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How Viral Infections Cause
Exacerbation of Airway Diseases*
Patrick Mallia, MD; and Sebastian L. Johnston, MD, PhD

Exacerbations of asthma and COPD are major causes of morbidity, mortality, and health-care
costs. Over the last decade, studies using new molecular diagnostic techniques have established
that respiratory viruses are a major cause of exacerbations of both asthma and COPD. The most
prevalent viruses detected during exacerbations are the rhinoviruses. Despite the burden of
disease associated with exacerbations, little is known about the mechanisms of virus-induced
exacerbations of airway diseases. Exacerbations are associated with increased airway inflamma-
tion in patients with both asthma and COPD, but many questions remain unanswered regarding
the key inflammatory cells and mediators involved. Identifying the key inflammatory mediators
involved in exacerbations holds the promise of developing diagnostic and prognostic markers of
exacerbation. In addition, such studies can identify new therapeutic targets for the development
of novel drugs for the prevention and treatment of exacerbations.

(CHEST 2006; 130:1203–1210)
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M uch of the morbidity, mortality, and excess
health-care utilization associated with asthma

and COPD are related to episodes of acute deterio-
ration in health that are termed exacerbations. The
precise definition of an exacerbation remains contro-
versial, but most clinicians recognize an exacerbation
as an increase in respiratory symptoms that usually
causes a patient to seek medical help. Asthma exac-
erbations are associated with shortness of breath,
cough, wheezing, and chest tightness, and are ac-
companied by decreases in expiratory airflow mani-

fested by reductions in peak expiratory flow. COPD
exacerbations are typically associated with shortness
of breath, cough, increased sputum volume, and
sputum purulence, and nonspecific symptoms such
as fatigue and malaise. Changes in measures of
airflow are generally smaller and more variable than
in patients with asthma.1 Acute exacerbations can
result in excess medication use, emergency depart-
ment visits, hospitalization, and even death. They are
the main drivers of asthma-related costs, accounting
for almost 50% of total costs. COPD patients expe-
rience a median of 2.5 exacerbations per year, and
their frequency increases with increased severity of
the disease.2 Exacerbations result in a faster decline
in lung function in patients with COPD and so have
a direct effect on progression of the disease.3

Evidence for Viruses as a Cause of
Exacerbations

Asthma

Asthma exacerbations are associated with several
factors, including allergen exposure, air pollution,
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and stress, but the major cause of exacerbations is
respiratory virus infection. An association between
colds and asthma exacerbations has long been rec-
ognized, but early studies yielded low virus detection
rates of approximately 10%.4 These studies used
virus detection methods that have low sensitivity for
rhinoviruses and coronaviruses, which between them
account for the majority of colds. The optimum
method for virus detection is with polymerase chain
reaction (PCR)-based methods, and studies using
PCR have shown that respiratory viruses are respon-
sible for a much higher proportion of asthma exac-
erbations than was previously suspected. In a study,5
of children in the United Kingdom, viruses were
detected in 80 to 85% of exacerbations; the most
common viruses detected were rhinoviruses (50% of
total exacerbations or 66% in which a virus was
detected). Respiratory viruses have also been de-
tected in a high proportion of more severe exacer-
bations requiring hospitalization. A total of 84% of
children seen in the emergency department in a
South African study6 tested positive for a respiratory
virus, as did 61% of children � 3 years of age who
were admitted to the hospital with wheezing illness
in the United States.7 Viruses have also been impli-
cated in the pathogenesis of asthma exacerbations in
adults. The first study8 using PCR to detect respira-
tory viruses in adults reported a respiratory virus in
44% of exacerbations (60% rhinoviruses). Subse-
quent studies in patients with more severe exacerba-
tions leading to presentation to the emergency de-
partment detected a virus in 76%9 and 78%10 of
cases in two studies from Australia, and in 55% of
cases in a study in the United States.11 The promi-
nent role of rhinovirus in asthma exacerbations has
been further highlighted by a Canadian study12
characterizing an annual September epidemic of
asthma hospitalizations occurring first in school-aged
children followed by preschool children and adults.
Respiratory viruses can act synergistically with other
factors that cause asthma exacerbations. Admission
to the hospital with an acute asthma exacerbation is
strongly associated with the combination of sensiti-
zation and exposure to an allergen, and concurrent
viral infection.13 The presence of high ambient levels
of nitrogen dioxide prior to a viral infection is
associated with more lower respiratory tract symp-
toms and greater falls in peak expiratory flow during
the exacerbation.14

COPD

Factors associated with COPD exacerbations in-
clude changes in air temperature and concentrations
of air pollutants, but most exacerbations are associ-
ated with symptoms of respiratory infection. Histor-

ically, bacteria have been considered the main infec-
tive cause, but their exact role remains contentious
as bacteria are only found in approximately half of
COPD exacerbations and are also found in patients
who are clinically stable. Older studies detected
viruses in only 10 to 20% of exacerbations15; how-
ever, as is the case in asthma patients, more recent
studies using PCR have revealed that viruses have a
more prominent role in the etiology of exacerbations.
In a report16 from the East London COPD cohort, a
respiratory virus was identified in 39% of patients
with exacerbations who were treated as outpatients,
with rhinoviruses accounting for 58% of the viruses
present. Two studies17,18 in COPD patients with
more severe exacerbations requiring hospital admis-
sion detected a respiratory virus in 56%17 and 64%18

of patients. In COPD patients with very severe
exacerbations requiring intubation and mechanical
ventilation, viral infection was identified in 47%.19
Most studies have focused exclusively on bacterial or
viral infection, but a recent study20 that carried out
sampling for both in sputum samples found evidence
of coinfection in 25% of patients with exacerbations.
Together, these studies suggest that as many as 40 to
60% of acute exacerbations of COPD are associated
with respiratory virus infection.

Mechanisms of Virus-Induced
Exacerbations

Despite the epidemiologic evidence linking respi-
ratory virus infection to exacerbations of COPD and
asthma, the cellular and molecular mechanisms by
which viruses cause exacerbations remain undeter-
mined. The underlying pathology of asthma and
COPD differ markedly, and therefore a key question
is whether the mechanisms of virus-induced exacer-
bations in the two diseases are similar or differ. The
answer to this question is of more than academic
interest as current treatments for exacerbations are
inadequate, and new treatments are urgently
needed. Much of our knowledge regarding the
mechanisms of virus-induced asthma exacerbations
is derived from studies using experimental rhinovirus
infection in asthmatic volunteers as a model of
exacerbation. In view of the data available from the
rhinovirus model and its role as the most commonly
identified virus in patients with both asthma and
COPD, this review will focus mainly on the mecha-
nisms of rhinovirus-induced exacerbations.

Rhinovirus and the Lower Airway

A key issue regarding virus-induced exacerbations
of airway diseases is whether upper respiratory tract
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viruses such as rhinoviruses can also infect the lower
airway. The prevailing view for many years was that
they could not, based on evidence that the optimal
temperature for the growth of rhinoviruses was
33°C. However Papadopoulos et al21 demonstrated
that rhinovirus can replicate in the lower airway
epithelium by using in situ hybridization to exclude
sample contamination from the upper airways.
Therefore, viral infection of the lower airway is likely
to occur and to contribute to virus-induced exacer-
bations of asthma and COPD.

The extent of epithelial cell destruction observed
in the airway varies according to virus type. Influenza
typically causes extensive epithelial necrosis, whereas
rhinovirus causes only patchy damage.22 The respi-
ratory epithelium has important regulatory roles and
contributes to the immune response following virus
infection through the production of inflammatory
mediators, cytokines, and chemokines. The disease
syndrome following respiratory virus infection is a
consequence both of the direct harmful effects of the
virus itself and of immunopathology resulting from
the host immune response. This has led to the
concept that rhinovirus infection is at least in part an
immune-mediated disease with proinflammatory cy-
tokines, chemokines, and inflammatory cell products
producing pathology, perhaps more than a direct
cytotoxic effect of the virus.

Virus Infection and Asthma

Inflammatory Mediators

Viral infection in asthmatic patients induces more
lower respiratory tract symptoms and falls in lung
function than that in nonasthmatic patients,23 but the
molecular basis of the greater sensitivity of asthmatic
patients to viral infection remains obscure. In vitro
infection of airway epithelial cells with rhinovirus
induces the secretion of a host of inflammatory
mediators. This also occurs in vivo in both experi-
mental and naturally acquired viral infections. The
neutrophil chemokine interleukin (IL)-8 and the
proinflammatory cytokine IL-6 have been detected
in nasal samples during virus infections in asthmatic
patients.24,25 In the lower respiratory tract, increases
in Il-6, IL-8, and the chemokine regulated on
activation, normal T-cell expressed and secreted
(RANTES) have been documented in the sputum of
asthmatic patients after experimental rhinovirus in-
fection,10,26 and IL-8 has been detected in the
sputum of children with naturally occurring exacer-
bations.27 While it is well-recognized that viral infec-
tion induces proinflammatory mediators, it is unclear
whether the inflammatory response to viral infection
differs quantitatively or qualitatively in asthmatic

patients. One experimental rhinovirus infection
study25 reported increased levels of IL-8 and IL-1�
in nasal lavage samples in asthmatic patients but not
in control subjects; however, another study24 re-
ported no differences in IL-6, IL-8, IL-11, and
granulocyte-monocyte-colony stimulating factor lev-
els in either nasal lavage or sputum samples. A recent
study10 in patients with naturally occurring virus-
associated asthma exacerbations found increased lev-
els of IL-10 messenger RNA in the sputum of
asthmatic patients compared to virus-infected
healthy subjects, but no differences in the level of
RANTES or IL-8 between the two groups. These
conflicting results highlight the need for further
studies evaluating the inflammatory profile (prefer-
ably in the lower airway) in well-characterized pa-
tients during exacerbations. Studies with control
subjects of nonasthmatic patients will help to ascer-
tain whether the inflammatory response in asthmatic
patients differs from that of healthy subjects.

Cellular Response

The production of chemokines by epithelial cells
in response to a viral infection leads to an influx of
leukocytes into the airway. These cells are an essen-
tial part of the innate and adaptive immune re-
sponses but can also result in airway pathology. The
release of inflammatory cell products such as neu-
trophil elastase from neutrophils, major basic protein
and eosinophil cationic protein from eosinophils, and
reactive oxygen species can cause tissue damage. In
stable patients with asthma, the eosinophil and
CD4� T cells have been identified as key cellular
components of the asthma phenotype, but the cellu-
lar response during exacerbations is more heteroge-
neous. Severe asthma exacerbations in children are
associated with increased inflammatory cell numbers
and the presence of both neutrophil and eosinophil
markers in sputum samples.27 Increased levels of
sputum neutrophils have been reported in virus-
associated exacerbations in adults, whereas exacer-
bations in which no virus is detected have a higher
proportion of eosinophils.9 Experimental rhinovirus
infection studies have reported increased numbers of
neutrophils in BAL fluid samples28 but not in spu-
tum samples.26 Few studies have compared the
inflammatory cellular response to viral infection in
asthmatic patients and healthy subjects. Increased
numbers of lymphocytes and eosinophils in bron-
chial biopsy specimens are present after experimen-
tal rhinovirus infection in both asthmatic patients
and healthy subjects29; however, at 6 weeks postin-
fection the eosinophilia persists in the asthmatic
patients only. A study30 of naturally occurring colds
in asthmatic patients and healthy subjects found a

www.chestjournal.org CHEST / 130 / 4 / OCTOBER, 2006 1205



greater total sputum inflammatory cell count and
neutrophil count with a similar differential count in
the asthmatic patients. Therefore, it would seem that
virus-induced exacerbations are at least partially
driven by neutrophilic inflammation, and this may
account for why therapy with inhaled corticosteroids
is effective at suppressing (eosinophilic) airway in-
flammation in stable patients with asthma but are
less successful at preventing exacerbations. New
treatments may need to target neutrophils and neu-
trophil chemokines if virus-induced exacerbations
are to be prevented or ameliorated.

Antiviral Immunity and Asthma

The adaptive immune response in asthma patients
is associated with a T-helper (Th) type 2 cytokine
profile (ie, IL-4, IL-5, and IL-13), whereas adequate
antiviral immune responses require the Th1 cyto-
kines interferon (IFN)-� and IL-12. Th1 and Th2
immune responses demonstrate mutual inhibition;
therefore, within an airway with a preexisting Th2
microenvironment there may be inhibition of Th1
immune responses. There is some clinical evidence
that imbalances in Th1/Th2 immune responses in-
fluence the outcome of viral infections. Peripheral
blood mononuclear cells from asthmatic subjects
exposed to rhinovirus have produced significantly
lower levels of IFN-� and IL-12 with a lower
IFN-�/IL-4 ratio than in nonasthmatic patients.31
Gern et al32 showed an inverse relationship between
the IFN-�/IL-5 ratio in sputum samples and both
the peak cold symptoms and time to virus clearance
from sputum samples in asthmatic patients infected
with rhinovirus, suggesting that a stronger Th1 im-
mune response is associated with less severe colds
and faster viral clearance. There is also evidence that
weak Th1 responses are associated with more severe
disease in infections with another respiratory virus—
respiratory syncytial virus.33 It has been suggested
that this may be another mechanism through which
virus infection can exacerbate a preexisting Th2-
mediated lung disease.

Most immunologic research into asthma has fo-
cused on the role of the adaptive immune response
in disease pathogenesis, but evidence is emerging
suggesting that innate immunity may be impaired in
asthmatic patients. Wark et al34 have shown that
bronchial epithelial cells obtained from asthmatic
patients support markedly increased rhinovirus rep-
lication compared to cells from nonasthmatic pa-
tients. This is accompanied by reduced apoptosis of
epithelial cells in the asthmatic patients and im-
paired production of the antiviral cytokine IFN-�.
Impaired IFN-� production and cell apoptosis result
in greater virus replication, eventually leading to

cytotoxic cell death with the release of inflammatory
mediators and large numbers of intact viral particles.
The administration of IFN-� restores the virus pro-
tection observed in epithelial cells from normal
airways. If confirmed in vivo, it will be interesting to
see whether these novel observations translate into
new therapies aimed at augmenting or replacing
deficient IFN-� production in asthma patients. The
key differences in the innate and acquired antiviral
responses between asthmatic patients and nonasth-
matic patients are summarized in Figure 1.

Other components of the innate immune response
may influence the host response to viral infection
such as Toll-like receptors (TLRs) and defensins.
The TLRs induce antiviral responses such as type I
IFNs, as well as inflammatory cytokine release and
the recruitment of cells required for host defense in
response to microbial products, while defensins are
antimicrobial peptides with multiple effects on both
the innate and acquired immune response. One TLR
(TLR3) is activated by double-stranded RNA that is
formed during viral replication. Rhinovirus induces
the expression of both TLR3 and the defensin
human �-defensin-2 in respiratory epithelial cells. In
addition, TLR3 is up-regulated by allergic airway
inflammation.35–37 Further studies are required to
explore the possible interactions between viral infec-
tion and allergic inflammation in TLR expression
and how this may influence the host response to
respiratory virus infections.

Virus Infection and COPD

COPD is associated with both a pulmonary and
systemic inflammatory response. Studies38 of airway
inflammation in stable patients with COPD have
shown that the disease is characterized by pulmonary
infiltration of macrophages, neutrophils, and CD8�
T lymphocytes, together with increased expression of
cytokines, chemokines, and adhesion molecules.
Much less work has been carried out studying airway
inflammation during exacerbations, and the results
have often been conflicting. Comparing the results
of different studies has often been hampered by the
differing inclusion criteria (eg, chronic bronchitis vs
COPD), different definitions of COPD, and differ-
ent methods of airway sampling.

Inflammatory Mediators

Unlike the Th2 cytokines and eosinophil chemo-
kines that are characteristic of asthma, COPD is
associated with proinflammatory cytokines and neu-
trophil chemokines such as tumor necrosis factor
(TNF)-�, IL-8, growth-related oncogene-�, and leu-
kotriene B4 (LTB4). Airway inflammation is ampli-
fied during exacerbations, and the levels of inflam-
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matory mediators are increased compared to the
stable state. Increased levels of TNF-�,39,40 IL-8,19,39
epithelial-derived neutrophil attractant (ENA)-78,19
LTB4,41 RANTES,42 and endothelin-143 have been
reported during exacerbations. IL-8 is believed to be
a key neutrophil chemokine in COPD, but while
some studies39,42,44 have reported increased IL-8
levels during exacerbations, others have not.43,45 A
study19 using bronchial biopsy specimens in patients
with a severe exacerbation of COPD reported posi-
tive correlations between neutrophils and cells pos-
itive for both IL-8 and ENA-78, but the dominant
CXC chemoattractant was ENA-78. Exacerbations
are associated with the activation of the transcription
factor nuclear factor (NF)-�B in macrophages in
induced sputum samples.46 The activation of NF-�B
by rhinovirus has been demonstrated in vitro and
may be one mechanism whereby respiratory viruses
up-regulate proinflammatory mediators in the air-
ways, although it is not known whether rhinoviruses
infect macrophages.47 Through their chemotactic
effect on neutrophils (ie, IL-8, ENA-78, and LTB4),
lymphocytes and monocytes (ie, RANTES) and the
up-regulation of adhesion molecules (ie, TNF-�),
these mediators may be central components of the
increased inflammation that is characteristic of exac-
erbations (Fig 2).

Available data regarding the role of exacerbation
etiology on airway inflammation has not determined
whether different etiologies are associated with spe-
cific profiles of inflammatory mediators. A number
of studies40,41,48 have reported that bacterial exacer-
bations are associated with higher levels of sputum
IL-8, TNF-�, and LTB4 than those in which no
bacterial pathogen is isolated. Virus-associated exac-
erbations were associated with higher levels of spu-
tum IL-6 in one study,1 whereas in another study48
rhinovirus was not associated with significant
changes in the levels of sputum inflammatory mark-
ers. Others have reported39 that increases in the
levels of airway inflammatory markers occur inde-
pendently of a demonstrable viral or bacterial infec-
tion.

Cellular Mechanisms

The release of cytokines by airway epithelial cells
after viral infection leads to an influx of inflammatory
cells. These inflammatory cells release products such
as neutrophil elastase and reactive oxygen species
that can cause tissue damage, stimulate mucus pro-
duction, and further stimulate cytokine production.
However, not all studies of the cellular inflammatory
response in COPD exacerbations have had consis-

Figure 1. Mechanisms of virus-induced asthma exacerbations. In the normal airway epithelial cells,
viral infection induces the production of IFN-�, which in turn induces apoptosis in virus-infected cells
and limits virus replication. This is followed by an adaptive immune response characterized by Th1 cells
that produce IFN-� and IL-12, leading to a strong antiviral response, rapid clearance of the virus, and
minimal inflammation. In asthmatic patients, both innate and adaptive antiviral immunity may be
impaired, resulting in cell necrosis and the release of inflammatory mediators and virus. The increased
viral load and levels of inflammatory mediators released from necrotic cells result in uncontrolled
airway inflammation and exacerbation.
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tent results. Some studies43,45 measuring inflamma-
tory cell counts in induced sputum samples obtained
during exacerbations have reported no differences in
total cell numbers compared to the stable state,
whereas others have found increases in total leuko-
cyte counts,48 and increased neutrophil, eosinophil,
and lymphocyte counts.42,49 In a study19 of COPD
patients intubated with severe exacerbations, in-
creased numbers of neutrophils were seen in bron-
chial biopsy specimens compared to stable patients
with COPD, but other cell types were not reported.
Only one study20 has attempted to correlate the
patterns of airway inflammation with exacerbation
etiology. In this study,20 the levels of sputum neu-
trophils were elevated during exacerbation regard-
less of etiology, but the levels of eosinophils were
increased only in patients with viral infections. The
variability in the results highlights the need for
further studies in carefully selected populations cou-
pled with the determination of exacerbation etiology.

Therefore, although it is well established that
COPD exacerbations are associated with increased
airway inflammation, there is marked variability in
the nature of the inflammatory response, and the
relationship between airway inflammation and etiol-
ogy has not been established. The identification of

valid biomarkers of exacerbation will allow for a
more objective diagnosis of exacerbations and the
determination of severity. In addition, a marker that
distinguishes between viral and bacterial infection
has the potential for reducing the overuse of antibi-
otics and the targeted use of antiviral agents when
these become available.

Conclusions

Despite the advances made in treatments for both
asthma and COPD, acute exacerbations remain a
major cause of morbidity and mortality. Recent years
have seen the epidemiologic evidence linking viruses
with exacerbations getting ever stronger, and the
stage is now set for progress in identifying important
mechanisms of virus-induced asthma exacerbations.
Viral infection is associated with airways inflamma-
tion, but studies of the cellular and molecular re-
sponse to infection have not shown clear-cut quali-
tative or quantitative differences between asthmatic
patients and nonasthmatic subjects. There are no
studies comparing virus-induced inflammation in
COPD patients with healthy control subjects. The
recent evidence of impaired innate immunity in

Figure 2. Mechanisms of virus-induced COPD exacerbations. Viral infection of epithelial cells leads
to the release of proinflammatory cytokines and chemokines. Chemokines attract inflammatory cells
that release toxic products, stimulating mucus production and leading to tissue damage with possible
long-term loss of lung function. Some mediators such as endothelin-1 have a direct effect in causing
bronchoconstriction and vasoconstriction, resulting in airflow obstruction and impaired gas exchange.
MMP � matrix metalloproteinase; ROS � reactive oxygen species. V/Q � ventilation/perfusion.
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asthmatic patients suggests that this may be a key
mechanism in the pathogenesis of virus-induced
asthma exacerbations. Further work is needed to
identify whether similar mechanisms are involved in
COPD exacerbations. Identifying the key inflamma-
tory mediators involved in exacerbations, as well as
the host defense mechanisms providing protection,
holds the promise of developing new therapeutic
agents and so reducing the burden of disease asso-
ciated with asthma and COPD exacerbations.
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