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ABSTRACT

Allergy and allergens have been implicated in asthma
and it has historically been assumed that deteriorating
asthma is related to allergen exposure. In the current
pro/con debate some leading academics and research-
ers in the field consider this notion in the light of recent
evidence. They conclude that allergy does not directly
cause exacerbations but suggest that it may contribute
to acute asthma in a different fashion. Possibilities that
are proposed by the authors include specific allergy
phenotypes acting as risk factors for virus-associated
exacerbations or alternatively that allergy may be
implicated in the blunted innate immune responses
detected in asthma.

Key words: acute asthma, allergy, asthma exacerbation,
respiratory virus, rhinovirus.

INTRODUCTION
Phil Bardin

The history of asthma exacerbations provides a salu-
tary lesson of how established dogmas can hold sway
for extended periods and prevent generation of new
ideas. Allergy and allergens have been implicated in
asthma for most of the previous century and a logical
assumption was that deteriorating asthma must be
related to increased allergen exposure.' This idea was
upheld in spite of patients presenting with acute
severe asthma experiencing (and reporting to their
doctor) preceding symptoms of a ‘cold’ that was then
followed by symptoms of asthma instability within a
few days. However, in the 1990s a landmark study was
conducted in Southampton, UK that finally provided
unequivocal and persuasive evidence that ‘allergy’ is
not the principal cause of exacerbations.®> This
advance was largely attributable to the use of novel (at
that time) PCR techniques. Numerous subsequent
studies have confirmed these findings and today it is
widely acknowledged that upper respiratory virus
infections are the likely cause of most asthma
exacerbations*—but where does this leave allergy? We
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Figure 1 Allergen sensitization, high-level exposure to sensitizing allergen and respiratory virus infection synergisti-
cally increase the risk of in hospital admission with acute asthma both among adults and among children. (Redrawn
based on the data from Green et al."® and Murray et al."” with permission.)

invited two highly respected academics and research-
ers to review and debate this question.

PRO

Adnan Custovic and Angela Simpson
Allergy and asthma exacerbations

A series of epidemiological studies have suggested
that atopic sensitization is the strongest risk factor for
asthma,® which led to the notion that asthma is an
allergic disease. In addition, several studies have
demonstrated an increase in emergency room visits
and hospital admissions with acute asthma attacks in
children who are sensitized and exposed to high level
of sensitizing allergen in their homes,® and the asso-
ciation of allergen sensitization and high allergen
exposure with the markers of asthma severity in chil-
dren’ and adults,*'® emphasizing the importance of
‘allergy’ in asthma exacerbations. However, there is a
considerable variability in the strength of the relation-
ship between ‘atopy’ and ‘asthma’ in different parts of
the world (e.g. the fraction of wheeze that is attribut-
able to atopy ranges from 0% in Turkey to 94% in
China''). One of the reviews of epidemiological evi-
dence indicated that the proportion of asthma cases
attributable to allergy may be overestimated, and that
aetiological mechanisms other than allergy may be
important in the causation of asthma.'? For example,
numerous studies have reported a strong association
of asthma exacerbations with viral infection, and
have suggested the mechanisms of virus-induced
exacerbations.>'*'* These data indicated that virus
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infection, rather than allergy is a major determinant
of asthma exacerbations.

Viruses and allergy: is there an interaction?

We would argue that rather than being mutually
exclusive, viruses and allergy may interact in increas-
ing the risk of exacerbation of asthma. We have dem-
onstrated a synergistic effect of allergen sensitization,
high-level exposure to sensitizing allergen and respi-
ratory virus infection in increasing the risk of severe
asthma exacerbations resulting in hospital admis-
sion, both among adults’® and among children"”
(Fig. 1). These data suggested that neither of these risk
factors per se (e.g. allergen sensitization, high allergen
exposure or respiratory virus infection) increase the
risk of exacerbation, but there may be a combined
effect of natural virus infection and real life allergen
exposure in allergic asthmatics in inducing asthma
exacerbations.'”"® Recent studies have provided
further evidence on the interplay between allergy and
infection by demonstrating a relationship between
bacterial-specific IgE and asthma susceptibility
among teenagers, suggesting a role for bacterial-
specific type-2 immunity in disease pathogenesis."

What do we mean by the terms ‘asthma’,
‘atopy’ and ‘allergy’?

Critical to the argument about the relationship
between allergy and asthma exacerbation is our
understanding of the diagnostic labels of ‘asthma,
‘atopy’ and ‘allergy’. One of the difficulties when trying
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to decipher factors underlying asthma exacerbations
is that asthma is not a single disease entity, but a col-
lection of diseases presenting as a single syndrome or
collection of symptoms.** Thus, asthma symptoms
and exacerbations may be considered a ‘final
common pathway’ of expression of several diseases
with distinct aetiologies, environmental triggers and
genetic associates. Most studies investigating risk
factors for asthma exacerbations define atopy as a
positive allergen-specific serum IgE or skin test to any
common food or inhalant allergen. However, when
positive, these tests indicate only the presence of
allergen-specific IgE, either in serum or bound to
the membrane of mast cells in the skin; a sizeable
proportion of individuals with positive tests have no
evidence of allergic disease. We propose that the pres-
ence of a positive ‘allergy test’ (either serum-specific
IgE or skin test) should not be considered a sole
marker of ‘atopy’ or ‘allergy’ associated with exacer-
bation of asthma. We have demonstrated that atopy is
not a simple yes/no phenomenon in relation to
asthma onset and progression, and that the level of
specific IgE antibodies offers more information than
just the presence of IgE.** It is now recognized that
among young wheezy children, quantification of
allergen-specific serum IgE may help identify those
who are at high risk of subsequent development of
persistent asthma.* We have also shown that the level
of IgE antibodies to inhalant allergens is associated
with an increased risk of asthma hospitalization in
childhood, with quantification of specific IgE to
common inhalant allergens giving much more accu-
rate prediction of exacerbation than using arbitrary
cut-offs of serum IgE to define ‘atopy’.? In addition,
we observed a strong and highly significant interac-
tion between IgE concentration and respiratory virus
infection in increasing the risk of exacerbation
(Fig. 2).26

At this point, we would like to propose that one of
the reasons for the inconsistency of the findings on
the association between allergy and asthma exacerba-
tion is due to phenotypic heterogeneity, and that
current diagnostic label of ‘atopy’ encompasses many
different phenotypes, which differ in their association
with asthma exacerbation.

In this conceptual framework, detectable serum IgE
or positive skin tests do not define atopy, but should
be viewed only as intermediate phenotypes of a true
allergic vulnerability.

To test this hypothesis, we applied a machine learn-
ing approach (Bayesian inference for unsupervised
clustering) to the rich dataset from an unselected
birth cohort study (Manchester Asthma and Allergy
Study); all available skin test and serum IgE data col-
lected from birth to age 8 years were used to cluster
the children into different sensitization classes, taking
into account the timing and pattern of sensitization.?’
The unsupervised learning algorithm automatically
discovered the latent structure and identified a five-
class model, which best captured the underlying
structure of the data. Most of children classified as
‘atopic’ (or ‘allergic’) using convention definitions
were clustered into four distinct sensitization
classes.?” Based on their characteristics, we named
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Figure 2 Interaction between the level of specific serum

IgE to common inhalant allergens and respiratory virus
infection in increasing the risk of asthma exacerbation.
Fitted predicted probability curve (and 95% Cl) for hospi-
tal admission at given IgE antibody concentrations (sum
of mite, cat and dog specific IgE) alone (blue line) and
with virus detected (red line) derived from multivariate
logistic regression analysis. (From Murray et al.?® with
permission.)

them as multiple early, multiple late, predominantly
house dust mite and predominantly pollen.?” Multiple
early class comprised 11% of the whole population,
and only approximately a quarter of the children
assigned as ‘atopic’ using conventional criteria. We
then investigated the association between these
classes and asthma exacerbations. A risk of hospital
admission with acute asthma attack was highly and
significantly increased only among children in the
multiple early class, but not among those in any of the
other atopy classes (hazard ratio 9.2; Fig. 3). This sug-
gests that ‘atopy’ or ‘allergy’ is not a single phenotype,
but a sum of many latent atopic vulnerabilities, only
one of which (comprising approximately a quarter
of children whom we consider to be allergic using
standard diagnostic criteria) is associated with the
development and exacerbation of asthma.”

Conclusions

Asthma is a syndrome characterized by symptoms,
which wax and wane throughout life, which are het-
erogeneous in the age of onset, severity and response
to treatment. It is not a single disease, but a sum of
many asthmas. Similarly, atopy is not a single pheno-
type, but a sum of many atopies (Fig. 4). So, is allergy
an important factor in asthma exacerbation? Clearly,
in some ‘asthmas’ symptoms are exacerbated pre-
dominantly due to one of the ‘allergies’. In other
‘asthmas’, none of the ‘allergies’ is important, and
some ‘allergies’ are not associated with any of the
‘asthmas’ (or may even be protective). Unless we
define all asthma and atopy-related phenotypes with
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Figure 3 Significant increase in the risk of hospital
admission with acute asthma attack only among children
in the multiple early class, but not among those in any of
the other atopy classes. Clusters: ( ) no latent atopic
vulnerability; ( ) atopic vulnerability, not dust mite;
( ) atopic vulnerability, dust mite; (=) atopic vulner-
ability, multiple late; (——) atopic vulnerability, multiple
early. Kaplan—-Meier estimates of cumulative risk of hos-
pital admission with wheeze/asthma during the first
8 years among children who had a hospital admission
after age 3 years stratified on a five-class model. (From
Simpson et al.?’ with permission.)

ASTHMA = 2 ASTHMA,

ATOPY = 2 ATOPY,

Figure 4 Asthma is not a single disease, but a sum of
many asthmas. Atopy is not a single phenotype, but a
sum of many atopies.

much more precision, it will not be possible to accu-
rately identify true risk factors, as any signal will be
constantly diluted by phenotypic heterogeneity.

CON
Peter Le Souéf

A common error in medical science is to assume that
a factor associated with a disease is causal. This now
appears to be the case for allergy and asthma, as over
the last 20 years or so, evidence has accumulated that
allergy may not be as important as once thought in
asthma. There is also now strong evidence to support
the argument that allergy is not important in asthma
exacerbations. The key points related to these
changes in view are summarized in Table 1.
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Table 1 Key points of the relationship between respira-
tory viruses, asthma exacerbations and allergy

1 Respiratory virus infections cause the majority of asthma
exacerbations.

2 Asthmatics’ immune systems have impaired function
related to protection from viral infection.

3 Allergy is associated with deficits in T helper 1 (Th1) and
innate immune responses.

4 The Th2 immune responses that underpin allergy do not
appear to be important in protection from viral infection.

5 Allergy may therefore more correctly be seen as a
marker for the more important immune system deficits
that allow viruses to produce exacerbations.

1. Respiratory virus infections cause the majority
of asthma exacerbations.

At all ages from infancy through childhood to adult-
hood and old age, virus infections are the most
common cause of significant wheezing exacerba-
tions. In infancy, human rhinovirus (HRV) is the most
common cause of wheezing exacerbations in children
in the community?* Viral respiratory infections
account for 80%-85% of asthma exacerbations in chil-
dren® and 75%-80% in adults® and of these, in both
children and adults, HRV is responsible for around
60%.3" A similar picture is also seen in older adults
with COPD; over 50% of exacerbations are due to res-
piratory viruses,* mostly HRV.*

2. Asthmatics have impaired T helper 1 (Thl) and
innate immune responses.

Many studies have now shown that the immune
responses that are related to protection from viral
infection are impaired in asthmatics. In particular,
interferon (IFN) responses are reduced in asthmatics.
These are likely to be reduced from birth, as infants
destined to become atopic by 6 years of age have
reduced IFNy responses from stimulated cord blood
mononuclear cells.*** In children of smokers, periph-
eral blood mononuclear cell (PBMC) IFNy responses
were reduced compared with non-smokers*® and
parental smoking is a recognized risk factor for
asthma. Asthmatic adults infected with RV16 show
impaired IFNA responses from PBMC." Bronchial
epithelial cells from adult asthmatics also show
impaired release of IFNf} compared with healthy con-
trols.*” Interferon regulatory factor-1 is critical for IFN
expression and polymorphisms that alter gene
expression in vivo and protein expression ex vivo have
recently been described and implicated in the
impaired IFN responses in asthmatics.”® Impairment
of IFN responses is likely to make asthmatics espe-
cially vulnerable to infection with respiratory viruses.
Supporting this view, symptoms from HRV infection
were prolonged in asthmatics versus controls.*
Hence, the evidence that Thl and innate immunity is
significantly impaired in asthmatics is substantial and
this is likely to be the reason that asthmatics are par-
ticularly prone to problems when infected with a res-
piratory virus.

© 2010 The Authors
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3. Allergy is associated with deficits in Thl and
innate immune responses.

Although allergy is characterized by enhanced Th2
immune responses, many studies have reported that
subjects with allergy also have impaired Thl and
innate immune responses. As noted above, newborn
infants destined to become atopic by 6 years of age
have reduced IFNy responses.*** Reduced IFNy pro-
duction by cord blood mononuclear cells in new-
borns has also been shown to be associated with cord
blood allergen-specific IgE.*’ Interestingly, this asso-
ciation is also seen in children with pro-Th2 geno-
types. In infants whose parents smoked, specific IgG
to both diphtheria and tetanus vaccine antigens was
found to be reduced in those with pro-Th2 alleles in
the genes for IL-4, IL-4 receptor (IL-4R) IL-4Ro. and
IL-13, and PBMC responses to tetanus toxoid were
reduced for IFNy and IL-13 for infants with a pro-Th2
IL-4Ro. genotype.** A similar finding was made in
older children, who showed impaired specific IgG
production to pneumococcal vaccine components
for the pro-Th2 alleles in the genes for CD14, IL-4,
IL-4Ro and IL-13.%*** Why this relationship between
enhanced Th2 and impaired Th1 and innate immune
responses exists is unclear, as it does not appear to fit
with an obvious advantage to survival. However, the
existence of this relationship is clearly important in
asthma, as children and adults with atopy are also
likely to have a reduced ability to protect themselves
from many different infective agents, especially respi-
ratory viruses.

4. Enhanced Th2 immune responses that under-
pin allergy are not involved in protection from viral
infection.

On current evidence, there is no reason to expect that
Th2 immune responses have a role to play in protec-
tion from viral infection. On the other hand, viral
infections may be important in promoting enhanced
Th2 responses. For example, IgE levels are acutely
increased in children at the time of an asthma exac-
erbation,* but in the period following the acute
attack, antibacterial IgE levels increased and IgE
levels to house dust mite antigens were reduced.®
These findings are not easy to interpret, but they do
demonstrate that infection with respiratory viruses
induces substantial changes in IgE responses and this
raises the possibility that repeated virus infections
may be responsible for some of the enhanced Th2
responses that characterize atopics. Indeed, this may
be the explanation for the finding of an association
between allergen exposure, IgE responses and acute
asthma exacerbations.*

5. Allergy is a marker for the more important
immune system deficits that allow viruses to
produce exacerbations.

From the evidence presented above, the argument
that allergy is important for acute asthma exacerba-
tions would be difficult to sustain. Clearly, there are
other abnormalities of immune system responses
that have a much more plausible role in asthma exac-
erbations. An important research question arising
from these observations is why there is such a strong
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relationship between enhanced Th2 and impaired
Th1 and innate immune responses. Finally, increasing
evidence suggests that viruses may enhance atopic
responses.

DISCUSSION
Phil Bardin

We provided a nuanced question for debate by our
experts. Clearly the issue of whether allergy causes
exacerbations is no longer contested and this is
acknowledged by both experts. However, the contri-
bution of allergy to asthma exacerbation is the key
issue and this is ably reviewed by the contributors.

Custovic and Simpson argue that asthma and
allergy are not single entities, but rather conditions
representing a number of phenotypes. The possible
effect of allergy in asthma exacerbation may therefore
be diluted by other allergy phenotypes that are either
neutral or even protective. The authors cite recent
information and suggest that a pattern of multiple
antigens and early sensitization can increase risk of
hospitalization during acute asthma.?® This approach
will help to further refine the concept of synergism
between allergen and virus and hospital admissions
that has been reported."”

Le Souéf acknowledges a role for allergy in asthma
exacerbation—however, not along lines of ‘tradi-
tional’ allergy pathways. He argues that allergy is
accompanied by flawed innate immune responses
and that these link allergy with exacerbations. Indeed,
he suggests that allergy may be a marker for immune
deficits that permit more severe virus-associated
exacerbations.

Recent evidence that asthma is a condition of
chronic ‘wounding’ has meant that many physicians
and researchers have discarded old Th1/2 paradigms
and accepted that allergy has an association with
asthma, but one that is not causative.*®*’ In this new
model of ongoing tissue damage and repair, the
underlying disease process can reduce the ability of
the host to withstand virus infection by numerous
mechanisms. For example, overexpression of the
transforming growth factor family may be critical in
the context of chronic wound healing and repair. One
molecule in this group, transforming growth factor-§
supports wound healing but also has profound
immune-suppressive actions that will impact on the
severity of virus (rhinovirus) infections.” Other
abnormalities such as epithelial damage and loss may
also impair host resistance.

In many asthmatics experiencing severe exacerba-
tions there is no detectable evidence of pre-existing
allergy. It therefore seems likely that in these patients
other virus-host interactions largely determine
whether infection will occur, how severe it will be,
which complications will come about and how the
infection is resolved. New studies linking rhinovirus
group C with more severe acute asthma events**
suggest that virulence of the invading organism may
be the cardinal determinant of outcome in many
exacerbations. It is encouraging that research that has
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fostered a greater fundamental understanding of
viruses, especially rhinovirus, causing asthma exacer-
bations has recently gained momentum.” It may
provide the foundational knowledge required to
design and test vaccination strategies for respiratory
viruses such as rhinovirus.

Both contributors provide robust arguments to
support their views. Evidence abounds that asthma is
phenotypically diverse and the same may be true of
allergy. Moreover, several studies have supported a
role for allergy (in the traditional sense) to contribute
to both severity and duration of exacerbations.*
Further refinement of the allergy phenotype has
potential to clarify this association even better. More
controversially, allergy may be associated with or even
cause the blunted innate immune responses postu-
lated in asthma. On the other hand, appreciable syn-
ergism between allergen, virus infection and hospital
admissions may reflect association rather than causa-
tion. Our debate has framed key questions for future
research. These have the potential to unlock strategies
that will lessen the impact of virus infections in aller-
gic asthma.
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