cornstarch. Latex is adsorbed onto starch
more readily than it is onto talc and starch-dusted gloves are far more likely to
produce airborne latex particles. In recent years much of the manufacture of rub-
ber products—including gloves—has been relocated from Europe and North
America to factories closer to the plantations. Latex is now rarely transported
across the world in container ships, often at high temperatures; this too may have
affected the allergenicity of the raw material.

Other natural rubbers include gutta percha and chicle. The former, derived
from the leaves of the Palaquium gutta tree is used in endodontic points for dental
root work; it does not appear to contain any proteins that cross-react with natural
rubber latex allergens. Chicle—a component of early chewing gums—seems simi-
larly unrelated.
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The account above provides several lessons—and probably explains several

features of the epidemic of latex allergy that occurred in the 1980s-1990s:

‘Rubber’ is not synonymous with ‘latex’.

Rubber is a complex mixture of natural latex and a wide variety of low molecu-
lar weight additives.

Many articles made from rubber contain very little natural latex; often the latex
is not in an ‘available’” form.

Some articles made from rubber are entirely artificial —and contain no natural
latex at all.

Articles manufactured by a dipping process contain the highest proportion of
natural latex; they include many items used routinely in healthcare.

Most dipped articles have, at some stage, been powdered.

Powdered articles—especially gloves—readily release latex proteins into the
air. Powder-free articles do not.

There is inevitable variation in the allergenicity of different latex-containing
articles—even those manufactured in a single batch.

Rubber allergy

Consequently, allergies to rubber take two basic forms (Fig. 8.3):

1.

2.

An immediate, type I hypersensitivity to one or more of the several allergenic
proteins in latex: this is true latex allergy; or

Much more commonly, a delayed, type IV allergic response to one or more of
the chemical additives, commonly a thiuram, carbamate or benzothiazole |1].
This is not latex allergy. Much rarer sources of Type IV allergy in latex gloves
include the antimicrobial cetyl pyridinium chloride |2[. Type IV responses to
latex proteins have been described but their existence is debated; certainly they
are rare. Dermatitic reactions to glove powder (cornstarch) are usually due to
adsorbed thiurams, though protein contact dermatitis may also occur.

Latex allergens

Natural rubber latex is a complex biological material containing more than
200 polypeptides; in total, proteins make up about 2% of its fresh weight—70%
of these are water soluble. At present, 13 latex allergens are recognized by the
International Union of Immunological Societies and summarized in Table 8.1.
More will undoubtedly be identified.

There is some evidence of an immunospecificity in response whereby patients

presumed to have different routes of initial sensitization recognize different sets
of allergens. Healthcare workers (and children) who are generally sensitized by
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Latex allergy RUbb::'l grhgeymlcal

Immediate-type

hypersensitivity Delayed-type
to allergy to
Fig. 8.3 Two kinds of latex protein(s) chemical additive(s)
allergy to rubber; only in rubber in rubber
one is 'latex allergy'.
Specific IgE/SPT Patch test +
to latex

inhalation, tend to respond to water-soluble, lutoid proteins including Hev b 2,
Hev b 5 and Hev b 6.01, 6.02. Those patients whose sensitization is presumed to
have arisen through repeated prolonged catheterization tend to have responses
restricted to hydrophobic proteins (Hev b 1 and Hev b 3). Such distinctions are
not, however, complete.

Several latex allergens have structural homology with fruit, pollen and mould
allergens and it unsurprising that some patients with latex allergy are also allergic
to these. Similarly, and almost certainly, some patients with immunological—but
not clinical—reactions to latex will not be allergic to latex itself but to one or more
cross-reacting proteins. This is important clinically and is discussed more fully
below.

Relevant epidemiology

An important starting point in the diagnosis of latex allergy—indeed in the diag-
nosis of any disease—is consideration of the prior likelihood of the condition in
an individual patient. In this respect it is helpful to understand a little of the epi-
demiology of latex allergy.

Aside from sporadic case reports (some of questionable accuracy), latex allergy
was not recognized until the late 1980s. For about a decade afterwards there was
an epidemic of reports in the medical literature, reflecting both an increase in the
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incidence of the condition and a growing awareness of prevalent cases. The last
decade has seen a dramatic fall in the incidence of new disease and most new diag-
noses now will be of previously ‘hidden’ cases.

Early in the epidemic process two groups were identified as having a particu-
larly high risk of latex allergy:

@ First were those whose occupations required them regularly to use latex gloves—
in particular those employed in healthcare (‘healthcare workers’ or HCW) but
also factory and construction workers, mechanics, those employed in food pro-
duction and several others. Dozens of cross-sectional surveys—and a few cohort
studies—have been carried out in HCW populations producing prevalence esti-
mates of ‘latex allergy’ from <1% to over 30%. In fact there has been consider-
able confusion over the differences between clinical allergy and immunological
sensitization—let alone basic epidemiological principles of appropriate popu-
lation selection and response rates—and the true frequency of latex allergy in
these groups is much less clear. Furthermore, it has been remarkably difficult,
at anything other than an ecological level, to demonstrate within HCW popula-
tions a relationship between risk and glove exposure—probably because of the
difficulties in obtaining accurate exposure estimates. Indeed it has been argued
that glove wearing is not associated with an increased risk of latex allergy |5,
although this is an argument that few would support |6,7|. Perhaps the clearest
demonstration of cause-and-effect in this setting has been the demonstration of
a steep reduction in German hospital workers of new cases of allergy following
the widespread removal of powdered latex gloves |8].

@ The second group with an identified high risk were those who had undergone
repeated urinary catheterization (with latex-containing devices) or surgery—
in most cases because of congenital spinal disease or hydrocephalus. Again the
risk of new cases has been largely eliminated by the use of latex-free catheters
and by constant vigilance.

There is far less information about other groups but surveys of representative
‘general’ populations suggest that the prevalence of true latex allergy is low. A
summary of the better of these surveys is provided in Table 8.2. Several suggest
that the general prevalence of sensitization to latex is quite high but this is a con-
clusion that has to be considered critically. First, it is not clear that some of the
surveys were of ‘general’ populations—blood donors, for example, may contain
a high proportion of HCW. Second is the issue of the diagnostic specificity of the
immunological methods used—with the further suggestion of cross-reactivity
with common antigens, particularly those in pollens. Even an apparently high spe-
cificity can, in situations of low prevalence, produce a significant overestimation
of the true prevalence of disease |17|. Furthermore, those surveys that have col-
lected clinical information have found a poor correlation between symptoms and
specific sensitization suggesting a low specificity for either of these methods in the
epidemiological context. It is probable that the true prevalence of clinical latex
allergy in general populations is very low.
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A more consistent finding is of an association between atopy and the risk of
latex allergy. Thus, the risk is increased in (but not confined to) those with evi-
dence of sensitization, clinical or otherwise, to common protein allergens such as
those in pollens or house dust.

Clinical manifestations

In the sensitized person, the clinical manifestations of latex allergy depend on the
route of latex exposure. In each case symptoms develop very soon after exposure—
within no more than 30 min—as would be expected from an ‘immediate-type’
allergic response. This brief latency is helpful in distinguishing latex responses
from the more delayed effects typical of allergy to the chemical constituents of
rubber.

1. Exposure to airborne latex particles—such as those from powdered latex
gloves—provokes symptoms typical of a respiratory, protein allergy. These are
itching of the eyes, rhinitis and sneezing and sometimes cough and wheeze.

2. Direct exposure to mucous membranes gives rise to local swelling and itching
and, if prolonged, to systemic anaphylaxis. Examples of situations where such
exposures occur include urinary catheterization, surgery, dental examinations
and childbirth.

3. Direct exposure of the skin may provoke local urticaria but this is not common.
As with other allergic responses to proteins, hand reactions to latex gloves are
said to be more common on the palms (‘protein contact dermatitis’)—in dis-
tinction from the more dorsal features of a ‘chemical’ contact dermatitis.

4. Because true latex reactions resolve rapidly with treatment or with cessation
of the provoking exposure, clinical signs between-times are rare. On the other
hand, the rapidity and relative ease with which they can be provoked can be
useful diagnostically (see below).

Clinical history

As with most consultations it is useful to begin by letting the patient describe their
symptoms (‘tell you their diagnosis’) without interruption or direction and pay-
ing particular attention to their circumstances, timing and nature. Following this,
a set of leading questions is helpful; these may include:

@ Have you had any reactions at the dentist?
® Have you had any unexpected problems during surgery ...
... or childbirth, cervical smear testing etc?
® Have you had any problems with washing up gloves ...
... or when blowing up party balloons?
® Have you had any adverse reactions to the use of condoms??
@ Have you had any problem after eating fruits or vegetables? Patients with latex
allergy often report oral, allergic symptoms to fruits with a very wide range of

2 In practice this seems rare with latex allergy.
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fruits being implicated. Common examples are bananas, kiwis, mangos, avo-
cados, chestnuts, walnuts, tomatoes and sweet peppers—but dozens of others
have been described. On occasion, patients with latex allergy report symptoms
when in contact with the ‘weeping fig’ (Ficus benjamina) which is commonly
found in homes and offices.

Finally, questions about the frequency and type of regular contact with latex are
valuable. These help establish the prior likelihood of latex allergy and serve as a
basis for appropriate management if the diagnosis is confirmed. Of particular
importance are questions about occupational exposures—in most cases to latex
gloves. Traditionally the preserve of HCW, latex gloves are now widely worn by
a large number of other occupational groups including nursery staff, mechanics,
computer assembly workers and food handlers. Powdered latex gloves are not
uncommon in such settings and even if your patient does not use gloves them-
selves, they may have developed sensitization through vicarious exposure. A his-
tory of repeated urinary tract catheterization and/or surgery probably confers an
increased risk of latex allergy

Patients with latex allergy—and those who are concerned that they may have
latex allergy—commonly fear contact with (and/or report adverse reactions to) a
very wide variety of rubber articles. These include many kinds of medical equip-
ment, office articles such as elastic bands, bicycle or car tyres, household fur-
nishings including carpet backings or underlay, party balloons (even when not
in direct contact), elasticated clothing and food wrappings. Some will avoid pre-
pared foods such as shop-bought sandwiches for fear that they have been handled
by people wearing latex gloves or are packaged in latex-containing wrappings;
and many will refrain from eating a long list of fruits and vegetables. It is impor-
tant to distinguish truly allergic responses from those that arise from anxiety
alone. Allergic reactions from latex allergens transferred to foods during handling
[18] or from packaging [19], for example, appear to be very rare. Such concerns
however are testament to the widespread use of rubber and to the extensive—and
often alarmist—information on latex allergy that is publicly available. In fact, for
the reasons outlined earlier, most such fears are unfounded. The majority of rub-
ber articles contain no or very little natural rubber latex; and even if they do, it is
often not in a form that is available for the provocation of an allergic response.
Nonetheless, fears such as these can be extremely disabling.’

Perhaps the commonest point of diagnostic confusion is between true latex
allergy (as above) and allergic responses to the other constituents of rubber. The
latter are typical of a delayed-type ‘chemical dermatitis’; the distinction is rarely
difficult with attentive history-taking:

® Type IV allergic responses to chemical additives in rubber have a slower
onset following exposure, although this latency may be blurred if exposure is

3 “When Ilook back on all these worries, I remember the story of the old man who said on his death-
bed that he had had a lot of troubles in his life, most of which had never happened.” (W. Churchill)
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repeated and lengthy—as is often the case, for example, with those who regu-
larly wear rubber gloves at work.

@ Such responses tend to be local to the site of direct exposure and are almost
exclusively dermal—most commonly on the hands (from glove wearing)
but also the feet (rubber trainers), the torso (underwear) or the face (rubber
masks). In severe cases a more generalized dermatitis may develop.

® The dermatitis is of an eczematous—rather than urticarial—nature. Because it
is of longer duration there may be residual physical signs.

Diagnostic immunology

A diagnosis of latex allergy should never be made without supportive immunology.
This is especially the case because of the widespread confusion between ‘latex” and
‘rubber’, the high profile of the condition and the potentially disastrous conse-
quences of a wrong diagnosis.

As with other immunoglobulin (Ig)E-associated allergies the most important
immunological methods are skin prick testing and the measurement of serum spe-
cific IgE antibodies. In routine practice these are sufficient; more complex tests such
as lymphocyte proliferation or basophile histamine release assays are unnecessary and
probably useful only in research settings. There are now several, validated, commercial
systems for IgE assay and extracts for prick testing; it should not be necessary to use ad
hoc prick-prick testing which is likely to be both more hazardous and less specific.

Much has been written about the diagnostic efficiency of the various test meth-
ods but the arguments are essentially circular in the absence of a credible, alter-
native ‘gold standard” diagnostic method. Moreover, as with all diagnostic tests,
their value depends critically on the pre-test probability of disease. The following
seems a useful summary:

® Both specific IgE assay and skin prick testing have a very high diagnostic sen-
sitivity if performed and interpreted carefully. If comparisons are meaningful
then the latter method probably has the edge since levels of circulating serum
antibodies may decline if exposure to latex has been avoided.

® In each case, the diagnostic sensitivity is well above 95%. In essence this
means that a negative test result makes the diagnosis of latex allergy extremely
improbable. Indeed, there are no convincing reports of latex allergy in the
presence of negative test results to a battery of IgE assays and skin prick tests.

® Itisgood practice to use and compare both prick testing and IgE assay although
in most cases the results will be in agreement. Some centres routinely employ
more than one version of each method.

® The diagnostic specificity of these methods in clinical practice is probably a lit-
tle lower with a slightly higher proportion of false positive results. This may be
more so for IgE assay than for prick testing. The reasons for this probably lie with
cross-reacting antigens in other biological materials such as pollens or moulds.

® Routine testing for IgE-sensitization to common aeroallergens (in particular
pollens and moulds) either in vitro or by prick test can be useful in the inter-
pretation of apparently false positive findings.
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® Where there is an appropriate clinical history the same immunological meth-
ods can be used to assess sensitization to fruits and/or vegetables.

There is no convincing evidence that skin prick testing is hazardous in latex allergy
but it is prudent to omit it where there is a good history of latex-associated ana-
phylaxis. Some manufacturers advise the sequential use of test extracts of increas-
ing strength.

Challenge testing

Occasionally it is helpful to proceed to specific provocation testing—particularly
when there is discrepancy between the history and immunological findings. It can
also be useful as a demonstration to the patient that they are indeed (or more
often are not) allergic to latex. Provocation testing is hazardous and should only
be carried out by those with appropriate experience and in settings where there is
ready access to resuscitative equipment.

The principle of provocation testing in this context is the replication of normal
exposure to latex under carefully controlled—and preferably ‘blind’—conditions.
Initial exposures should be of very low intensity and duration; and increased only
if no adverse reactions develop. Commonly used methods include:

® Glove wearing.

® (Powdered) glove handling.

® Application of latex (gloves) to the mucous membranes of the mouth or eyes.
® Handling of other latex articles such as balloons.

Most responses indicative of latex allergy develop immediately and are clinically
obvious. More refined measures of response include spirometry, non-specific
bronchial responsiveness and various techniques for assessing nasal reactions.

Reaching a diagnostic conclusion

It is important, perhaps unusually so, to make a correct diagnosis in this set-
ting. The consequences of a missed (false negative) case are obvious; what is less
widely appreciated is the damage that can be caused by a false positive diagnosis.
Patients with latex allergy, their families and their employers often need to make
major and sometimes costly lifestyle and occupational adjustments; where prob-
lems have mistakenly been attributed to latex allergy these adjustments prove
useless.
Most cases will fall into one of the following categories (Fig. 8.4)

1. In the context of high prior likelihood, a characteristic history and support-
ive immunology, a diagnosis of latex allergy can be made without further
investigation.

2. In the context of an uncharacteristic history (whatever the prior likelihood)
and negative immunological testing, a diagnosis of latex allergy can be ruled
out without further investigation.
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Fig. 8.4 Diagnostic algorithm for latex allergy.

3. In the context of a characteristic history (whatever the prior likelihood) and
negative immunological testing, a diagnosis of latex allergy can usually be
ruled out without further investigation; however specific provocation testing
may be helpful here.

4. Intheabsence of a characteristic history the interpretation of a positive immuno-
logical result can be difficult; again provocation testing may be helpful. In most
cases, however, the immunological result is likely to be a false positive one. A
search for allergies to cross-reacting antigens is useful in such cases.

Management

As with all immediate-type allergies the cornerstone of management is avoid-
ance of exposure. In most cases, the main route(s) of exposure can be success-
fully controlled. Thus, for example, latex-free medical equipment is widely
available for patients who require it; and there is now good evidence that almost
all latex-allergic patients who need to wear gloves at work can continue to do
so by switching to non-latex versions [20,21]. In these cases it is important to
be sure that colleagues who wear gloves use powder-free types—it is seldom
necessary for them also to switch to latex-free gloves but doing so may provide
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further reassurance. Only rarely is it necessary for a patient to give up their job
on account of latex allergy; but in all cases liaison with the patient’s occupational
health services is invaluable.

More difficulty arises from other latex exposures both in and out of the work-
place. Most of these are unlikely to be harmful but there are some that carry a high
risk:

1. Patients with latex allergy should be strongly advised to avoid ‘internal” expo-
sure to latex. This is most likely to occur during medical, dental and similar
procedures including childbirth. Thus, they should advise their health carers
of their allergy and ensure that all procedures are carried out with latex-free
equipment. It is good advice for them—in case of emergency procedures—to
carry identification of their allergy; ‘warning bracelets’ and the like are easily
available.

2. Other exposures—to rubber articles in the wider environment—are less pre-
dictably hazardous. As a general principle, most are likely not to provoke
allergic responses—either because they contain no latex or because their latex
content is not in an ‘available’ form. Some exposures commonly produce
reactions—for instance, wearing washing up gloves and blowing up rubber
balloons—but others are best managed on a ‘trial and experience’ basis. It is in
general neither necessary nor helpful to advise a policy of strict avoidance of all
rubber articles.

3. Patients who have associated fruit allergies will in any case avoid eating those
they have identified as causing problems. As above it is unnecessary (and prob-
ably harmful) to advise avoidance of all fruits and vegetables that have been
reported elsewhere to cause cross-reacting allergies.

The provision of adrenaline for self-administration may be helpful in patients
who have suffered anaphylactic reactions to latex contact; ready access to anti-
histamines is also useful. Several methods of specific immunotherapy for patients
with latex allergy have been described. There are as yet no reports of success in
high quality, large-scale blinded and randomized studies; in any case, immuno-
therapy is likely to have a limited role in the context of a condition where avoid-
ance of exposure is generally successful.

Many patients with latex allergy are frightened by their condition. Sympathy,
reassurance and support from an experienced clinician can be very help-
ful. There is a huge literature on latex allergy, much of which can readily be
accessed via the web. It is not necessarily accurate and much is frankly alarmist.
Some patients may find more comfort and encouragement from a patient sup-
port group. The most established of these are in the UK (Latex Allergy Support
Group: www.lasg.co.uk) and US (American Latex Allergy Association: www.
latexallergyresources.org).
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Managing drug allergy

PASCAL DEMOLY

1. Drug hypersensitivity reactions represent up to one-third of adverse drug
reactions.

2. Clinical presentations are heterogeneous.

3. Factors other than drugs are mainly responsible for urticaria and maculopapular
eruptions.

4. The clinical tools allowing a definite diagnosis include a thorough clinical history,
standardized skin tests, reliable biological tests and drug provocation tests.

5. When properly performed in specialized centres, a firm diagnosis is often possible
and safe alternative medication can be proposed.

Introduction

Drug hypersensitivity reactions (DHRs) represent the adverse effects of certain
drugs which, when taken at a dose tolerated by normal subjects, clinically resem-
ble allergy |1]. Drug allergies are adverse reactions in which antibodies and/or
activated T cells are directed against the drug or one of its metabolites. Numerous
reactions with symptoms suggestive of allergy are often erroneously considered
to be real drug allergies. They occur in a small percentage of patients only and can
generally not be predicted. The aetiologies of these reactions include non-specific
histamine release (e.g. opiates, radiocontrast media and vancomycin), bradykinin
accumulation (angiotensin-converting enzyme inhibitors), complement activa-
tion (protamine), induction of leukotriene synthesis (aspirin and non-steroidal
anti-inflammatory drugs [NSAIDs]) and bronchospasm (e.g. SO, released by
drug preparations containing sulphites). In many apparent cases of drug allergy,
the underlying disease is the cause of the exanthema (e.g. in the case of an upper
respiratory tract infection) or, since drugs are often taken during meals, a food
allergy may be involved.

© Atlas Medical Publishing Ltd
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DHRs may represent up to one-third of adverse drug reactions. They can be
life-threatening, require or prolong hospitalization and entail changes in the
drug prescription |2|. They concern more than 7% of the general population and
therefore represent an important public health problem |3|. Both under-diagnosis
(due to under-reporting |4,5]) and over-diagnosis (due to the over-use of the term
‘allergy’ |6) have to be considered. Misclassification based on the drug allergy his-
tory may have consequences on individual treatment choices and can lead to the
use of more expensive and less effective drugs. Clinical manifestations are wide
and range from maculopapular exanthema to anaphylactic shock, which may be
fatal (Table 9.1) |7].

The diagnosis of immediate and/or delayed hypersensitivity reactions to
drugs requires knowledge of the scientific literature with, for the more recently
introduced drugs, access to Medline searches and to the Committee on Safety of

Classification of drug hypersensitivities. Adapted with permission
from |7]

Type

Type of immune Pathophysiology Clinical symptoms

Chronology of the

response reaction
IgE Mast cells and Anaphylactic shock A few minutesto 1 h
basophil . Angio-oedema after the last intake of the
degranulation . drug
Urticaria
Bronchospasm
I IgG and FcR FcR-dependent Cytopenia 5-15 days after the start
cell death of treatment
Il IgM orlgG and ~ Deposition of Serum sickness 7-8 days for serum
complement immune Urticaria sickness
or FeR complexes Viesaulliils 7-21 days after the start
of treatment for vasculitis
IVa Th1 (IFNvy) Monocytic Eczema 5-21 days after the start
inflammation of treatment
Vb Th2 (IL-5 and Eosinophilic Maculopapular 2-6 weeks after the start
IL-4) inflammation exanthema, bullous  of treatment for DRESS
exanthema
\%d Cytotoxic T Keratinocyte death  Maculopapular 2 days after the start of
cells (perforin, mediated by CD4  exanthema, bullous  treatment for fixed drug
granzyme B, or CD8 exanthema, pustu-  eruption, 7-21 days after
FasL) lar exanthema the start of treatment for
Stevens-Johnson and TEN
IvVd T cells Neutrophilic Acute generalized Less than 2 days
inflammation exanthematous

(IL-8/CXCL8)

pustulosis
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Medicine Reports. The lack of case studies involving a particular compound does
not mean that it cannot induce allergic reactions. The diagnosis is indeed based
on history, clinical manifestations, and, if possible, on skin tests and biological
tests. Few available clinical and biological tools are at our disposal and many of
these have not been fully evaluated. Moreover, a definite diagnosis of such a reac-
tion is required in order to institute proper preventive measures.

Under the aegis of the European Academy of Allergology and Clinical
Immunology (www.eaaci.net), the European Network of Drug Allergy (ENDA) is
working towards the establishment of clinical tools in daily practice.

Clinical history

Clinical history should be examined thoroughly and should address the symp-
tomatology (compatible with an allergy?), the chronology of the symptoms (pre-
vious exposure, delay between the last dose and the onset of symptoms, effect of
stopping treatment), other medication taken (both at the time of the reaction as
well as other drugs of the same class taken since) and the medical background of
the patient (any suggestion of a previous allergy whether associated with medica-
tion or not). Data should be recorded in a uniform format and, in order to har-
monize the drug hypersensitivity diagnostic procedures in Europe, members of
ENDA have developed a questionnaire |8| available in many different languages
(Fig. 9.1). Diagnosis is more difficult when patients are not seen during the acute
phase, in which case photographs are helpful. When patients are seen during the
reaction, the suspected drugs should be stopped, particularly if danger signs such
as bullous or haemorrhagic widespread lesions or mucosal lesions are present
(Table 9.2) [9].

The history is often not reliable since different drugs are frequently taken
simultaneously and may account for the symptoms. History can also be imprecise
in many cases. Finally, the clinical picture of drug allergy is very heterogeneous,
mirroring many distinct pathophysiological events. Thus, for drug allergy diag-
nosis, many doctors rely on history and various reference manuals. They do not
attempt to prove the relationship between the drug intake and the symptoms or to
clarify the underlying pathomechanism of the reaction. Such an attitude leads to
a misunderstanding of the epidemiology and the pathophysiology of this highly
relevant field. In cases where a hypersensitivity reaction is suspected, if the drug is
essential and/or frequently prescribed (e.g. f-lactams, paracetamol and NSAIDs),
a certified diagnosis should be performed and tests should be carried out in a spe-
cialist centre. Only a formal diagnosis of drug hypersensitivity reactions allows
the measures required for prevention and treatment to be brought into play. For
these drugs, the prudent principle of eviction may be insufficient. This procedure
could lead to the elimination of drugs which do not necessarily give rise to reac-
tions and which are widely used. However, this is a valid option until a specialist
consultation can be scheduled.

The specific allergy diagnosis should be carried out 4 weeks after the complete
clearing of all clinical symptoms and signs. On the other hand, after a time interval
of more than 6-12 months, some drug tests may already have turned negative,
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DRUG HYPERSENSITVITY QUESTIONNAIRE

INVESTIGATOR: Date of protocol: ....oeoiinrininnne

Name:, Center:;

Add Tel/Fax/E-mail:

PATIENT:

Hasitgi Date of birth: Age: years  Weighti...ooo.....
Height:.... M

P Origin: SexieM «F
Riskgroups: « Medical staff  « Pharmaceutical Industries  + Farmers  « others (specify).

CURRENT COMPLAI

ITS:

DRUG REACTION: DATE OF REACTION:........occovivimmminnsmrensnnans
(Multiple beves can be ticked: umderdi plce if necexsary; chranology can be characterized with mumbers)

CUTANEQUS SYMPTOMS: DIFFERENTIAL DIAGNOSIS:
= Maculopapular exanthema
* Macular exanthema -,
* Urticarious exanthema
* AGEP {Acute lized h losis) .
* Eczematoid exanthema
* Erythema exudativum multiforme .
* Bullous exanthema
* Stevens Johnson Syndrome / TEN (Lyell)

= Fixed drug exanthema CONTRIBUTING FACTORS:

« Purpura -> Thromb count * Viral infections: « Flu like infection « Other:............
+ palpabl * haemorrhagi izing = Fever
* Visceral organ invol * Suspicion of pk itivity ?+No * Yes + Unknown

= Contact dermatitis  * Topic cause = H cause * = Stress

* Urticaria vasculitis * Exercise

= ONLY Pruritus = Other (specify):

« Urticaria

o Aol

= Conjunctivitis EVOLUTION:

* Other (specify): I i

= Morphology/1 ion/s:

EFFLORESCENCES: Distrit

kg

f — ~
Tt i ! Nt % A -
B ] )
— = , ./ (54
v N ) =3 e - o - f. :
* generalized I
GASTROINTESTINAL AND RESPIRATORY SYMPTOMS; ASSOCIATED SYMPTOMS;
* Nausea/Emesis + Involvement of: « Liver « Kidney « Other (specify
* Diarrhea =Fever ........°C
= Gastro intestinal cramps + Malaise
+ Pain/Burning * L f
+ Cough * Edema .1 ;
* Dysphonia + Arthralgia™yalgia » 1
*Dyspnea  PEFR or FEVLi.ommmmsmssses * Lymphadenopathy
» Wheezing/Bronchospasm » Other (specify):
= Rhinitis CARDIOVASCULAR SYMPTOMS:
* Rhinorrhea * Tachykardia Pulse rate: -
* Sneezing * Hypotension Blood pressure -..mmHg
* Nasal obstruction + Collapse
* Other (specify): * Arthythmia
+ Other (specify):
PSYCHIC SYMPTOMS:
» Fear/Panic reaction * Vertigo INVOLVEMENT OF E NS :
* Fainting (eg. peripheval newroparhy, lung imvolvement, cyfopenia....)
* Paracsthesia/Hyperventilation ’
= Sweating .,
= Other (specify):. .

Fig. 9.1 Questionnaire for drug hypersensitivities. Adapted with permission from |8].
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SUSPICIOUS DRUGS:

Drug’s generic name  additives / | Daily dose / Route of application | Interval between | Previous therapy with this drug:
Indication: / Duration of therapy: dose and reaction
1. «No + Unknown
mg/d; ; d * Yes >
Symptoms:
2. *No <« Unknown
mg/d; ; d « Yes ->
Symptoms:
3. + No = Unknown
mg/d; R d » Yes >
Symptoms:
4, *No «Unknown
mg/d; . d «Yes >
Symptoms:
5. «No -+ Unknown
mg/d; ; d * Yes >
Symptoms:
6. *No « Unknown
mg/d; ; d = Yes->
Symptoms:
MANAGEMENT FOLLOWING ACUTE DRUG REACTION: * No therapy
« Stop of suspicious drugs No.#
* Antihistamines < local * systemic
« Corticosteroids ~ « local * systemic
« Bronchodilatators  + local * systemic
* Shock treatment  + Epincphrinc + Plasma cxpanders ¢ Other: ..o
« Change to substitute/s:
*» Type/Name:
« Tolerance:
« Other (specify):
« Dosis reduction (Drug ).
« Other (specify).

DRUG TAKEN SINCE WITHOUT ANY REACTION:

CURRENT DRUGS: + Antihi

« -Blockers

PERSONAL HISTORY:

1) HAVE SIMILIAR SYMPTOMS BEEN OBSERVED WITHOUT THE INTAKE OF THE SUSPICIOUS DRUGS ?* Yes  +No + Unknown

2) MEDICAL HISTORY:
« Asthma * Autoimmunc (Sjogren, Lupus, ctc) « Urticaria pigmentosa / syst. mastocytosis
* Nasal polyposis « Lymphoprolific (ALL, CLL, Hodgkin, etc.) * Chronic urticaria
< Cystic fibrosis « Intervertebral disk surgery * HIV positivity
« Diabetes « Liver: « Kidney:

+ Other/Specification:

3) ALLERGIC DISEASES:
(eg. pollinosis, atopic dermatitis, food allergy, hymenoptera venom allergy, latex allergy, etc.)

4) DRUG REACTIONS DURING FORMER SURGERY: ..c.ccccovmiiiiiiicnieiiienines + Dentist * Local anaesthesia + General anaesthesia (No:.....)

5) REACTIONS DURING FORMER VACCINATIONS: ..o ...* Polio « Tetanus < Rubella < Measles = Hepatitis B

+ Diphteria  » Other: * Unknown

FAMILY HISTORY: Allergies / Drug allergies:

REMARKS:
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Clinical and biological danger signs suggesting severe cutaneous
and/or systemic reactions. Adapted with permission from |g|
Centrofacial oedema
Dysphonia, hypersialorrhea (laryngeal angio-oedema)

Drop in blood pressure

Involvement of extended body surface (>60%)
Painful skin

Atypical target lesions

Positive Nikolsky sign

Epidermolysis, vesicles, bulla

Haemorrhagic or necrotic lesions

Mucosal erosions or aphthous lesions
Systemic signs (high fever, malaise)

Blood cytopenia

Eosinophilia

Affection of internal organs: hepatic cytolysis, proteinuria

Allergy tests depending on clinical symptoms. Adapted with
permission from |9]

Clinical symptoms  Potential pathogenesis Diagnostic tests

Urticaria Type | allergy, non-allergic hyper-  Prick, intradermal tests, specific IgE,

Angio-oedema sensitivity; rarely, type Il allergy Mediator release / cellular tests

Anaphylaxis Type | allergy, non-allergic hyper-  Prick, intradermal tests, specific IgE,
sensitivity Mediator release / cellular tests

Maculopapular Type IV allergy Patch, late-reading intradermal tests,

exanthem LTT

Vesicular-bullous Type IV allergy Patch tests

exanthem

Pustular exanthem Type IV allergy Patch, late-reading intradermal tests,

LTT
Fixed drug eruption Type IV allergy Patch tests in affected area

LTT = lymphocyte transformation test.

resulting in false negative results. According to the clinical manifestations, a
hypothesis on pathogenesis should be generated (Table 9.3) to select appropriate
testing procedures [9,10].

Skin tests

The diagnostic value of skin tests has not been fully evaluated for all drugs, and
experience within different centres has rarely been exchanged over the past
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decades. Skin tests have to be applied depending on the suspected pathomech-
anism of the hypersensitive drug reactions. Skin prick tests and intradermal
tests are particularly important for reactive haptens in order to demonstrate an
IgE-dependent mechanism |9]. They should be performed 4 to 6 weeks after the
reaction. The prick test is recommended for initial screening due to its simpli-
city, speed, low cost and high specificity. Intracutaneous tests consist of injecting
a sterile, diluted allergen extract superficially into the dermis |10].

Their sensitivity and predictive values vary, depending on the culprit drug,
from excellent (penicillins, myorelaxants, heterologous sera, enzymes) to satisfac-
tory (vaccines, hormones, protamine, opiates, thiopental, cephalosporins, iodine
radiocontrast media) to poor or unknown (local anaesthetics, paracetamol, sul-
fonamides, quinolones, NSAIDs, other anti-infectious agents). Thus, immediate
reactions to B-lactams |11], radiocontrast media [12| or myorelaxants |13], for
example, can be demonstrated by a positive skin prick and/or intradermal test
after 20 min. On the other hand, non-immediate reactions manifested by cutane-
ous symptoms and occurring more than 1 h after the last drug intake, are often
T-cell mediated and a positive patch test and/or late-reading intradermal test can
be found after several hours or days |9,14]. The tests should follow standard oper-
ation procedures and should be performed by trained staff. Unfortunately, apart
from allergic reactions to several antibiotics and a few other drugs |15], for most
drug allergens, standardized and validated test concentrations and vehicles have
not been elucidated. Sometimes the drug is not available in an adequate reactive
form—generally because it is a metabolic derivative which is immunogenic and
for which provocation tests are required to confirm the diagnosis.

Provocation tests

A drug provocation test is the gold standard for the identification of an elicit-
ing drug. It is independent of the pathogenesis and takes individual factors
into account such as the metabolism and genetic disposition of an individual.
Provocation tests have the finest sensitivity, but can only be performed under the
most rigorous surveillance conditions and are therefore restricted to certain spe-
cialist centres with on-site intensive care facilities |16]. These tests are particu-
larly required for NSAIDs, local anaesthetics, antibiotics other than p-lactams or
B-lactams when skin tests are negative. They should be performed after a certain
time interval following the hypersensitivity reaction (at least 1 month) using the
same drug as in the initial case. The route of administration depends on the sus-
pected drug. The precise challenge procedure varies a great deal from one team to
another and guidelines for the performance of provocation tests in drug allergies
have recently been proposed [16]. Provocation tests should not be performed if
the offending drug is infrequently used. Hypersensitivity reactions are associated
with dermal blistering (Stevens-Johnson syndrome, toxic epidermal necrolysis)
and/or organ involvements.
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Biological tests

It would be highly advantageous to have discriminating biological tests available
to establish the nature of the culprit agent, especially for the patient receiving sev-
eral drugs simultaneously. However, these tests are few in number and, for the
most part, not fully validated. It should also be remembered that the interpreta-
tion of the results should be determined with caution. A negative test does not
exclude the role of the drug, whilst a positive result shows a sensitivity to the drug
but does not necessarily confirm that it was responsibe for the reaction.

The demonstration of isolated drug-specific IgE (to penicillins |17], myorelax-
ants |18], chymopapain or tetanus toxoid, for example) does not enable the diag-
nosis of a drug allergy. However, in conjunction with clinical findings (e.g. typical
symptoms of rapid onset), the IgE-dependent mechanism can be pinpointed
(particularly if the skin tests to the drug are also positive) |17]. Cross-reactivities
between several drugs using quantitative inhibition may also be explored. The
absence of specific circulating IgE does not rule out a diagnosis of allergy and this
assay is not available for all drugs. The measure of drug-specific IgM or IgG is
of interest only in cases of drug-induced cytopenia or allergies to dextrans. The
release of histamine from total blood in the presence of the drug correlates well
with skin tests and specific IgE for myorelaxants but is not reliable for many other
drugs [19]. Moreover, it is costly and requires a high level of technical skill. The
usefulness of measuring sulphidopeptide leukotrienes still requires further valid-
ation in both IgE-dependent allergies and non-IgE-dependent hypersensitivity
reactions |20]. In cases of acute clinical reactions, blood measurements of hista-
mine or tryptase confirm the role played by basophils and mast cells whatever the
cause of the degranulation [21]. For drug-induced type II and III allergic reac-
tions, the following tests can be performed: Coombs’ test, in vitro haemolysis test,
determination of complement factors and circulating immune complexes. Studies
involving T lymphocytes (lymphocyte transformation/activation tests) remain
the domain of a few laboratories |22]. Tests involving basophil degranulation are
not trustworthy given the low numbers of circulating basophils. These have been
replaced by basophil activation tests, which hold great promise and which are
currently undergoing strong evaluation |23-25].

Conclusion

The diagnosis of hypersensitivity reactions to drugs is often difficult and requires
a stereotypic attitude no matter which drug is involved. It remains largely clinical
with the help of certain allergy tests that are available for some of the drug classes.
Provocation tests are the gold standard but, cumbersome and possibly harmful,
are limited to highly specialized centres. New and validated biological tools for
diagnosis, available to all clinicians, are necessary in order to improve care for
these patients.

A definite diagnosis of hypersensitivity reactions to drugs is required in order
to institute proper preventive measures. Whatever the intensity of the clinical
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reaction, a state of hypersensitivity is shown towards the particular drug with the
possibility of a more serious reaction in the future. General preventive measures
include a declaration to the Committee on Safety of Medicine Reports. Individual
measures include the issue of an ‘Allergy Card’ specifying the culprit agent(s), the
delivery of a list of drugs to avoid and the delivery of a list of possible alternatives.
The patient is also asked to make his allergies known prior to all prescriptions and
surgical operations and to read the package insert on any drugs to be taken. The
lists can never be completely exhaustive, are only indicative and should be fre-
quently updated. Similarly, the questioning (to elicit any history of allergy) of every
patient by every clinician prior to issuing a prescription is essential from both a
medical and a medico-legal point of view. Preventive measures by pre-medication
(e.g. slow injection and preparations with glucocorticosteroids and antihistamines)
mainly concern non-allergic hypersensitivity reactions (for example to vancomy-
cin, certain anaesthetics and chemotherapy drugs). The possibility of desensitiza-
tion should always be considered when the offending drug is essential and when
either no alternatives exist or they are unsatisfactory, as in the following cases: sul-
fonamides in HIV-infected patients |26/, quinolone allergies in some cystic fibrosis
patients, serious infections with allergy to penicillins, allergy to tetanus vaccine,
haemochromatosis with allergy to desferoxamine, aspirin and NSAID hypersensi-
tivity in patients for whom the necessity for these drugs to treat either a cardiac or
rheumatoid illness is clear.
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Food allergy

JENNIFER MALONEY, HUGH SAMPSON

1. Adverse reactions to food include allergic and non-allergic reactions; food allergy
is a result of immunological interactions through either IgE or non-IgE-mediated
mechanisms, whilst non-allergic adverse food reactions include intolerances that
result from host factors.

2. Milk, egg, peanut, wheat and soy are responsible for most food-induced reactions
in children, while peanut, tree nuts, fish and shellfish account for most reactions in
adults.

3. Pollen-food allergy syndrome (also known as oral allergy syndrome) is a common
symptom complex occurring in pollen allergic individuals and usually provokes iso-
lated oral symptoms following exposure to labile proteins in uncooked fruits and
vegetables.

4. The double-blind, placebo-controlled food challenge remains the ‘gold standard’
for diagnosing food hypersensitivities; the positive predictive value of a positive
skin prick test is less than 50% when compared to results of double-blind, placebo-
controlled food challenges.

5. Dietary avoidance of the causal food allergen is the key element for management
of food hypersensitivity.

Introduction

Definition
Food allergy represents one form of adverse food reactions. Adverse reactions to
food include food allergic and non-allergic reactions (Fig. 10.1). Immunological
interactions, through either immunoglobulin (Ig)E- or non-IgE-mediated mech-
anisms, result in the development of food allergy. Non-allergic adverse food reac-
tions include intolerances that result from host factors |1], such as pancreatic
insufficiency due to pancreatic enzyme deficit resulting in malabsorption. Toxic

© Atlas Medical Publishing Ltd
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Food hypersensitivity

Fig. 10.1 Classification of

Non-allergic causes, N
5 food hypersensitivities.

such as lactose intolerance,
fructose intolerance Food allergy

IgE-mediated Non-lgE-mediated

food reactions represent a separate category and are due to inherent toxicities or
properties of the food, for example, histamine-mediated symptoms due to scrom-
boid fish poisoning or side-effects from caffeine-containing foods |1,2].

Prevalence

Food allergy affects approximately 6-8% of children under 3 years of age,
although the public’s perception of food allergy prevalence is greater |3|.
A pivotal prevalence study, which followed a cohort of 480 children in a general
paediatric practice from birth, determined the prevalence of food reactions in
this population. Twenty-eight per cent of the cohort displayed adverse symp-
toms, which either a physician or family member attributed to food ingestion.
Food challenges confirmed food reactions in 8% of the study cohort [3]. In the
general American population, it is estimated that the prevalence of food allergy
is 3.5-4% |4].

The estimated frequencies of children who have and percentages of chil-
dren who outgrow particular food allergies vary depending on the food (Table
10.1). Interestingly, over a five-year period, the rate of peanut allergy in the
United States appears to have doubled in young children [5,6]. Similarly,
a cohort of children from the Isle of Wight was compared with a previous
cohort in terms of peanut clinical reactivity and sensitization, and a twofold
increase in clinical reactivity and a threefold increase in peanut sensitization
were reported |7].

Rates of food allergy. With permission from [3,6,100-107|

Food Percentage of children affected Percentage of children who outgrow
the allergy
Milk 2.5-2.8% of infants in their 85% by age 8.6 years
1st year of life (~60% IgE-mediated)
Egg 1.3-1.6% of children 66% by age 5

Peanut 0.8 of children ~20% of young children
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Pollen-food allergy syndrome (also known as oral allergy syndrome) is a com-
mon symptom complex occurring in pollen-allergic individuals and usually pro-
vokes isolated oral symptoms following exposure to labile proteins in uncooked
fruits and vegetables. Of patients with allergic rhinitis, it has been estimated that
23-76% of patients experience oral symptoms to at least one food |8|.

Food allergy commonly presents in patients with or who will develop other
atopic diseases. Approximately, one-third of children and adolescents with
moderate-severe atopic dermatitis have IgE-mediated food allergy |9]. The pres-
ence of food allergy increases the probability of developing allergic airway disease
[10,11] and has been shown to be an independent predictor of a persistent wheez-
ing phenotype [12].

Pathophysiology

Food allergy results from an atypical response of the mucosal immune system to
orally consumed antigens. The gastrointestinal (GI) mucosa is an extensive struc-
ture responsible for digestion and absorption of nutrients as well as protection
from pathogenic organisms. A non-specific physical barrier consisting of epithe-
lial cells, the mucin glycoprotein lining, trefoil factors, proteolytic enzymes and
bile salts works with immune and non-immune cells and cytokines to maintain
immunological homeostasis [13].

The mucosal immune system actively defends against pathogens through both
the innate and adaptive arms. Peyer’s patches (organized lymphoid structures of
the small intestine and rectum), sIgA, dendritic cells, antigen-presenting macro-
phages, MHC class I and II bearing T lymphocytes, intestinal epithelia cells, as
well as other cytokine-producing cells, participate in the immunological response
[14]. Despite the complex interplay of the mucosal system, approximately 2%
of intact food proteins are absorbed through the mature GI tract and reach the
lymphatic and portal circulation [15,16]. Infants have augmented vulnerabil-
ity because their intestinal permeability is increased. Furthermore, infants and
young children have decreased gastric acid production and reduced pancreatic
and intestinal enzymatic activity [17]. Consequently, there is increased absorption
of intact food proteins, which may cause stimulation of the immune system and
generation of IgE antibody [17].

Oral tolerance allows individuals to encounter immense quantities of dietary
protein and commensal bacteria without inciting a dynamic immune response.
Antigenic factors and host factors are involved in the generation of oral tol-
erance. Antigenic factors influencing oral tolerance include the form and the
dose of the antigen. Soluble antigens are more tolerogenic than particulate
antigens |18] and a single high dose or repeated low doses of allergen are toler-
ogenic compared to a single low dose |19]. Host factors involved in oral toler-
ance include age, genetics and gastrointestinal flora. Tolerance to food antigens
appears to become more effective with increasing age 120]. Host genotypic make-
up influences the development of oral tolerance or food hypersensitivity [21,22].
Additionally, commensal gut flora establishes a state of controlled inflamma-
tion, which contributes to the homeostasis of the mucosal immune system [13].
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Food allergens

Despite the wide range of foods that humans consume, surprisingly few foods
account for the majority of food allergies. Milk, egg, peanut, wheat and soy are
responsible for most food-induced reactions in American children, while peanut,
tree nuts, fish and shellfish account for most reactions in adults [1].

Two forms of IgE-mediated food allergy have been proposed. Class 1 food allergy
results from sensitization through the gastrointestinal tract [23|. The class 1 food
allergens are generally 10-70 kD in size and highly stable; their structure is conserved
when subjected to heat, acid or proteases |17]. Examples include milk (caseins),
peanut (vicilins), egg (ovomucoid) and non-specific lipid transfer proteins |24].

Class 2 food allergy results from sensitization to inhalant allergens that are par-
tially homologous to proteins in certain fruits and vegetables. This form of food
allergy principally occurs in adolescents and adults. Class 2 allergens are heat
labile and susceptible to digestive processes |23].

Reaction mechanisms

lgE-mediated reactions
IgE-mediated reactions usually occur within minutes to 1 h following ingestion
of the causal food. Multiple organ systems may be involved. A review of IgE-
mediated food allergic disorders will follow.

Food-induced anaphylaxis
Food-induced anaphylaxis is a severe, potentially fatal, systemic allergic reaction
that occurs rapidly after exposure to an allergy-causing food |25]. A retrospective
medical review examined the causes of 601 cases of anaphylaxis over a 25-year
time period. Twenty-two per cent of the cases were attributed to food allergy |26].

The majority of anaphylactic events are characterized by cutaneous symp-
toms, such as urticaria, angio-oedema and flushing, although the absence of skin
involvement does not exclude the diagnosis. Cardiovascular collapse with result-
ant shock may occur without cutaneous symptoms due to decreased blood supply
to the skin |27|. In fact, in a report of 13 fatal or near-fatal anaphylactic reactions
to foods in children and adolescents (six fatal, seven near-fatal) 38% of reactions
were not accompanied by cutaneous symptoms |28|.

As with any IgE-mediated reaction, there may be a late-phase response associ-
ated with anaphylaxis. The incidence of biphasic reactions occurs in up to 20% of
food-induced events |25]. With biphasic reactions, a period of recovery after the
initial reaction is followed by a recurrence of symptoms, which may be severe. The
severity of biphasic reactions cannot be predicted based on earlier symptoms.

Food-associated exercise-induced anaphylaxis usually occurs when exercise
follows the ingestion of a specific food (such as wheat, shellfish, celery) by approxi-
mately 2-4 hours. A less common form of food-associated exercise-induced ana-
phylaxis occurs with the ingestion of any food prior to exercise. The pathogenesis
of food-dependent exercise-induced anaphylaxis is unclear [29,30].
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lgE-mediated cutaneous reactions

Acute urticaria and angio-oedema are the most common manifestations of food-
induced allergic reactions (Table 10.2) |1] and symptoms may occur minutes
after ingestion. Urticaria also frequently develops in food-allergic patients when
their skin has direct contact with the food allergen. Contact reactions are typi-
cally localized to areas of direct exposure and are unlikely to provoke systemic
reactions, unless inadvertent ingestion occurs [31]. Chronic urticaria and angio-
oedema (the presence of symptoms for more than 6 weeks) are infrequently due
to food allergy |32].

IgE-mediated disease manifestations. With permission from

11,17,31-39]
Involvement Manifestations
Cutaneous Erythematous weals/flares, subcutaneous swelling
Respiratory Rhinoconjunctivitis, laryngeal oedema, cough and bronchospasm
Gastrointestinal Acute nausea, abdominal pain, colic, vomiting and/or diarrhoea
anaphylaxis

Pollen-food allergy syndrome Oropharyngeal pruritus
(oral allergy syndrome)

IgE-mediated respiratory reactions

Food allergy may provoke symptoms affecting the respiratory tract (Table 10.2).
Rhinitis and nasal symptoms are commonly seen in patients who have reac-
tions during food challenges 133]. However, food-induced respiratory symptoms
usually occur in conjunction with other organ system reactions, and isolated or
chronic food-induced asthma or rhinitis are unusual manifestations |34|. Food-
induced respiratory symptoms, specifically asthmatic reactions, are risk factors
for fatal and near-fatal anaphylactic events |35].

Allergic reactions can develop as a result of inhalation of airborne proteins
from vapours or steams emitted during cooking |36] or from particulate matter
from peanut dust when shells are opened [37]. In contrast, exposure of peanut-
allergic patients to the smell of peanut butter has not been shown to result in
systemic or respiratory symptoms |31].

lgE-mediated gastrointestinal reactions

Food allergic reactions frequently affect the gastrointestinal tract (Table 10.2).
Infants with atopic dermatitis and food allergy who are chronically ingesting the
allergen may present with more indolent symptoms, such as intermittent vomit-
ing and failure to thrive [17].

Pollen-food allergy syndrome occurs in pollen-allergic individuals due to
homologous proteins shared between foods and specific airborne pollens (Table
10.2) |38|. The foods are usually tolerated in the cooked form because the aller-
gen’s structure (conformation) is lost at high temperatures. Interestingly, although
cooking the implicated food results in the loss of IgE binding ability, the cooked
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Suspected food allergy

v
Comprehensive history:

Events surrounding reaction
Time frame of reaction

Organ system involvement
Contributing factors, i.e. exercise
Concomitant atopic conditions
Family history of atopy
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Fig. 10.2 Diagnostic algorithm for IgE-mediated food allergy.

food can activate T cells. Patients with atopic dermatitis and pollen-food allergy
syndrome to birch-related foods were evaluated, and following ingestion of
cooked birch-related foods, Bet v 1-specific T cells were activated and atopic der-
matitis exacerbations occurred |39].

Diagnosis of IgE-mediated food-allergic disease

The diagnosis of food allergies requires a comprehensive history and targeted
testing (Fig. 10.2). Diet diaries may be useful in recognizing patterns of reactivity,
in identifying commonly consumed allergens, and in identifying foods that may
have ‘hidden allergens’.

Diagnostic modalities for IgE-mediated disorders

Skin prick testing is a rapid screening method for IgE-mediated food hypersensi-
tivity. Weals that are 3 mm larger than the negative control are considered posi-
tive. Negative skin tests essentially exclude IgE-mediated allergy |40|.
Unfortunately, the positive predictive value of a positive skin prick test is less
than 50% when compared to results of double-blind, placebo-controlled food
challenges |41|. Furthermore, test results are highly dependent on reagents used
(which are not standardized), application technique, area of the body where tests
are applied, and interpretation by the physician. Positive skin tests may be helpful
especially when a clear-cut history of food reactivity is present. Additionally, when
hypersensitivity is suspected to milk, egg or peanut, ‘diagnostic SPT levels’ have
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been defined (cow milk >8 mm, egg >7 mm, peanut >8 mm; for children <2 years
of age, cow’s milk >6 mm, egg >5 mm, peanut >4 mm) |42[, although the variability
in reagents and techniques must be considered when applying these values.

Intradermal skin testing has no place in the diagnosis of food allergy. In add-
ition to having poor specificity and positive predictive value, fatalities have been
reported with this diagnostic modality |43|.

Detection of food-specific IgE antibodies (i.e. UniCAP System FEIA, Phadia,
Inc.; Uppsala, Sweden) has been shown to be predictive of symptomatic IgE-
mediated food allergy |144,45]. The Phadia UniCAP system contrasts with quali-
tative RAST assays because standardized allergens are used, the dose-response
curve is calibrated against the World Health Organization (WHO) IgE standard,
and the matrix binds more antigen, which provides a steep dose-response curve
[44]. Diagnostic ‘decision points” have been generated for common food allergens,
namely, milk, egg, peanut and fish (Fig. 10.3). The decision points indicate reac-
tion likelihood, but do not predict reaction severity |44|. As serum specific IgE
levels decrease, the likelihood of reaction decreases. However, reactions may still
occur for a subset of patients when serum specific IgE levels are undetectable. One
study reported that 32/120 (27%) patients (especially young infants), who reacted
to milk, egg or peanut challenges had undetectable serum specific IgE levels to the
causative food [46].

The double-blind, placebo-controlled food challenge (DBPCFC) remains the
‘gold standard’ for diagnosing food hypersensitivities [41]. This approach has min-
imal patient and/or observer bias. Single-blind challenges and open challenges are
other options best utilized for foods that are unlikely to produce a reaction. The
decision to pursue a food challenge should be based on the clinical history in con-
junction with results of other diagnostic tests. Food challenges are not benign pro-
cedures and may result in mild, moderate or severe symptoms requiring medical
treatment |147,48[; therefore, a properly equipped environment is essential.

Prior to food challenges, patients should be instructed to avoid antihistamines
and B-adrenergic bronchodilators because their use may interfere with the inter-
pretation of results. For IgE-mediated food allergies, the aim is for the patient to
eat approximately 8-10g of dry food mixed within a vehicle |140,47]. A negative
blinded challenge must be followed by an open challenge to assure that the patient
can ingest the food safely in natural, meal-sized portions.

Mixed and non-lIgE-mediated disorders

Several food hypersensitivity disorders exist that are not orchestrated only by
IgE antibodies. Cell-mediated reactions, mediated by antigen-sensitized T cells,
may be responsible for the manifestations of certain conditions. A few diseases
are thought to result from cooperation between cell-mediated and IgE-mediated
mechanisms. A discussion of mixed and non-IgE-mediated disorders will follow.

Cutaneous disorders
Atopic dermatitis is a mixed IgE-mediated and cellular disorder (Table 10.3). It is
a chronic skin condition that often starts in childhood and is characterized by a
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Fig. 10.3 Predictive curves

of food allergen specific IgE
levels (with permission from
|44,45]).

relapsing and remitting course. The cutaneous lesions of atopic dermatitis usually
occur on the face, scalp, and extensor surfaces in young children with a distribu-
tion shift as children get older to the flexural surfaces of the extremities [49].
Approximately one-third of children and adolescents with moderate to severe
atopic dermatitis have IgE-mediated food hypersensitivity |9]. However, antigen
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Mixed and non-IgE-mediated disease manifestations. With
permission from [34,49-81|

Involvement Disease Manifestations

Cutaneous Atopic dermatitis Acute—opruritic, erythematous macular and
papulovesicular lesions
Subacute—erythematous, scaling papules
Chronic—skin lichenification

Dermatitis herpetiformis  Pruritic, erythematous, urticarial plagues, papules
and vesicles due to gluten sensitivity

Contact dermatitis Cell-mediated skin condition due to contact with
food, i.e. food handlers
Respiratory Food-induced pulmonary  Recurrent pneumonia, haemosiderosis,
haemosiderosis gastrointestinal blood loss, iron deficiency

anaemia, and failure to thrive

Gastrointestinal ~ AEE Abdominal pain, spitting-up, vomiting, dysphagia,
food refusal, gastro-oesophageal reflux symptoms,
food impaction, a poor response to anti-reflux
medications

AEG Weight loss and failure to thrive, abdominal
pain, emesis, nausea, diarrhoea, gastric outlet
obstruction in young infants

Proctocolitis Blood and mucus in the stool; good overall health
without growth delay

FPIES Irritability; excessive, vigorous vomiting and
diarrhoea a few hours after ingestion of the
allergen; hypotension, lethargy, hyponatraemia,
acidosis, a ‘left-shift’, and methemoglobinaemia
may occur; stool smears may reveal blood,
leucocytes or eosinophils

A more indolent course, with failure to thrive,
hypoalbuminaemia, chronic vomiting and
diarrhoea, may occur for young infants chronically
eating the allergen

Coeliac disease Diarrhoea, abdominal pain, constipation, vomiting,
dyspepsia, and mouth ulcers; children may present
with failure to thrive, anorexia and short stature;
many patients are asymptomatic at diagnosis

specific T cells are likely important regulators of disease pathogenesis [50,51].
T cells from milk-allergic patients with atopic dermatitis were compared with
those of milk-allergic patients with gastrointestinal allergy and normal controls.
The T cells were incubated with casein, and the proliferating T cells from patients
with atopic dermatitis had greater expression of the skin homing receptor cuta-
neous lymphocyte-associated antigen (CLA) compared with patients with milk-
associated allergic gastrointestinal disease and normal control patients |52].
Patients with food allergy-related atopic dermatitis usually have positive food
challenges hallmarked by cutaneous symptoms such as pruritic, morbilliform or
macular eruptions with a tendency to occur in skin areas affected by atopic der-
matitis. The majority of positive food challenges also trigger other organ system
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involvement. Egg, milk, wheat, peanut, tree nuts and soy are the most frequent
foods to cause clinical reactivity |53[, with egg affecting approximately two-thirds
of patients with food allergy and atopic dermatitis |54/. If the history reveals food-
related symptoms, tests for specific IgE to the food are positive, and an appropri-
ate skin care regimen is ineffective, food elimination may be the best approach.
However, caution is needed because although removal of a causal food may
improve the skin disease, the patient develops an increased probability of an acute
allergic reaction, even anaphylaxis, with abrupt reintroduction of the food |55].

Respiratory reactions
Food-induced pulmonary haemosiderosis (Heiner’s syndrome) is a non-IgE-
mediated hypersensitivity reaction primarily due to milk (Table 10.3). Removal of
milk from the diet results in symptom resolution |34].

Gastrointestinal reactions

Allergic eosinophilic oesophagitis and gastroenteritis

Allergic eosinophilic oesophagitis (AEE) and gastroenteritis (AEG) are disorders
mediated by IgE-dependent and cell-mediated mechanisms. Eosinophils infiltrate
the walls of the oesophagus, stomach and small intestine. Peripheral eosinophilia
is found in approximately half of the patients |56]. When evaluating these patients,
other known causes of eosinophilia must be excluded [57|. Patients with gastro-
intestinal eosinophilic disorders have a high incidence of concomitant atopy, with
many having sensitizations to foods and environmental allergens [58].

In a disease-free state, eosinophils are not present in the oesophagus.
Eosinophilic oesophagitis may occur at any age. Oesophageal biopsies reveal-
ing greater than 20-24 eosinophils per high-powered field have been accepted as
criteria for the diagnosis |59]; however, a recent report of three patients meet-
ing biopsy diagnostic criteria of AEE had resolution of disease with proton pump
inhibitors, suggesting occasional histopathological overlap with peptic oesophag-
itis [60]. Oesophageal tissue from AEE may have thickened mucosa, papillary
elongation and basal zone hyperplasia. On gross appearance, the oesophagus may
have furrowing, mucosal rings, strictures, ulcerations and whitish papules or it
may appear normal [56,57,61].

Allergic eosinophilic gastroenteritis may occur at any age with a wide array of
GI symptomatology (Table 10.3) [56-58|. The diagnosis is made through biopsies,
which reveal significant eosinophilic infiltration of the gastric and/or duodenal
mucosa, with no other identifiable medical cause |62]. A subgroup of patients
develops anaemia and hypoalbuminaemia, likely secondary to faecal loss of blood
and protein resulting in a protein-losing enteropathy [18].

Allergic proctocolitis

Allergic proctocolitis is a non-IgE-mediated, eosinophilic disorder that typically
presents in the first few weeks to months of life with microscopic or gross blood in
the stool (Table 10.3) 163]. Case series reveal that patients with proctocolitis may
have peripheral eosinophilia, elevated serum IgE and a family history of atopic
disease |64-66|.
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Proctocolitis commonly occurs in breast-fed infants (as many as 60% of
cases) |65,67,68|, with milk and soy formulas triggering most of the remaining
cases |64,66,69|. For infants who develop proctocolitis while breast-feeding, it
is believed that cow’s milk proteins ingested by the mother are most often the
triggering agents in breast milk |70|. Removal of cow’s milk from the maternal
diet will usually result in gradual symptom resolution 165,67,68|. Alternatively,
if rectal bleeding continues, a casein hydrolysate formula, or in rare instances,
an amino acid based formula |71] eliminates symptoms, typically within 48-72h.
Many infants who develop proctocolitis from cow’s milk formula will also become
symptomatic to other foods if introduced in the first 6 months of life, e.g. soy
164,72

Food protein-induced enterocolitis syndrome (FPIES)

Food protein-induced enterocolitis syndrome (FPIES) is a non-IgE-mediated
food allergy, which usually occurs in formula-fed infants, although it has been
reported to occur with a variety of foods (especially cereal grains) in older infants.
Symptomatic presentation may be dramatic (Table 10.3) |[73-78|. Milk and soy are
the most frequent causative foods; however, solid foods (such as oat, barley, rice,
chicken and turkey) may be responsible |77,78|. Approximately 50% of patients
reactive to milk are also reactive to soy |74,77]; therefore, a casein hydrolysate
formula or, in rare instances, an amino acid based formula is required [79|. Food
protein-induced enterocolitis syndrome due to grains increases the risk of reac-
tivity to other grains, milk, soy, meats and legumes, necessitating cautious food
introduction, especially in the first 6-8 months of life.

Coeliac disease

Coeliac disease is a T cell-mediated disorder in which the body reacts to pep-
tide sequences of the gluten proteins of wheat, rye and barley. Patients develop
intestinal villous atrophy, malabsorption and chronic inflammation of the small
intestinal mucosa 180|. Features at presentation vary (Table 10.3) 181]. The major
HLA-associated haplotypes are DQ2 and DQ8. Removal of gluten from the diet
leads to symptom resolution. The diagnostic gold standard is the intestinal biopsy,
which illustrates loss of villi, lymphocytic and plasma cell infiltration of the lamina
propria and intraepithelial compartments, and crypt lengthening. Enzyme-linked
immunosorbent assays for IgA anti-recombinant human tissue transglutaminase
can be utilized as a screening tool. IgA anti-gliadin antibodies alone should not
be used for screening due to high rates of false positive results |80|. Importantly,
testing for coeliac disease, either by biopsy or through serologic studies, must be
performed while the patient has a diet that includes gluten; otherwise, false nega-
tive results may occur [81].

Diagnosis of mixed or non-lgE-mediated disorders
The medical history has a poor predictive value for chronic disorders, such as atopic
dermatitis and asthma. Whereas skin prick tests and serum specific IgE tests are
instrumental in the diagnosis of IgE-mediated food allergy, for cell-mediated and
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mixed disorders, their diagnostic utility has limited value. Patch testing is a modal-
ity being considered for diagnosing delayed hypersensitivity reactions, where
T lymphocytes are the major effector cells, e.g. AD, AEE [82,83|. Mehl and colleagues
investigated the utility of patch testing when performed in conjunction with serum
specific IgE levels and skin prick testing for the diagnosis of symptomatic food allergy.
The authors’ objective was to find a combination of testing instruments that would
make the need for oral food challenges obsolete. Most of the study patients had atopic
dermatitis, suggesting a T' cell-mediated component of their disease pathogenesis. It
was found that the sensitivity of patch testing varied depending on the food (milk,
egg, wheat and soy were studied), and testing results varied depending on patient’s
age. The authors concluded that the lack of uniformity in patch testing results largely
eliminates the applicability of this test for daily clinical practice |84|. Although this
testing modality may have utility in some situations, lack of patch testing standardi-
zation and spurious results (due to skin irritation from the underlying disease and
the testing media) makes widespread implementation complex.

The medical history is essential for the diagnosis of allergic proctocolitis and
food protein-induced enterocolitis. Resolution of these disorders can only be
proven by symptomatic tolerance following oral feeding.

Management of food allergy

Dietary avoidance of the causal food allergen is the key element for management
of food hypersensitivity at this time. To practice strict avoidance, patients and
their caregivers must be supplied with appropriate educational materials to enable
them to prevent ingestion of foods that may have had inadvertent cross-contact
with allergens or foods that have hidden allergens. An excellent educational
resource for patients and families affected by food allergies is the Food Allergy
and Anaphylaxis Network (www.foodallergy.org).

Written anaphylaxis action plans should be given to patients and caregivers
with explicit explanations regarding the symptoms of anaphylaxis and when
epinephrine should be administered. Antihistamines are useful in treating mild
symptoms, particularly cutaneous and oral symptoms, but will not reverse sys-
temic reactions. Intramuscular epinephrine should be administered at the first
sign of any respiratory symptoms including throat tightness, hoarseness, persist-
ent dry cough, wheezing and or shortness of breath. Epinephrine is the treatment
of choice for acute anaphylaxis. Fatalities from anaphylactic events often appear
to result from the late administration of epinephrine resulting in irreversible car-
diopulmonary complications |27].

The treatment of eosinophilic disorders requires allergen avoidance. Frequ-
ently, multiple foods elicit the disease and must be eliminated from the diet. Cor-
ticosteroids result in clinical and histopathological improvement |61,85[; however,
the side-effect profile is unacceptable, and the disease returns with discontinua-
tion of the medication. Many patients with eosinophilic gastrointestinal disorders
have evidence of sensitization to foods; however, acute reactions to foods are infre-
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AEE proven by biopsy

Elemental diet (L-amino Six food elimination Swallowed inhaled
acid formula for 6-8 weeks diet (milk, egg, soy, corticosteroid—
—universally effective at peanut, wheat and swallowed fluticasone
the resolution of seafood)—six food (440 vg twice a day)
symptoms and eosinophilic elimination was resulted in histologic
infiltrate successful in 74% resolution for 50% of
of patients compared treated patients compared
to elemental formula to 9% of placebo group
Rebiopsy
If eosinophilic infiltrate is decreased and If eosinophilic infiltrate remains above
below diagnostic criteria, begin gradual the diagnostic criteria, rethink treatment
food introductions starting with lower risk options — consider removal of more
foods (1 new food per 1-2 weeks) foods or elemental diet

Fig. 10.4 General treatment approach to allergic eosinophilic oesophagitis (AEE) (with
permission from |86,87,98,99]).

quently reported. Dietary elimination based on skin prick test and serum specific
IgE results alone is frequently insufficient to promote disease resolution |86].

Placing the patient on an elemental (L-amino acid) formula for 6-8 weeks leads
to regression of the gastrointestinal eosinophilic infiltrate [87|. Foods can be slowly
reintroduced (one at a time, starting with low-risk foods) into the diet once a biopsy
supports that the eosinophils have diminished. For the eosinophilic gastrointest-
inal disorders, new foods can usually be introduced without physician supervision.
A physician-supervised challenge may be necessary if the patient also has evidence
of IgE-mediated allergy to the food. Provided that the patient passes the initial
challenge, he/she should be instructed to continue eating the food for several days
without the introduction of new foods. Several feedings of the food over days to
weeks may be necessary to induce symptoms of AEE/AEG |1]. If a causative food is
introduced following elimination, the patient usually develops symptoms indistin-
guishable from those experienced before the elimination diet |86].

The treatment options practised for AEE have varying success rates (Fig. 10.4).
There is much enthusiasm about the possible use of anti-IL-5 (mepolizumab) for
AEE. The administration of anti-IL-5 in four adult patients during an open-label
phase I/II trial resulted in decreased oesophageal eosinophilia as well as improved
clinical scores and quality of life assessments [88].

For proctocolitis, progression to a normal diet, including the eliminated aller-
gen, is usually possible by 1-2 years of age |56,67|. If the skin prick tests and serum
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specific IgE levels are negative, gradual allergen introduction typically takes place
at home. During food introduction, the parents should be instructed to monitor
the stool for visible blood |89].

For FPIES, action plans must be in place in the event of accidental ingestions.
First-line treatment is fluid resuscitation rather than epinephrine and antihista-
mines (although these medications should be administered if there is concomitant
IgE-mediated disease). Corticosteroids should be considered, especially when past
history reveals serious reactions. There is a high risk of developing FPIES to mul-
tiple foods. For example, up to 50% of patients reactive to milk may react to soy,
especially if introduced in the first 6 months of life; up to 65% of patients reactive
to grains may react to milk or soy; up to 50% of patients reactive to one grain may
react to another grain [90]. More than half of the patients with FPIES due to milk
become tolerant by age 3 years. Resolution of FPIES varies by age and is influenced
by the primary causative food and the presence of concomitant IgE-mediated dis-
ease [90|. To demonstrate whether tolerance has been achieved, oral food chal-
lenges in a medically equipped environment are necessary and at least an 18 month
reaction-free period is recommended before challenges are considered. During
challenges, 0.3-0.6 g of protein per kg of body weight is fed in one or two doses
[73]. Reactions are typically delayed, occurring 1-3 h after ingestion of the food.
Reactions may be severe with excessive vomiting and possibly resultant hypoten-
sion; therefore, intravenous access is necessary prior to the start of the challenge.

Much recent attention has focused on means of altering the immune system
to either eliminate food allergy or increase tolerance to the allergenic food. Table
10.4 reviews various treatment approaches.

Novel therapies. With permission from |108-114]

Therapy Experimental results

Subcutaneous peanut Tolerance in 4/6 but intolerable adverse reactions

immunotherapy

Sublingual immunotherapy Trial with hazelnut extract—increased tolerance

Oral desensitization Increasing doses of cow'’s milk were administered over a 6-month
period—15/21 children tolerated 200 ml of milk/day by the end
of the study

Recombinant vaccine Altered IgE binding epitopes prevent binding of the patient’s IgE
to the engineered protein within the vaccine

Anti-IgE therapy Increased tolerance to peanut demonstrated in peanut allergic
patients

Traditional Chinese medicine The Chinese Herbal Medicine Formula has been able to block
anaphylaxis in a murine model of peanut allergy

Prevention of food allergy

There is much debate about infant feeding, the appropriate timing of solid food
introduction to infants, and how this relates to the development of allergy. Several
studies have supported the benefits of breast-feeding, especially if the child is the
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product of an atopic family |91-94|. Recommendations suggest the delayed intro-
duction of solid foods until at least 4-6 months of age [92,93|, or until greater than
6 months of age for children at high risk for allergy [94]. Additionally, recommen-
dations about the delayed introductions of highly allergenic foods are practised
[94]. Despite the recommendations, there are limited data to support precaution-
ary avoidance. One long-term cohort study demonstrated decreased atopic der-
matitis and milk allergy with maternal prophylactic avoidance of cow’s milk, egg,
and peanut during the third trimester and during breast-feeding followed by the
delayed introduction of cow’s milk to their infants until 1 year, egg until 2 years
and peanut until 3 years. A parallel group followed no specific dietary restrictions.
Statistically significant differences in atopic disease between the groups did not
persist beyond 2 years of age [11,95,96]|. Perhaps contradictory to the current rec-
ommendations (which suggest delayed introduction of seafood until age 3 years)
were the results from a recent study that prospectively followed a birth cohort
of children and found that regular fish consumption during the first year of life
was associated with a reduced risk of atopic dermatitis, asthma, allergic rhinitis
and allergic sensitizations by age 4 years |97|. Unfortunately, the timing of spe-
cific food introductions is not well studied and current recommendations are not
evidence-based.

Conclusion

Food allergy is a general term that includes a wide range of conditions. The patho-
genesis involves IgE-mediated and/or cell-mediated processes with varying mani-
festations depending on the mechanisms of disease. Diagnosis requires a skillful
history, physical examination and targeted diagnostic testing. Treatment requires
avoidance of the causal allergen(s). Hopefully, in the future, diagnostic modalities
will be more fine-tuned and additional treatment options will be available.
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Anaphylaxis

PAMELA EWAN

1. Anaphylaxis is a severe systemic allergic reaction: the main presentation is with
acute onset urticaria/erythema plus hypotension and/or respiratory difficulty.

2. Acute treatment: key drug is intramuscular adrenaline.
3. Always refer to an allergist.
4. History provides clues to aetiology.

5. Diagnosis of cause and a personal management plan are essential; without these,
there is a high risk of recurrence.

Introduction

Anaphylaxis is becoming more common, particularly amongst children and
young adults. Anaphylaxis can be frightening to deal with because of its rapid
onset and severity. It can be fatal. Understanding of anaphylaxis and its manage-
ment is essential for doctors in many fields, particularly those working in general
practice and in accident and emergency (A&E) departments. After an anaphylac-
tic reaction, it is important to refer the patients to an allergist so that the cause or
type of anaphylaxis can be determined, and an appropriate management package
instituted.
Definition

Anaphylaxis means a severe systemic allergic reaction: the term comes from the
Greek words ava ana (against) and @OAafig phylaxis (protection). There is no
universally accepted definition, in part because anaphylaxis comprises a constel-
lation of features not all of which are present in all patients. Argument arises
over which clinical features are essential for the diagnosis. A good working defin-

ition for practising physicians is that anaphylaxis involves one of the two severe
features:

© Atlas Medical Publishing Ltd
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1. Respiratory difficulty (which may be due to laryngeal oedema or asthma); and/or
2. Hypotension (which can present as fainting, collapse, or loss of consciousness) |1].

Several other symptoms (particularly cutaneous) are usually present during the
course of anaphylactic reaction. The confusion arises because systemic allergic
reactions can be mild, moderate, or severe. For example, generalized urticaria and
angio-oedema should not be described as anaphylaxis, as neither respiratory dif-
ficulty nor hypotension (i.e. the potentially life-threatening features) are present.

The European Academy of Allergology and Clinical Immunology (EAACI)
proposed the following definition: ‘Anaphylaxis is a severe, life-threatening, gen-
eralized or systemic hypersensitivity reaction’; however, this broad definition will
not help facilitate the recognition in primary care and A&E departments |2].

Mechanism

An allergic reaction results from the interaction of an allergen with specific IgE
antibodies, bound to Fce receptors for immunoglobulin (Ig)E on mast cells and
basophils. This leads to activation of the mast cell and release of preformed media-
tors stored in granules (including histamine), as well as of newly formed media-
tors, which are synthesized rapidly. These mediators are responsible for the clinical
features. Rapid systemic release of large quantities of mediators will cause capil-
lary leakage and mucosal oedema, resulting in shock and asphyxia. Airway smooth
muscle contraction and mucosal oedema result in asthma-like symptoms.

Anaphylactoid reactions are caused by activation of mast cells and release of
the same mediators, but without the involvement of IgE antibodies (for exam-
ple, certain drugs may act directly on mast cells). This term is no longer used, as
for the practical purposes of acute management it is not essential to distinguish
an anaphylactic from an anaphylactoid reaction. This difference is relevant only
when investigations aiming to identify the cause of the reaction are being consid-
ered. Anecdotal evidence from allergy clinic practice appears to suggest that non-
IgE-mediated anaphylaxis may be becoming more common.

Incidence

There is a lack of data on the overall incidence of anaphylaxis. However, one can
build up a picture from various sources. One of the problems is that anaphylaxis
is not always recognized or recorded, so some studies may underestimate the
incidence. Another problem relates to variations in definition, so that criteria for
inclusion vary in different studies, which can lead to overestimates (for example,
in some studies generalized urticaria and angio-oedema were included as ana-
phylaxis).

A&E data
A retrospective study of anaphylaxis in A&E, identifying only the most severe
cases, and relating this number to the population served, estimated that approxi-
mately 1 in 3500 patients had an episode of anaphylaxis during the study period
in 1993-94 [3].
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Incidence rate
A review by a Working Group of the American College of Allergy, Asthma and
Immunology, summarized the findings from a number of international epidemi-
ological studies and concluded that the overall frequency of episodes of anaphy-
laxis lies between 30-60 cases per 100 000 persons at the lower end and 950 cases
per 100 000 persons at the higher end |4].

Lifetime prevalence

The American College of Allergy, Asthma and Immunology Working Group data
indicate a lifetime prevalence of between 50 and 2000 episodes/100 000 persons
or 0.05-2.0% |4|. More recent UK primary care data concur with the lower end of
these estimates, indicating a lifetime age-standardized prevalence of a recorded
diagnosis of anaphylaxis of 75.5 per 100000 in 2005 |5]. Calculations based on
these data suggest that approximately 1 in 1333 of the English population have
experienced anaphylaxis at some point in their lives. However, this suggests that
45000 of the UK population have had anaphylaxis, considerably less than sug-
gested by data on specific causes.

Trends
It is clear that anaphylaxis is increasing, and hospital admissions in the UK (rep-
resenting only a minority of overall cases, as most cases are managed in A&E)
showed a 7-fold increase over a 10-year period between 1990 and 2001 |6-9].

Features of anaphylaxis

The typical features of anaphylaxis are outlined in Table 11.1. Most patients
present with cutaneous features, with either respiratory involvement or features
of hypotension [1,10].

Features of anaphylaxis

Feature System involved Severity Frequency
Erythema, pruritus (generalized), urticaria, Cutaneous Minor Common
angio-oedema

Laryngeal oedema, asthma Airway Major Common
Fainting, light-headedness, collapse, loss of Cardiovascular Major Common
consciousness

Rhinitis, conjunctivitis, itching of palate or Mucosal Uncommon
external auditory meatus

Nausea, vomiting, abdominal pain Gastrointestinal tract Uncommon
Palpitations Cardiovascular Less common
Sense of impending doom Less common

Pathogenesis

Mast cell mediators have a variety of physiological effects. These include capillary
leakage (resulting in urticaria, angio-oedema, laryngeal oedema, hypotension and
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shock), mucosal oedema (asphyxia and respiratory arrest), and smooth muscle
contraction (asthma and abdominal pain).

Aetiology

Foods, drugs and hymenoptera venom are the commonest causes of anaphylaxis
[6.11] (Table 11.2). However, although poorly quantitated, non-IgE-mediated
(idiopathic) anaphylaxis seerns much more common. The dominant cause varies
with age [12,13] (Table 11.2). In a series of 95 children, the most probable causes
were foods (57%), hymenoptera venom (12%), drugs (11%) and exercise (9%). Only
1% was due to latex.

Common causes of anaphylaxis

® Foods*

® Bee and wasp stings

® Drugs**

@ |diopathic (non IgE-mediated)

*Commonest cause in children; **commonest cause in adults.

Foods are one of the commonest causes of anaphylaxis (33% in Mayo Clinic
series and 57% in a series of children |11,13]), and evidence suggests that this is an
increasing problem, now well documented for allergies to peanuts and other nuts
(Table 11.3). Four per cent of the population have a food allergy and 2% of children
in the UK have nut allergy. Insect venom is the next most common cause of ana-
phylaxis. Drug allergy is an increasing and important cause accounting for most
of anaphylaxis in some adult series (Table 11.4). Although latex allergy is com-
mon, this is an uncommon cause of anaphylaxis—only a minority of patients with
allergy to latex develop anaphylaxis [14]. Latex rubber anaphylaxis—unusually—
develops more slowly (up to 30 min from the time of exposure), as the allergen
has to be absorbed through the skin or mucosa (for example, during abdominal or
gynaecological surgery, vaginal examination, dental work, or simply contact with,
or wearing, rubber gloves). Healthcare workers are especially at risk.

Foods causing anaphylaxis

Peanuts

Tree nuts (e.g. brazil nut, almond, hazelnut)
Fish

Shellfish

Egg

Milk

Fruit

Sesame

Pulses (other than peanuts)

Others (many other foods)
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Drugs causing anaphylaxis

® Antibiotics (especially penicillin)

@ Intravenous drugs used during general anaesthesia (mainly neuromuscular blocking agents)
@® Aspirin*

® Non-steroidal anti-inflammatory drugs*

@ |Intravenous contrast media*

® Opioid analgesics**

*Non-IgE-mediated; **predominantly non-IgE-mediated.

Rare causes include exercise, other physical stimuli, vaccines and semen.
Allergen immunotherapy (desensitization) may induce anaphylaxis, and this can
rarely occur after skin testing.

Clinical presentations

The clinical presentation of allergic reactions differs between adults and chil-
dren (for example, adolescents and young adults are the groups most at risk of
death). In addition, it is important to recognize that the clinical presentation var-
ies depending on the cause. The information on the time of onset and evolution is
also important in determining aetiology. When an allergen is injected systemically
(insect stings, intravenous drugs) cardiovascular problems, especially hypoten-
sion and shock, predominate. Symptoms are of rapid onset, usually within min-
utes of an 1.v. injection |15, as at induction of anaesthesia, when large quantities
of drug are given as boluses. Foods that are absorbed transmucosally (from the
oral mucosa and pharyngeal mucosa as well as stomach) seem especially to cause
lip, facial, and laryngeal oedema. Respiratory difficulty therefore predominates
[16]. Whilst reactions are of slower onset than with i.v. agents, the symptoms usu-
ally occur within 10 min and progression is rapid. In a severe reaction laryngeal
oedema, asphyxia and respiratory arrest may occur within 20-30 min. Urticaria/
erythema is common in food |16], venom and drug anaphylaxis |10].

The clinical pattern of idiopathic anaphylaxis is different and evolves more
slowly, usually over a number of hours. Initial symptoms are pruritus of hands
and feet, and gastrointestinal symptoms are common.

Case histories: presentations of anaphylaxis

Case 1

Woman aged 30 years; life-threatening anaphylaxis to food.

@ Trigger: Chinese meal
® Symptoms and treatment: one hour after start of multi-course meal
- felt faint; mild asthma; severe dyspnoea and laryngeal oedema; loss of con-
sciousness; taken to A&E department after 10 min; on arrival cyanosed,
respiratory arrest; peri-orbital oedema; salbutamol infusion; cardiac arrest
four min later
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- adrenaline given; intubated with difficulty and ventilated; required neb-
ulized adrenaline overnight
® Outcome: recovered over 8 h
® Cause: allergy to green pepper

Case 2
Boy aged 1 year; ‘milder’ example of food-induced anaphyalxis.

@ Trigger: tiny quantity of peanut butter

® Symptoms: peri-oral blisters; distressed; vomited; slight dyspnoea; urticaria of
neck and upper chest. Some improvement after vomiting. Received i.v. chlo-
rpheniramine and hydrocortisone in A&E

® Outcome: rapid recovery

® Cause: allergy to peanuts

Case 3
Woman aged 62 years; life-threatening anaphylaxis to drug.

@ Trigger: second tablet of a course of Arthrotec (diclofenac + misoprostol). Drug
previously tolerated

® Symptoms and treatment: severe life-threatening reaction with, angio-oedema
of throat, dyspnoea then loss of consciousness. She was resuscitated in A&E
and received adrenaline, other drugs and i.v. fluids. The tryptase taken 90 min
after the onset of reaction in A&E was elevated at 53 U/ml (normal range 3-14ng/1).
A baseline tryptase was normal at 6 U/ml

® Cause: sensitivity to diclofenac (NSAID; non-IgE-mediated)

Recurrence

The risk of recurrence is high. A prospective study of 432 patients referred to a
community-based specialist practice in Australia found that in any 1 year, 1/12
patients who have suffered anaphylaxis will experience recurrence, and 1/50 will
require hospital treatment or use adrenaline [17|. In nut allergy where the diag-
nosis was confirmed, a further nut-induced reaction occurred due to accidental
ingestion in 50% of patients over a one-year period |18|.

Mortality

It is difficult to find robust estimates of mortality. Some anaphylactic deaths are
not recorded, either because the problem was not recognized or because it was
mistaken for asthma. There are approximately 20 anaphylaxis deaths reported
each year in the UK, although it is thought that this may be a substantial under-
estimate. The overall prognosis of anaphylaxis reported in some population-based
studies appears good, with a case fatality ratio of less than 1%, but these data are
likely biased by the definition of anaphylaxis in case-inclusion |11,19-20]. Risk of
death is increased in those with pre-existing asthma, particularly if poorly control-
led, and amongst patients who fail to or delay treatment with adrenaline [21,22]. In
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a series of fatal food-induced anaphylaxis cases, peanuts and tree nuts accounted
for more than 90% of the fatalities. Drug reactions and reactions to i.v. agents pro-
duce particularly severe reactions, and drug-induced anaphylaxis is an important
cause of iatrogenic death during hospital admission. Study of a case series of fatal
reactions demonstrated that in fatal anaphylaxis death generally occurred soon
after exposure to the allergen 123]. With foods, respiratory arrest usually occurs
after approximately 30-35 min, whilst with insect stings death from shock tends to
occur 10-15min following the sting; in the case of anaphylactic reaction to intra-
venous drugs, death can occur within 10 min. Approximately half of the reported
deaths were due to drugs, a quarter food and a quarter bee or wasp stings |23].

Morbidity

Anaphylaxis creates fear and anxiety, and patients are often concerned about
the risk of a further reaction. Avoidance strategies can be difficult for families to
cope with initially. Schools need to be involved in a positive way. Involvement of
an experienced allergist who can make an accurate diagnosis, has protocols and
management plans in place, and can provide reassurance is important.

Immediate investigations

The only immediate test that is useful at the time of reaction is mast cell tryptase
[24]. Tryptase is released from mast cells in both anaphylactic and anaphylactoid
reactions. It is an indicator of mast cell activation, but does not distinguish mech-
anisms or help establish the cause. Mast cell tryptase is usually (but not always)
raised in severe reactions, especially those with hypotension; however, the level
may be within the normal range in less severe systemic reactions. It is important
to emphasize that a normal tryptase does not exclude anaphylaxis. As mast cell
tryptase is only raised transiently, every effort should be made to collect a blood
sample when it peaks (approximately one hour after the onset of the reaction). In
addition, it is important also to take a baseline sample when the patient is well.
This test remains to be fully evaluated.

Acute management

Adrenaline (epinephrine) is the most important drug in the treatment of ana-
phylaxis. Adrenaline should be administered intramuscularly. The adult dose is
0.5 ml of 1 in 1000 strength, or 500 pg 125,26|. It is almost always effective. The
administration of adrenaline should be followed by chlorpheniramine and hydro-
cortisone (intramuscular or slow intravenous) |27,28|. This is usually all that is
required, provided that treatment is started early. Treatment failure is more likely
if administration of adrenaline is delayed. Biphasic reactions have been described
but are probably rare; they occur mainly after oral drugs. Administration of
hydrocortisone should minimize the risk of late relapse.

Difficulties may arise if the clinical presentation is evolving when the patient
is first assessed. Adrenaline should be given to all patients with respiratory dif-
ficulties or hypotension. If these features are absent, but other features of a sys-
temic allergic reaction are present, it is appropriate to give chlorpheniramine and
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hydrocortisone and reassess the patient. If in doubt, give 500 ug adrenaline intra-
muscularly in an adult or the appropriate dose in a child.

There can be risks associated with intravenous adrenaline. Adrenaline should
not be given intravenously except under special circumstances: profound shock
(which is immediately life-threatening) or during anaesthesia. Even then, if intra-
venous adrenaline is given, a dilute solution (1 in 10000 or 100 ug/ml) must be
administered very slowly in aliquots (with an initial dose of 50ug [i.e., 0.5ml])
and with cardiac monitoring. Such treatment therefore is rarely indicated outside
hospital.

Although myocardial infarction has been reported in the literature as being
associated with the use of adrenaline, this probably reflects a bias in reporting, as
the effective and safe use of adrenaline is not considered worth reporting. Those
with wide experience of its use find adrenaline extremely safe.

B-blockers may increase the severity of an anaphylactic reaction and may
antagonize some of the beneficial actions of adrenaline. However, if a patient with
anaphylaxis is taking B-blockers this should not prevent the use of adrenaline.

Supporting treatments

If the patient has hypotension then he or she should lie flat with the legs raised, but
if respiratory difficulty is the dominant problem it may be better for the patient
to sit up. Oxygen should be administered. If the first-line drugs are not rapidly
effective for shock, intravenous fluids should be given rapidly.

An inhaled B-2 agonist should be given if asthma is one of the clinical features.
Inhaled adrenaline is effective for mild to moderate laryngeal oedema but would
not be given if intramuscular adrenaline had already been given as first-line treat-
ment, and it is not a substitute for intramuscular adrenaline.

Drug treatment of anaphylaxis in adults

Intramuscular adrenaline 0.5 ml (500 pg) of 1 in 1000 solution (1 mg/ml)
Chlorpheniramine 10 mg given by intramuscular or slow intravenous injection
Hydrocortisone 200 mg given by intramuscular or slow intravenous injection

Doses of adrenaline

Adrenaline i.m. dose—adults
0.5 mgi.m. (= 500 g = 0.5 ml of 1:1000)

Adrenaline i.m. dose—children

The scientific basis for the recommended doses is weak. The recommended doses are based on
what is considered to be safe and practical to draw up and inject in an emergency |29|.

(The equivalent volume of 1:1000 adrenaline is shown in brackets).
>12 years: 500 pgi.m. (0.5ml) i.e. same as adult dose
300 g i.m. (0.3 ml) if child is small or prepubertal



11 Anaphylaxis 187

>6-12 years: 300 pg i.m. (0.3 ml)
>6 months—6 years: 150 g i.m. (0.15 ml)
<6 months: 150 pgi.m. (0.15 ml)

From UK Resuscitation Council guidelines |26].

Key to management of anaphylaxis
Awareness

Recognize it (consider in differential diagnosis)
Treat quickly

Early recognition and treatment are important for good outcome, and if these can
be achieved, anaphylaxis is mostly easily reversible.

Long-term management

Patients are commonly sent home from A&E departments without further advice
or are given a preloaded adrenaline syringe without instruction. This is of little
value and unfortunately may be seen as the episode having been dealt with. It
is important to refer patients to an allergist, with expertise in anaphylaxis. It is
important to make an accurate diagnosis and to determine the cause. Advice can
then be given on avoidance to prevent further attacks.In addition, appropriate
treatment for self-management in case of a further reaction needs to be arranged.
This ‘management package’ has a number of facets, requires broad expertise and
experience and is time-consuming [30,31].

Identifying the cause

In clinical practice, the identification of the cause in the case of IgE mediated reac-
tions is usually based on clinical history of severe reaction following exposure,
combined with positive skin prick test and/or elevated specific serum IgE anti-
body. The causal allergen is sometimes obvious from the history (e.g. a reaction
with typical features and appropriate timing after ingestion of a known allergen
with no confounding factors). Most food-induced reactions are IgE-mediated, as
is latex and venom anaphylaxis.

Double-blind, placebo-controlled challenge is considered the gold standard
for diagnosis of food-induced allergy. However, there are several drawbacks to
this procedure. Firstly, it may put a patient at a risk of severe anaphylactic reac-
tion, and is thus stressful to patient and parents. Secondly, it is time-consuming
and expensive.

The level of specific serum IgE antibody or the size of skin prick test weal diam-
eter may be used to predict the likelihood of patients having a clinical reaction.
In general, skin prick tests are most valuable when they are negative (negative
predictive value is in excess of 95%, with the positive predicted value being only
50%). Sporik et al. reported that in a group of 95 children with a history of clinical
reactivity to peanut, mean weal diameter >8 mm on skin prick testing predicted
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clinical reactivity with 100% certainty |32|. However, three out of 18 children with
negative skin tests also reacted. Similarly, negative specific serum IgE result has a
very high negative predictive value, with positive result having a low specificity.
Quantitative measurement of peanut-specific IgE antibodies can improve specifi-
city, and for patients with peanut-specific IgE above 15kU/I there is more than
95% probability for clinical reactivity |33].

Some anaphylactic reactions are non-IgE-mediated. This group includes cer-
tain drugs (e.g. non steroidal anti-inflammatory drugs [NSAIDs], aspirin, opi-
ates), idiopathic anaphylaxis and physical anaphylaxis. The diagnosis is then
made, once all other causes of anaphylaxis have been excluded, by history and if
necessary challenge testing. Reactions to NSAIDs are not IgE-mediated, but due
to excess leukotriene generation, so skin prick testing is not relevant. In physical
anaphylaxis, the diagnosis should be made from the history, and may be con-
firmed by scratch tests, ice cube test etc.

For many substances including drugs, e.g. colloids or patent blue V dye, there
are no data on validation of tests, so it is important these are concentrated in spe-
cialist centres so data can be built up |34].

Avoidance of the trigger

If a cause is identified, detailed advice should be given on avoidance. This may
be simple (e.g. a particular i.v. drug) or more difficult (e.g. nuts or milk). Cross-
reactivity adds to the complexity. For example, children allergic to peanut should
avoid all nuts because of the increased risk of developing tree nut allergy |35]. In
contrast, in adults only the nut to which the patient is allergic needs to be avoided.
Patients with penicillin allergy have to avoid all penicillins, but in addition other
drugs such as cephalosporins may need to be avoided. In oral allergy syndrome
with allergy to fruit, the fruit can be tolerated if well cooked.

In the case of reaction to cyclo-oxygenase (COX) 1 inhibitors, it needs to be
determined whether COX 2 inhibitors can be tolerated.

If complete avoidance can be instituted effectively, there will be no further ana-
phylactic reactions.

Drugs for self-treatment
In the case of inadvertent exposure, or if there is no avoidable trigger (e.g. in
idiopathic anaphylaxis), drugs for self-treatment must be available. Early self-
treatment is highly effective, and reactions can usually be stopped easily. Syringes
preloaded with adrenaline are easy for patients to use and readily available. They
deliver fixed intramuscular doses and are available in two strengths: for adults
(containing 0.3 ml of 1 in 1000 strength, or 300 ug) and for children (0.3 ml of 1
in 2000, or 150 pg). A 0.5ml or 500 pug i.m. auto-injector has been introduced. The
appropriate self-treatment varies and may include other drugs, particularly oral
antihistamines. This should be determined by a specialist, as once a cause is deter-
mined and avoidance measures are in place, further reactions after inadvertent
exposure are usually less severe. A written treatment plan should be provided by
the allergist, and the patient (and relatives) should be taught how and when to use
the treatments provided. Trainer syringes are available and real practice is essential,
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as is regular re-training. In the case of a child, school and nursery staff must be
trained in avoidance, recognition of reactions and administration of treatment;
this is best delivered by community paediatric teams [36]. This requires exper-
tise and these models are gradually being adopted. If there is no local allergist the
general practitioner should provide the auto-injector for self-treatment, but it is
essential that these are given with the appropriate advice and training. Practice
nurses should have trainer syringes for this purpose. However, the expertise
required to diagnose the cause and provide the full management package would
not be expected in or appropriate for a primary care setting.

Who needs an adrenaline auto-injector?

This is a difficult question. There are no UK national guidelines, but these are in
preparation. Those who have had anaphylaxis and where there is likelihood of a
further reaction should carry adrenaline. If the cause can be avoided (e.g. certain
prescribed drugs including all intravenous drugs), adrenaline is not needed by the
patient. A more difficult area is where the diagnosis (e.g. nut allergy), has a spec-
trum of severities with a risk of severe reactions. If a child has mild nut allergy, it is
difficult to estimate a risk of a severe reaction with a great level of certainty. Data are
available on a large series of children and adults with nut allergy where adrenaline
for self-use was prescribed according to criteria [31,32|. These were: any reaction
involving the airway; any mild (cutaneous) reaction to a trace amount of nut (on
the grounds that severity to a larger exposure could not be predicted); any patient
with ongoing asthma requiring regular inhaler therapy. Using these criteria, about
70% of patients presenting to an allergy clinic were given adrenaline. The outcome
was good, but it should be noted this was part of a comprehensive management
package. Advice on avoidance, which is a cornerstone of management, was given
and patients were aware, families trained and all carried oral antihistamines.

Efficacy of management plans

There is evidence that comprehensive management plans substantially reduce the
incidence and severity of further reactions. Three studies of management plans
delivered by specialist allergists in a large number of patients with nut allergy
(567, 747 and 798 respectively) over the median follow-up of 48 months, revealed
a low incidence (14-21%) of further reactions; furthermore, most of those that
occurred were mild requiring either no treatment or only oral antihistamines
[31,32]. There was a 60-fold reduction in severe reactions |32|. Few (e.g. 3/798 in
one of the series) required adrenaline, and when this was needed a single injection
was always effective. Further moderate or severe reactions occurred more often in
young adults than in children |32]. The corollary is that in the absence of accurate
diagnosis of the cause and appropriate management including avoidance, further
anaphylaxis is common. In nut allergy, a further reaction occurs about once every
2 years even when the diagnosis is known—but without specialist advice.

A study in France of personalized care plans (PCPs) for children in schools deliv-
ered by an allergist was reviewed in 39 children, and evaluated over 25 months;
33% had a further reaction |37]. Peanut was the most common allergy.
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What to do after an anaphylactic reaction

Action

Immediate: take blood at 1-2 h for
measurement of mast cell tryptase

Later: refer to an allergy clinic
— to determine cause

Aim

To confirm anaphylactic reaction

To prevent further attacks

— to organize self-treatment of future reactions To prevent morbidity

(early treatment is the key)

Adapted with permission from [1].

Some patients who have had an anaphylactic reaction wear a medic alert brace-
let or necklet: the inscription provided by the allergist alerts other doctors of the
anaphylaxis risk should there be a future reaction, thus increasing the prospect of
early treatment, as well as aiding avoidance e.g. of a drug or latex rubber.

Practice parameters on the diagnosis and management of anaphylaxis

In the US, the most recent set of practice parameters for the diagnosis and man-
agement of anaphylaxis was issued by the Joint Task Force on Practice Parameters
in Allergy, Asthma, and Immunology in 2005 |38|.
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Principles of pharmacotherapy of allergic
disease

MARTIN CHURCH

1. With the exception of immunotherapy, at the present time there is no drug that
will cure allergy; the best we can do is to try to relieve the symptoms of acute epi-
sodes or flare-ups and to control the underlying inflammation.

2. Drugs used to treat allergic diseases include anti-IgE, chromones, anti-inflammatory
drugs (corticosteroids), antihistamines, anti-leukotrienes and bronchodilators (B,-
stimulants).

3. Meta-analyses and systematic reviews have been increasingly used to provide
information about the effectiveness of drugs; while yielding very useful infor-
mation, they have a major disadvantage of being based on statistical analyses of
large patient populations, thus predicting efficacy against ‘Mr Average Patient' and
being biased against drugs (e.g. chromones), which are very effective, but only in a
minority of patients.

Introduction

Even though allergy comprises a wide spectrum of conditions affecting many
organs, such as asthma, allergic rhinitis, allergic conjunctivitis and urticaria, each
of which may require treatment with different drugs, the principles of immuno-
therapy and pharmacotherapy of all allergic diseases are essentially the same.
In order to describe these, readers are referred to Figure 12.1, which is a simpli-
fied diagram of an allergic response in a mucosal membrane. The sites at which
immunotherapy or pharmacotherapy are capable of modulating allergic disease
are denoted by numbers in the diagram. These sites, which denote the subdiv-
isions of this chapter, are: 1. Immunotherapy; 2. Anti-IgE; 3. Chromones; 4. Anti-
inflammatory drugs—corticosteroids; 5. Antihistamines; 6. Anti-leukotrienes;
7. Bronchodilators—@,-stimulants.

With the exception of immunotherapy, it must be stressed at the outset that at the
present time there is no drug that will cure allergy. The best we can do is to try to relieve

© Atlas Medical Publishing Ltd
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Fig. 12.1 Simplified diagram of an allergic response in a mucosal membrane. Abbreviations
for the cells illustrated in the diagram are: Ep, ciliated epithelial cell; GC, goblet cell
secreting mucus; DC, dendritic cell; Th2 cell, Th2 lymphocyte; B cell, B lymphocyte; Treg cell,
regulatory T cell. The "Y' symbols represent IgE. Allergen can be seen as small multi-pointed
stars above the epithelium, within the DC, Th2 cell and B cell and cross-linking the IgE
molecules attached to the mast cell. The numbers refer to the sites where immunotherapy or
pharmacotherapy may be applied to modulate the response. These are defined in the text.

the symptoms of acute episodes or flare-ups and to control the underlying inflamma-
tion, which exacerbates the symptoms, particularly in chronic allergic diseases.

Site 1: Immunotherapy

In the upper left of Figure 12.1, allergen is seen penetrating the epithelium and
being taken up by the dendritic cell. Recognizing the allergen as being foreign, this
cell migrates to the lymphoid tissue where it presents the processed allergen to
T lymphocytes, in this case a Th2 cell. The Th2 cell then passes the allergen epitope
to a B cell. This, together with a cytokine instruction to make immunoglobulin
(Ig)E, stimulates the B cell to transform into a plasma cell and secrete large amounts
of IgE antibody, which arms the mast cells to stimulate the allergic response on
subsequent exposure to allergen. This whole process is held in check by cytokines
released by regulatory T cells. The influence of immunotherapy on these immune
cells to reduce allergic sensitization is covered in detail in Chapter 13.

Site 2: Anti-IgE

Anti-IgE (omalizumab) was approved by the Food and Drug Administration
(FDA) in the United States in 2003 for the treatment of patients with moderate-
to-severe persistent asthma which is inadequately controlled with inhaled



Fig. 12.2 Mechanism
of action of anti-IgE in
inhibiting activation of a
mast cell (see text for a
detailed description).
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corticosteroids and who have a positive skin test or in vitro reactivity to a peren-
nial aeroallergen |1].

Principle of activity

Prevention of the binding of IgE antibodies to mast cells and basophils thereby
inhibits their activation by allergen.

Mechanism of action

Uses

In area A of Figure 12.2, the Y’ shaped IgE antibody molecules are seen binding
to high affinity FceR1 receptors on the mast cell membrane. Area B shows that
cross-linkage of two mast cell-bound IgE molecules results in mast cell activation
and degranulation. Anti-IgE, shown as white circles in area C, is a humanized
IgG1 monoclonal antibody that recognizes and binds to the Fc portion of IgE.
Area D shows that this IgE can no longer bind to its receptor on the mast cell and
s ineffective even if its Fab portion is cross-linked with allergen. In addition, the
long-term removal of free IgE results in a marked downregulation of the expres-
sion of high-affinity IgE receptors on basophils, mast cells and dendritic cells thus
exerting an anti-inflammatory effect [2].

In many clinical trials, omalizumab reduced the incidence of asthma exacerba-
tions, severity of exacerbations, the use of rescue medication, and improved both
symptoms and quality of life (QOL) [3|. More recently, largely because of its high
cost, the target group patients for omalizumab has become focused on severe
asthmatics who are still symptomatic after being treated with high-dose inhaled
corticosteroids plus long-acting f-agonists |4]. Another suggested use is a steroid
sparing effect in children even though the present minimum age for omalizumab
administration is 12 years of age |5.

Omalizumab has also been shown to be useful in the treatment of severe aller-
gic rhinitis |6] but its use in atopic dermatitis is equivocal |7]. In addition, it is
effective in anaphylaxis in patients with systemic mastocytosis. Another anti-
IgE product, TNX-901 which will never be marketed following a legal dispute
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with the manufacturers of omalizumab, significantly and substantially increased
the threshold of sensitivity to peanut on oral food challenge from a level equal
to approximately half a peanut (178 mg) to one equal to almost nine peanuts
(2805 mg), an effect that should translate into protection against most unintended
ingestions of peanuts [8|. Finally, omalizumab has been successfully used to pre-
vent unwanted effects during immunotherapy for beekeeper’s anaphylaxis |9].

Unwanted effects

Site

On 21st February 2007, the FDA issued a black box warning following reports
of anaphylaxis with omalizumab treatment in at least 0.1% of ~39500 patients.
Consequently, they notified asthmatic patients and healthcare professionals of new
reports of serious and life-threatening allergic reactions (anaphylaxis) in patients
after treatment with omalizumab. Anaphylaxis may occur after any dose of omali-
zumab (including the first dose), even if the patient had no allergic reaction to the
first dose. The FDA recommended that patients should be fully informed about the
signs and symptoms of anaphylaxis, their chance of developing delayed anaphylaxis
following omalizumab treatment, and how to treat it when it occurs |10].

Omalizumab in pregnancy and children: Asthma is estimated to affect up to 4%
of pregnancies and aggressive treatment should be considered because asthma
during pregnancy can lead to poor outcomes for both mother and child unless
controlled adequately [11]. For pregnant women with persistent asthma, the use
of inhaled sodium cromoglycate or inhaled budesonide should be considered as
first-line agents. Short-acting [3-agonists can be used as needed in all asthma cate-
gories. Other agents such as salmeterol, leukotriene modifiers, newer inhaled cor-
ticosteroids, and omalizumab may be considered in women who showed a good
response to these agents before pregnancy.

Safety and effectiveness of omalizumab in paediatric patients below the age of
12 have not been established.

3: Chromones

Sodium cromoglycate was originally introduced as a mast cell stabilizer for the
treatment of asthma [12,13] while nedocromil sodium was marketed as a drug to
reduce allergic inflammation [14]. More recently, both drugs have become widely
used as topical therapies for allergic rhinitis and conjunctivitis.

Principle of activity

Introduced as mast cell stabilizers but now known to also reduce allergic inflam-
mation and to prevent sensory nerve activation.

Mechanism of action

The ability of chromones to reduce histamine release in allergic responses in the
bronchi |15, nose [16] the eye |17] and the intestine | 18| supports their mast cell
stabilizing action.
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Besides inhibiting the early-phase response, chromones also protect against
allergen-induced late-phase responses, which, in asthma, are associated with the
acquisition of bronchial hyper-responsiveness. As these events are associated with
the accumulation and activation of inflammatory cells, particularly eosinophils,
an inhibitory effect on these aspects of allergic disease must be considered [19].
In vitro, activation of eosinophils, neutrophils, and macrophages is reduced by
sodium cromoglycate and nedocromil sodium, the latter again being approxi-
mately 10 times more potent |20,21]. In vivo studies have shown that chromones
inhibit eosinophil migration into the lung following allergen challenge |22] in
allergic asthma |23| and in aspirin-intolerant asthma |24].

While in asthma an action on mast cells may explain the action of chromones
on bronchoconstriction induced by allergen, exercise, and cold air, the effect on
that induced by irritant agents, such as sulphur dioxide, is unlikely to be mast
cell-mediated. To explain these results, an effect on neuronal reflexes, possibly
involving C-fibre sensory neurons, has been postulated |25,26]. The ability of
nedocromil sodium to inhibit bronchoconstriction induced by bradykinin and
capsaicin would support this theory |27,28|. Interestingly, the effects of chrom-
ones in asthma are mimicked by the diuretic drugs, frusemide and bumetanide
[29,30], which inhibit a Na-K-ClI co-transporter in the loop of Henle to reduce
chloride and sodium reabsorption by the kidney [31]. This co-transporter has
since been shown to be involved in mast cell activation [32,33] and in the activa-
tion of sensory nerves |17,34,35|. Thus, inhibition of a unique chloride channel is
now thought to be the primary target for the actions of chromones.

Both sodium cromoglycate and nedocromil sodium are acidic drugs with pKa
values of 1.0-2.5 and, consequently, exist almost exclusively in the ionized form
at physiological pH (~7.4). These physicochemical characteristics mean that the
drugs have negligible absorption from the gastrointestinal tract and must be given
topically. Aerosols are available for asthma, both drops and sprays for rhinitis,
and drops for conjunctivitis. In addition, oral solutions have been suggested for
the topical treatment of gastrointestinal allergy. A major advantage of the drugs
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existing almost exclusively in the ionized form is that any drug absorbed system-
ically remains in the extracellular compartment thus giving negligible toxicity.

Chromones achieved a well-established place in the control of mildly to mod-
erately severe asthma in the 1980s and 1990s, particularly in children. When used
for the prevention of an early-phase allergic response, a single prophylactic inhaled
dose has been shown repeatedly to be effective. Their ability to treat both immedi-
ate and late-phase bronchoconstrictor events and to prevent the acquisition of
bronchial hyper-responsiveness has led to their use in chronic asthma. However,
in recent years, meta-analyses and systematic reviews have been increasingly used
to provide information about the effectiveness of drugs. Perhaps the most author-
itative of these, the Cochrane Database Systematic Reviews, concluded that, in
children, the evidence of efficacy of sodium cromoglycate over placebo was not
proven |36]. About nedocromil sodium, a similar report concluded that its efficacy
in children was equivocal. However, it also concluded that nedocromil sodium
had a very good safety profile with no significant short-term or long-term adverse
side-effects [37]. While these types of review yield very useful information, they
have one great weakness; they are based on statistical analyses of large popula-
tions of patients and, therefore, predict eflicacy against ‘Mr Average Patient’. As
such, analyses of this type will always be biased against drugs such as chromones,
which are effective only in a minority of patients. Clinical practice over the last
three decades has shown that these drugs are of great benefit in some patients.
Unfortunately, we have no way of predicting which patients are likely to respond
to chromone therapy and herein may lie the weakness of the drugs. However,
skilled management of patients with sodium cromoglycate or nedocromil sodium
may provide a single asthma therapy, which is free from the potential hazards
associated with p-stimulants, corticosteroids, or theophylline.

Sodium cromoglycate and nedocromil sodium drops and nasal sprays have
found a place in the treatment of allergic rhinitis and are often the drugs of first
choice in children. They are also effective in the treatment of allergic conjunctiv-
itis, particularly as an adjunct to systemic antihistamines.

Unwanted effects

The great advantage of chromones is their excellent safety profile with no signifi-
cant short-term or long-term adverse side-effects.

Site 4: Anti-inflammatory drugs—corticosteroids
(glucocorticoids)

Allergic diseases, particularly those of a more chronic nature, give rise to allergic
inflammation, which exacerbates the symptoms. Thus, the inflammation can be
visualized as an iceberg (Fig. 12.4). Attacking the iceberg of allergic inflamma-
tion with corticosteroids reduces its size and, consequently, the overall severity
of the clinical symptoms. Their ability to reduce allergic inflammation has led to
the widespread use of corticosteroids in all allergic diseases, including those of the
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nose, eye, skin, and gastrointestinal tract. However, it must be stressed that glu-
cocorticoids have potentially debilitating, unwanted effects when used incorrectly
or inappropriately.

Principle of activity

Corticosteroids reduce allergic inflammation by downregulating the transcrip-
tion of pro-inflammatory cytokines.

Mechanism of action

Corticosteroids are highly lipophilic and are largely bound to either of two plasma
proteins: transcortin, a specific corticosteroid-binding globulin which binds gluco-
corticoids with high affinity; and albumin, which binds all steroids with low affinity
[38]. Free steroid molecules diffuse across the cell membrane where they interact
with glucocorticoid receptors (GR) in the cytoplasm. The intracellular actions of
corticosteroids are mediated through the activated glucocorticoid receptor which
diffuses into the nucleus where it interacts with a specific glucocorticoid response
element (GRE) on the chromatin of the DNA to influence transcription and, con-
sequently, de novo synthesis of steroid-susceptible proteins [39].

The major anti-inflammatory effects of glucocorticoids appear to be due
largely to downregulation of the pro-inflammatory transcription factors nuclear
factor-kB (NF-kB) and activator protein-1 (AP-1). The glucocorticoid receptor
achieves this effect by epigenetic mechanisms (Fig. 12.5) |40,41]. Briefly, resting
DNA is tightly wound around a core of histone proteins in its deacetylated form.
When the specific areas encoding for pro-inflammatory adhesion molecules and
cytokines are activated by NF-kB or AP-1 during the development of allergic
inflammation, the histone core becomes acetylated allowing the DNA to unwind
from the histone core and become available for transcription DNA. The presence
of the glucocorticoid receptor within the nucleus reduces histone acetylation,
causing the DNA to rewind and become inactive.

Glucocorticoids can also switch on gene expression. Activated glucocorticoid
receptors translocate to the nucleus where they bind to GREs in the promoter
region of glucocorticoid-sensitive genes. This leads to recruitment and activa-
tion of transcriptional co-activator molecules, such as CREB-binding protein, that
have intrinsic histone acetyltransferase activity and thus cause DNA winding as in
panel B of Figure 12.5. Genes which are switched on by this mechanism include
the genes for B, -adrenergic receptor, lipocortin-1/annexin-1 gene (phospholipase
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Fig. 12.5 The effects of transcription factors and glucocorticoids on DNA coiling. In panel
A resting DNA is tightly coiled around a deacetylated histone core. In panel B the effect of
a transcription factor, such as NF-kB, has acetylated the histone core allowing the DNA to
unwind and transcribe pro-inflammatory adhesion molecules and cytokines. In panel

C the effect of the activated glucocorticoid receptor, once translocated to the nucleus, is to
reduce histone acetylation thus causing the DNA to rewind and become inactive.

A, inhibitor), IL-1R2 (decoy receptor), IkBa (inhibitor of NF-xB), CD163 (scav-
enger receptor) and MAP kinase phosphatase 1 (MKP-1) [40].

The anti-inflammatory properties of corticosteroids underpin the majority of their
beneficial effects in allergic disease. Guidelines for the use of corticosteroids in
asthma have now been formulated in many countries 142,43|. Briefly, they suggest
the introduction of inhaled preparations even in relatively mild asthma, increased
inhaled doses as asthma becomes more severe, and the use of oral therapy only when
the disease cannot be controlled satisfactorily by inhaled therapy. In addition, it is
now recommended that corticosteroids be administered together with long-acting
B,-receptor agonists to prevent downregulation of ,-receptors in the airways |44|.
In rhinitis, corticosteroid nasal sprays, such as beclomethasone dipropionate and
fluticasone propionate, are used to reduce the influx of mast cells and other inflam-
matory cells into the nasal mucosa. As they do not inhibit mast cell degranulation,
they do not provide immediate relief. For maximal benefit in seasonal rhinitis,
topical corticosteroid therapy should be instituted 2-3 weeks before the hay fever
season. Unwanted effects are negligible with conventional doses. Systemic therapy
should only be used in extremely debilitating conditions.

As allergic rhinitis is very common in patients with asthma, several retrospect-
ive database studies in the United States and in Europe have examined the ben-
efits of treating allergic rhinitis in patients with asthma. The results indicate that,
for patients with asthma, the presence of comorbid allergic rhinitis is associated
with higher total annual medical costs, greater prescribing frequency of asthma-
related medications, as well as increased likelihood of asthma-related hospital
admissions and emergency visits. Therefore, they suggest an aggressive treatment
of allergic rhinitis in patients with concomitant asthma as it is likely to enhance
asthma outcomes and quality of life [45,46].

Corticosteroid eye drops are very effective in the treatment of many forms of
conjunctivitis, including allergic conjunctivitis. In extreme conditions, the drug
may also be given systemically. However, in eye disease, steroids should only be
used under expert medical supervision because of their local unwanted effects.
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In the skin, steroid creams and ointments are used for a wide variety of inflam-
matory conditions, including eczema and atopic dermatitis. They act to suppress
symptoms and are in no sense curative, rebound exacerbations often occurring
on cessation of treatment. Because of their skin-thinning effects and their ability
to be absorbed through the skin and cause systemic effects, steroids should not be
the drugs of first choice but reserved for the more problematic conditions. Even
then, the lowest strength of the least potent steroids should be used. Also, short
courses are recommended wherever possible. The use of topical steroids in the
skin of children is discouraged because of the systemic effects.

Unwanted effects

The intracellular events that are responsible for the anti-inflammatory effects of
glucocorticoids cannot be separated from their effects on glucose, protein and
lipid metabolism and their suppressive effects on the hypothalamo-pituitary-
adrenal (HPA) axis. All glucocorticoids, whether natural or synthetic, will exert
these effects when present in the systemic circulation. Furthermore, the magni-
tude of the side-effects is dependent on the dose of the drug absorbed systemically,
the potency and duration of the systemic effect and the duration of treatment.

In conclusion, steroids afford effective therapy in allergic disease when the
appropriate formulations are given and the physician observes with diligence the
basic rules to avoid unwanted effects.

Site 5: Antihistamines

Histamine, released from mast cells and basophils, plays a major role in the
pathophysiology of all allergic diseases, including rhinitis, urticaria, asthma, and
systemic anaphylaxis. Although there four distinct receptors for histamine, H,,
H,H, and H pin allergic disease, it is the Hl—antihistamines, which are of primary
benefit and so it is this class only which will be considered here.

Principle of activity

H,-antihistamines are inverse agonists of the histamine-H, receptor causing
inhibition of the effects of histamine.

Mechanism of action

H,-antihistamines are not receptor antagonists as previously thought, but are
inverse agonists. To understand this, we should visualize the receptor as a two-
state model (Fig. 12.6) 147]. In this model, an equilibrium exists between the
receptor isoforms. Histamine cross-links trans-membrane domain (TM) III and
TMV to activate the receptor 24 while H -inverse agonists cross-link amino acids
on TM IV and TM VI to stabilize the receptor in the inactive form [48].

In addition to stimulating the classical histamine H,-receptor-mediated effects,
histamine acting through the H,-receptor may also activate the transcription fac-
tor NF-«B [49]. As mentioned above, NF«B is a key pro-inflammatory cytokine
that is involved in the production of pro-inflammatory adhesion molecules and
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Fig. 12.6 The binding of
histamine and cetirizine to
the H_-receptor.

A The ligand-binding

site for GPCR is within

the transmembrane (TM)
domains. B Histamine
links TMs Il and V to
stabilize the receptor in
the active state. C An

C H,-antihistamine links TMs

° 0 IV and VI to stabilize the
° receptor in the inactive

O,
LN state.
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cytokines. The reduction of NF-kB activation by H -antihistamines |50-52| may
well explain their long-term effects against allergic inflammation and nasal block-
age |53-55].

First-generation H -antihistamines penetrate readily into the brain, in which they
occupy 50-95% of the H -receptors, as shown by positron emission tomography
(PET) |56,57|. The result is CNS sedation, which severely compromises the use of
these drugs in ambulatory patients. However, the sedative effect of first-generation
H,-antihistamines has often been used in the treatment of night-time exacerba-
tions of allergy responses, especially in children. But is this an appropriate use of
these drugs? A consensus document produced by American allergists states cat-
egorically that first-generation H -antihistamines should not be used as sedatives
[58]. This conclusion is supported by a recent study |59 in which a single dose of
6 mg of chlorpheniramine increased the time to the onset and reduced the dura-
tion of rapid eye movement (REM) sleep at night, and the following morning
impaired divided attention, vigilance, working memory and sensory-motor per-
formance. The potential of first-generation H -antihistamines to enhance the
central effects of alcohol and other CNS sedatives further limits their use. In addi-
tion, many of these drugs also have actions that reflect their poor receptor selec-
tivity, including an atropine-like effect and blockade of both a-adrenergic and
5-hydroxytryptamine receptors.

Second-generation H -antihistamines penetrate the CNS poorly and are rela-
tively free of sedating effects. Their propensity to occupy H -receptors in the CNS
varies from 0% for fexofenadine to 30% for cetirizine |60|. The main postulated
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mechanism for their failure to penetrate into the brain is that they are actively
pumped out by P-glycoprotein (Pgp), an organic anion transporting protein that
is expressed on the luminal surfaces of vascular endothelial cells in the blood ves-
sels that constitute the blood-brain barrier (BBB) 161,62]. The potential of Pgp to
limit the passage of fexofenadine, cetirizine, loratadine, and terfenadine across the
BBB has been confirmed recently using a canine kidney cell line transfected with
human Pgp |63|. However, the brain penetration of fexofenadine and cetirizine,
but not that of terfenadine and loratadine, remained poor even under conditions
of Pgp inhibition suggesting that there are additional unknown mechanisms that
also control brain penetration of these drugs.

Comparative studies between second-generation antihistamines have shown
them all to have minimal sedation and no significant effects on a variety of cogni-
tive, psychomotor and driving tests |64,65|. Currently, desloratadine, fexofena-
dine and loratadine are the H -antihistamines for which pilots can receive a waiver
for use from the Federal Aviation Administration |66].

All H,-receptor antagonists are well absorbed from the gastrointestinal tract
after oral dosage, symptomatic relief is observed within 1 to 3 h and their duration
of action is generally around 24 h. No tolerance is observed with usage for up to
six months |53]. Residual suppression of skin-test reactivity to allergens may last
for up to seven days after the discontinuation of an H -antihistamine.

In patients with allergic rhinitis, H -antihistamines are useful in ameliorating
sneezes, itching, and nasal discharge but are less effective in relieving nasal block-
age. However, regular usage of H -antihistamines does provide relief of nasal
blockage [53].

Histamine can reproduce all of the symptoms of urticaria, including weal,
flare, and itching |67|. Consequently, H -antihistamines are first-line medications
in acute and chronic urticaria with weals of short duration and are very effective
in providing symptomatic relief. In atopic dermatitis, itching is one of the major
symptoms and scratching often causes a worsening of the lesion. Since histamine
is a major pruritogen, the use of H -antihistamines relieves pruritus, reduces
scratching, and seems to have glucocorticoid-sparing effects.

Unwanted effects

All of the first-generation H -antagonists and some of the second-generation
antihistamines are oxidatively metabolized by the hepatic cytochrome P450 sys-
tem, the main exceptions being levocetirizine and cetirizine and fexofenadine.
Levocetirizine and cetirizine are excreted largely unchanged in urine and fexo-
fenadine is excreted largely in the faeces |68|. Hepatic metabolism has several
implications: prolongation of the serum half-life in patients with hepatic dysfunc-
tion and those receiving concomitant cytochrome P450 inhibitors, such as keto-
conazole and erythromycin. Also, longer duration of action is found in elderly
patients who have reduced liver function. In these patients there is a possibility
of precipitating serious unwanted cardiac or CNS effects. Such adverse effects are
more likely to occur when first-generation antihistamines are used than when
second-generation antihistamines are used.
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Some of first-generation H -antihistamines may cause sinus tachycardia, reflex
tachycardia and supraventricular arrhythmia, and prolongation of the QT inter-
val in a dose-dependent manner. The potential of unwanted serious cardiac effects
of astemizole and terfenadine, which are not marketed now, have been described
previously 169].

Some of oral H -antihistamines including cetirizine, loratadine, and emedas-
tine, are considered relatively safe for use during pregnancy (FDA category B: no
adverse effect in animals, but no data in human, or adverse effects in animals but
no adverse effects in humans).

Site 6: Anti-leukotrienes—leukotriene receptor
antagonists and synthesis inhibitors

Leukotrienes (LTs) are important inflammatory lipid mediators derived from
arachidonic acid following its oxidation by 5-lipoxygenase (5-LO) on the nuclear
envelope. There are two types of LTs, the dihydroxy acid LTB, and the cystei-
nyl LTs (cysLTs: LTC,, LTD,, LTE,). Eosinophils predominantly produce cysLTs
whereas neutrophils mainly produce LTB ,1701.

CysLTs show activities through two different receptors, cysLT, and cysLT,
receptor. The CysLT, receptor seems to be very important for the induction of
asthmatic reaction as it induces constriction of airway smooth muscle, increased
microvasculature leakage and secretion of bronchial mucosa, and induces the
inflammation of the airways, including eosinophil infiltration, and finally hyper-
trophy of bronchial smooth muscle |71]. In addition, the cysLT, receptor appears
to have roles in other allergic reactions, such as allergic rhinitis, atopic dermatitis,
and chronic urticaria [72-74].

Principle of activity

The LT receptor antagonists (LTRAs), montelukast, zafirlukast, and pranlukast
prevent the stimulation by leukotrienes of cysLT, receptors. Zileuton is a leuko-
triene synthesis inhibitor.

Mechanism of action

LTRAs have been developed to prevent the interaction of LTC, and LTD, at
cysLT, receptors which are expressed on peripheral blood leucocytes (eosinophils,
subsets of monocytes, macrophages, basophils and pre-granulocytic CD34+
cells), lung smooth muscle cells and interstitial macrophages, and spleen and less
strongly in small intestine, pancreas and placenta |71|. The primary actions of
LTRAs in allergic diseases are to suppress airway inflammation, including eosi-
nophil infiltration, and bronchoconstriction in asthma. In contrast, zileuton is an
antioxidant inhibitor of 5-lipoxygenase, a critical enzyme in the synthesis of both
cysLTs and LTB,.
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Uses

The primary use of LTRAs is in the treatment of mild to severe asthma. In addi-
tion to beneficial effects on pulmonary functions, LTRAs reduce airway inflam-
mation [71,75]. Whereas LTRAs have been suggested to have steroid-sparing
activity, inhaled steroids at a dose of 400 ng/day of beclomethasone or equivalent
are more effective than anti-leukotriene agents given in the usual licensed doses
[76]. Therefore, indiscriminate replacement of steroid therapy with an LTRA is
not without risk of loss of good asthma control.

LTRAs may have a particular role in aspirin-induced asthma |77]. In this con-
dition, patients show increased production of cysteinyl leukotrienes because of
a genetic polymorphism in the promoter for the cysLT1 receptor. Indeed, this
polymorphism has been suggested as a useful genetic marker for predicting LTRA
requirements in the long-term management of patients with aspirin-induced
asthma [78].

In seasonal rhinitis, there have been many reports that LTRAs improve the
symptoms of allergic rhinitis, particularly nasal blockage |79]. However, two
meta-analyses have concluded that LTRAs are modestly better than placebo
but less effective than nasal corticosteroids in improving symptoms and qual-
ity of life in patients with seasonal allergic rhinitis. Furthermore, LTRAs plus
H,-antihistamines are more effective than H -antihistamines alone but inferior to
intranasal corticosteroids |80,81].

In the skin, the evidence for the effectiveness of LTRAs in primary cold urti-
caria, delayed pressure urticaria and dermographism is mainly anecdotal whereas
there is no evidence for efficacy in other physical urticarias, including choliner-
gic, solar and aquagenic urticarias, vibratory angio-oedema and exercise-induced
urticaria |82].

Unwanted effects

Because LTRAs have relatively high receptor selectivity they are generally safe
and well tolerated. The incidence of adverse effects of LTRAs in asthma patients
is similar to those seen in placebo in double-blind, placebo-controlled trials.
However, there have been reports of the very rare occurrence of Churg-Strauss
Syndrome, a rare vasculitic disorder that generally occurs in patients with bron-
chial asthma, which improves after discontinuation of LTRA therapy [83].

The antioxidant action of the leukotriene synthesis inhibitor, zileuton, is not
entirely specific as it inhibits some other oxidizing enzymes, such as hepatic micro-
somal cytochrome enzyme, CYP1A2 |84|. Asa consequence there were concerns
about its liver toxicity. Certainly, elevations of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) have been reported but these have resolved with
cessation of treatment |85,86]. As CYP1A2 is involved in the metabolism of many
drugs, including theophylline, phenytoin and warfarin, care must be used when
co-prescribing such drugs |84].
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Site 7: Bronchodilators—f3,-stimulants

Bronchodilators, or B-adrenoceptor stimulants as they are more correctly called,
have been used in the treatment of bronchial asthma for almost 40 years. All
B-stimulants are derived from epinephrine in which chemical modifications have
increased P-receptor selectivity and extended the duration of action.

Principle of activity

B-stimulants are functional antagonists of bronchoconstriction increasing cyclic
AMP levels within bronchial smooth muscle to induce relaxation.

Mechanism of action

Uses

More is probably known about the biochemical mechanism of action of
B-adrenoceptor stimulants than any other of the drugs used in the treatment of
allergic diseases. Their interaction with f-adrenoceptors results in the generation
of cyclic AMP, which acts as an intracellular messenger to activate many intracellular
biochemical events, including the potent relaxation of bronchial smooth muscle.

B-stimulants are the first-line treatment used on an ‘as required’ basis for the
reversal of acute asthmatic attacks. In all but the most severe asthmatics, inhalation
of an aerosol provides an effective topical treatment by delivering the drug directly
to the luminal surface of the bronchus from where it can gain ready access to the
bronchial smooth muscle. The onset of action is rapid, within 5-15 min, a vital fac-
tor when trying to reverse a developing or established bronchoconstriction. The
duration of action of 4-5 h of the short-acting bronchodilators is not long enough
to allow the nocturnal asthmatic a full night’s sleep. However, the prolonged dura-
tion of the long-acting B-agonists (LABAs) has overcome this problem. The major
drawbacks to inhalation therapy are problems of poor administration techniques
by the patients, particularly young children and geriatric patients, and poor drug
penetration into the airways of patients with severe obstruction.

Recently, much debate has raged about the suitability of LABAs to suppress
the long-term bronchial inflammation associated with asthma. The consensus of
opinion, at present, is that they mask the worsening of bronchial inflammation in
asthma |87,88|. However, studies in subjects receiving combination therapy with
LABAs plus inhaled corticosteroids suggest that, if anything, there is an enhanced
anti-inflammatory action with the combination superior to that achieved with
inhaled corticosteroids alone |88]. Consequently, the FDA has issued a public
health advisory to highlight recommendations about use of a LABA medicine for
asthma [89]. This advisory states:

1. LABAs should not be the first medicine used to treat asthma. LABAs should
be added to the asthma treatment plan only if other medicines do not control
asthma, including the use of low- or medium-dose corticosteroids.
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2. Do not stop using your LABA or other asthma medicines that your health-
care professional has prescribed for you unless you have discussed with your
healthcare provider whether or not to continue treatment.

3. Do not use your LABA to treat wheezing that is getting worse. Call your health-
care professional right away if wheezing worsens while using a LABA.

4. LABAs do not relieve sudden wheezing. Always have a short-acting bron-
chodilator medicine with you to treat sudden wheezing.

Unwanted effects

The main problems with p-stimulants result from their over-usage, a point which
must be stressed to patients. These side-effects include skeletal muscle tremor
to which tolerance develops, hyperglycaemia in diabetes, cardiovascular effects
(cardiac arrhythmias acutely and a possibility of myocardial ischaemia in the
long term) and hypokalaemia. The dangers of the use of LABAs in the absence of
inhaled corticosteroid therapy are described above.
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Immunotherapy

ANTHONY FREW

1. Specific allergen immunotherapy (SIT) is effective in allergic rhinitis and in anaphy-
laxis to wasp and bee venom.

2. The role of SIT is asthma is controversial: it works but is potentially dangerous.

3. The mechanisms of successful SIT are not fully understood: induction of T regula-
tory cells is thought to be important.

4. Sublingual immunotherapy is also effective and may be easier for patients to
comply with.

5. Future developments are aiming to deliver simpler, safer regimes and improved
efficacy, both in those who currently respond and those who do not respond to
standard SIT.

Introduction

Specific allergen immunotherapy (SIT) is the process of administering allergenic
molecules or extracts to modify or abolish symptoms associated with atopic
allergy. Before starting SIT it is essential to follow the general principles of man-
aging allergic conditions, namely to make an accurate diagnosis, to identify rele-
vant trigger factors, and to institute appropriate interventions which will reduce
the impact of those triggers and control both symptoms and disease progres-
sion. Many patients with allergies have mild disease, which may be controlled by
allergen avoidance and simple drug therapy, but these treatments only work as
long as they are taken, so there is clearly a need for additional and long-lasting
therapy. SIT is the only current therapy that modifies the immune response to
allergens. The treatment is targeted at those allergens recognized by the patient
and physician as responsible for symptoms. While claims have been made for
wider benefits, there is little convincing evidence that treating for one allergen
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will improve symptoms caused by another allergen. Before using SIT it is there-
fore essential to assess patients carefully, with particular emphasis on the role of
allergic triggers.

SIT was first described in 1911 by Noon and Freeman from St Mary’s Hospital,
London |1] and then developed in North America and in Europe, but with some
differences in practice either side of the Atlantic. In particular, American aller-
gists tend to treat for all sensitivities identified on skin testing, using mixtures of
extracts prepared from bulk vials, whereas in Europe patients are normally only
treated with a single allergen, which is supplied direct from the manufacturer.
Mixed allergen extracts are available and used in some parts of Europe, but only
as custom mixtures from manufacturers. Another difference in manufacturing
is that the allergen extracts used in Europe are usually dialysed to remove low
molecular weight components, and are standardized according to their ability to
elicit a weal, while in the US, extracts may not be dialysed and standardisation is
based on ability to elicit erythema rather than weal.

In conventional SIT, patients are started on a very low dose of allergen, and
the dose is then increased, usually at weekly intervals until the maintenance dose
is achieved. Maintenance doses are then given at 4-6 weekly intervals for 3 to
5 years (2-4 weeks in the USA). Sometimes it is not possible to achieve the main-
tenance dose, due to side-effects, in which case the maximum tolerated dose may
be given instead. Alternative induction regimes can be used either giving several
doses on each day (semi-rush or modified rush protocols), or the whole series of
incremental injections in a single day (rush protocol). The main drawback to rush
and semi-rush protocols is the risk of adverse reactions, which are much com-
moner than in conventional protocols. On the other hand, full protection against
stings can be attained in a few days as compared to the three months required in
the conventional regime. Normally SIT is given by subcutaneous injection, but in
recent years there has been an upsurge of interest in alternative routes of adminis-
tration, especially the sublingual route.

Mechanisms

Despite many years of research we still do not know precisely how SIT works.
Several mechanisms have been proposed, but it is not clear which of these are
simply a predictable immunological response to injected proteins and which are
actually responsible for delivering the clinical benefit. Following subcutaneous
injection of allergen extracts, the allergenic material is taken up by phagocytic
cells and about 1% of an injected dose ends up in the regional lymph nodes. It
has long been known that SIT induces allergen-specific immunoglobulin (Ig)
G antibodies, which increase progressively over the course of treatment. It has
been suggested that these antibodies may intercept the allergen and ‘block’ the
allergic response. In patients treated for hymenoptera venom allergy, the devel-
opment of allergen-specific IgG antibody correlates with clinical efficacy, but
for other allergens the magnitude of the IgG response is not closely related to
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the degree of efficacy. Moreover, the rise in IgG follows the onset of clinical
benefit, rather than preceding it. Over the first few months of SIT, allergen-
specific IgE antibodies increase, but the usual rise in IgE seen during natural
seasonal exposure is blunted |2|. As the SIT course continues, allergen-specific
IgE titres decline, but do not disappear. In keeping with this, SIT has little effect
on immediate skin test responses to allergen. In contrast, the late-phase skin
test response is virtually abolished after successful SIT. Similar patterns are
observed for late-phase nasal and airway responses |3]. This suggests that the
beneficial effects of SIT may relate to uncoupling the immediate allergic reac-
tion from its downstream consequences. Both in the skin and in the nose, suc-
cessful SIT is accompanied by a reduction in T cell and eosinophil recruitment
in response to allergen challenge.

As well as inducing allergen-specific IgG, SIT alters the function of allergen-
specific T cells (Fig. 13.1). This can be seen both in proliferation assays and in sites
challenged with allergen. Th2 cytokine expression is not affected but an increased
proportion of the T cells recruited after allergen express the Thl cytokines inter-
leukin (IL)-2, interferon-gamma (IFN-y) and IL-12 [4,5]. In addition there is
induction of allergen-specific CD4+ T-regulatory cells, which express CD25, Fox
p3 and IL-10 |6]. IL-10 has several relevant properties including modulation of
IL-4-induced B cell IgE production in favour of IgG4, inhibition of IgE-dependent
mast cell activation, inhibition of human eosinophil cytokine production and
survival, suppression of IL5, and induction of antigen-specific anergy. Taken
together, it seems that SIT modulates allergen-specific T cells, which may explain
why the clinical and late-phase responses are attenuated without much impact on
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allergen-specific IgE antibody titres. One line of current research is focusing on
finding more efficient ways of inducing allergen-specific T-regulatory cells.

SIT for venom anaphylaxis

Anaphylaxis to hymenoptera venom is relatively rare, but can be fatal and has a
large impact on affected individuals and their quality of life. After a sting, venom-
specific IgE antibodies can be found in 30-40% of adults for a few months, but
these usually disappear by six months after the sting. Some individuals react
more vigorously with high concentrations of venom-specific antibodies, which
may persist for many years without further exposure to stings. This group of
patients are at risk of anaphylaxis to subsequent stings and a small number die
from anaphylaxis each year: a figure of 10-20 deaths per year in the USA has
been cited. Before offering venom immunotherapy, physicians need to assess the
patient carefully and take into account both the natural history of venom allergy
and the risk of re-exposure |7|. Patients who have experienced systemic symp-
toms after a sting are at much greater risk of anaphylaxis on subsequent stings,
as compared to patients who have only had large local reactions. The frequency
of systemic reactions to stings in children and adults with a history of large local
reactions is about 5-10%, whereas the risk in patients with a previous systemic
reaction is between 30 and 70%. In general, there is a lower risk of repeated sys-
temic reactions in children, and in those with a history of milder reactions. In
adults the risk of systemic reaction to field stings diminishes over 10-20 years
towards 15-30% but probably does not return to the background prevalence in
the general population (3%). In contrast, the risk of anaphylaxis to stings in chil-
dren with a history of cutaneous systemic reactions is less than 5%. At present
there is no test that can accurately predict the outcome of the next sting. Live
sting challenges have been used for research purposes but are not sufficiently
definitive or acceptable for use in clinical practice. Unfortunately, patients can
still occasionally react to field stings even if they tolerate a sting challenge under
laboratory conditions. In deciding whether to recommend venom SIT, account
needs to be taken of factors that alter the likelihood of future stings. Wasp (or
yellow jacket) stings are an occupational hazard for bakers, gardeners, outdoor
caterers and greengrocers, while honeybee stings are much commoner in bee-
keepers, their families and neighbours.

Immunization with venom accelerates the process of risk reduction and con-
fers rapid protection against both field and laboratory stings. Severe reactions are
very unlikely after completing venom SIT but a low risk of a mild systemic reac-
tion (about 10%) seems to remain for many years. In children, the chance of a
sting-induced systemic reaction after SIT is less than 5% and protection seems to
last for at least 20 years after completing the course. These percentages need to be
considered carefully when deciding whether to offer venom SIT patients inject-
able epinephrine or other anti-allergic medication for use in the event of a sting
during and after therapy.
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SIT for allergic rhinitis

Allergic rhinitis is the principal indication for SIT. As with other uses of SIT,
appropriate patient selection is essential. The allergic basis of the rhinitis should be
carefully assessed on history and skin or blood tests for IgE, while other relevant
causes should be excluded. Specific nasal sensitivity to allergens is not assessed in
routine clinical practice but may be useful in clinical trials.

The effectiveness of SIT in seasonal allergic rhinitis has been confirmed in
many trials, using grass, ragweed and birch pollen. Moreover, SIT has been shown
to be clinically effective even in patients with severe seasonal rhinitis that is resist-
ant to conventional drug therapy [8]. The mean level of efficacy in double-blind,
placebo-controlled studies is a reduction in symptom scores and rescue medica-
tion of around 30-40% over and above that which is achievable with drug therapy
alone. Large-scale trials have not been done with multiple allergen SIT of the type
widely practised in the US. This is partly because the treatment is individualized,
whereas the European single allergen vaccines are easier to study in large groups
of patients. Importantly, patients who are multiply sensitized but have grass pol-
len allergy as their main problem will respond at least as well to grass pollen desen-
sitization as those who are monosensitized to grass pollen (Fig. 13.2). Relatively
limited data are available from clinical trials regarding the long-term efficacy of
SIT for allergic rhinitis, but the effects last for at least three years after discontinu-
ing therapy [9]. Longer-term studies are difficult to conduct, but open studies and
anecdotal clinical evidence suggest that some benefits can extend for as long as
10 years.

The benefits of SIT for perennial rhinitis are less well established than for seasonal
rhinitis. In part this reflects the difficulty in determining whether allergy is respon-
sible for perennial symptoms. For example, many people are sensitized to house

50

40

30

20

Reduction after SIT (%)

10

Al Poly Al Poly
Symptoms Rescue medication
Fig. 13.2 Effect of grass pollen SIT on symptom scores and medication use in a clinical trial
of 410 subjects. Percentage reduction in symptom and medication scores during pollen
season shown for whole group (all) and polysensitized subjects (poly) (data adapted with
permission from [8]).
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dust mite as judged by skin tests, but by no means all have symptoms. Moreover,
there are several other causes of perennial rhinitis including vasomotor instability,
infection, aspirin sensitivity etc. Nevertheless, clinical trials have shown a definite
benefit in perennial rhinitis in appropriately selected subjects [10]. SIT definitely
works in rhinitis due to allergy to cats, but there is less evidence in dog allergy. In
part this may reflect the difference in persistence of cat allergens in the environ-
ment, and the high level of endotoxin found in homes with dogs [11].

The risks and cost-effectiveness of SIT need to be assessed in each individual
patient. Mild disease can often be controlled with simple therapies, but about
60% of patients with seasonal allergic rhinitis report inadequate symptom con-
trol, even when taking maximal doses of antihistamines and intranasal steroids.
Others experience nosebleeds from intranasal steroids and drowsiness from anti-
histamines. Moreover, we are now more aware of the adverse effects of rhinitis
and antihistamines on patients’ quality of life. SIT offers a logical approach to
dealing with the underlying problem and dealing definitively with the condition
rather than simply suppressing it.

SIT for asthma

Immunotherapy is widely used to treat allergic asthma in some parts of the world,
but is not regarded as an appropriate treatment for asthma in the UK. This dif-
ference of opinion reflects UK experience prior to 1986 when a number of severe
adverse reactions were encountered, including a small number of fatalities. This
has been blamed partly on poor patient selection and partly on deficiencies in
managing the adverse events, but patients with asthma do appear to be at a higher
risk of adverse reactions to SIT |11,12]. Current drug therapies for asthma aim to
suppress the airways inflammation and smooth muscle contraction that are char-
acteristic features of asthma. None of these treatments are curative and asthma
recurs rapidly on ceasing treatment. Moreover, none of the current drug thera-
pies is directed against agents that might cause asthma. Allergen avoidance has
been proposed as a potentially useful manoeuvre in those with allergic asthma,
but while asthma control can be improved by extreme forms of allergen avoid-
ance (e.g. admission to hospital, sending children to holiday homes at altitude),
there is little evidence that similar benefits can be achieved using the type of aller-
gen avoidance that can be achieved in suburban homes. There is thus scope for
improving asthma care and for identifying allergen-specific therapies. SIT offers
the possibility of deviating the immune response away from the allergic pattern
and towards a more protective or less damaging response, but its place still needs
to be confirmed in appropriate clinical trials with current allergen extracts.

The efficacy of SIT in adult asthma has been assessed in many trials over the last
50 years. Many of these studies are difficult to interpret, mainly because of poor
study design. Most were small, many were not placebo-controlled and they were
often open or single-blind. A recent meta-analysis identified 75 papers published
between 1954 and 2001. Thirty-six of these were for mite allergy, 20 for pollen
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allergy, ten for animal dander allergy, 2 for mould allergy, 1 for latex allergy and 6
used combinations of allergens. Concealment of allocation was adequate in only
15 trials. A wide variety of different measurements were made, which makes it
difficult to reach a firm view on the overall effectiveness of SIT. Symptom scores
improved in the treated groups; exacerbations were reduced in frequency—it was
necessary to treat four patients to prevent one exacerbation and to treat five to
prevent one from needing an increase in medication |13]. In laboratory tests, SIT
reduced the airways response to inhalation of specific allergen and also improved
non-specific bronchial reactivity. However, the role of allergic sensitization in
ongoing asthma is less clear than for allergic rhinitis, and this leaves residual ques-
tions about the wisdom of using a therapy targeted at specific allergens.

The majority of clinical trials of SIT for asthma have compared SIT either with
untreated historical controls or with a matched placebo-treated group. To date,
the effectiveness of SIT in asthma has rarely been compared with conventional
management (avoidance measures and inhaled or oral anti-asthma drugs). One
recent study assessed US-style multiple allergen SIT in asthmatic children receiv-
ing conventional drug therapy and found no additional benefit in patients who
were already receiving optimal drug therapy [14]. There are some flaws in the
design of this study and further work of this type is urgently needed.

Effects of SIT on the natural history of allergic disease

A proportion of patients with allergic rhinitis go on to develop asthma each
year. The annual rate of progression has been estimated at 5% [15| but this is
not universally accepted. It has been suggested that SIT may prevent or mod-
ify the development of asthma in children with allergic rhinitis who have not
yet developed asthma. In a key study of 205 children aged 6-14, without previ-
ously diagnosed asthma, SIT for birch or grass pollen allergy was given in an open
randomized design. Three years after completing treatment, 45% of the untreated
group had developed asthma while only 26% of the treated group had asthma.
These results have been sustained out to seven years after completing therapy.
Thus four children had to be treated to prevent one case of asthma [16]. An early
open study suggested that SIT may also modify the progression of established
asthma [12]. About 70% of treated children lost their asthma after four years’ ther-
apy, compared to about 19% of untreated controls. The proportion of children
whose asthma was severe at age 16 was also much lower in the treated group [12].
By modern standards, this study was not well designed, and it needs repeating
with modern SIT extracts in an up-to-date trial design.

SIT can also prevent the development of new allergic sensitizations [10]. In both
open and double-blind studies, monosensitized children were much less likely to
acquire new sensitivities, as shown by skin tests, than comparable control groups.
In terms of mechanism, it seems unlikely that SIT with house dust mite could
directly affect B cells that recognize cat or grass pollen epitopes, but by treating
the dust mite allergy, SIT may reduce nasal inflammation and hence reduce the
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likelihood of exposure to other allergens proceeding to sensitization. There is as yet
no evidence to support claims that SIT is different from drug therapy in terms of
influencing the evolution of established asthma. In part this reflects the reluctance
of physicians to use SIT to treat severe asthma. Studies that have investigated with-
drawal of therapy have found fairly rapid recurrence of asthma symptoms although
rhinitis symptoms seem to show much more sustained relief after SIT.

Safety

The main factor preventing the wider adoption of standard SIT is the risk of ser-
ious adverse reactions. SIT is generally safe in patients who do not have asthma,
but significant numbers of deaths have been reported in the UK and the US,
among patients with unstable asthma treated by SIT [17]. The incidence of sys-
temic reactions in patients receiving SIT for asthma varies between 5% and 35% in
different series. This compares with a rate of serious systemic reactions in patients
with rhinitis of about 1 in 500 injections. Systemic reactions are much more likely
if the patient has an intercurrent viral illness so doses should be delayed if the
patient is unwell or has any signs of active asthma.

In general, immunomodulatory treatments should not be used in patients with
autoimmune disorders or malignant disease. While there is no hard evidence that
SIT is actually harmful, it seems unwise to manipulate the immune system in such
patients, not least because of the risk that spontaneous and unrelated variations
in the autoimmune disorder or cancer may be blamed on SIT. Other contraindi-
cations to SIT include significant coexistent cardiac disease, and treatment with
B-blockers. Although these patients are not at increased risk of adverse reactions,
their physiological response to anaphylaxis will be impaired, and they may not
respond to epinephrine.

Alternative forms of immunotherapy

While conventional SIT is effective, it is by no means perfect. First, most patients
only achieve partial remission, second the course of treatment is long and requires
frequent attendance at the clinic, and third there are the safety issues discussed
above. Over the past 15 years, there has been an increasing interest in sublingual
immunotherapy, in which allergen extracts are placed under the tongue. It is well
established that allergens applied to the mucosal surface are handled differently
from allergens given by injection, leading to a form of immunological tolerance.
In animal models IgE responses to allergens can be reduced or prevented by oral
administration of allergen. The precise mechanism of ‘oral tolerance’ remains
unclear, but the route of allergen processing and presentation appears to be crit-
ical in determining the subsequent T cell response. In mice, locally administered
allergen is taken up by mucosal dendritic cells and then presented to T cells
together with IL-12, biasing the response towards a Th1 profile and away from the
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pro-IgE Th2 profile. It is less clear whether this mechanism can suppress estab-
lished allergic responses. In contrast to the animal models, the immunological
response to SLIT in human studies is relatively modest. Some changes have been
found in skin sensitivity but most studies have not reported any change in serum
concentrations of allergen-specific IgE or IgG.

After initial scepticism, a considerable amount of evidence has accumulated
that sublingual immunotherapy (SLIT) can be effective, with up to 30-40% reduc-
tions in symptom scores and rescue medication usage in seasonal allergic rhinitis
[18]. Some treatment regimes involve a build-up phase but others start imme-
diately with the full maintenance dose. A recent meta-analysis of SLIT found
22 studies in which 979 patients received active therapy. While many of these
studies were small and inconclusive, the combined results indicate that SLIT
is indeed effective, with an estimated power of about two-thirds of that seen in
comparable studies of injection SIT. Local side-effects were common, but well
tolerated. Systemic side-effects were relatively rare, and none of the side-effects
were judged to be life-threatening. Since the publication of that meta-analysis,
several large trials have been conducted with a grass pollen tablet, which showed
a similar level of efficacy. These trials contain more patients than all the earlier
studies that were considered in the meta-analysis, and will therefore dominate
any future combined assessment of efficacy. Only limited data are available in
children, but on present information sublingual immunotherapy would appear to
be less effective in children than in adults. SLIT is used routinely in some parts of
Europe (especially Italy and France, and increasingly in Germany), but the doses
and regimes being prescribed are often different from those used in the clinical
trials. Overall, SLIT is likely to widen the scope of SIT and bring in additional pre-
scribers. As with all forms of immunotherapy, patient selection will be the key to
ensuring that therapy is targeted to those who are likely to benefit from it.

Future directions

Further improvements in SIT should be possible. Conventional SIT vaccines
could be improved through using recombinant allergens, which would allow bet-
ter standardization, as well as opening the possibility of individualized vaccines
for patients with unusual patterns of reactivity. Regulatory and licensing frame-
works may present some difficulty for this approach, as under current rules each
individual component has to be tested separately for efficacy and safety, as well
as any mixtures. Initial trials with cocktails of recombinant allergens have shown
efficacy |19, but it has not yet reached a stage where recombinant SIT vaccines
can be compared with conventional allergen extracts.

Another alternative approach with standard extracts is to inject the aller-
gens directly into lymph nodes, under ultrasound guidance. Since less than 1%
of injected allergen reaches the lymphatic system after subcutaneous injection,
it should be possible to achieve the same clinical effect by giving about 1% of
the standard SIT dose. Initial trials have shown comparable immunological and
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clinical efficacy with just three intranodal injections |20, and further follow-up
data are eagerly awaited.

Since the epitopes recognized by IgE molecules are three-dimensional while
T cell epitopes are short linear peptide sequences, it is possible to modify allergens
or create peptide fragments, which modulate T cells without risking anaphylaxis.
Cross-linking allergen proteins with aldehydes reduces their allergenicity while
preserving their T cell reactivity. Such allergoids have been shown to be effective
in rhinitis due to grass pollen or house dust mite |21|. This approach can also
be combined with new adjuvants, for example, the monophosphoryl lipid A
derived from salmonella endotoxin, which activates toll-like receptor (TLR)-4
and promotes a Th1-pattern response to the injected allergen |22|. Another alter-
native adjuvant uses CpG oligodeoxynucleotides (ODN), which stimulate TLR-9.
In humans, coupling ragweed allergen to CpG-ODN reduces its IgE binding and
deviates the subsequent response towards a Thl-pattern |23|. Initial trials were
promising but this has not been sustained in subsequent larger-scale studies |24].

Short peptide sequences can also be used as vaccines that are not recognized
by IgE antibodies |25]. Peptide vaccines can either be natural sequences or altered
peptide ligands. If high doses of natural peptides are given, these deceive the
T cell into high-dose tolerance 26]. Altered peptide ligands induce anergy by
providing an incomplete activation signal. Both approaches will be affected by
the MHC type of the individual undergoing treatment. By sequential alteration of
peptides from Dermatophagoides pteronyssinus, it is possible to suppress prolif-
eration of T cell clones recognizing native peptides from the same source, as well
as suppressing their expression of CD40 ligand and their production of IL-4, IL-5
and IFN-y. These anergic T cells do not provide help for B cells to switching class
to IgE, and importantly this anergy cannot be reversed by providing exogenous
IL-4. In humans, the main focus has been on cat allergen (Fel d 1) peptides, which
can reduce the level of symptoms on exposure to cat dander |27|. Similar work has
also been reported with peptides of phospholipase A2 (PLA2—a major allergen in
bee venom). However, peptide vaccines have not yet shown any greater efficacy
than conventional vaccines.

A completely different concept is the use of monoclonal antibodies directed aga-
inst IgE to reduce the risk of side-effects, and perhaps to increase efficacy. When
anti-IgE was given in combination with conventional SIT, the effects were additive
against seasonal allergic rhinitis |28]. In theory, concurrent administration of anti-
IgE should modify the fate of injected allergen, by preventing IgE-facilitated antigen
presentation and altering the response of effector cells. However, for the time being,
the high cost of anti-IgE and the need for regular injection are likely to limit its use
to patients with severe allergic disease that cannot be managed by other means.

Conclusion

SIT is a useful treatment for allergic rhinitis and for venom hypersensitivity; it can
be used in allergic asthma but the risks are higher and careful patient selection is
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essential. When used appropriately, SIT is effective and acceptably safe, but care
is needed to recognize and treat adverse reactions. Appropriate training of aller-
gists and SIT clinic support staff is essential. Despite a century of use, the precise
mechanisms of action of SIT remain uncertain. Current emphasis on the role of
T regulatory cells is leading to renewed attempts to simplify SIT regimes and
reduce its risks. Future directions in SIT include the development of vaccines
that are better standardized, and the use of recombinant allergens, both of which
should improve the safety profile of SIT. In parallel, the use of better adjuvants may
allow us to improve the efficiency and scope of SIT. This might allow increased
efficacy in those who already respond, to achieve efficacy in those who do not
currently respond at all, or to achieve current levels of efficacy and durability with
shorter courses or lower doses. In the longer term, there is a need for more gen-
eral immunomodulatory therapies, which would be particularly advantageous for

those patients sensitized to multiple allergens.
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Allergen avoidance

ADNAN CUSTOVIC

The general consensus is that allergen avoidance should lead to an improvement
of symptoms in allergic patients. However, for adult asthma there is little evidence
to support the use of simple physical or chemical methods as single interventions
to control dust mite or pet allergen levels. In contrast, several trials of allergen-
impermeable bed encasings and more comprehensive environmental interventions
in asthmatic children reported benefits. For rhinitis and eczema, the most recent
well-designed studies on single mite avoidance measures failed to demonstrate a
clear clinical benefit. Until unequivocal evidence from definitive trials for all age
groups and all allergens is available, the following should be used as a guide for a
pragmatic approach to allergen avoidance:

1. Use a comprehensive environmental intervention to achieve as great a reduction in
allergen exposure as possible.

2. Tailor the intervention to the patient's sensitization and exposure status.

3. If unable to assess the exposure, use the level of allergen-specific IgE antibodies or
the size of skin test weal as an indicator.

4. Start the intervention as early in the natural history of the disease as possible.

Introduction

Sensitization to inhalant allergens is a major risk factor for asthma, rhinitis and
eczema |1]. Amongst patients with allergic disease, personal exposure to high
levels of allergens to which they are sensitized causes exacerbation of symptoms
and worsening of the underlying inflammatory process |2-9|. In some sensitized
individuals complete cessation of exposure may improve symptoms. For example,
patients with hay fever have no symptoms in the absence of pollen, and in occupa-
tional asthma complete cessation of exposure to the causal allergen may be asso-
ciated with an improvement in symptoms and occasionally cure |10]. Similarly,
removal of allergic asthmatics to the low allergen environment of hospitals [11] or
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high altitude sanatoria |12,13| reduces asthma severity in a proportion of patients.
However, studies of occupational asthma also suggest that the resolution of symp-
toms occurs only if complete cessation of exposure is achieved early in the course of
disease |14] (i.e. if exposure continues for a prolonged period of time, removal may
not result in the symptomatic improvement, and the asthmatic process appears
to become self-perpetuating); the failure to improve after cessation of exposure is
associated with airway inflammation at follow-up |15|. The duration of this ‘win-
dow of opportunity” appears to differ markedly between different individuals.

Based on these observations, the guiding principles of allergen avoidance in
the management of allergic disease are:

@ Achieve major reduction in exposure.
® Commence the intervention early in the natural history of the disease.
@ Identify patients who are likely to benefit from the intervention.

How to achieve a major reduction in exposure

Dust mites

Depending on the site of contamination, different measures are used to reduce
mite allergens in the home (Table 14.1; reviewed in references [16-21]).

Bed and bedding
Cover the mattress, duvet and pillows with encasings that are impermeable to
mite allergens. Various covers differ markedly in their ability to reduce mite expo-
sure, and the most effective solution is covers made of finely woven fabrics 22].
Bedding should be washed regularly (e.g. once a week). Although low temperature
washing removes allergen, dust mites can survive it. The bedding should therefore
be washed in a hot cycle (above 55°C) if possible.

Carpets and upholstered furnishings

Replace carpets with hard floor coverings (e.g. wooden or linoleum floor). If car-
pets remain in place, several methods have been suggested (e.g. exposing carpets
to direct strong sunlight | 18], steam cleaning |23], use of acaricides or tannic acid,
freezing with liquid nitrogen etc.). However, all of these methods are only par-
tially effective.

Upholstered furniture may be designed with an impermeable barrier below the
fabric cover; alternatively, use leather covers.

Other sources of mite allergen exposure
Replace fabric curtains with Venetian blinds; freeze soft toys, then wash to remove
allergens and dead mites.

Controlling humidity
Although high levels of humidity are required for mite survival and growth, this
approach critically depends on the local climate and housing design. Central
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Measures for reducing dust mite, pet, fungal and cockroach
allergen levels
House dust mite
Bed and bedding

Encase mattress, pillow and quilt in allergen impermeable covers (preferably finely-woven
fabric)

Wash bedding weekly. Use hot cycle (55-60°C) if possible
Replace carpets with hard flooring
Minimize upholstered furniture/replace with leather furniture
Replace curtains with blinds
Minimize dust accumulating objects; keep in closed cupboards
Remove soft toys (if impossible, hot wash/freeze soft toys)
Reduce indoor humidity if possible

Cat/dog
Remove cat/dog from the home

Fungi

Reduce indoor humidity

HEPA air filters in main living areas and bedrooms

Fungicides on heavily contaminated surfaces

Minimize upholstered furniture

Replace carpets with hard flooring (e.g. linoleum or wood)

Ensure regular inspection of heating and air conditioning units to prevent contamination

Cockroaches

Remove food and water sources

Use suitable pesticide in bait form

Remove all dead carcasses and frass

Wash down all surfaces, floors and walls with detergent

Seal cracks in walls and plaster work to reduce further access
Wash all bedding, clothing and curtains

mechanical ventilation heat recovery units and portable dehumidifiers are more
effective in reducing indoor humidity in the geographical areas where outdoor
humidity is low and home insulation is good, but have not proved effective in
areas in which outdoor humidity is high and homes are poorly insulated |24,25].
It is important to have in mind that reducing relative humidity of the air alone
may not be sufficient to effectively reduce humidity in the mite microhabitats (e.g.
in the mattress or deep within carpets) |125,26].

Comprehensive environmental control
Major reduction in personal exposure can only be achieved by a comprehensive
strategy combining the most effective measures appropriate for the individual
patient, household and geographical area; simple, single measures are unlikely to
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attain the desired effect. A stringent comprehensive environmental control regime
can achieve and maintain a low allergen environment over a prolonged period of
time |27[, but is costly and some patients may consider it unacceptable.

Pet allergen avoidance measures

The only way to effectively reduce exposure to cat or dog allergen is not to have
one in the home |16]. Even after permanent removal of the pet, allergen levels per-
sist in the home environment for long periods (months to years) |28].

Controlling pet allergen levels with pet in situ
Air cleaning units with high efficiency particulate arrest (HEPA) filters can reduce
the airborne concentration of cat and dog allergens in homes with pets |29], but
the level of reduction in inhaled allergen is relatively small |30].

Pet washing has been suggested as a practical method to reduce allergen levels
[31-33], but it is unlikely that a modest reduction in allergen exposure achieved
by cat and dog washing translates into clinical benefit.

Vacuum cleaners with built-in HEPA filters and double thickness bags do not
leak pet allergens in the experimental chamber. However, a real-life study which
monitored personal exposure during vacuum cleaning demonstrated an increase
in the amount of cat allergen inhaled while using high-efficiency vacuum clean-
ers [34]. Since the measures to control pet allergen levels with the pet in the home
are relatively ineffective, pet removal remains the only advice to pet-sensitized
patients who experience symptoms on exposure.

Cockroach allergen reduction

Physical and chemical procedures can be used to control cockroach populations
in infested houses |35-37|. Household cleaning is an essential adjunct to suc-
cessful allergen removal. Sealing cracks and holes in plasterwork and floors can
restrict cockroach access. Several pesticides are available, either in a gel or bait
form. Before applying insecticide, all possible food sources should be removed;
further cleaning should be delayed for a week to avoid removal of insecticides.

Allergen avoidance in the treatment of allergic disease

Attempts to ascertain the clinical benefits of allergen control measures in patients’
homes have provided conflicting results (for review, see references [16,19-21,38-
40|. The controversy is not whether allergen avoidance works (as outlined previ-
ously, in certain situations complete cessation of exposure may be of benefit); the
practical questions are how to achieve a sufficient real-life reduction in personal
inhaled allergen exposure which can be translated into clinical benefit and how to
identify patients who would benefit from an effective intervention.

Mite allergen avoidance

The evidence whether the use of measures mentioned in the previous section has
any impact on asthma or rhinitis in real life remains equivocal.
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Systematic reviews

Updates of the Cochrane meta-analysis of dust mite avoidance studies (the most
recent one included 3002 patients from 54 trials |41]) reported no effect of the
interventions, and concluded that current methods of mite allergen avoidance
should not be recommended to mite-sensitive asthmatics (Fig. 14.1) |41,42]|. The
authors suggested that the most likely explanation for the lack of clinical effect
is that the avoidance methods used in the reviewed studies did not sufficiently
reduce mite allergen levels (pointing out that ‘it seems inherently implausible to
suggest that complete removal of a major provoking agent would be ineffective’)
[42]. Furthermore, the review emphasized that mite-sensitive asthmatics are usu-
ally sensitized to other allergens, raising the question whether focusing on one
allergen is the right approach to the environmental control.

Another review of the clinical trials registered by the Cochrane Collaboration
and Cochrane Airways Group attempted to study the effect of home dehumidifi-
cation on asthma control |43]. Only one trial, which compared mechanical venti-
lation with or without high-efficiency vacuum cleaners, met the inclusion criteria,

Study Treatment Control Standardized mean Weight Standardized mean
difference (fixed) difference (fixed)
n  Mean (SD) n Mean (SD) 95% ClI (%) 95% ClI
01 Chemical methods
Chang 1996 12 0.87 (2.29) 14 0.82 (3.84) — 5.4 0.02 (~0.76, 0.79)
Ehnert 1992 7 ~0.57 (0.51) 4 ~0.29 (0.55) [ 20 —0.49(~1.74,0.77)
Reiser 1990 23 0.48 (1.13) 23 0.70 (1.60) —— 9.5 ~0.16 (~0.74, 0.42)
Sette 1994 14 0.50 (0.49) 10 0.47 (0.56) — 48 0.06 (~0.76, 0.87)
van der Heide 1997A 21 1.75 (1.60) 19 1.95 (2.09) —— 83 ~0.11 (~0.73,0.51)
Subtotal (95% Cl) 77 < 30.0 ~0.10 (—0.43, 0.23)
Test for heterogeneity chi-square =0.63 df=4 P=0.96 1°=0.i o%
Test for overal effect z=0.60 P=0.5
02 Physical methods, parallel group studies
Dharmage 2006 15 ~1.70 (1.00) 15 ~2.10 (1.10) e 6.1 0.37 (~0.35,1.09)
Halken 2003 26 3.84(0.70) 21 3.89 (0.64) —— 9.6 ~0.07 (~0.65, 0.50)
Htut 2001 15 -1.20 (1.10) 8 —1.60 (1.10) — 43 0.35(-0.51,1.22)
Rijssenbeek 2002 16 0.28 (0.29) 14 0.33(0.34) — 6.2 —0.15 (~0.87, 0.56)
Subtotal (95% CI) 72 58 L 4 26.2 0.08 (-0.27,0.43)
Test for heterogeneity chi-square =1.68 df=3 P=0.64 1°=0.0%
Test for overall effect 2=0.45 P=0.7
03 Physical methods — crossover studies
Antonicelli 1991 9 2.04 (0.48) 9 2.09 (0.28) —_— 3.7 —0.12 (~1.05, 0.80)
Subtotal (95% Cl) 9 9 - 3.7 ~0.12 (—1.05, 0.80)
Test for heterogeneity: not applicable
Test for overall effect z=0.26 P=0.8
04 Combination methods
Clossterman 1999 63 0.80 (2.29) 72 ~0.37 (3.10) E 27.8 0.16 (~0.18, 0.50)
Dorward 1988 9 0.36 (0.63) 9 0.08 (0.56) — 3.6 0.45 (~0.49, 1.39)
Ehnert 1992 7 0.07 (0.26) 3 —0.29 (0.55) o . a— 1.5 0.91(-0.53, 2.36)
Marks 1994 17 ~0.16 (0.91) 18 0.03(0.78) —— 7.2 ~0.22 (~0.88, 0.45)
Subtotal (95% CI) 96 102 » 40.1 0.15 (~0.13, 0.43)
Test for heterogeneity chi-square =2.65 df=3 P=0.45 1°=0.0%
Test for overall effect z=1.03 P=0.3
Total (95% CI) 254 * 100.0 0.05[~0.13, 0.22]
Test for heterogeneity chi-square =6.40 df=13 P=0.93 1°=0. o%
Test for overall effect z=0.50 P=0.6
1 1 1 1

-4.0 -20 0 2.0 4.0
Favours control Favours treatment

Fig. 14.1 House dust mite control measures for asthma, comparing house dust mite reduction
versus control: outcome measure = PC, (provocative concentration for 20 fall in FEV,) (with
permission from |41]).
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reflecting poor quality of the studies in this area |44|. The trial failed to show any
clinical benefit (however, these findings are inconclusive due to the open design
and the small sample size).

Results of a Cochrane systematic review of mite avoidance measures in the man-
agement of perennial allergic rhinitis mirror the findings of the meta-analysis in
asthma—there was little evidence that a reduction in mite exposure by using physi-
cal or chemical measures leads to a sustained improvement in disease control |45].
However, in contrast to the large number of patients included in the meta-analysis
of asthma studies, only four small trials satisfied the inclusion criteria of the rhini-
tis systematic review; furthermore, all of these were judged to be of poor quality.
Thus, at the time that the systemic review was carried out, in 2001, published trials
had been small and of poor methodological quality, making it impossible to pro-
pose any definitive recommendations on the role of mite avoidance measures in
the management of mite-sensitive perennial allergic rhinitis |45|.

Systematic review on the effect of mite avoidance measures in patients with
eczema has not as yet been carried out.

Beyond systematic review

Adult asthma

Three studies investigating mite avoidance in the treatment of asthma in adults,
which demonstrated a clinical benefit, have been much cited as proof that mite
allergen avoidance should be a part of the management of mite-sensitive patients
|[46-48|. However, these studies were of a very different design, used markedly
different interventions and recruited a total of only 98 mite-allergic patients in
the three studies combined. In contrast, the largest randomized, double-blind,
placebo-controlled trial on the effectiveness of mite-impermeable bed covers as a
single intervention, involving over 1000 adult asthmatics, found no benefits of the
intervention in any of the primary or secondary outcome measures (lung func-
tion, treatment requirements, symptoms scores, quality of life, etc.) (Fig. 14.2) [49].
Furthermore, in this study, the post hoc analysis of the subgroup of 130 patients
who would be expected to benefit most from the intervention (by virtue of having
high mite-specific IgE and high baseline mite allergen exposure) showed no dif-
ferences in any of the outcomes between the active and placebo groups. This was
confirmed by a smaller study of 55 mite-sensitized asthmatics who were exposed
to high levels of dust mite allergen |50|. These two studies demonstrated convinc-
ingly that a single intervention with mite-impermeable covers for the mattress,
duvet and pillows is ineffective in the management of asthma in adults, even in
individuals who are highly allergic to dust mite and exposed to high levels of mite
allergens.

Two further studies in the Netherlands investigated the effectiveness of mite-
impermeable bed covers. The larger study which recruited 224 mite-sensitized
patients with asthma and/or rhinitis and/or eczema, showed no effect of the inter-
vention on the quality of life |51]. In contrast, a small study of 52 mite-sensitized
asthmatics suggested some improvement in peak expiratory flow rate (PEFR) in
the active group, despite a very short intervention period (9 weeks) |52].
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Asthma in children

Several studies in children with asthma have suggested that simple allergen
avoidance measures may improve airway reactivity [53| and lung function |54/,
reduce acute emergency room visits |55] or reduce inhaled corticosteroid dose
[56] amongst mite-sensitized patients. A much more comprehensive approach
to environmental control was adopted by the largest study on the effectiveness
of environmental manipulation in children (The Inner-City Asthma Study). This
study adopted a wide-ranging intervention |57|. The home environment was evalu-
ated at the start of the study (including measurement of indoor allergen), and the
intervention was tailored using information on the children’s sensitization and
exposure status. The comprehensive intervention focused on the education of the
parent/guardian and included advice on the reduction of passive smoke expo-
sure if appropriate. Mattress and pillow encasings and a high-filtration vacuum
cleaner were supplied to all homes and additional products required for the tai-
lored intervention (e.g. air filters) were supplied free of charge. The study rand-
omized 937 children aged 5-11 years with poorly controlled asthma and at least
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Fig. 14.3 Environmental control is effective amongst children with asthma.

mean maximal number of days with symptoms for every two-week period before a
follow-up assessment during the two years of the study. The difference between the
environmental intervention and control group was significant in both the intervention year
(P<0.001) and the follow-up year (P <0.001) (with permission from [57]).

one positive skin test living in inner city areas with high levels of poverty (more
than half of the households had an annual income of less than US$15,000). The
intervention resulted in significantly fewer days with asthma symptoms, which
was apparent within 2 months and was sustained over the two-year study period
(Fig. 14.3) [57]. The number of emergency room visits was also reduced. This
important study demonstrated that allergen levels can be reduced in poor, inner
city homes, and also estimated the size of the potential beneficial effect: an envi-
ronmental intervention costing US$ 2000 per child was associated with an addi-
tional 34 symptom-free days over a two-year period, which is cost-effective within
the context of the US healthcare system [58].

Rhinitis

The results of the large randomized, double-blind, placebo-controlled study of
environmental control measures in patients with perennial allergic rhinitis were
published subsequent to the systematic review [59]. In this study, 279 subjects
sensitized to dust mite with a positive nasal challenge with mite extract were ran-
domized to receive either active or placebo covers for their beds. There was no
beneficial effect of the intervention in any of the outcome measures, although a
marked decrease in symptom scores during the 12-month follow-up period was
observed in both groups |59I.
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Eczema

Two recent studies reported no effect of mite-impermeable encasings on quality
of life |51] or eczema symptom severity |60|. A further small study in 20 patients
also failed to show any improvement in eczema activity with the use of mite-
impermeable encasings and acaricides |61]. In contrast, an earlier study, which
used a more comprehensive intervention including a combination of bed cov-
ers, acaricides and high-filtration vacuum cleaners for 6 months, demonstrated a
significant improvement in the severity score and area affected by eczema in the
intervention compared to the control group [62]. It is worth noting that approxi-
mately half of the participants were children.

Pet allergen avoidance

Clearly, a double-blind, randomized study of pet removal from the home is not
feasible. Thus, with respect to the appropriate advice to pet-sensitized pet own-
ers who experience symptoms upon exposure, the advice to remove the pet from
the home is based upon common sense, rather than evidence obtained within the
context of a rigorous trial. Based on clinical experience and observational stud-
ies [63], it is generally accepted that amongst cat- or dog-allergic patients there
should be a clinical improvement associated with the absence of contact with
the pet. Given the patients’ reluctance to remove their pet from the home, there
have been several attempts to study the effect of various regimes of cat and dog
allergen avoidance in pet-sensitized pet owners who live with a pet in the home.
Of three such studies, two suggested small improvements in asthma-related out-
comes 64,65/, but one did not |66].

Systematic review

A recent systematic review by the Cochrane Airways Group emphasized the pau-
city of evidence on this topic |67]. The review aimed to determine the clinical effi-
cacy of pet allergen control measures in the homes of patients with pet-allergic
asthma by assessing only randomized, controlled trials, which compared an active
intervention with control. Due to the limited amount of data available, no meta-
analysis was possible. Only two small studies (22 and 35 participants respectively)
met the inclusion criteria for the analysis |65,66|. The review concluded that both
studies reported no significant differences between the active intervention and
control on the primary and secondary outcomes, but that the available trials were
too small to provide unequivocal evidence for or against the use of air filtration
units in the management of pet-allergic asthma |67]. No trials of other allergen
reduction measures (e.g. pet washing or pet removal) were identified. Thus, much
larger studies are needed before any recommendations can be made.

How to identify patients who may benefit from effective intervention

In research studies and in clinical practice allergic sensitization is usually consid-
ered as a ‘yes—no’ phenomenon, i.e. individuals are labelled as either sensitized
or not based on arbitrary cut-off points on either skin tests or measurement of
specific serum IgE. However, recent data indicate that, both in asthma and rhinitis,
IgE-mediated sensitization is not a simple ‘all-or-nothing’ phenomenon—the
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probability of wheezing, and rhinitis symptoms in childhood increases with
increasing specific IgE antibody levels or the size of weal on skin tests 168,69].
Application of these findings to the choice of patients suitable for environmental
control is unclear. It is possible that a high level of specific IgE antibodies or a
large skin test weal may better identify individuals who may benefit from allergen
avoidance, compared to just the presence of sensitization.

Environmental control in the prevention of
allergic disease

Several recent review articles reviewed the topic of whether successful reduction in
exposure to allergens early in life can reduce the risk of subsequent development
of sensitization and symptoms of allergic disease |70-73]. The primary prevention
studies are, by design, long-term and will take many years to report the definitive
findings. Seven ongoing studies have published results to date. All studies focused
on children at high risk of developing allergic disease, but the definition of ‘high
risk’ differed between the studies. Furthermore, the studies used different aller-
gen avoidance approaches (e.g. four of the studies included a dietary intervention
in addition to dust mite allergen avoidance) and assessed different primary out-
comes at different ages. Thus, the results are not directly comparable.

Isle of Wight Study

This study implemented an intervention designed to reduce exposure to inhalant
allergens as part of a primary prevention programme [74-77|. At age 1 year there
was a reduction in sensitization and in wheeze in the intervention group |74/, but
at ages 2 |75] and 4 years |76| differences in respiratory symptoms failed to reach
statistical significance. At age 8 years, sensitization to mite was reduced by more
than 50% in the active group, despite modest reductions in mite allergen levels
[77]. In the multivariate analysis, children in the active group were significantly
less likely to have current wheeze, nocturnal cough, wheeze with bronchial hyper-
responsiveness and atopy |77|. Overall, the combined intervention used in this
study resulted in a marked reduction in atopic phenotypes during childhood |78].
However, it is impossible to ascertain which part of the intervention programme
is responsible for the effect.

Canadian Asthma Primary Prevention Study

This study used a multifaceted intervention including measures to reduce exposure
to inhalant and food allergens [79,80|. Mite allergens were significantly reduced
in the parental bed throughout the study. At age 2 years, significantly fewer chil-
dren had asthma in the intervention compared to the control group (16.3% vs
23%), but there was no difference in sensitization |79]. At age 7 years, the preva-
lence of physician-diagnosed asthma was significantly lower in the intervention
group than in the control group (14.9% vs 23.0%), whilst there was no difference
in allergic rhinitis, eczema, atopy and bronchial hyper-responsiveness |80]. In this
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study, the multifaceted intervention programme appeared effective in reducing
the prevalence of asthma in high-risk children at 7 years of age [80].

The Study on the Prevention of Allergy in Children in Europe

This study directed the multifaceted intervention towards both inhalant and food
allergens. Results reported at age 1 year showed a reduction in mite sensitiza-
tion, but no difference in the proportion of children who had wheezed (21% both
groups) 181]. However, at age 2 years, there was no difference between the control
and intervention groups in the prevalence of mite sensitization (8.4% control vs
6.1% intervention) or asthma, eczema or rhinitis |82|. In this study, mite avoid-
ance did not have a protective effect on the development of mite sensitization or
symptomatic allergy in children at age 2 years.

The Childhood Asthma Prevention Study (CAPS)

This was a multicentre, parallel-group, randomized controlled trial in Sydney,
Australia |83-85|. In this study, there was no effect of mite allergen avoidance on
sensitization rates at age 18 months [83|. By age 3 years, significantly fewer chil-
dren were mite-sensitized in the mite allergen avoidance group, but there was no
effect on wheeze |84]. At age 5 years, the prevalence of eczema was higher in the
active mite avoidance group (26% vs 19%), and mite sensitization and wheeze did
not differ between the groups |85

The Primary Prevention of Asthma in Children Study

This study in the Netherlands reported that the incidence of asthma-like symp-
toms during the first two years of life was similar in the intervention and control
groups |86|. Furthermore, there were no significant differences in the total and
specific IgE |86]. The intervention used in this study was not effective in reduc-
ing asthma-like symptoms in high-risk children during the first two years of life,
although some modest effect was observed at age 2 years |86].

The Prevention and Incidence of Asthma and Mite Allergy Study

This was a multicentre, population-based cohort study with a nested interven-
tion study amongst 810 high-risk infants [87,88|. At age 2 years, the only signifi-
cant difference in clinical outcomes between groups was a reduction in night-time
cough without a cold in the active group [87]. At age four years, sensitization and
allergic symptoms were similar in both groups [88|. Thus, in this study, there
was no effect of mite allergen-impermeable mattress covers on sensitization and
symptoms suggestive of allergic disease at age four years.

The Manchester Asthma and Allergy Study (MAAS)

This was a whole population birth cohort study of more than 1000 children, with
a nested intervention study in the high-risk group |89,90|. The comprehensive
environmental control regime included the fitting of mite-proof encasings to the
parental mattress, duvet and pillows by the 16th week of pregnancy, advice to hot
wash bedding weekly at over 55°C, supply of a high-filtration vacuum cleaner and
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Acarosan to apply to dust reservoirs with high mite allergen levels. Just before the
birth of the child, a custom-made cot and carrycot mattresses (made of allergen-
impermeable fabric) were supplied to the family, carpets were removed from the
nursery and a vinyl cushion floor was fitted. A hot washable toy was also sup-
plied. A significant and sustained reduction in exposure to mite, cat and dog aller-
gens was observed in the homes of children in the active group |91]. At age one
year, there was slightly more atopy in the intervention group compared with the
control group (17% vs 14%), but this did not reach statistical significance 89].
Asthma-like symptoms were consistently lower in the intervention compared to
the control group, and this reached statistical significance for attacks of severe
wheeze with shortness of breath, prescribed medication for wheezy attacks, and
wheeze after playing or exertion. No difference between the groups was seen for
eczema.

However, counter-intuitive results were reported at the follow-up at age
3 years, suggesting that stringent environmental control was associated with
increased risk of sensitization to dust mite, but better lung function |90|. Thus, in
the MAAS, stringent environmental control was associated with increased risk of
mite sensitization, but better lung function at age three years.

Conclusion

Although the general consensus is that environmental control should lead to
an improvement of symptoms in susceptible patients, there is little evidence to
support the use of simple physical or chemical methods as single interventions
to control dust mite or pet allergen levels in adults with established asthma. It
remains likely that a multifaceted intervention in appropriately selected patients
could have beneficial effect, but this has not as yet been addressed in an adequately
designed study.

In contrast, several trials of allergen-impermeable bed encasings and more
comprehensive environmental interventions in asthmatic children reported bene-
fits. The reasons for the apparent differences in response between adults and chil-
dren are not clear. For rhinitis and eczema, the most recent well-designed studies
on single mite avoidance measures failed to demonstrate a clear clinical benefit.

Until unequivocal evidence from definitive trials for all age groups and all
allergens is available, the pragmatic approach to environmental control should
incorporate the following recommendations:

® Single avoidance measures are ineffective.

® Use a comprehensive environmental intervention to achieve as great a reduc-
tion in personal exposure as possible.

@ Tailor the intervention to the patient’s sensitization and exposure status.

@ Ifunable to assess the exposure, use the level of allergen-specific IgE antibodies
or the size of skin test weal as an indicator.

@ Start the intervention as early in the natural history of the disease as possible.
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With respect to the use of environmental control in the prevention of allergic
disease, although clinical outcomes reported from different intervention studies
appear inconsistent, some of the results are encouraging. However, it is becoming
clear from recent data that no single primary prevention strategy will be applica-
ble to the whole population, but only to individuals within the population with a
particular susceptibility [92]. With respect to the advice on prevention strategies
using environmental control, we need to move away from the concept of blan-
ket advice aimed at the whole population, to tailor-made individualized measures
targeting individuals with specific susceptibilities who will benefit from a particu-

lar intervention |93].
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New therapeutic targets in asthma

BINITA BHOWMICK, DAVE SINGH

1. More effective anti-inflammatory drugs need to be developed for asthma.

2. Anti-eosinophil approaches include targeting cytokines (anti-1L4 and -13, anti-IL5)
or chemokine receptors (CCR3).

3. Anti IL4 and -13 therapies show efficacy in allergen challenge but longer studies
are needed.

4. Anti-IL5 may be useful to reduce eosinophil-associated exacerbations but do not
improve airway response to allergen.

5. Anti TNF-alpha therapies show some clinical efficacy but their use may be confined
to severe asthmatics due to concerns about side effects.

6. PDE4 inhibitors show good clinical efficacy but are limited by gastrointestinal side
effects.

Introduction

Inhaled corticosteroids are the most widely used anti-inflammatory treatment
for asthma. However, these drugs can cause significant side-effects, and do not
cure asthma. Furthermore, many patients remain symptomatic despite high-dose
inhaled corticosteroid treatment even in combination with long-acting 3-agonists
[1]. The reasons for such ‘difficult to treat asthma’ are varied, ranging from psy-
chological factors to true drug resistance |2|. Improving the clinical care of such
patients therefore requires a multidisciplinary approach. The development of new
and effective drugs is one part of this approach.

Any new asthma treatments targeted at inflammation should offer advan-
tages over current treatment regimes. Currently, perhaps the greatest unmet need
is the treatment of persistent inflammation that is not adequately controlled by
corticosteroids. New therapies for persistent inflammation that can be used with, or

© Atlas Medical Publishing Ltd
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instead of, corticosteroids are needed. Asthma patients have heterogeneous inflam-
matory profiles in the airways [3,4]. The development of inflammatory biomarkers
to define specific asthma phenotypes may in future be useful for guiding the specific
use of new therapies e.g. anti-eosinophil drugs may be most successfully targeted at
patients with the highest levels of eosinophilic airway inflammation.

In asthma patients with more severe disease, it is likely that we will use com-
bination approaches to therapy in future, combining different anti-inflamma-
tory drugs to hit multiple molecular targets. This concept is well established in
the treatment of autoimmune diseases such as rheumatoid arthritis and systemic
lupus. However, it is important that these drugs are shown to be safe and well tol-
erated in large clinical trials before being brought to the marketplace.

There are other avenues to improve on current anti-inflammatory therapies
for asthma, even in patients with milder disease. These include improved thera-
peutic index oral treatments, as these are preferred by many patients, and disease-
modifying or curative treatments. In this chapter we will focus mainly on new
therapies for asthma and allergy that currently have published data from clinical
trials, as these are the most likely to be seen in clinical practice in the next decade.
We will review more briefly novel molecules with therapeutic potential at an ear-
lier stage of clinical development.

Anti-cytokine therapies

Asthma is characterized by increased activity of Th2 cytokines including inter-
leukin (IL)-4, IL-5 and IL-13. These cytokines, as well as other cytokines involved
in inflammation such as tumour necrosis factor alpha (TNFa), represent plausible
therapeutic targets in asthma. One of the most common strategies for inhibiting
the activities of these cytokines is the use of monoclonal antibodies developed with
specificity against the cytokine of interest. The potential advantages and disadvan-
tages of such an approach are listed in Table 15.1. Clearly, a high degree of caution
is needed in the design of a clinical development programme to ensure volunteer
safety with monoclonal antibodies that may induce acute or long-term side-effects
through regulation of the immune system. A major limiting factor in determin-
ing the efficacy of any of these approaches is the concept of ‘redundancy’, whereby
inflammatory processes may be driven by multiple cytokines, so inhibition of one
cytokine may not be effective because a different cytokine simply takes over. This

Advantages and disadvantages of monoclonal antibody therapies
Advantages Disadvantages

Specific cytokine targeting Development of antibodies to drug

Different mechanism of action  Acute anaphylaxis
to glucocorticoids

Long duration of action

Unpredictable acute onset immune dysregulation
Long-term immunosupression; increasing infection or cancer risk
Cytokine redundancy
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example is well illustrated for eosinophil activation, where IL-4, IL-5 and IL-13 play
overlapping roles (Fig. 15.1).

The rationale for choosing which cytokine to inhibit in human asthma is often
based on animal models that inhibit the cytokine of interest, coupled with human
data confirming high-level expression of the cytokine. However, even with this
information, it is difficult to predict with any degree of certainty the effects in
humans. The clinical trial results for anti-cytokine therapies have often shown
efficacy that has been below the level of expectation generated by promising ani-
mal model data coupled with knowledge of human biology. Some of this may be
attributed to redundancy. To overcome the issue of redundancy, it is possible that
multiple cytokine targeting is needed. The clinical data regarding anti-cytokine
therapies now reviewed have advanced our understanding of the role of specific
cytokines in asthma pathophysiology. These clinical trials are summarized in
Table 15.2.

Anti-IL-5
Increased numbers of eosinophils are present in the airways of patients with
asthmal3|, implicating this cell in disease pathogenesis. Eosinophils are known
to release a number of pro-inflammatory mediators, and the possible therapeutic
effectiveness of inhibiting eosinophils has been evaluated using anti-IL-5 mono-
clonal antibodies. IL-5 is involved in all stages of eosinophil development, differ-
entiation, trafficking and activation, from the bone marrow to the tissue |5].

A single-dose study by Leckie and colleagues |6] found that mepolizumab sig-
nificantly reduced eosinophil levels in the peripheral blood and induced sputum
of mild atopic asthmatics, but had no effect on histamine airway hyper-reactivity
or the late asthmatic response after allergen challenge. However, the trial had a
small sample size and was underpowered to detect changes in either of these clin-
ical endpoints |7]. A further study in mild asthmatics found that multiple doses of
mepolizumab caused significant reductions in blood (100%) and bronchoalveolar
lavage fluid (79%) eosinophils, but had less effect on eosinophil numbers in the
bone marrow and bronchial mucosa (52% and 55% reduction, respectively) |8].
Again, there was no effect on lung function and bronchial hyper-reactivity. It is
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Summary of trials using anti-cytokine therapies
Class of drug No. Mean ICS? Double-blind, Primary Key finding(s)
(name) of FEV, randomized, endpoint(s)
patients (% placebo-
pred) controlled trial?
Intravenous anti- 24 82 No Yes LAR No effect on LAR
IL-5 (mepolizu- Reduced blood
mab) [6.8| eosinophils
24 87 No Yes % change in  Eosinophils reduced
eosinophils in: blood (100%),
BALF (79%), BM
(52%), ABM (55%)
Intravenous 18 49.3 Yes Yes Safety Safe
anti-IL-5

(SCH55700) |10|

52 % reduction in
blood eosinophils

Subcutaneous 17 68.3 Yes No Asthma Improved symp-
soluble TNFa Open-label, no control toms, FEV, (320 ml)
receptor (etaner- and BHR
placebo
cept) [18,23]
10 62 Yes Yes BHR Improved BHR and
QOL score QOL score
Anti-TNFa 15 64 Yes Yes Change in No change in
(infliximab) [25] morning morning PEF
PEFR Reduced
exacerbations
Nebulized 25 80 Withdrawn  Yes Safety Safe
soluble IL-4 No worsening of
receptor (IL-4R) symptoms or FEV
111,12] 1
62 75 Withdraw  Yes Safety Safe
FEV, No worsening of
symptoms or FEV,
% pred = % predicted; ABM = airway bronchial mucosa; BALF = bronchoalveolar lavage fluid; BM = bone marrow; FEV, = forced

expiratory volume in 1 second; ICS = inhaled corticosteroids; LAR = late asthmatic response (post inhaled allergen challenge); PEFR =
peak expiratory flow rate; QOL = quality of life.

clear from these studies that blocking IL-5 clears eosinophils from the circula-
tion and airway lumen, but does not completely prevent tissue-based eosino-
phils persisting in the airways. These residual cells may contribute to continued
airway inflammation. This study suggests that the degree of pulmonary tissue
eosinophilia in asthma is not completely controlled by IL-5, and a network of
inflammatory mediators is probably involved with other candidates such as IL-4,
IL-13 and granulocyte-macrophage colony-stimulating factor (GM-CSF). Further
data have shown that eosinophil-related transforming growth factor beta (TGFp)
activity is reduced in the airways by mepolizumab [9], suggesting a possible role
for this therapy in preventing airway remodelling.

In a small pilot dose-ranging study, another monoclonal antibody to IL-5,
SCH55700 [10] was found to be safe when administered to severe asthmatics.
There was a small increase in forced expiratory volume in one second (FEV ) at 24 h
post dose compared with placebo, but this benefit was not sustained. This study
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was not statistically powered to detect lung function changes, and larger studies
are needed to address this issue.

These studies show that anti-IL5 monoclonal antibodies can be administered
safely to patients with asthma, and confirm that IL-5 does play a major role in eosi-
nophil traftfic. However, tissue-based eosinophils appear to be controlled by other
inflammatory mediators as well, and if this is the case, then it may be more ben-
eficial to use anti-IL-5 drugs in combination with other anti-eosinophil agents.
Furthermore, eosinophilic inflammation appears to be absent in some patients
with symptomatic asthma [3|. Anti-IL-5 therapy should be directed against patients
with significant airway eosinophilia and a key issue for anti-eosinophil therapies is
patient selection. The precise role of eosinophils in asthma remains unclear due to
the small sample sizes of the studies conducted to date, although there is evidence
that bronchial hyper-reactivity is not improved by reducing pulmonary eosinophil
numbers. Further properly powered studies are needed that evaluate a range of
relevant clinical endpoints, such as lung function and exacerbations.

Anti-IL-4 and IL-13

IL-4 plays a role in eosinophil trafficking, IgE isotype switching and Th2 lym-
phocyte differentiation |5]. A soluble IL-4 receptor (IL-4R) has been developed
for inhaled delivery that would in theory ‘neutralize’ this cytokine. After an initial
single safety and dose-ranging study [11], a multiple-dose, placebo-controlled,
parallel-group clinical trial was performed in patients with corticosteroid-depend-
ent asthma in which the IL-4R was administered weekly over 12 weeks after cor-
ticosteroid withdrawal [12]. The results are difficult to interpret due to the high
withdrawal rate of approximately 50%. There was some evidence for superiority
of the 3mg IL-4R dose compared to placebo for lung function and symptoms.
While this study suggests promise for the strategy of IL-4R therapy, larger clinical
studies in milder population groups to aid patient retention would be informa-
tive. Studies that aid our understanding of the biological effects of blocking IL-4
on airway inflammation are also needed, e.g. does this approach inhibit the activ-
ity of pulmonary eosinophils and/or Th2 lymphocytes?

IL-13 has similar actions to IL-4, being involved in eosinophil trafficking as well
as the development of allergen induced airway hyper-reactivity in animal models
[13,14]. While IL-13 and IL-4 share a common receptor [15], they seem to signal
through different pathways.|16| IL-13 is present in increased concentrations in the
airways of asthma patients |17l suggesting it may play an important role in asthma
pathophysiology. Approaches to blocking the effects of this cytokine through a
humanized receptor or a monoclonal antibody are being evaluated in clinical trials.

Anti-TNFa

TNFa is a pro-inflammatory cytokine implicated in the pathogenesis of a number
of chronic inflammatory human diseases. There is evidence that TNFa plays an
important role in the pathophysiology of asthma that does not respond to con-
ventional therapy (‘refractory asthma’) [18|. TNFa is thought to be derived pre-
dominantly from mast cells in the asthmatic airways [19], but is also produced by
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other cell types 120]. This cytokine is capable of promoting airway inflammation
by a variety of mechanisms. These include the upregulation of adhesion molecule
expression, thereby promoting inflammatory cell influx, and the direct activation of
inflammatory cells (Fig. 15.2). Furthermore, TNFa is known to promote bronchial
hyper-reactivity in vitro and in vivo |21,22|. Anti-TNFa therapies have been effec-
tively used in conditions such as Crohn’s disease and rheumatoid arthritis, raising
the hope that these drugs may also be effective in patients with refractory asthma.
Preliminary evidence for the efficacy of this approach came from an uncontrolled
study in 17 refractory asthma patients using the recombinant soluble TNFa recep-
tor etanercept |18|. There was a significant improvement in symptoms, lung func-
tion and bronchial hyper-reactivity. However, the lack of a placebo group made
interpretation of the data difficult. A randomized, double-blind, placebo-control-
led, crossover study using etanercept was subsequently performed, and showed
that 10 weeks of treatment significantly improved bronchial hyper-reactivity, FEV,
and quality of life scores in refractory asthmatics (Fig. 15.3) |123]. However, etaner-
cept did not reduce exhaled nitric oxide levels or sputum eosinophils. The lack of
relationship between bronchial hyper-reactivity and airway eosinophilia has simi-
larities to the observations in the anti-IL-5 studies, where a reduction in eosinophil
numbers did not change bronchial hyper-reactivity |6,8]. Mast cells play a promi-
nent role in determining airway smooth muscle activity in severe asthma |24| and
are probably a key target of anti-TNFa therapy in asthma.

Monoclonal antibody approaches to block the activity of TNFa are also pos-
sible. A double-blind, placebo-controlled study of the monoclonal antibody
infliximab in 38 patients with moderate to severe asthma showed no effect on the
primary endpoint of morning peak expiratory flow rate (PEFR) |25]. However,
there was a reduction in exacerbations and sputum TNFa levels in the active
treatment group, suggesting that the therapeutic usefulness of this agent needs to
be further evaluated.

The role of anti-TNFa drugs in asthma is at present uncertain. The incidence of
severe side-effects such as re-activation of infections such as tuberculosis makes
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Fig. 15.3 10 weeks of treatment with etanercept significantly improved bronchial hyper-reactivity
to methacholine in severe asthmatics (n = 10) (with permission from [23|: © 2006 Massachusetts
Medical Society. All rights reserved).

the therapeutic index an important issue to consider, and so it is likely that this
approach will only be useful for refractory asthma, probably as an add-on ther-
apy. Larger studies are now needed to fully assess clinical benefit.

Cytokine therapies

An alternative approach to the development of therapies against pro-inflamma-
tory cytokines is the use of cytokines themselves as therapies to inhibit inflamma-
tion. An example of this approach is the Th1 cytokine interferon gamma (IFNvy),
which is known to inhibit Th2 activity, thus reducing levels of the key asthmatic
mediators IL-4, IL-5 and IL-13. Subcutaneous delivery of IFN<y was not clinically
effective in antibiotics, suggesting that exogenous IFNvy delivery is not the best
approach |26]. Immunotherapy is known to increase IFNy levels |27| providing
an alternative method to boost endogenous IFNy production rather than deliver-
ing exogenous cytokine.

IL-12 upregulates IFNy production, and is thus involved in controlling the bal-
ance between Th1 and Th2 cytokine profiles. Human recombinant IL-12 has been
administered to patients with mild allergic asthma for 4 weeks. There was evidence
of clinical efficacy, as the peripheral blood eosinophil count was reduced by IL-12
compared to placebo as well as post-allergen challenge sputum eosinophil counts
[28]. However, there was no effect on post-allergen challenge lung function or his-
tamine reactivity, and there was a high drop-out rate in the active treatment group
due to side-effects including abnormal liver function tests and flu-like symptoms.
Minimizing these side-effects is a challenge for cytokine therapies. IL-10 is an
anti-inflammatory cytokine that is produced by T-regulatory cells. The admin-
istration of this cytokine has produced clinical benefits in psoriasis |29], and this
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may be a promising approach for asthma. Again, the therapeutic index including
the side-effect profile will have to be evaluated very carefully.

PDE4 inhibitors

Phosphodiesterases (PDEs) are a family of metallophosphohydrolases that
hydrolyse cyclic adenosine monophosphate (cAMP) and cyclic guanosine mono-
phosphate (cGMP) into their inactive substrates. Inhibition of PDEs results in
an increase in intracellular cAMP and cGMP, promoting smooth muscle relaxa-
tion and reduced inflammation (Fig. 15.4). Theophylline is a weak, non-selective
PDE inhibitor with a poor side-effect profile. The PDE4 isoform is expressed on
inflammatory cells relevant to asthma, such as eosinophils, neutrophils and lym-
phocytes |30|. This enzyme has been targeted for the treatment of asthma in the
hope of improving the therapeutic index offered by theophylline, both by increas-
ing clinical benefits and reducing side-effects. Animal models of asthma have
shown promise for this approach [31,32|. In human studies, it has been shown
that the PDE4 inhibitor CDP840 reduced the late asthmatic response (LAR) after
allergen challenge by 30% [33]. However, there was no improvement in the early
asthmatic response (EAR) or bronchial hyper-reactivity to histamine. In contrast,
roflumilast seems to be more potent, as it inhibited both the EAR and LAR, by up
to 28% and 43% respectively |34|. Previous studies using inhaled corticosteroids
have not always demonstrated inhibition of the EAR |35,36/, while inhibition of
the LAR is generally of the same order of magnitude or greater than that observed
with rofumilast |35,37]. In a recent study, it was reported that roflumilast and the
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inhaled corticosteroid beclomethasone dipropionate caused improvements in
pulmonary function [38]. These studies, showing that the clinical effects of rof-
lumilast are comparable with those of inhaled corticosteroids, are encouraging
for this class of drugs. Further evidence supporting the potential role of PDE4
inhibition in the therapy of asthma comes from the inhibition of exercise-induced
bronchoconstriction by roflumilast [39].

The PDE4 inhibitors that have been most extensively evaluated in clinical trials
of asthma and chronic obstructive pulmonary disease (COPD) are cilomilast and
roflumilast. Unfortunately, these drugs still cause gastrointestinal side-effects,
which are limiting their clinical development. It is possible that even more selective
inhibitors are needed to overcome this problem, as the enzyme subtype PDE4D
may mediate nausea and vomiting |40|, while PDE4B may mediate inflammation
[41]. Inhaled delivery is an alternative way to limit side-effects.

Inhibition of intracellular signalling mechanisms

Extracellular pro-inflammatory stimuli, such as cytokines, bacterial lipopolysac-
charide and antigens, signal through complex intracellular signalling pathways,
culminating in the upregulation of inflammatory gene expression. These signal
transduction pathways are obvious potential therapeutic targets in inflammatory
diseases. An advantage of targeting signalling pathways is that they control inflam-
matory gene expression in multiple cell types, so this approach can cover a range
of relevant inflammatory cells. Also, a number of downstream pro-inflammatory
genes can be targeted. However, it is possible that these relatively non-selective
approaches will result in clinically important immunosuppression, which needs
to be carefully evaluated in clinical trials. It is possible that these drugs may there-
fore be best used in patients with more severe disease in whom side-effects may be
more acceptable.

Signalling pathway inhibitors are currently undergoing clinical trials in a var-
iety of inflammatory diseases including asthma, COPD and rheumatoid arthritis.
The signalling pathways of most importance in asthma are shown in Fig. 15.5.
nuclear factor-kB (NF-kB) is a key transcription factor in asthma [42|, inducing
the transcription of inflammatory genes in the airways. The efficacy of corticoster-
oids in asthma has been attributed to their ability to repress the activity of NF-xB
[43], indicating that potent targeting of NF-«B is a sensible approach in asthma.
IKK2 deactivates the NF-«B inhibitor IxB. Inhibitors of the NF-kB pathway are in
clinical development, such as IKK2 inhibitors.

The mitogen-activated protein kinases (MAP kinases) constitute signalling cas-
cades activated by a range of inflammatory stimuli, resulting in upstream kinase
activation. There are three major downstream MAP kinases: P38 kinase, c-Jun
N-terminal kinase (JNK) and extracellular signal-related kinase (ERK) |44]. These
can regulate inflammatory gene expression through modulation of transcription
factor activity, including NF-«xB and activator protein 1 (AP-1). P38 kinase and
JNK inhibition are of most interest in airway diseases |45|. It has been postulated
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Fig. 15.5 Intracellular signalling pathways. External stimuli activate intracellular signalling
pathways via transmembrane receptors. Mitogen activated protein kinase (MAP kinase)
pathways include the c-Jun N-terminal kinase (JNK) and P38 MAPK cascades, which
activate downstream transcription factors to promote inflammatory gene transcription.
NF-kB is a transcription factor important in pro-inflammatory gene transcription in asthma,
and is activated by a number of intracellular pathways.

that corticosteroid effects are reduced in some asthma patients because of defec-
tive MAP kinase phosphatase-1 activity, which inhibits P38 kinase [43|. Small
molecule P38 kinase inhibitors may therefore be most useful as a combination
therapy with corticosteroids to maximize anti-inflammatory effects.

Chemokine receptor antagonists

Chemokines are proteins involved in the recruitment of inflammatory cells from
the circulation, and their positioning within tissues. Chemokines signal through
G-protein coupled receptors. Antagonism of chemokine receptor activity is a
potentially attractive way of preventing inflammatory cell traffic into the lungs,
allowing targeting of specific cell types. Small molecule inhibitors and monoclonal
antibodies against chemokine receptors are in clinical development.

The majority of chemokine receptors are classified into the CCR and CXCR
families. Eosinophil recruitment is regulated by CCR3 activation by chemokines
such as eotaxin and eotaxin-2 found at increased levels in the airways of asth-
matics [46]. CCR3 is therefore a possible target to reduce eosinophilic inflamma-
tion in asthma (Fig. 15.1). CCR3 is also expressed on other cell types involved in
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asthmatic inflammation, such as lymphocytes. Alternative targets include CCR2,
which is expressed on lymphocytes and mast cells, and CCR4, which is expressed
on Th2 lymphocytes.

Specific targeting of atopy

Drugs targeted specifically at the pathophysiological mechanisms responsi-
ble for atopy may have usefulness in atopic asthma or other atopic conditions.
Examples of the success of this approach in clinical practice include sodium
cromoglycate and anti-IgE. Novel approaches include blockade of the co-
stimulatory molecules involved in Th2 lymphocyte activation such as CD28
[47], and inhibition of the IgE receptor CD23 [48|. An alternative approach to
the treatment of established atopy is the primary prevention of atopy. While
much research is focused on non-pharmacological interventions to achieve
this aim, there are also possibilities for pharmacological strategies. For exam-
ple, the skewing of lymphocyte responsiveness towards Th1 and away from Th2
by neonatal BCG vaccination for prevention of tuberculosis is associated with
a lower prevalence of asthma [49]. An alternative strategy may be to amplify
T-regulatory cell activity to suppress the development of a Th2 profile |50|. The
limiting factor for the clinical development and safety of such strategies is the
potential long-term danger of such early-life alterations of the natural balance
of the immune system.

Conclusion

The next 5-10 years is likely to see continued efforts to develop and bring to the
marketplace novel classes of drugs for the treatment of asthma. While there have
been notable examples of effective new classes of drugs in asthma in the last dec-
ade, such as leukotriene antagonists and anti-IgE therapy, the mainstay of anti-
inflammatory treatment in asthma continues to be inhaled corticosteroids. This
situation is likely to remain for the foreseeable future, as the novel drugs most
advanced in clinical development such as anti-TNFa and anti-IL-5 will proba-
bly be used as add-on therapy in difficult-to-treat asthma cases. Clinical data on
PDE4 inhibition suggest considerable promise for this approach, and we await the
publication of clinical data on the effectiveness of strategies to inhibit cell signal-
ling such as through the P38 kinase system.

Targeting novel therapies to the most appropriate subgroups of patients is a
major challenge, and will be dependent on basic research into biomarkers that
define distinct disease characteristics associated with increased drug responsive-
ness. While these new drugs are being developed, the near future will probably
see corticosteroids with improved therapeutic indices and long-acting (3-agonists
that are more potent and/or longer-acting compared to the currently available
drugs being brought to the marketplace.
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What the future holds

ANGELA SIMPSON, JUDITH WOODFOLK, ADNAN CUSTOVIC,
THOMAS PLATTS-MILLS

1. The relationship between genotype and phenotype in asthma is not linear or unidi-
rectional, but modulated by a number of environmental factors.

2. In asthma and other complex diseases, genetic predisposition needs to be taken into
account when assessing the effect of environmental exposures; similarly, relevant
environmental exposures need to be factored into the genetic association studies.

3. Only individuals with particular susceptibility will benefit from any specific inter-
vention, whilst the same intervention amongst individuals with different suscepti-
bility may cause harm.

4. There are major differences in dose response and immune response between mam-
malian and other allergens.

5. Although IgE antibodies to alphaGal are associated with anaphylaxis, IgE antibodies
to carbohydrate epitopes have not been associated with asthma.

6. Management of allergic disease will have to recognize that different types of aller-
gens require separate approaches.

What the future holds—on genes and environment

Asthma—an unstable phenotype

Asthma and allergies are the most common chronic diseases in childhood in the
developed societies |1]. In contrast to most other common complex diseases (e.g.
diabetes), asthma and allergic diseases start early in life and are unstable pheno-
types which may progress or remit over time. Therefore, the optimum study design
to investigate these disorders is the population-based prospective birth cohort,
overcoming problems of recall bias (due to retrospective data collection) and
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permitting careful longitudinal phenotyping of subjects. Allergic status, lung func-
tion and bronchial hyper-responsiveness, physician diagnosis and medication
usage can be accurately defined. In addition, environmental exposures can be
contemporaneously measured (e.g. domestic endotoxin and allergen exposures,
diet) to facilitate the study of gene-environment interactions.

Inconsistencies on the role of genetic factors in asthma

Although the evidence from twin studies suggests that there is a strong hereditary
component of asthma |2], genetic studies have produced heterogeneous results
with little replication [3-5|. Several possible reasons for these inconsistencies in
genetic association studies are common to many complex diseases (e.g. ‘multiple
disease-predisposing genes of modest individual effect, gene-gene interactions,
gene-environment interactions, inter-population heterogeneity of genetic and
environmental determinants of disease, the issues of multiple testing, laboratory
and other measurement error, and positive publication and investigator-reporting
biases’ |6]). However, more specific to asthma is the fact that, although it is an unsta-
ble phenotype which starts in early life, most genetic studies have focused predomi-
nantly on adults, often with phenotypic heterogeneity or poor phenotype definition.
In addition, little or no account has been taken of environmental exposures.

Inconsistencies on the role of environmental exposures in asthma

The fundamental role of the environment in the development of asthma and aller-
gic diseases is emphasized by the rapid increase in prevalence which occurred in
the last four to five decades [ 1], a time-frame too short to be attributable to genetic
factors alone. Various environmental exposures have been associated with the
development of asthma and allergies. The environmental changes which have
occurred in parallel include changes in diet and exercise, patterns of microbial
exposure in early life with antibiotic usage and childhood immunizations, fam-
ily size and childcare arrangements, and changes to housing design |7]. However,
as with genetics, the data on the role of environment are often inconsistent, with
the same environmental exposure. For example, cat ownership in different stud-
ies conferred an increase in risk [8|, protection [9] or no effect |10]. Similarly,
published studies investigating the effect of day-care on the development of aller-
gic disease are inconsistent, with some showing increased risk [11], and others
decreased risk [12-15] or no effect [16,17|. Furthermore, the timing of various
environmental exposures adds an additional level of complexity. For example,
antenatal and early life exposures to environmental factors are more likely to have
a greater impact on the immature immune system and airways, and the subse-
quent development of disease, than those occurring in adulthood.

Interactions between genes and environment

The conflicting evidence on the effect of genetic variants and environmental
exposures on allergic phenotypes may in part be consequent to the differences
in study designs, definitions of exposures and outcomes or sample size. However,
these inconsistencies may also reflect the fundamentally different nature of the
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relationship between genetic polymorphisms, environmental exposures and phe-
notype in complex diseases compared to diseases determined predominantly by
genetic factors. The relationship between genotype and phenotype in complex
diseases may not be linear or unidirectional [18], but modulated by a number
of environmental factors. Thus, since the development of sensitization and/or
asthma is likely a consequence of environmental factors acting upon genetically
susceptible individuals through gene-environment interactions, to understand
the role of either genes or environment it may be essential to study both.

Recent studies in mouse models of complex traits which included models of
human disease such as asthma and immunological, biochemical and haematolog-
ical phenotypes have strongly suggested that gene—environment interaction plays
a crucial role in determining complex phenotypes |19]. Environmental covariates
were involved in a large number of significant interactions with genetic back-
ground. Furthermore, the effects of gene-environment interactions were more
frequent and larger than the main effects: half of the interactions explained more
than 20% of the variance of the complex phenotypes studied.

We have recently demonstrated the existence of a gene-environment interac-
tion in the development of allergy and eczema within the setting of a birth cohort
study (the Manchester Asthma and Allergy Study [MAAS]) |20|. By taking objective
measure of endotoxin exposure in the home and carefully phenotyping the children,
we have shown that high endotoxin exposure is protective against the development
of allergies and eczema, but only in children with a particular genotype group (C
allele homozygotes of CD14/-159 rs2569190; Fig. 16.1). Furthermore, these results
explain the disparities in association studies of this single nucleotide polymorphism
(SNP) in different settings around the world. From our results, it is clear that when
the gene is studied in isolation, in communities with naturally high exposure to
endotoxin e.g. farming communities like the Hutterites, the T allele would appear
to be the risk allele |21]. In contrast, in communities with naturally low exposure to
endotoxin, the C allele would appear to be the risk allele |22]. In communities with a
wide range of exposures there would be no apparent association between genotype
and disease outcome 23|, emphasizing the point that if the genotype were studied
in isolation, irrespective of the size of the population studied, this effect would have
been missed.

It has been suggested that in order to detect gene—environment interactions it
is necessary to study tens of thousands of subjects [24]. However, we detected this
interaction (and provided a plausible explanation for apparently irreconcilable
differences in previously published data) with a modest sample size of 442 |20].
These results have been replicated by other groups with a comparable number of
subjects |25,26]. In a marked contrast, the largest study of genetic determinants
of immunoglobulin (Ig)E (which has not taken environmental exposures into
account) was able to explain <1% of the variance |27|, despite the fact that twin
studies suggest heritability of ~60% |28| and the selected genes were appropriate.
The accompanying editorial emphasized that the study of subjects from a broad
geographic area with diverse unmeasured environmental exposures overlooked
the fact that many associations between genes and phenotype may not be linear or
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Fig. 16.1 Fitted predicted probability curves for allergic sensitization at age 5 years in
relation to environmental endotoxin load in children with CC, CT and TT genotypes in the
promoter region of the CD14 gene (CD14/-159 C to T), derived from the logistic regression
analysis. There was no association between endotoxin load and sensitization for the TT

and CT genotypes (P= 0.7 and P = 0.16, respectively). However, for the CC genotype group
increasing endotoxin load was associated with a marked and significant decrease in the risk
of sensitization (0.70, 0.55-0.89, P = 0.004)

unidirectional and that true associations may be lost in studies of this scale, con-
cluding that ‘hypothesis driven genetic epidemiology might be a more effective
and interesting partner for disease-oriented biologic research’ [18].

Conclusions on the role of genes and environment

Future studies will have to take into account the fact that the power to detect
genetic associations clearly depends not only on size of population studied |29],
but critically on accurate phenotyping and measurement of environmental
exposures. Furthermore, to understand a disease that starts early in life, we will
have to use birth cohorts with accurate prospective phenotyping at or around
the onset of disease and contemporaneous measurement of relevant envi-
ronmental exposures. This approach is not applicable to disease areas such as
maturity onset diabetes.

In complex diseases such as asthma and allergies, genetic predisposition will
need to be taken into account when assessing the effect of environmental expo-
sures, and vice versa, relevant environmental exposures will need to be factored
into the genetic association studies. Furthermore, epidemiological data are often
used to identify potentially modifiable risk factors to help devise primary preven-
tion strategies. However, it is important to emphasize that only individuals with
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particular genotypes will benefit from a specific intervention, whilst the same
intervention amongst individuals with different susceptibility may cause harm.

What the future holds—the relevance of IgE antibody
responses to different groups of allergens

The objective of an allergy evaluation is to identify specific sensitivities, both in
order to educate the patient about the role of allergens in their disease, but also
to help predict what approaches to treatment are most likely to be effective. The
last few years have provided increasing evidence that ‘all allergens are not created
equal’ |30,31]. In terms of management there are at least three major groups of
allergens that have strongly different characteristics.

Group A: Includes the pollens of grass, weeds and trees; the fungus alternaria;
dust mites and cockroach.

Group B: Animal dander allergens primarily those from cat and dog.

Group C: The cross-reacting carbohydrate determinants on plant or mamma-
lian proteins.

In addition, there are major differences between allergic diseases, which increas-
ingly suggest that approaches to modifying T cell control with immunotherapy
will have to be tailored.

The first two groups of allergens have different characteristics in terms of dose
response and in particular in their ability to induce tolerance with high exposure.
These differences may have major consequences in relation to predicting the effects
of decreasing exposure [32]. We have already shown that decreasing exposure to cat
allergens can lead to progressive decreases in IgG antibodies without a decrease in
IgE production [33]. The result can be an increased level of sensitivity and symp-
toms. There are, of course, situations where decreasing food exposure has been
reported to increase sensitivity |34|.

While there are multiple ‘causes’ of the difference between animal dander
and other allergens, a major factor may well be evolutionary difference, usually
expressed in millions of years of (mya) |30,35|. Given that we have been separ-
ate from mites and insects for ~600 mya, while the comparable time for cats and
dogs is only 65 mya |36/, there are many ways in which this could influence the
response (Fig. 16.2). It is also clear that we need to think not only about the pro-
teins present in allergen particles but to consider all the constituents that could act
as adjuvants. In addition to dust mite proteins, the mite faecal particles contain
endotoxin; bacterial DNA; mite DNA; and chitin. Each of these could act on toll-
like receptors (TLR). There are extensive data showing that sensitization to mite
(or cockroach) allergens can occur at very low doses and it has been proposed that
this response occurs with a direct switch to IgE outside germinal centres |37,38|.
By contrast, many cat and dog proteins are less foreign and cat DNA is methylated
comparable to human DNA. The argument would be that because sensitization to
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Fig. 16.2 Evolutionary distance and immune or allergic responses (with permission from The
Ancestor’s Tale: Richard Dawkins, 2005).

cat allergens requires higher doses, it occurs primarily in germinal centres where
the response favours IgG and IgG4 antibodies because IgE B cells tend to undergo
apoptosis in germinal centres (see Fig. 2.2) |38].

If we consider T cell control as a primary target of immunotherapy; there are
obvious lessons to be learned from the response to different allergens and from
different diseases. High exposure to mite, cockroach, grass or ragweed consistently
increases the prevalence and titre of IgE antibodies to these allergens. By contrast,
for cat and dog, there is very little evidence that living in a house with an animal
increases either the prevalence or titre of IgE antibodies |39-41]. Perhaps more
importantly, many of the children and adults exposed to high levels of cat, dog or
rodent allergens become ‘tolerant’ which includes an IgG4 antibody response to
the major allergens without IgE antibodies |42-44|. Although the mechanisms of
‘tolerance’ to cats are not clear, there are good reasons for thinking that regulatory
T cells play an important role |45]. In a climate where there are no mites or cock-
roaches, children who live in a home with a cat and have not become allergic as
judged by skin tests, have a mean total IgE of ~20 IU/ml and no associated risk of
asthma |46]. The challenge is to ask how we would go about inducing this ‘toler-
ant’ state. Estimates of exposure to cat allergen in a house with a cat are ~1pg Fel d
1/day |47|. What is interesting is that this does not appear to be far different from



16 What the future holds 263

the dose recommended for sublingual immunotherapy [48|. Clearly, we need to
answer whether local treatment, either sublingual or nasal, can induce a T cell
milieu that is comparable to the effect of living with a cat.

In complete contrast to the tolerant state with high cat exposure, patients with
atopic dermatitis (AD) have dramatically elevated total serum IgE (i.e. ~4000 IU/ml)
|49]. Furthermore, this disease is characterized by active inflammation in the skin
and persistent eosinophilia. Patients with AD have increased numbers of CD 25
high, Foxp3 positive, CD4 positive T cells. These cells would normally be classi-
fied as T regs. However recent evidence suggests that these cells may be activated
T effector cells. More importantly, it appears that the inflammatory milieu in the
skin can provide a site for changing T cells from a regulatory phenotype to acti-
vated effector cells [50,51|. The possible plasticity of regulatory T cells presents a
challenge for immunotherapy and may help to explain why immunotherapy is
so difficult in patients with AD. It is also possible that the plasticity of T regula-
tor cells is relevant to understanding what happens in the lungs of patients with
severe asthma. The challenge is to design new forms of immunotherapy that are
designed both to induce tolerance but also to avoid activating T effector cells.

Cross-reacting carbohydrate determinants: alphaGal

In a recent study designed to understand the causes of anaphylaxis to cetuximab,
it became clear that the patients who reacted had pre-existing IgE antibodies spe-
cific for the glycosylation of this monoclonal antibody |52|. In parallel with this, it
has become clear that there are a large number of adults in this area of the United
States (Virginia, Tennessee, North Carolina, Arkansas and Missouri) who have
IgE antibodies to the oligosaccharide galactose alpha 1,3, galactose (alphaGal)
[53]. Some of these patients present with a history of anaphylaxis or urticaria
2-4h after eating beef, pork, or lamb |52,53|. There are several aspects of these
results that could influence our understanding of the role of IgE antibodies not
only in urticaria but also in other allergic diseases.

1. Although the IgE antibody to alphaGal is strongly associated with anaphylaxis
and is often present in the serum in high titre (i.e. >30 IU/ml), the skin test
responses to prick tests are generally modest (i.e. 2, 3 or 4 mm diameter). It is
possible that the poor skin tests reflect the low affinity of IgE antibodies to car-
bohydrate epitopes which are relatively uncharged.

2. Synthesis of this sugar is dependent on the enzyme alpha 1-3 galactosyl trans-
ferase, which is expressed by all lower’ mammals. As a result, the IgE antibod-
ies cross-react fully, not only with beef, pork, and lamb, but also with cat and
dog [52,53].

3. Despite the fact that the patients have IgE antibodies that bind to cat proteins,
there appears to be no association with asthma. Thus, among patients pre-
senting to both the emergency department and the clinic, IgE antibodies to
alphaGal are not associated with asthma.
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Conclusion

The management of allergic disease is dependent on understanding the complex
interactions between genetics, the environment, sensitization, inflammation and
the resulting symptomatic disease. Rapid progress is being made in understanding
different aspects of that complex process. This includes better ability to measure/
analyse exposure, genetics and evidence for inflammation. We have focused here
on gene-environment interactions, T cell control and the differences in immune
responses to allergens of different types. There is major potential for improving
treatment, but this will require a tailored approach. Most of us are well aware
that immunotherapy, avoidance or pharmacotherapy can provide very success-
ful treatment in some cases. The challenge is to harness current understanding
of genetics, environment, lifestyle changes and their interactions to predict the
correct approach. In addition, there will be important advances in techniques for
immunotherapy, designed to act more directly on T cell control. It will be a pleas-

ure to watch these developments over the coming years.
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5-0x0-ETE
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BCG
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cGMP
CHES
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5-lipoxygenase
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airway bronchial mucosa

allergic bronchopulmonary aspergillosis
allergic bronchopulmonary mycosis
angiotensin-converting enzyme

atopic dermatitis

allergic eosinophilic oesophagitis
allergic eosinophilic gastroenteritis
aspirin-exacerbated respiratory disease
allergic fungal sinusitis

alanine aminotransferase

adenosine monophosphate
antineutrophil cytoplasmic antibody
activator protein 1

Allergic Rhinitis and its Impact on Asthma
autologous serum skin test

aspartate aminotransferase

adenosine triphosphate
bronchoalveolar lavage

bronchoalveolar lavage fluid
blood-brain barrier

Bacille Calmette Guerin

bronchial hyper-reactivity

bone marrow
complementary-alternative medicine
cyclic adenosine monophosphate
Childhood Asthma Prevention Study
chemokines ligand

chemokines receptor

corticosteroids

cystic fibrosis

colony-forming unit

cyclic guanosine monophosphate
chronic hyperplastic eosinophilic sinusitis
chronic infantile neurological cutaneous and articular syndrome
cutaneous lymphocyte-associated antigen
central nervous system

chronic obstructive pulmonary disease
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EP2
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ETFAD
FACS
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cysteinyl leukotriene
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drug hypersensitivity reactions
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early asthmatic response
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eosinophil/basophil

eosinophil/basophil colony-forming unit

PgE, receptor

extracellular signal-related kinase
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familial cold autoinflammatory syndrome

human gene encoding the ligand for Fas

Fc receptor (specific to IgG)

Food and Drug Administration

functional endoscopic sinus surgery

forced expiratory volume in one second
5-LO-activating protein

food protein-induced enterocolitis syndrome
gastrointestinal

granulocyte-macrophage colony-stimulating factor
G protein-coupled receptor

glucocorticoid receptor

glucocorticoid response element

guanosine triphosphate

hereditary angio-oedema

healthcare workers

high efficiency particulate arrest
hydroxyeicosateraenoic acid

human leukocyte antigen
hypothalamo-pituitary-adrenal (axis)
hydroperoxyeicosatetraenoic acid
hypocomplementemic urticaria autoinflammatory syndrome
intercellular adhesion molecule 1

International Contact Dermatitis Research Group
inhaled corticosteroids
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IKK2
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IL-4R
im.
INH
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immunoglobulin

inhibitor kB

IkB kinase-2

interleukin

IL-4 receptor

intramuscular

inhibitor

inducible nitric oxide synthase
immediate nasal response (to allergen challenge)
Index of Reactivity
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intravenous

intravenous immunoglobulin
¢-Jun N-terminal kinase
long-acting (3-agonist

late asthmatic response
leukotriene

leukotriene A,

leukotriene B,

leukotriene C,

leukotriene D,

leukotriene E,

LTC, synthase

leukotriene receptor antagonist
lymphocyte transformation test
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mitogen activated protein

major histocompatibility complex
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N-acetylaspartylglutamic acid
sodium chloride

nuclear factor-kB

National Heart, Lung, and Blood Institute
nitric oxide
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non-steroidal anti-inflammatory drug
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platelet-activating factor
personalized care plan
phosphodiesterase

peak expiratory flow rate

positron emission tomography
prostaglandin D,
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PgE, prostaglandin E,

Pgp P-glycoprotein

PLA, phospholipase A,

QOL quality of life

RANTES  regulated upon activation, normal T cell expressed and secreted
RAST radioallergosorbent test

REM rapid eye movement

SAE Staphylococcus aureus-derived enterotoxin
SAFS severe asthma with fungal sensitization
SAM sinobronchial allergic mycosis
SCIT subcutaneous immunotherapy
sIgE specific IgE

SIT specific allergen immunotherapy
SLIT sublingual immunotherapy

SNP single nucleotide polymorphism
SPT skin prick testing

TEN toxic epidermal necrolysis

TGFpB transforming growth factor beta
Th, T-helper-1 cell

Th, T-helper-2 cell

tIgE total IgE

TLR toll-like receptor

™ trans-membrane

TNFa tumour necrosis factor alpha
Tr1 t-regulatory-1 cell

TSLP thymic stromal lymphopoietin
UV-A long wavelength ultraviolet
VCAM vascular cell adhesion molecule
VCD vocal cord dysfunction

VLA very late antigen

WAO World Allergy Organization

WHO World Health Organization
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activator protein-1 (AP-1) 199
acute sinusitis 66
acute urticaria 116, 117
adrenaline see epinephrine
adrenergic agonists, harmful effects 24
adults, severe asthma 27-8, 29
allergic bronchopulmonary aspergillosis 38-40
severe asthma with fungal sensitisation 41-3
age of onset, atopic dermatitis 99
allergen avoidance 29, 30, 188, 225-6, 236-7
inasthma 218
in atopic dermatitis 104-6
in chronic sinusitis 77-9
cockroach allergens 227,228
in contact eczema 97
dust mites 226-7
in food allergy 168-9
fungal allergens 227
pet allergens 228
preventive value 234-6
in rhinitis 52-3
therapeutic value 228-34
allergen denaturing sprays 105, 106
allergen immunotherapy
in chronic sinusitis 77-9
during pregnancy 60
in rhinitis 59, 61
see also specific allergen immunotherapy (SIT)
allergen modification, value in immunotherapy 222
allergen sensitivities, role in asthma 24-5, 30
allergens
fungal 37-8
group characteristics 261
allergic bronchopulmonary aspergillosis (ABPA) 27,
28,29, 38-40
allergic bronchopulmonary mycosis (ABPM) 27, 29
allergic crease, nose 51
allergic eczema 93-4
see also contact eczema
allergic eosinophilic gastroenteritis (AEG) 165, 166
management 168-9
allergic eosinophilic oesophagitis (AEE) 165, 166
management 168-9
allergic fungal sinusitis (AFS) 68

allergic proctocolitis 165, 166-7, 168
management 169-70
allergic reactions, definition 4
allergy, role in atopic dermatitis 103-4
Allergy March 14
effect of SIT 219-20
alphaGal antibodies 263
Alternaria spp. 36
association with thunderstorm asthma 43
seasonal variation in airborne counts 37
sensitization in asthma 25, 30, 41-2
altitude, effect in dust mite allergy 9-10
amphotericin B, in management of chronic
sinusitis 80
anaphylactoid reactions 180
anaphylaxis 117,179
aetiology 182-3
association with alphaGal antibodies 263
clinical features 181, 183-4
definition 179-80
exercise-induced 125
food-induced 160-1
identification of cause 187-8
incidence 180-1
investigations 185
management
acute 185-7
long-term 187-90
use of omalizumab 195
mechanism 180
morbidity 185
mortality 184-5
omalizumab as cause 196
pathogenesis 181-2
recurrence risk 184
anaphylaxis management plans 168, 189
androgens, in management of angio-oedema
115
angio-oedema 111-12, 126
Cl1 inhibitor deficiency 113, 114-15
classification 113,114
exercise-induced 125
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non-Cl1 inhibitor deficient 115
vibratory 125
angiotensin-converting enzyme (ACE) inhibitors,
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anosmia 50
anti-CD20 (rituximab), in treatment of chronic
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anti-IL-4 247
anti-IL-5 245-7
use in allergic eosinophilic oesophagitis 169
use in chronic sinusitis 82
anti-IL-13 247
anti-TNFa 246, 247-9
anti-gliadin antibodies 167
anti-IgE (omalizumab) 43, 194-6, 222
dosing and side-effects 121
use in chronic sinusitis 81-2
use in chronic urticaria 120
use in peanut allergy 170
use in rhinitis 60
anti-inflammatory effects, corticosteroids 198-200
antibiotics
in management of cold urticaria 124
widespread use 24
anticholinergics, use in rhinitis 58
antidepressants, use in chronic urticaria 120
antifungals, use in chronic sinusitis 80
antihistamine resistance, chronic urticaria 118, 120
antihistamines 201-4
avoidance during pregnancy 122
use in acute urticaria 117
use in angio-oedema 115
use in aquagenic urticaria 126
use in cholinergic urticaria 125
use in chronic sinusitis 78
use in chronic urticaria 118
in children 122
use in cold urticaria 124
use in delayed pressure urticaria 124
use in dermographic urticaria 123
use in food allergy 168
use in rhinitis 57, 60
use in solar urticaria 125
antileukotrienes 204-5
dosing and side effects 121
use in chronic sinusitis 80
use in chronic urticaria 118
use in rhinitis 57-8, 60
use during pregnancy 196
aquagenic urticaria 126
arachidonate metabolism 70-1
Aspergillus spp.
A. niger, occupational exposure 43
A. fumigatus, allergic bronchopulmonary
aspergillosis 38-40
association with asthma 25
as cause of disease 36
exposure to 35
aspiration of sinus contents, role in asthma
exacerbation 74

aspirin, exacerbation of chronic urticaria 118
aspirin-exacerbated respiratory disease
(AERD) 67-8,70-2
aspirin desensitization, in management of chronic
sinusitis 80-1
aspirin-induced asthma, value of leukotriene
receptor antagonists 205
aspirin sensitivity 27, 29
astemizole 204
side-effects 57
asthma 21-2, 30-1
association with allergic bronchopulmonary
aspergillosis 38
association with chronic sinusitis 67-8, 72-3, 83
evidence 75-6
proposed mechanisms 73-6
association with rhinitis 61
environmental factors 258
exacerbations
association with high fungal spore
concentrations 42
specific IgE levels as risk factor 12-13
food-induced 161
gene-environment interactions 258-60
genetic factors 258
investigation, specific IgE levels 11-12
management 28-9
allergen avoidance 225-6,229-32,233-4
antileukotrienes 205
beta-agonists 206-7
chromones 197, 198
corticosteroids 200
omalizumab 195
during pregnancy 196
specific allergen immunotherapy 218-19
new therapeutic targets 243-4, 253
anti-cytokine therapies 244-9
chemokine receptor antagonists 252-3
cytokine therapies 249-50
intracellular signalling mechanisms 251-2
PDE4 inhibitors 250-1
occupational 43-4
prevalence, increasing 22-4, 28-9
primary prevention 234-6
rhinitis as risk factor 48
role of allergens, epidemiological evidence 24-5
severe disease in adults 27-8, 29
thunderstorm asthma 43
see also severe asthma with fungal sensitisation
(SAFS)
atopic dermatitis 163-4
clinical features 99
definition 97-9
differential diagnosis 100
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epidemiology 99-100
food allergy-related 164-6
Hanifin and Rajka diagnostic criteria 98
histopathology 100
management
allergen avoidance 104-6
skin treatment 106
use of antihistamines 203
use of omalizumab 195
management, use of corticosteroids 201
pathogenesis 100-3
role of allergy 103-4
atopy
definition 4
therapeutic targets 253
Atopy Patch Test, ETFAD definition 103-4
autoimmune mechanisms, chronic urticaria 117-18
autologous serum skin test (ASST), chronic
urticaria 117-18, 120
autonomic rhinitis 58
azathioprine, in treatment of eczema 106
azelastine, in management of chronic urticaria 118

bacteria, role in CHES 69-70
bacterial infection, role in chronic sinusitis 66-7
basement membrane thickening, CHES 73
BCG vaccination, neonatal 253
beclomethasone

intranasal use 55

use during pregnancy 60
bedding encasements 105, 226

see also allergen avoidance
beta-agonists 206-7

use during pregnancy 196
beta-blockers, and anaphylaxis 186
betamethasone, intranasal use 55
biphasic reactions 185

food allergy 160
Blackley, Charles 22,23
blood-brain barrier, penetration by

antihistamines 202, 203

breast-feeding 170-1

use of antihistamines 122
bronchiectasis, following ABPA 40
bronchodilators 206-7
bronchoscopy, therapeutic, value in ABPA 40
budesonide

intranasal use 55

use during pregnancy 60, 196
building industry, risk of contact eczema 96

Cl inhibitor deficient angio-oedema 112, 113-15
C4 levels, hereditary angio-oedema 114
calcineurin inhibitors, in treatment of eczema 106
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calcium channel blockers, in treatment of chronic
urticaria 120
Canadian Asthma Primary Prevention Study 234-5
cardiac effects, antihistamines 57, 120, 204
carpets, reduction of dust mite allergens 226
cat allergens
reduction 227,228, 233-4
significance of IgE antibody responses 261-3
SIT 218
cat paradox 25-7
cat sensitization, association with asthma 25, 30
CCL5 (RANTES), role in eosinophilic
inflammation 68, 69
CCL11, role in eosinophilic inflammation 68, 69,
75,82
CD23, as therapeutic target 253
CD28, as therapeutic target 253
CDP840 250
cerebrospinal fluid (CSF) rhinorrhoea 49
cetirizine
brain penetration 203
metabolism 203
use in chronic urticaria 118
use during pregnancy 60, 204
use in rhinitis 57
cheese worker’s lung 44
chemokine receptor antagonists 252-3
chicle 133
Childhood Asthma Prevention Study (CAPS) 235
children
absorption of intact food proteins 159
chronic urticaria 120, 122
rhinitis 60-1
risk factors for allergy 6
topical corticosteroids 55, 56
chloroquine
dosing and side effects 121
use in chronic urticaria 120
use in localized heat urticaria 124
chlorpheniramine
in management of anaphylaxis 185-6
sedative effect 202
cholinergic urticaria 125
chromones 196-8
chronic hyperplastic eosinophilic sinusitis
(CHES) 67-8,83
aspirin-exacerbated respiratory disease 70-2
association with asthma 72-3
evidence 75-6
proposed mechanisms 73-6
histopathology 73
immune mechanisms 68-9
management 76-7,78
allergen avoidance and immunotherapy 77-9
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chronic hyperplastic eosinophilic sinusitis (CHES)

(continued)
antifungals 80
aspirin desensitization 80-1
functional endoscopic sinus surgery 81
leukotriene modifiers 80
mepolizumab 82
omalizumab 81-2
systemic corticosteroids 79-80
role of bacteria 69-70
chronic inflammatory sinusitis 67
chronic sinusitis (CS) 66-8, 82

see also chronic hyperplastic eosinophilic sinusitis

(CHES)

chronic urticaria 116

diagnosis 117-18

differential diagnosis 122

management 118-22
Churg-Strauss syndrome 205
cilomilast 251
Cladosporium spp. 36

seasonal variation in airborne counts 37

sensitization in SAFS 41-2
class I chitinase (Hevb 11) 136
clobetasol propionate, use in delayed pressure

urticaria 124

coal miners, occupational asthma 44
cockroach allergen reduction 227,228
cockroach sensitization, role in asthma 30
codeine, exacerbation of chronic urticaria 118
coeliac disease 10, 165
colchicines, in treatment of urticaria 120
cold urticaria 124

value of leukotriene receptor antagonists 205

condom manufacturers, occupational asthma 43

conjunctivitis 50
use of corticosteroids 200
contact allergens 94
foods 161
contact eczema (dermatitis) 165
aetiology and pathogenesis 94
diagnosis 95-7
mechanisms of sensitization 94-5
contact urticaria 126
corticosteroids 198-201
dosing and side-effects 121
use in ABPA 40
use in acute urticaria 117
use in anaphylaxis 185, 186
use in angio-oedema 115
use in chronic sinusitis 78, 79-80
use in chronic urticaria 120
use in delayed pressure urticaria 124
use in rhinitis 55-6

cow’s milk allergy
cross-reactivity 9

food-induced pulmonary haemosiderosis 165, 166

proctocolitis 167

specific IgE levels 164
COX-2 inhibitors, in treatment of chronic

urticaria 120

cromones, use during pregnancy 60
cross-reactivity 37-8

alphaGal antibodies 263

estimated risks 9

of foods with pollen 50
Cryptostroma corticale, occupational exposure 44
cutaneous lymphoma 100
cutaneous reactions, food allergies

IgE-mediated 161

mixed and non-IgE-mediated 163-6
cyclophosphamide

dosing and side-effects 121

in treatment of chronic urticaria 120
cyclosporin

dosing and side-effects 121

use in chronic urticaria 120

use in eczema 106

use in solar urticaria 125
CYP1A2 inhibition, zileuton 205
cyproheptadine, in management of cold

urticaria 124

cystic fibrosis

association with ABPA 38, 40

chronic sinusitis 67
CystLTs 204

rolein AERD 70-1

role in eosinophilic inflammation 68, 69, 75, 80
cytokine profiles, eczema 102
cytokine therapies 249-50
cytokines, as therapeutic target 244-9

danazol

use in angio-oedema 115

use in cholinergic urticaria 125
dapsone

dosing and side-effects 121

use in chronic urticaria 120

use in delayed pressure urticaria 124
decongestants 58

in management of chronic sinusitis 77,78
delayed pressure urticaria 124

value of leukotriene receptor antagonists 205
dendritic cell activation 94-5
dermatitis

World Allergy Organization (WAO)

classification 99
see also atopic dermatitis; eczema
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dermatophyte infection 27,29
dermographic urticaria 123
value of leukotriene receptor antagonists 205
desloratadine
use in chronic urticaria 118
use in rhinitis 57
dexamethasone, intranasal use 55
dextran, exacerbation of chronic urticaria 118
diagnosis 3-4, 15
of allergic bronchopulmonary aspergilllosis 39
of atopic dermatitis 98, 100
of chronic urticaria 117-18
of contact allergy 95-7
of food allergies
IgE-mediated 162-3
mixed and non-IgE-mediated 167-8
goals to be accomplished 4-5
history-taking 5-6
of rhinitis 48-52
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41-2
specific IgE levels 7-8
dose-response relationship 8-10
prognostic value 14
value in risk assessment 10-13
Dictyostelium discoideum, occupational exposure 43
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dipping process, latex 133, 134
discoid eczema 99
dog allergens
reduction 227,228, 233-4
significance of IgE antibody responses 261-2
SIT 218
dog sensitization, role in asthma 30
dose-response relationship, specific IgE
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double-blind, placebo-controlled food challenges
(DBPCECs) 163,187
douching, nasal 55,61
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dosing and side-effects 121
in treatment of chronic urticaria 120
drug allergy, as cause of anaphylaxis 182, 183, 184,
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Dunedin study 25
dust mite sensitization
association with asthma 25, 30
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effect of altitude 9-10
dust mites 22
allergen avoidance 226-7
preventive value 234-6
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value in asthma 229-32
value in eczema 104-5, 233
value in rhinitis 53, 230, 232

ebastine, in management of chronic urticaria 118
eczema 93-4
Allergy March 14
dust mite avoidance, benefits 233
management, use of corticosteroids 201
risk factors for allergy 6, 8
World Allergy Organization (WAO)
classification 99
see also atopic dermatitis; contact eczema
egg allergy, specific IgE levels 164
electrical industry, risk of contact eczema 96
emedastine, use during pregnancy 60, 204
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environmental factors in asthma 258
eosinophilic inflammation
AEE and AEG 165, 166
anti-eosinophil therapies 245-7
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as therapeutic target 82
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epinephrine
auto-injectors 188-9
use in acute urticaria 117
use in anaphylaxis 168, 185-7
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facial eczema 95, 96, 100
factitial (dermographic) urticaria 123
value of leukotriene receptor antagonists 205
farmer’s lung 44
Fel d 1, cat paradox 25-7
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brain penetration 203
metabolism 203
use in chronic urticaria 118
use in rhinitis 57
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first-generation antihistamines, sedative effect 202
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intranasal use 55
use during pregnancy 60
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IgE-mediated 160-2
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diagnosis 167-8
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prevention 170-1
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management 170
food reactions, aetiologies 4
food sensitization, identification in atopic
dermatitis 104
formoterol, harmful effects 24
fruit allergies, cross-reactivity 9
functional endoscopic sinus surgery (FESS) 81
fungal allergen reduction 227
fungi
allergens 37-8
allergic bronchopulmonary aspergillosis
(ABPA) 38-40
allergic fungal sinusitis 68
associated respiratory tract allergy 36
as cause of rhinitis 49
exposure to 35-6
occupational asthma and EAA 43-4
role in chronic sinusitis 80
severe asthma with fungal sensitisation
(SAFS) 41-3
sinus disease 60
species associated with respiratory tract
allergy 36-7
thunderstorm asthma 43

gastroenteritis, eosinophilic 165, 166
management 168-9
gastrointestinal mucosa, immune system 159

gastrointestinal tract, food allergic reactions 161-2,
165, 166-7
gene—environment interactions, asthma 258-60
gene expression, effect of glucocorticoids 199-200
genetic factors
inasthma 258
in atopic dermatitis 100
glucocorticoid receptors 199
beta-1,3-gluconase (hevb 2) 136
gluten sensitivity 165, 167
grain allergies, cross-reactivity 9
granulocyte-macrophage colony-stimulating
factor (GM-CSEF), role in eosinophilic
inflammation 68, 69, 82
grass pollen SIT 217
guaifenesin, in management of chronic sinusitis 77
gutta percha 133

H, receptor antagonists, in treatment of chronic
urticaria 120
hairdressing, risk of contact eczema 96
Hanifin and Rajka diagnostic criteria, atopic
dermatitis 98
haptens 94
hay fever 22
headaches, relevance to sinus disease 77
Heiner’s syndrome 165, 166
Helicobacter pylori, association with chronic
urticaria 117
HEPA (high efficiency particulate arrest) filters
228
hepatic metabolism, antihistamines 203
hereditary angio-oedema (HAE) 113-15
Hev b allergens 135,136
Hevea brasiliensis (‘rubber tree’) 132,133
hevein (Hevb 6.02) 136
Hill Top® chambers 96
history-taking 5-6
in rhinitis 49-51
in severe adult asthma 28
HIV infection, chronic sinusitis 67
hives see urticaria
HLA (human leucocyte antigen) genotype
association with coeliac disease 167
relationship to ABPA susceptibility 40
housing, exposure to fungal spores 42
housing changes, role in increased asthma
prevalence 23,31
humidity control, role in dust mite allergen
reduction 226-7
humoral recirculation, link between asthma and
sinusitis 74-6
hydrocortisone, in management of anaphylaxis 185,
186
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hygiene hypothesis 23,102
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icatibant, in management of angio-oedema 115
IgA, reduced production in atopic dermatitis
101-2
IgE, total and specific 4
IgE antibody responses, relevance 261-3
IgE antibody tests 7-8, 30, 188
in atopic dermatitis 102
in food allergies 163, 164
for fungi 36-7
laboratory methods 13
in rhinitis 52
specific IgE
dose-response relationship 8-10
use in risk assessment 10-13
IgE-mediated allergy, definition 4
IgE-mediated food allergies 160-2
diagnosis 162-3
IgG response, SIT 214-15
IgG, antibodies 25, 26
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future directions 221-2
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during pregnancy 60
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sublingual 220-1
see also specific allergen immunotherapy (SIT)
infant feeding, prevention of food allergy 170-1
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inflammation, effect of corticosteroids 198-200
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specific allergen immunotherapy 216
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in treatment of chronic urticaria 120
interleukin activity, relationship to ABPA
susceptibility 40
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anti-IL-5 (mepolizumab) 245-7
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in management of chronic sinusitis 82
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intranasal corticosteroids 55
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side-effects 121
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lactase deficiency 10
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latex allergy 131-2

as cause of anaphylaxis 182
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epidemiology 135, 137, 139
leukotriene modifiers see antileukotrienes
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metabolism 203

use in chronic urticaria 118

use in rhinitis 57
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5-lipoxygenase (5-LO) 71,204
5-LO-activating protein (FLAP) 71
localized heat urticaria 124
long-acting beta-agonists (LABAs) 206-7
loratadine 57

brain penetration 203

use in chronic urticaria 118

use during pregnancy 60, 204
LTCS 71
Lycopodium clavatum, occupational exposure 43
lymph nodes, injection with allergens 221-2

macrolide therapy, in ABPA 40
Malassezia furfur, role in atopic dermatitis 104, 105
malt worker’s lung 44
Manchester Asthma and Allergy Study
(MAAS) 235-6,259
maple bark stripper’s lung 44
MASS study 24, 26
mast cell activation, anaphylaxis 180
mast cell stabilization, chromones 196-7
mast cell stabilizers, in treatment of chronic
urticaria 120
mast cell tryptase 185
maxillary sinuses, effect of allergens 79
mepolizumab (anti-IL-5) 245-7
use in allergic eosinophilic oesophagitis 169
use in chronic sinusitis 82

methotrexate
dosing and side-effects 121
use in chronic urticaria 120
use in delayed pressure urticaria 124
microfilms, role in chronic sinusitis 66-7
microhelix cyanogenic glucosidase (Hevb ) 136
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mitogen-activated protein kinases (MAP kinases), as
therapeutic target 251-2
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diagnosis 167-8
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use in chronic urticaria 118
mn-superoxidase dismutase (Hev b 10) 136
moderate/severe rhinitis 48
modified Th2 response 25
moisturizers, in treatment of eczema 106
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use in chronic sinusitis 80
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use in delayed pressure urticaria 124
use in rhinitis 57
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mortality from anaphylaxis 184-5
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mucosal immune system 159
mucosal membranes, allergic responses 194
mucus plugs, in ABPA 38
multiple allergen SIT 214,217
muscle relaxants, exacerbation of chronic
urticaria 118
mushroom worker’s lung 43, 44
mycophenolate mofetil
dosing and side-effects 121
use in chronic urticaria 120
mycosis fungoides 100

nasal douching 55, 61
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nasal functions 36, 47
nasal obstruction, causes 49, 50, 51
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in AERD 71
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treatment 60
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nasal symptoms, SAFS 41
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115
non-IgE-mediated anaphylaxis 180, 182, 188
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diagnosis 167-8
non-steroidal anti-inflammatory drugs (NSAIDs)
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exacerbation of chronic urticaria 118
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nuclear factor-kB (NF-kB) 199, 201-2
as therapeutic target 251, 252
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cross-reactivity 9
need for adrenaline auto-injectors 189
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occupational asthma, fungal causes 43-4
occupational eczema 96,97
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oesophagitis, eosinophilic 165, 166
management 168-9
omalizumab (anti-IgE) 43, 194-6, 222
dosing and side-effects 121
use in chronic sinusitis 81-2
use in chronic urticaria 120
use in peanut allergy 170
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oral desensitization, food allergy 170
oral tolerance 159, 220-1
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dosing and side-effects 121
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69

P-glycoprotein (Pgp) 203

P-selectin, role in eosinophilic inflammation 68

P38 kinases, as therapeutic target 251-2

pain, facial 50

paradoxical laryngospasm see vocal cord dysfunction
patatin-like protein (Hevb 7) 136
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peanut allergy
clinical presentation 184
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specific IgE levels 164
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perennial rhinitis
SIT 217-18
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value of leukotriene receptor antagonists 205
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diet 171
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treatment of asthma 196
use of antihistamines 204
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prevention of allergic disease, allergen
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Allergy Study 235
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management 169-70
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prospective studies, asthma, role of allergens 24
prostaglandin E, (PGE), effect of NSAIDs 71
protein binding, allergens 94
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in management of chronic sinusitis 77
psoriasis 100

IL-10 therapy 249
pulmonary fibrosis, association with ABPA 40
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quantitative specific IgE estimation, use in risk
assessment 10-13
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recombinant vaccine therapy 221
food allergy 170
recurrence risk, anaphylaxis 184
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acetiologies 3-4
in food allergy 161, 165, 166
rhinitis 47-8
allergen avoidance, benefits 230, 232, 233-4
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in children 60-1
classification 48-9
diagnosis 48-52
in food allergy 161
link with asthma 61

treatment 52,53
allergen immunotherapy 59
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anticholinergics 58
antihistamines 57,203
antileukotrienes 57-8, 205
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corticosteroids 55-6, 200
decongestants 58
level of evidence for different
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nasal douching 55
omalizumab 195
sodium cromoglicate 59
specific allergen immunotherapy 217-18, 219
surgery 60
rhinitis of pregnancy 60
rhinorrhoea 49, 50
effect of ipratropium bromide 58
rhinosinusitis 47, 48, 61-2
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risk factors for allergy 6
ritonavir, use with intranasal corticosteroids 55
rituximab (anti-CD20), in treatment of chronic
urticaria 120
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rubber 132,134
rubber accelerators. avoidance 97
rubber allergy 134, 135
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‘rubber tree’ (Hevea brasiliensis) 132,133
rush protocols, SIT 214
rye grass pollen allergy 21-2

safety, specific allergen immunotherapy 220
saline irrigation, in management of chronic sinusitis 77
salmeterol

harmful effects 24

use during pregnancy 196
Samter’s triad 71
sarcoidosis 51
sartans, avoidance in angio-oedema 115
SCH55700 246-7
seasonal asthma 21-2
seasonal rhinitis

SIT 217,218

see also rhinitis
seasonal variation, fungal airborne counts 37
second-generation antihistamines 202-3
sedative effects, antihistamines 202
self-treatment, anaphylaxis 188-9
semi-rush protocols, SIT 214
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side-effects
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of antileukotrienes 58, 205
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safety 220
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diagnostic significance 7
traditional Chinese medicine, use in food allergy 170
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acute urticaria 117
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venom anaphylaxis, specific allergen
immunotherapy 216
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