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Exacerbations*

Etiology and Pathophysiologic
Mechanisms

Jadwiga A. Wedzicha, MD

Some patients with COPD are prone to frequent
exacerbations, which are an important determinant
of health status. Such patients have elevated airway
cytokine levels, suggesting the presence of increased
inflammation that may increase their susceptibility
to exacerbation. The inflammatory response during
a COPD exacerbation is variable, but increases in
interleukin-6 levels during the exacerbation are re-
lated to the presence of a common cold. Rhinovirus
infection is the most important etiologic factor in
COPD exacerbations and is an important target for
preventive therapy. The reduction of COPD exacer-
bations will have an important impact on the consider-
able morbidity and mortality associated with COPD.

(CHEST 2002; 121:136S–141S)
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T here has been considerable interest in the causes and
mechanisms of exacerbations of COPD because such

exacerbations are an important cause of the considerable
morbidity and mortality found in patients with COPD.1
COPD exacerbations increase with increasing disease
severity, and some patients are prone to frequent exacer-
bations, which constitutes an important cause of hospital
admission and readmission, and such exacerbations may
have a considerable impact on quality of life and the
activities of daily living.2 COPD exacerbations also are
associated with considerable physiologic deterioration and
increased airway inflammatory changes3 that are caused by
various factors such as viruses, bacteria, and possibly
common pollutants (Fig 1). COPD exacerbations are more
common in the winter months, and there may be impor-
tant interactions between cold temperatures and exacer-
bations caused by viruses or pollutants.4

Earlier descriptions of COPD exacerbations had con-
centrated mainly on studies of hospital admissions, al-
though most exacerbations are treated in the community
and are not associated with hospital admission. A cohort of
patients with moderate-to-severe COPD was observed in

the East London COPD Study by means of daily diary
cards and peak flow readings, and they were asked to
report exacerbations as soon as possible after symptomatic
onset.2 The diagnosis of COPD exacerbation was based on
criteria modified from those described by Anthonisen and
colleagues,5 which require two symptoms for diagnosis,
one of which must be a major symptom such as increased
dyspnea, sputum volume, or sputum purulence. Minor
exacerbation symptoms included cough, wheeze, sore
throat, nasal discharge, or fever. The study found that
about 50% of exacerbations went unreported to the
research team, despite considerable encouragement, and
were diagnosed only from diary cards, although there were
no differences in major symptoms or physiologic parame-
ters between reported and unreported exacerbations.2
Patients with COPD are accustomed to frequent symptom
changes and, thus, may tend to under-report exacerbations
to physicians. These patients have high levels of anxiety
and depression and may accept their situation.6,7 The
tendency of patients to under-report exacerbations may
explain the total rate of exacerbations (2.7 exacerbations
per patient per year), which is higher than that previously
reported by Anthonisen and coworkers5 (1.1 exacerbations
per patient per year). In the latter study, however, exac-
erbations were unreported and were diagnosed from
patients’ recall of symptoms.

Using the median number of exacerbations as a cutoff
point, COPD patients in the East London Study were
classified as frequent and infrequent exacerbators. Quality-
of-life scores, which were measured using a validated
disease-specific scale (ie, the St. George’s Respiratory
Questionnaire), were significantly worse in all three com-
ponent scores (ie, symptoms, activities, and impacts)
among frequent exacerbators compared to infrequent
exacerbators. This suggests that exacerbation frequency is
an important determinant of health status among patients
with COPD and is thus one of the important outcome
measures of this disease. Factors that are predictive of
frequent exacerbations included daily cough and sputum,
and frequent exacerbations in the previous year. A previ-
ous study8 of acute infective exacerbations of chronic
bronchitis found that one of the factors predicting exac-
erbation was also the number of exacerbations experi-
enced in the previous year. This study, however, was
limited to patients with exacerbations who were present-
ing with purulent sputum, and no physiologic data were
available from the study.

In a further prospective analysis9 of 504 exacerbations
in which daily monitoring was performed, there was some
deterioration in symptoms reported, although there were
no significant peak flow changes. Falls in peak flow and
FEV1 during exacerbations were generally small and were
not useful in predicting exacerbations, but larger falls in
peak flow were associated with symptoms of dyspnea and
the presence of colds, and were related to longer recovery
times from exacerbations. Symptoms of dyspnea, common
colds, sore throat, and cough increased significantly during
the prodromal phase, and this suggests that respiratory
viruses may have early effects during exacerbations. The
median time to recovery of peak flow was 6 days, and the
median time to recovery from symptoms was 7 days. At 35
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days, peak flow had returned to normal in only 75% of
patients who had experienced exacerbations, while at 91
days, 7.1% of patients who had experienced exacerbations
had not returned to baseline levels of lung function.
Recovery was longer in the presence of increased dyspnea
or symptoms of a common cold at exacerbation. The
changes observed in lung function during COPD exacer-
bations were smaller than those observed during asthmatic
exacerbations, although the average duration of an asth-
matic exacerbation was longer (9.6 days).10,11

The reasons for the incomplete recovery of symptoms
and lung function are not clear but may involve inadequate
treatment or the persistence of the causative agent. In-
complete physiologic recovery after an exacerbation could
contribute to the decline in lung function with time among
patients with COPD. However, to date there has been no
evidence reported that patients with incomplete recovery
from their exacerbations have a greater decline in lung
function, and further studies on the natural history of
COPD exacerbations are required. The association of the

symptoms of increased dyspnea and the common cold
during exacerbation with a prolonged recovery suggests
that viral infections may lead to more prolonged exacer-
bations. Because colds are associated with longer exacer-
bations, COPD patients who develop a cold may be prone
to more severe exacerbations and should be considered for
early therapy, at the onset of symptoms.

Airway Inflammation During Exacerbation
Although it often has been assumed that exacerbations

are associated with increased airway inflammation, there
has been little information available on the nature of
inflammatory markers, especially when they have been
studied close to the occurrence of an exacerbation, be-
cause performing bronchial biopsies during an exacerba-
tion is difficult in patients with moderate-to-severe
COPD. The relationship of any airway inflammatory
changes to symptoms and physiologic changes during
exacerbations of COPD is also an important factor to
consider.

In one study,12 in which biopsies were performed
during exacerbations in patients with chronic bronchitis,
increased airway eosinophilia was found, although the
patients studied had only mild COPD. With exacerbations,
there were more modest increases observed in neutro-
phils, T lymphocytes (CD3�), and tumor necrosis factor-
�-positive cells, while there were no changes in the
numbers of CD4� or CD8� T cells, macrophages, or
mast cells. However, the technique of sputum induction
allows the study of these patients during exacerbations,
and it has been shown that it is safe and well-tolerated in
COPD patients.13 The levels of inflammatory cytokines
have been shown to be elevated in induced sputum from
COPD patients when their condition is stable, although
changes during exacerbations had not been studied previ-
ously.14

In a prospectively followed cohort of patients from the
East London COPD Study,3 the presence of inflammatory
markers in induced sputum was related to symptoms and
physiologic parameters both at baseline and during exac-
erbations. There was a relationship between exacerbation
frequency and the level of sputum cytokines, in that there
were increased levels of interleukin (IL)-6 and IL-8 found
in the sputum of patients who had been stable at baseline
who experienced frequent exacerbations compared to
those who experienced infrequent exacerbations (Fig 1),
although there was no relationship between the level of
cytokines and baseline lung function. Sputum cell counts
were not higher at baseline in patients with more frequent
exacerbations, suggesting that the increased cytokine pro-
duction came from the bronchial epithelium in patients
with COPD. As discussed below, exacerbations are trig-
gered by viral infections, especially by rhinovirus, which is
the cause of the common cold. Rhinovirus has been shown
to increase cytokine production in an epithelial cell line,15

and thus, repeated viral infection may lead to the up-
regulation of cytokine airway expression.

During exacerbation, increases were found in the level
of IL-6 in induced sputum, and the levels of IL-6 were
higher when exacerbations were associated with symptoms

Figure 1. Top, A: induced sputum levels of IL-6 in patients who
are categorized as frequent exacerbators (ie, patients who have
experienced three or more exacerbations in the previous year)
and in those patients who are categorized as infrequent exacer-
bators (ie, patients who have experienced two or fewer exacer-
bations in the previous year). Bottom, B: induced sputum levels of
IL-8 in patients with frequent exacerbations and infrequent
exacerbations. Data are expressed as medians (interquartile
range). Reproduced with permission from Bhowmik et al.3
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of the common cold (Fig 2). Experimental rhinovirus
infection has been shown to increase sputum IL-6 levels in
healthy subjects and asthmatic patients.16–18 Rising cell
counts and increasing levels of IL-8, however, were more
variable with exacerbation and did not reach statistical
significance, suggesting marked heterogeneity in the de-
gree of the inflammatory response during an exacerbation.
IL-8 levels during an exacerbation were related to sputum
neutrophil and total cell counts, indicating that neutrophil
recruitment is the major source of airway IL-8 during an
exacerbation. Airway IL-8 level has been shown to in-
crease with the presence of experimental rhinovirus infec-
tion in healthy and asthmatic patients in some studies,17

but not in others.18 However, COPD patients already have
up-regulated airway IL-8 expression when they are stable
due to their high sputum neutrophil load,14 and further
increases in IL-8 levels would be unlikely. COPD exacer-
bations are associated with less pronounced airway inflam-
matory responses than are asthmatic exacerbations,19 and
this may explain the relatively reduced response to corti-
costeroid therapy seen during exacerbations in COPD
patients, compared to responses during exacerbations in
asthma patients.20–26

In the study by Bhowmik and colleagues,3 there was no
increase seen in the eosinophil count during exacerba-
tions, although the patients in that study were sampled
early during the exacerbation, with onset of symptoms.
Compared to the study by Saetta and colleagues,12 in
which patients had mild COPD, the patients had more
severe and irreversible airflow obstruction (FEV1, 39% of
predicted). It is possible, therefore, that the inflammatory
response during an exacerbation is different in nature in
patients with moderate-to-severe COPD than in those
with milder cases of COPD.

Patients were followed-up with daily diary cards in the
study by Bhowmik et al3 and, thus, the inflammatory
markers could be related to exacerbation recovery. There
was no relationship between the degree of inflammatory

cell response with exacerbation and the duration of symp-
toms and the number of lung function changes. The levels
of markers in induced sputum that were obtained 3 to 6
weeks after exacerbations showed no relationship to exac-
erbation changes. Thus, levels of induced sputum markers
during an exacerbation do not predict the subsequent
course of the exacerbation and will not be useful in the
prediction of exacerbation severity.

Etiology of COPD Exacerbation
COPD exacerbations have been associated with a num-

ber of etiologic factors, including respiratory infection and
pollution episodes (Table 1).

Viral Infections

Viral infections are important triggers for COPD exac-
erbations, which are frequently triggered by upper respi-
ratory tract infections. These infections are more common
in the winter months when there are more respiratory viral
infections present in the community. Patients also may be
more prone to exacerbations in the winter months as lung
function in COPD patients has shown small but significant
falls with reduction in outdoor temperature during the
winter months.4

Studies27 of childhood asthma have shown that viruses,
especially rhinovirus (the cause of the common cold) can
be detected by polymerase chain reaction from a large
number of these exacerbations. Rhinovirus has not hith-
erto been considered to be of much significance during
exacerbations of COPD. In a study of 44 patients with
chronic bronchitis performed over 2 years, Scott and
colleagues28 found rhinovirus in 13 of 87 exacerbations
(14.9%) of chronic bronchitis. In a more detailed study of
25 chronic bronchitis patients who experienced 116 exac-
erbations over � 4 years, Gump et al29 found that only
3.4% of exacerbations could be attributed to rhinoviruses.
In a more recent study30 of 35 episodes of COPD
exacerbation using serologic methods and nasal samples

Figure 2. Induced sputum IL-6 levels in the absence and
presence of a natural cold. Data are expressed as medians
(interquartile range). Reproduced with permission from Bhow-
mik et al.3

Table 1—Causes of COPD Exacerbations

Viruses
Rhinovirus (common cold)
Influenza
Parainfluenza
Coronavirus
Adenovirus
Respiratory syncytial virus
C pneumoniae

Bacteria
H influenzae
S pneumoniae
M catarrhalis
Staphylococcus aureus
P aeruginosa

Common pollutants
Nitrogen dioxide
Particulates
Sulphur dioxide
Ozone
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for viral culture, little evidence was found for a rhinovirus
etiology of COPD exacerbation.

Two recent studies31,32 reported that at least one third
of COPD exacerbations were associated with viral infec-
tions, the majority being due to rhinovirus. Viral exacer-
bations were associated with symptomatic colds and pro-
longed recovery.9 However, Seemungal and colleagues32

showed that rhinovirus can be recovered from induced
sputum more frequently than from nasal aspirates during
an exacerbation, suggesting that wild-type rhinovirus can
infect the lower airway and contribute to inflammatory
changes during an exacerbation. They also found that
patients with exacerbations that were associated with the
presence of rhinovirus in induced sputum had larger
increases in airway IL-6 levels,32 suggesting that viruses
increase the severity of airway inflammation during the
exacerbation. This finding is in agreement with the data
that respiratory viruses produce longer and more severe
exacerbations and have a major impact on health-care
utilization.9,32 Other viruses may trigger COPD exacerba-
tions, although coronavirus was associated with only a
small proportion of asthmatic exacerbations and is unlikely
to play a major role in COPD.29,33

There are a number of mechanisms that may be
involved in the association between viruses and exacerba-
tions. The major group of rhinovirus (accounting for 90%
of total rhinovirus types) attaches to the airway epithelium
through the intercellular adhesion molecule (ICAM)-1,
inducing ICAM-1 expression, thereby promoting inflam-
matory cell recruitment and activation, as is seen in
exacerbations.34 The minor rhinovirus group uses mem-
bers of the LDL-receptor family as cell surface receptors,
although ICAM-1 surface expression also may be up-
regulated.34 There is some evidence for the up-regulation
of ICAM-1 in the bronchial mucosa of patients with
chronic bronchitis,35 and ICAM-1 may represent an im-
portant therapeutic target in COPD exacerbations that are
associated with rhinoviruses.

Viral infections have been associated with increased
oxidant stress, which is increased during COPD exacerba-
tions.36 Rhinovirus infection of human respiratory epithe-
lial cells increases the production of reactive oxygen
species and stimulates the activation of nuclear factor-�B,
which is important in the regulation of the IL-8 gene.37 In
patients with experimental rhinovirus infections, nasal
IL-8 levels have been related to common cold symp-
toms.38 Viral infections also can induce the expression of
stress-response genes (eg, heme-oxygenase-1) and genes
encoding antioxidant enzymes (eg, glutathione peroxidase
and Mn-superoxide dismutase),39 and these may be im-
portant in potentiating the effects of the virally mediated
inflammation during a COPD exacerbation. We also have
shown that exacerbations are associated with increased
airway and systemic endothelin-1 levels.40 Endothelin-1 is
an important bronchoconstrictor peptide that has been
found to be proinflammatory and also has been implicated
in the pathogenesis of virally mediated inflammation.41

Sputum endothelin-1 levels increase during COPD exac-
erbations and are related to sputum IL-6 levels. Further
work with specific endothelin receptor antagonists may

provide a new therapeutic option for inflammation asso-
ciated with COPD exacerbations.

Associations have been described between chronic
bronchitis and death from cardiovascular disease.42 Plasma
fibrinogen is an independent risk factor for cardiovascular
disease,43 and we have shown that plasma fibrinogen levels
are increased in COPD patients, thus making them sus-
ceptible to ischemic events.44 During an exacerbation, we
found increased levels of plasma fibrinogen and IL-6,
which stimulate the production of fibrinogen, and these
levels were higher in the presence of viral infections.44

Epidemiologic studies have suggested that infections,
especially those of the respiratory tract, may be involved in
the onset of myocardial infarction and stroke,45 and pa-
tients who have frequent exacerbations with their recur-
rent infections may be particularly susceptible to cardio-
vascular disease.

Bacterial Colonization

Airway bacterial colonization has been found in approx-
imately 30% of COPD patients and has been shown to be
related to the degree of airflow obstruction and current
cigarette smoking status.46 Although bacteria such as
Haemophilus influenzae and Streptococcus pneumoniae
have been associated with COPD exacerbations, some
studies47,48 have shown increasing bacterial counts during
exacerbation, while others have not confirmed this. Soler
and colleagues49 showed that the presence of potentially
pathogenic organisms in BAL fluid from COPD patients
obtained during bronchoscopy was associated with a
greater degree of neutrophilia and higher tumor necrosis
factor-� levels. In a larger study, Hill and colleagues50

showed that the airway bacterial load was related to the
presence of inflammatory markers. They also found that
the type of bacterial species was related to the degree of
inflammation, with Pseudomonas aeruginosa colonization
showing greater myeloperoxidase activity (an indirect
measure of neutrophil activation). Exacerbations associ-
ated with purulent sputum were more likely to produce
positive bacterial cultures than are exacerbations in which
the sputum production was mucoid.51 Sethi and col-
leagues52 have shown that exacerbations associated with
H influenzae and Moraxella catarrhalis are associated with
significantly higher levels of airway inflammatory markers
and neutrophil elastase, compared to pathogen-negative
exacerbations.

Thus, bacterial colonization in patients with COPD may
be an important determinant of airway inflammation, and
further long-term studies are required to discern whether
bacterial colonization predisposes patients to the decline
in lung function that is characteristic of COPD. However,
it is also possible that there may be interactions between
viral and bacterial infections during COPD exacerbations.
Other organisms such as Chlamydia pneumoniae, which
have been associated with asthmatic exacerbation, also
may play a role in COPD exacerbation. Further evaluation
is required.
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Pollution

There has been considerable interest in the effects of air
pollution on COPD exacerbations, especially with respect
to the effects of common pollutants on hospital admis-
sions. COPD patients have been found to have increased
numbers of hospital admissions, suggesting increased
numbers of exacerbations when increasing environmental
pollution occurs. During the December 1991 pollution
episode in the United Kingdom, the COPD mortality rate
increased together with an increase in hospital admissions
among elderly COPD patients.53 Data from a study of air
pollution in six European cities (Air Pollution and Health,
a European Approach project) showed that the relative
risks for COPD hospital admissions due to increases of 50
�g/m3 in the daily mean level of pollutants (with lags from
1 to 3 days) were 1.02 for SO2, NO2, and total suspendable
particles, and 1.04 for ozone.54 An analysis of data from
Birmingham, AL,55 also showed that the inhalation of
particles carried a relative risk of 1.27 for hospital admis-
sions for COPD. Generally, the most convincing relation-
ship for hospital admission due to COPD has been with
the level of particulate pollution. Studies also have shown
relationships with NO2 exposure, and a study from Aus-
tralia has suggested an increase of 4.6% in COPD hospital
admissions with NO2 exposure.56

Although there is considerable epidemiologic data that
increased pollutants are associated with COPD hospital
admissions, the mechanisms involved are largely unknown.
As COPD exacerbations are closely linked to respiratory
infections, the hypothesis that pollutants can increase
susceptibility to viral infections has been proposed. One
study57 investigated the effect of NO2 exposure in a
controlled chamber on the susceptibility to infection with
influenza and found some small increases in effect with
the combination of virus and pollutant. Another study58

investigated the effects of personal exposure to NO2 on
the risk of airflow obstruction in asthmatic children with
respiratory infections. This study suggested that with
higher personal pollutant exposure, there was a greater
risk of an asthmatic exacerbation following a respiratory
infection. Thus, similar mechanisms may be operating in
patients with COPD, and further studies are required on
the association of pollution and infection.

Conclusion
This article has described some important characteris-

tics of COPD exacerbations. Some patients with COPD
are prone to frequent exacerbations, which are an impor-
tant determinant of health status. These patients have
higher airway cytokine levels, suggesting increased airway
inflammation, which could increase patients’ susceptibility
to exacerbations. The inflammatory response during a
COPD exacerbation is variable, but rising levels of IL-6
during exacerbations are related to the presence of a
common cold. Rhinovirus infection is the most important
etiologic factor in COPD exacerbations and is an impor-
tant target for preventive therapy. A reduction in COPD
exacerbations will have an important impact on the con-
siderable morbidity and mortality associated with COPD.

References
1 Fletcher CM, Peto R, Tinker CM, et al. Natural history of

chronic bronchitis and emphysema. Oxford, UK: Oxford
University Press, 1976

2 Seemungal TAR, Donaldson GC, Paul EA, et al. Effect of
exacerbation on quality of life in patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med
1998; 151:1418–1422

3 Bhowmik A, Seemungal TAR, Sapsford RJ, et al. Relation of
sputum inflammatory markers to symptoms and physiological
changes at COPD exacerbations. Thorax 2000; 55:114–200

4 Donaldson GC, Seemungal T, Jeffries DJ, et al. Effect of
environmental temperature on symptoms, lung function and
mortality in COPD patients. Eur Respir J 1999; 13:844–849

5 Anthonisen NR, Manfreda J, Warren CP, et al. Antibiotic
therapy in exacerbations of chronic obstructive pulmonary
disease. Ann Intern Med 1987; 106:196–220

6 Okubadejo AA, Jones PW, Wedzicha JA. Quality of life in
patients with COPD and severe hypoxaemia. Thorax 1996;
51:44–47

7 Okubadejo AA, O’Shea L, Jones PW, et al. Home assessment
of activities of daily living in patients with severe chronic
obstructive pulmonary disease on long-term oxygen therapy.
Eur Respir J 1997; 10:1572–1575

8 Ball P, Harris JM, Lowson D, et al. Acute infective exacer-
bations of chronic bronchitis. QJM 1995; 88:61–68

9 Seemungal TAR, Donaldson GC, Bhowmik A, et al. Time
course and recovery of exacerbations in patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med
2000; 161:608–613

10 Reddel HS, Ware S, Marks G, et al. Differences between
asthma exacerbations and poor asthma control. Lancet 1999;
353:364–369

11 Tattersfield AE, Postma DS, Barnes PJ, et al. Exacerbations
of asthma. Am J Respir Crit Care Med 1999; 160:594–599

12 Saetta M, Di Stefano A, Maestrelli P, et al. Airway eosino-
philia in chronic bronchitis during exacerbations. Am J Respir
Crit Care Med 1994; 150:1646–1652

13 Bhowmik A, Seemungal TAR, Sapsford RJ, et al. Comparison
of spontaneous and induced sputum for investigation of
airway inflammation in chronic obstructive pulmonary dis-
ease. Thorax 1998; 53:953–996

14 Keatings VM, Collins PD, Scott DM, et al. Differences in
interleukin-8 and tumor necrosis factor in induced sputum
from patients with chronic obstructive pulmonary disease and
asthma. Am J Respir Crit Care Med 1996; 153:530–534

15 Subauste MC, Jacoby DB, Richards SM, et al. Infection of a
human respiratory epithelial cell line with rhinovirus: induc-
tion of cytokine release and modulation of susceptibility to
infection by cytokine exposure. J Clin Invest 1995; 96:549–
557

16 Fraenkel DJ, Bardin PG, Sanderson G, et al. Lower airways
inflammation during rhinovirus colds in normal and in asth-
matic subjects. Am J Respir Crit Care Med 1995; 151:879–
886

17 Grunberg K, Smits HH, Timmers MC, et al. Experimental
rhinovirus 16 infection: effects on cell differentials and
soluble markers in sputum of asthmatic subjects. Am J Respir
Crit Care Med 1997; 156:609–616

18 Fleming HE, Little EF, Schnurr D, et al. Rhinovirus-16 colds
in healthy and asthmatic subjects. Am J Respir Crit Care Med
1999; 160:100–108

19 Pizzichini MMM, Pizzichini E, Clelland L, et al. Sputum in
severe exacerbations of asthma: kinetics of inflammatory
indices after prednisone treatment. Am J Respir Crit Care
Med 1997; 155:501–508

140S COPD Symposium: Into the New Millennium



20 Albert RK, Martin TR, Lewis SW. Controlled clinical trial of
methylprednisolone in patients with chronic bronchitis and
acute respiratory insufficiency. Ann Intern Med 1980; 92:
753–758

21 Emerman CL, Connors AF, Lukens TW, et al. A randomized
controlled trial of methylprednisolone in the emergency
treatment of acute exacerbations of COPD. Chest 1989;
95:563–567

22 Bullard MJ, Liaw SJ, Tsai YH, et al. Early corticosteroid use
in acute exacerbations of chronic airflow limitation. Am J
Emerg Med 1996; 14:139–143

23 Murata GH, Gorby MS, Chick TW, et al. Intravenous and
oral corticosteroids for the prevention of relapse after treat-
ment of decompensated COPD. Chest 1990; 98:845–849

24 Thompson WH, Nielson CP, Carvalho P, et al. Controlled
trial of oral prednisolone in outpatients with acute COPD
exacerbation. Am J Respir Crit Care Med 1996; 154:407–412

25 Davies L, Angus RM, Calverley PMA. Oral corticosteroids in
patients admitted to hospital with exacerbations of chronic
obstructive pulmonary disease: a prospective randomised
controlled trial. Lancet 1999; 354:456–460

26 Niewoehner DE, Erbland ML, Deupree RH, et al. Effect of
systemic glucocorticoids on exacerbations of chronic obstruc-
tive pulmonary disease. N Engl J Med 1999; 340:1941–1947

27 Johnston SL, Pattemore PK, Sanderson G, et al. Community
study of the role of viral infections in exacerbations of asthma
in 9–11 year old children. BMJ 1995; 310:1225–1229

28 Scott EJ, Grist NR, Eadie MB. Rhinovirus infections in
chronic bronchitis: isolation of eight possible new rhinovirus
serotypes. J Med Microbiol 1968; 109:109–117

29 Gump DW, Phillips CA, Forsyth BR. Role of infection in
chronic bronchitis. Am Rev Respir Dis 1976; 113:465–473

30 Philit F, Etienne J, Calvet A, et al. Infectious agents associ-
ated with exacerbations of chronic obstructive bronchopneu-
mopathies and asthma attacks. Rev Mal Respir 1992; 9:191–
196

31 Greenberg SB, Allen M, Wilson J, et al. Respiratory viral
infections in adults with and without chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2000; 162:
167–173

32 Seemungal TAR, Harper-Owen R, Bhowmik A, et al. Detec-
tion of rhinovirus in induced sputum at exacerbation of
chronic obstructive pulmonary disease. Eur Respir J 2000;
16:677–683

33 Nicholson KG, Kent J, Ireland DC. Respiratory viruses and
exacerbations of asthma in adults. BMJ 1993; 307:982–986

34 Papi A, Johnston SL. Rhinovirus infection induces expression
of its own receptor ICAM-1 via increased NFkB mediated
transcription. J Biol Chem 1999; 274:9707–9720

35 Di Stefano A, Maestrelli P, Roggeri A, et al. Upregulation of
adhesion molecules in the bronchial mucosa of subjects with
chronic obstructive bronchitis. Am J Respir Crit Care Med
1994; 149:803–810

36 Rahman I, Skwarska E, MacNee W. Attenuation of oxidant/
antioxidant imbalance during treatment of exacerbations of
chronic obstructive pulmonary disease. Thorax 1997; 52:565–
568

37 Biagioli MC, Kaul P, Singh I, et al. The role of oxidative stress
in rhinovirus induced elaboration of IL-8 by respiratory
epithelial cells. Free Radic Biol Med 1999; 26:454–462

38 Turner RB, Weingand KW, Yeh CH, et al. Association
between nasal secretion interleukin-8 concentration and
symptom severity experimental rhinovirus colds. Clin Infect
Dis 1998; 26:840–846

39 Choi AMK, Knobil K, Otterbein SL, et al. Oxidant stress
responses in influenza virus pneumonia: gene expression and

transcription factor activation. Am J Physiol 1996; 271:L383–
L391

40 Roland MA, Bhowmik A, Sapsford RJ, et al. Sputum and
plasma endothelin-1 in exacerbations of chronic obstructive
pulmonary disease. Thorax 2001; 56:30–35

41 Carr MJ, Spalding LJ, Goldie RG, et al. Distribution of
immunoreactive endothelin in the lungs of mice during
respiratory viral infection. Eur Respir J 1998; 11:79–85

42 Jousilahti P, Vartiainen E, Tuomilehto J, et al. Symptoms of
chronic bronchitis and the risk of coronary disease. Lancet
1996; 348:567–572

43 Meade TW, Ruddock V, Stirling Y, et al. Fibrinolytic activity,
clotting factors and long term incidence of ischaemic heart
disease in the Northwick Park Heart Study. Lancet 1993;
324:1076–1079

44 Wedzicha JA, Seemungal TAR, MacCallum PK, et al. Acute
exacerbations of chronic obstructive pulmonary disease are
accompanied by elevations of plasma fibrinogen and serum
IL-6 levels. Thromb Haemost 2000; 84:210–215

45 Meier CR, Jick SS, Derby LE, et al. Acute respiratory tract
infections and risk of first-time acute myocardial infarction.
Lancet 1998; 351:1467–1471

46 Zalacain R, Sobradillo V, Amilibia J, et al. Predisposing factors
to bacterial colonization in chronic obstructive pulmonary
disease. Eur Respir J 1999; 13:343–348

47 Monso E, Rosell A, Bonet G, et al. Risk factors for lower
airway bacterial colonization in chronic bronchitis. Eur Respir
J 1999; 13:338–342

48 Wilson R. Bacterial infection and chronic obstructive pulmo-
nary disease. Eur Respir J 1999; 13:233–235

49 Soler N, Ewig S, Torres A, et al. Airway inflammation and
bronchial microbial patterns in patients with stable chronic
obstructive pulmonary disease. Eur Respir J 1999; 14:1015–
1022

50 Hill AT, Campbell EJ, Hill SL, et al. Association between
airway bacterial load and markers of airway inflammation in
patients with chronic bronchitis. Am J Med 2000; 109:288–
295

51 Stockley RA, O’Brien S, Pye A, et al. Relationship of sputum
color to anture and outpatient management of acute exacer-
bations of COPD. Chest 2000; 117:1638–1645

52 Sethi S, Muscarella K, Evans N, et al. Airway inflammation
and etiology of acute exacerbations of chronic bronchitis.
Chest 2000; 118:1557–1565

53 Anderson HR, Limb ES, Bland JM, et al. Health effects of an
air pollution episode in London, December 1991. Thorax
1995; 50:1188–1193

54 Anderson HR, Spix C, Medicna S, et al. Air pollution and
daily admissions for chronic obstructive pulmonary disease in
6 European cities: results from the APHEA project. Eur
Respir J 1998; 11:992–993

55 Schwartz J. Air pollution and hospital admissions for the
elderly in Birmingham, Alabama. Am J Epidemiol 1994;
139:589–598

56 Morgan G, Corbett S, Wlodarczyk J. Air pollution and
hospital admissions in Sydney, Australia, 1990 to 1994. Am J
Public Health 1998; 88:1761–1766

57 Goings SA, Kulle TJ, Bascom R, et al. Effect of nitrogen
dioxide exposure on the susceptibility to influenza A virus
infection in healthy adults. Am Rev Respir Crit Care Med
1989; 1349:1075–1081

58 Linaker CH, Coggon D, Holgate ST, et al. Personal exposure
to nitrogen dioxide and risk of airflow obstruction in asthmatic
children with upper respiratory infection. Thorax 2000; 55:
930–933

www.chestjournal.org CHEST / 121 / 5 / MAY, 2002 SUPPLEMENT 141S


	Exacerbations
	Airway Inflammation During Exacerbation
	Etiology of COPD Exacerbation
	Viral Infections
	Bacterial Colonization
	Pollution

	Conclusion
	References


