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The major morbidity, mortality and
health care costs associated with asthma
are related to exacerbations. In order to
reduce this massive healthcare burden, the
prevention and treatment of exacerba-
tions needs to be a greater focus for
research. The following review is based
on the presentations made at the first
International Congress on Exacerbations
of Airway Disease and summarises the
current state of research on acute exacer-
bations of asthma.

The lack of a universally accepted
definition for an exacerbation of asthma
creates difficulties for interpretation of
clinical research and trial results.
Recently, an ERS/ATS task force
addressed this, and to encourage unifor-
mity defined moderate and severe exacer-
bations based on the actions of the
patient and physician rather than symp-
toms (unpublished information). These
definitions are a step forward for trial
design and interpretation but it is
acknowledged that no single definition
will fit all clinical research needs.

EXACERBATION AETIOLOGY
Approximately 80% of asthma exacerba-
tions are associated with respiratory viral
infections, and rhinoviruses (RV) are
responsible for about two-thirds of these.1

Despite the importance of viral infections,
a combination of interacting factors is
likely to be involved. A synergistic inter-
action between allergen sensitisation,
allergen exposure and virus infection has
been detected in adult patients with
asthma during acute exacerbations.
Sensitised, exposed and infected patients
had a significantly increased risk of

admission for exacerbations.2 An even
greater interaction exists in children.3

The role of RV in exacerbations has
been investigated in a human experimen-
tal model in patients with mild asthma.
During acute infection, patients with
asthma had increased lower respiratory
tract symptoms, falls in lung function and
increases in bronchial hyperresponsive-
ness compared with those without
asthma. Virus load correlated strongly
with asthma symptoms and hyperrespon-
siveness, implicating severity of infection
as the main determinant of exacerbation
severity (data submitted for publication).
Interferon b production in response to RV
is known to be reduced in patients with
asthma.4 In this model, deficiencies of a
new class of interferons, type III/l inter-
ferons, was reported and this was related
to clinical outcome.5

Investigation into mechanisms of
exacerbations has been boosted by the
recent development of a small animal
model of rhinovirus infection.6 This pro-
vides an important tool to investigate
mechanisms of exacerbations and for
testing new treatments. Another alterna-
tive for studying exacerbations is the
human allergen inhalation challenge
model. This induces an allergic asthmatic
exacerbation by inhalation of allergens
directly into the airway, used to date in
over 450 individuals with mild allergic
asthma.7

Although viral infections are associated
with the great majority of exacerbations,
there is increasing evidence that atypical
bacterial infections, such as Chlamydophila
pneumoniae, may also be important. There
is a relationship between C pneumoniae
specific IgA and exacerbation frequency,8

and in one study 38% of adults attending
the emergency room with an asthma
exacerbation had an increase in C pneu-
moniae antibody levels.9

The TELICAST trial was a double
blind, placebo controlled study which
randomised adults with asthma exacerba-
tions to the ketolide antibiotic telithro-
mycin or placebo.10 A significantly greater
improvement in asthma symptoms and
lung function from exacerbation to end of

treatment was seen in the telithromycin
group. This treatment effect may be the
result of treating atypical infection and/or
anti-inflammatory properties of telithro-
mycin. Further studies are required to see
whether there are similar benefits with
related macrolide antibiotics.

PREDICTING AND PREVENTING
EXACERBATIONS
The ability to predict an exacerbation or
identify patients with asthma at risk
would be clinically useful.

Exacerbations in children and young
adults peak in September; this is repro-
duced in multiple northern hemisphere
countries, is earliest in 6 year old and is
related to school return. In children
investigated during the peak, 62% of cases
and 41% of controls had evidence of viral
infection, predominantly RV (84%), high-
lighting viral aetiology as important.11

In a US study, the risk of hospitalisa-
tion was increased if a patient had been
hospitalised previously, was African
American or Hispanic, had a low house-
hold income or was exposed to tobacco
smoke. African American and Hispanic
patients with asthma were also at risk for
increased mortality as were older patients,
those with worse lung function and those
exposed to tobacco smoke.12

Detecting signs of an exacerbation early
would enable administration of treatment
and ideally prevent it from occurring.
Monitoring sputum eosinophils is a theor-
etical possibility for early detection; when
used to guide anti-inflammatory treat-
ment, this strategy increased time to
exacerbation and decreased total exacer-
bation number. Exhaled nitric oxide
(eNO), a surrogate marker for eosinophil-
lic inflammation, has also been investi-
gated in the context of predicting
exacerbations. Patients with asthma that
had inhaled corticosteroid (ICS) treat-
ment withdrawn were followed-up until
an exacerbation occurred. eNO measure-
ments were made regularly until this
point and were raised both at exacerba-
tion and 1 week previously.13

Peak flow (PEF) measurements have
traditionally been used to predict an
exacerbation. However, PEF drops occur
almost simultaneously with exacerbation
onset. The utility of PEF for predicting
poor asthma control has been advanced
by subjecting multiple PEF measurements
to fluctuation analysis. Using this it is
possible to predict the risk to the indivi-
dual of exacerbation in the subsequent
month.14 15 However, despite using the
term exacerbation, in reality this method
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predicts ‘‘loss of control’’ or ‘‘PEF instabil-
ity’’ rather than an acute exacerbation.

PATHOGENESIS
Expiratory flow limitation during an
exacerbation is secondary to a combina-
tion of bronchospasm, airway inflamma-
tion and increased mucus inspissation.
Acute dynamic pulmonary hyperinflation
occurs because of air trapping which, if
sustained, weakens and overloads the
inspiratory muscles and compromises gas
exchange.

Significant pulmonary hyperinflation is
present even with relatively mild broncho-
constriction during methacholine challenge
in patients with asthma and contributes to
perceived respiratory difficulty.16

The cellular mechanisms of exacerba-
tions have been investigated mainly by
sputum sample analysis. Quantitative
sputum cell counts provide the most
comprehensive, specific and discrimina-
tive information. In stable asthma the
majority have normal sputum cell differ-
entials, with only 10% having predomi-
nantly eosinophilic or neutrophilic
sputum. During an exacerbation, only
15% are normal with 35% eosinophilic,
25% neutrophilic and 10% having a mixed
eosinophilic and neutrophilic picture. The
rest were unclassifiable or unsuitable for
analysis. Interestingly, in 50% of indivi-
duals, successive exacerbations had differ-
ent types of inflammation.17

Sputum cell counts were used in a
controlled trial of patients with asthma
randomised to therapy adjusted according
to guidelines or to sputum results.
Patients with sputum based treatment
had significantly fewer exacerbations, the
largest reduction being in eosinophilic
exacerbations. Time to first exacerbation
was prolonged, lower total amounts of
ICS and long acting beta agonists were
needed and treatment costs were lower.17

The main cellular inflammatory
response to virus induced exacerbations
is neutrophilic. In naturally occurring
colds, patients with asthma have an
increased proportion and absolute number
of neutrophils, associated with high levels
of the neutrophil chemoattractant inter-
leukin 8, and levels strongly correlate with
sputum neutrophils.18 Eosinophils are also
thought to be involved in virus induced
asthma as eosinophil cationic protein
levels are also raised.

There is currently great interest in using
biomarkers to monitor asthma control
with the aim of reducing exacerbation
frequency. eNO is quick and easy to
perform compared with monitoring
airway hyperresponsiveness or sputum

eosinophils. Previous studies using eNO
to adjust asthma therapy have reported a
marginal decrease in exacerbations, and a
recent study reported that eNO monitor-
ing allowed a substantial decrease in
inhaled corticosteroids with no increase,
and possibly a decrease, in exacerbation
frequency.19

CURRENT TREATMENTS
How good are current treatments in
preventing exacerbations? The FACET
study demonstrated that the combination
of long acting beta agonists and ICS
reduced exacerbations, especially severe
exacerbations, in comparison with ICS
alone.20 In the START study, ICS
decreased exacerbations by 25% in newly
diagnosed patients with mild asthma, and
patients had fewer courses of systemic
corticosteroids and more symptom free
days than with placebo.21

Treating exacerbations was also the
aim of the Paediatric Asthma Controller
Trial (PACT). Three types of controller
medication were investigated: low dose
ICS, fluticasone with salmeterol (PACT
combination) or oral montelukast, with
more exacerbations in those on the oral
leukotriene antagonist and less on ICS.22

Leukotriene receptor antagonists also
prevent exacerbations; zafirlukast reduced
exacerbation frequency in adults with
mild asthma23 and montelukast added to
usual therapy in children during the
September peak.24

Anti-IgE treatment decreased exacerba-
tion frequency, impacting both the num-
ber of subjects who developed
exacerbations and duration of exacerba-
tion.25

The strategy of using formoterol/bude-
sonide as both preventer and reliever has
also been shown to reduce exacerbations,
resulting in prolonged time to first,
second and third exacerbation, improved
symptoms and a reduced severe exacerba-
tion rate.26 27 An as required combination
of beclomethasone/albuterol also reduced
total steroid use and number of exacerba-
tions.28

FUTURE TREATMENTS
More therapeutic options are needed as
these clinical trials show that current
treatments can prevent, at best, 50% of
exacerbations and this figure may be
lower in patients not enrolled in clinical
trials.29 Better therapies are particularly
required for exacerbations that are pre-
dominantly neutrophilic or associated
with viruses.

Vaccination for RV is not feasible
because of the large number of serotypes
and no licensed new antiviral therapy is
available.

Modulation of the host response to
virus infection is a potential approach to
therapy that would have the advantage of
modifying all virus associated exacerba-
tions. The interferon deficiencies observed
in asthma4 5 indicate interferons could be
developed as a therapy.

Novel anti-inflammatory treatments
are another area of interest. Macrolides
have anti-inflammatory effects; in vitro
erythromycin reduces interleukin 8,
tumour necrosis factor a, interleukin 6
and interleukin 1b, and the related keto-
lide antibiotic has clinical efficacy in the
treatment of exacerbations in adults.10

Similar trials with macrolides are now
needed.

FUTURE DIRECTIONS
Virus infections are critically important in
exacerbations of asthma, and interactions
between viruses, other pathogens and
allergen exposure need further study.
Research should also address the role of
susceptibility factors such as deficient
interferon responses, the roles of oxidative
stress, transcription factors and signalling
pathways, and the importance of differ-
ent genetic backgrounds.

There is potential in the future to
define different exacerbation phenotypes
based on pathological findings which will
influence the design of future clinical
trials; however, this is complicated
because the inflammatory profile fre-
quently changes in individual patients
during subsequent exacerbations.

Future research needs to have a greater
focus on the prevention and treatment of
exacerbations before the morbidity, mor-
tality and healthcare costs can be reduced.
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