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Background and objective: There are few data on the
short-term natural history of airway inflammation
during severe episodes of acute exacerbation of COPD
(AECOPD). An observational study was performed
to determine how rapidly conventional treatment
improves airway inflammation in patients admitted to
hospital with AECOPD.
Methods: Twenty-four consecutive patients with
AECOPD were recruited and changes in sputum
inflammatory indices were assessed after 2 and 4 days
of treatment. The primary end-points included pres-
ence of bacteria and viruses, changes in sputum total
cell counts (TCC) and polymorphonuclear leukocyte
(PMN) differential counts, and levels of secretory
leukocyte protease inhibitor (SLPI), IL-8 and TNF-a.
Results: All patients received oral corticosteroids and
17 (71%) were also treated with oral antibiotics. A bac-
terial or viral pathogen was isolated from 12 patients
(50%), and Aspergillus fumigatus was isolated from
one. A positive bacterial culture was associated with
increased sputum TCC and PMN count (P < 0.05), as
well as higher levels of IL-8 and TNF-a (P < 0.05), and a
trend towards lower sputum SLPI levels (P = 0.06).
Sputum PMN numbers fell by 70% within the first 48 h
of admission (P < 0.05), accompanied by an increase in
sputum SLPI (P < 0.001) and reductions in the levels of
TNF-a (P < 0.005) and IL-8 (P = 0.06), with no further
significant change at 4 days.
Conclusions: Conventional treatment for severe
AECOPD is associated with rapid reduction of neutro-
philic inflammation and improvement in anti-protease
defences.

Key words: acute exacerbations of chronic obstructive
pulmonary disease, anti-proteases, corticosteroids,
neutrophils.

INTRODUCTION

The cellular and molecular abnormalities in acute
asthma are relatively well characterized, but less
progress has been made in elucidating the short-
term immunopathology and natural history of
acute exacerbations of COPD (AECOPD).1 There are
few longitudinal studies of airway inflammation
during the acute, short-term phase of a COPD exac-
erbation.

Airway neutrophils appear to be the prime effector
cells during AECOPD, with generation of increased
oxidative stress and a proteinase/anti-proteinase
imbalance that may contribute to long-term decline
in lung function; however, evidence for this is only
just emerging.2–4 Bacterial pathogens can be isolated
by routine laboratory culture from sputum in
approximately 40–60% of cases of AECOPD. Whether
infection amplifies airway inflammation has been a
topic of debate, although recent data have demon-
strated a positive relationship between bacterial load
and intensity of airway inflammation.2,5–8 Viruses are
also commonly isolated from the respiratory tract
during AECOPD, and their role in driving the inflam-
matory process is also increasingly being recog-
nized.9,10 In this observational study, changes in
sputum cell profiles and mediator levels during
AECOPD were prospectively assessed, to determine
how rapidly inflammation responds to conventional
corticosteroid (CS) therapy plus, in most cases,
treatment with antibiotics, in patients admitted to
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SUMMARY AT A GLANCE

Resolution of airway neutrophilia and recovery of
anti-protease defences following oral corticoster-
oid treatment, with or without antibiotics, in acute
exacerbation of COPD was assessed. Neutrophil-
related inflammation and anti-protease defences
improved within 48 h, but clinical improvements
lagged behind, raising questions about the dura-
tion of current corticosteroid treatment in severe
acute exacerbation of COPD.

© 2009 The Authors
Journal compilation © 2009 Asian Pacific Society of Respirology

Respirology (2009) 14, 495–503
doi: 10.1111/j.1440-1843.2009.01517.x

mailto:reid@utas.edu.au


hospital. The relationship between the presence of
infection (bacterial and/or viral) and the intensity of
airway inflammation was also investigated. Sputum
levels of IL-8 and TNF-a were assessed because of
their likely important roles in modulating/mediating
neutrophilic inflammation in COPD, and sputum
concentrations of secretory leukocyte protease
inhibitor (SLPI) were measured because of its protec-
tive function in the airway against harmful products
of polymorphonuclear leukocyte (PMN) activation,
and its potential role in facilitating the resolution of
inflammation in COPD.2,11–14

A particular focus of the study was how cell and
mediator levels changed with treatment during the
acute phase of AECOPD, and to some extent, how
these changes were associated with clinical and
physiological parameters.

METHODS

Patients and control subjects

Sequential patients presenting to the emergency
department of a busy tertiary care general public hos-
pital in southern Tasmania, were recruited between
July and November 2003, which was late winter and
early spring in Australia. Patients were recruited as
soon as possible after presentation, usually within
2 h, and never more than 12 h later for those who had
been admitted overnight. Information sheets detail-
ing the study aims and procedures, and the confiden-
tiality of information provided were discussed with
each patient. All patients were required to provide
written consent before commencing the study, which
was approved by the Tasmanian Statewide Ethics
Committee. Six patients with mild, stable COPD and
six healthy, never-smoking, non-atopic, middle-aged
individuals with no history of respiratory disease
underwent sputum induction and lung function
assessment, which provided comparative data
(Table 1).

Inclusion criteria

A diagnosis of COPD was made by a respiratory phy-
sician, on the basis of a smoking history of at least 15
pack-years, age >40 years and symptoms of pro-
ductive cough and/or progressive breathlessness.
Airflow limitation consistent with the diagnosis of
COPD was assessed by spirometry and was defined
as FEV1 < 80% of predicted with FEV1/FVC < 70%.
AECOPD was defined according to the national crite-
ria, i.e. increased cough, wheeze, and sputum volume
and purulence (COPDX guidelines, 2003).15

Exclusion criteria

Patients with a history suggestive of asthma, or a pre-
vious diagnosis of asthma (symptoms in childhood or
young adulthood; related atopic disorders; significant
day to day variability; prominent nocturnal symp-
toms; a history of wheeze predominating over
progressive breathlessness) were excluded. Other
exclusion criteria included evidence of pneumonic
consolidation on CXR, a need for non-invasive
ventilation, left ventricular failure or other significant
active co-morbidities such as ischaemic heart
disease, long-term oral CS therapy and inability to
comply with instructions. Patients who had received
systemic CS for their exacerbation for more than 48 h
before presentation were excluded, but established
inhaled CS therapy (>6 months) was not an exclusion
criterion.

Study design

This was a 4-day prospective observational study of
admissions for AECOPD. The prior use of systemic CS
or antibiotics was recorded. On admission, treatment
was determined according to the TSANZ COPDX
guidelines that recommend a course of oral predni-
sone at a dose of 0.5–1.0 mg/kg for up to 2 weeks

Table 1 Characteristics of patients with acute exacerbation of COPD (AECOPD) and control subjects

AECOPD
n = 24

Stable COPD
n = 6

Normal control
n = 6

Age, years (range) 69 (49–80) 60.5 (53–67) 46 (40–57)
Male/female 13/11 5/1 5/1
Current/ex-smoker 10/14 3/3 —
Pack years smoked (range) 57.5 (15–150) 49.3 (18–75) —
Length of stay (range) 5 (1–28) — —
Antibiotics pre-admission 16 (67%) — —
Prednisolone pre-admission 11 (46%) — —
Lung function on admission

FEV1, L (range) 0.63 (0.3–1.4) — —
FEV1 % predicted (range) 25% (13–60%) — —

Lung function when stable
FEV1, L (range) 0.88 (0.42–1.64) 2.03 (1.89–2.73) 4.05 (3.39–5.43)
FEV1 % predicted (range) 35% (17–104%) 72% (53–88%) 133% (91–141%)
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and additional oral antibiotics if bacterial infection is
suspected.15 Baseline patient demographics were
recorded on admission (Table 1). At baseline, 48 and
96 h, patients underwent assessments of symptom
scores and spirometry and sputum was collected.
Visual analogue scales (VAS) (10 cm) were used to
document cough intensity, sputum volume, breath-
lessness and general well-being at the time of admis-
sion (see supplementary data). The VAS scores were
summed to obtain a ‘total symptom score’. Bedside
spirometry was performed with the patient in the
sitting position. Spontaneously expectorated sputum
was collected from the patients with AECOPD, if
possible. All control subjects underwent sputum
induction.

Sputum induction

Sputum was induced with hypertonic saline (4.5%)
using a low output ultrasonic nebulizer (DeVilbiss
Ultrasonic Nebuliser, Jackson, TN, USA), after
pre-medication with inhaled salbutamol (400 mg).
Sputum induction has been shown not to affect cell
counts or mediator concentrations.16

Sputum processing

Expectorated sputum (spontaneous or induced) was
placed on ice and examined within 1 h. Sputum plugs,
free of salivary contamination, were selected and
processed according to an adaptation of the method
of Pin et al.17 Briefly, a volume of 0.1% dithiothreitol
equivalent to four times the weight of the selected
sputum plugs was added and the sample was placed
in a water bath at 38°C for 30 min with gentle mixing
at 10 min intervals. After homogenization, the sample
was centrifuged at 251 g for 10 min. The cell-free
supernatant was decanted and stored at -80°C for
later analysis. The cell pellet was resuspended in PBS
and a total cell count (TCC) was performed. Aliquots
of the resuspended cell pellet were spun in a cytocen-
trifuge (Shandon cytospin III, Runcorn, UK) at 82 g
for 10 min. Two cytospin slides were prepared per
patient, at each time point, and stained with Diff
Quick for determination of the differential cell count.

Sputum cell counts

Differential counts were performed on cytospin
slides, with a minimum of 400 cells being counted.
A single experienced observer, who was blinded to
patient’s identity, date of admission and clinical
outcome performed the differential cell counts.

Sputum concentrations of soluble mediators

Commercially available ELISA kits were used to detect
and quantify all mediators. The effect of dithiothreitol
on the cytokine assays was not formally assessed for
all the mediators of interest, but previous reports

suggest that SLPI, IL-8 and TNF-a are minimally
affected, if at all, by sputum processing.18–20 IL-8 con-
centrations in cell-free sputum supernatants were
measured using a quantitative chemiluminescence
sandwich ELISA according to the manufacturer’s
instructions (R&D Systems Inc., Minneapolis, MN,
USA). The lower limit of detection of the assay was
4 mg/mL. SLPI levels were determined using a sand-
wich ELISA (Quantikine, R&D Systems Inc.) with a
lower limit of detection of 25 pg/mL. TNF-a concen-
trations were determined using an ELISA kit (Chemi-
con, R&D Systems Inc.) with a lower limit of detection
of 4.8 pg/mL.

Microbiological culture and identification of

respiratory viruses

Unprocessed sputum, obtained at baseline, was sent
for routine microbial culture on appropriate media
using standard methods. An aliquot of sputum was
also sent to the Victorian Infectious Disease Reference
Laboratory for reverse transcriptase-PCR using a
panel of primers for detection of common respiratory
viruses, including influenza A and B, parainfluenza,
coronavirus, rhinovirus, human metapneumovirus
and respiratory syncytial virus.

Statistical analysis

Statistical analysis was performed using SPSS version
11.5.0. Data were not normally distributed and non-
parametric statistics were therefore used. Wilcoxon’s
signed rank test was used for analysis of paired data
and the Kruskal–Wallis test was used for analysis of
data from multiple groups. Categorical outcome vari-
ables were analysed using the Mann–Whitney U and
chi-square tests. Univariate correlations between
inflammatory variables and clinical outcomes were
analysed using Spearman’s rank test. Results were
considered statistically significant at the 5% level.
Where sputum mediators were not detected by
immunoassay, they were arbitrarily assigned a zero
value for the purposes of statistical analysis.

RESULTS

Twenty-four consecutive patients were recruited.
Demographic details are presented in Table 1. All
patients with AECOPD were able to spontaneously
expectorate sputum at baseline. Only one AECOPD
patient had to undergo sputum induction (day 4).
Baseline slides from two patients were discarded
and 48-h slides from an additional two patients were
discarded due to poor quality.

Sputum cell counts

In the patients experiencing an AECOPD, sputum
TCC and absolute PMN counts were significantly
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higher than in the subjects with stable COPD
(P < 0.05) or normal control subjects (P < 0.005)
(Table 2).

Sputum inflammatory indices on admission

There was no significant difference in sputum cell
profiles between current and ex-smokers admitted
with an AECOPD, but sputum SLPI levels were signifi-
cantly lower at baseline in current smokers experienc-
ing an AECOPD compared with stable COPD patients
and normal control subjects (median 2.8 mg/mL,
range 0.4–118.8 vs. median 12.7 mg/mL, range 4.9–
21.2 and median 9.1 mg/mL, range 4.8–54.0, P = 0.01
and P = 0.04 respectively).

In sputum from four patients experiencing an
AECOPD, as well as in five of six sputum samples from
stable COPD patients and in one from a normal
control subject, TNF-a levels were below the detec-
tion limit. However, sputum IL-8 and overall TNF-a
levels were both significantly increased in AECOPD
patients on admission compared with stable COPD
patients and normal control subjects.

Airway infection

A bacterial, viral or fungal organism was identified in
50% (12/24) of the AECOPD patients. A bacterial
organism was isolated from six patients (25%)
(five with Haemophilus influenzae and one with
Pseudomonas aeruginosa), and two of these patients
were co-infected with a respiratory virus. Antibiotic
use before hospital presentation was reported by 16
patients; a bacterial pathogen (P. aeruginosa and

H. influenzae) was isolated from only two of these
patients, compared with the four patients infected
with H. influenzae among eight who had not received
prior antibiotic treatment (P < 0.05). One patient was
infected with Aspergillus fumigatus. Respiratory viral
pathogens were isolated from seven patients in total
(29%); influenza A from three, parainfluenza from
two, respiratory syncytial virus from one and picoRNA
virus from one. All patients received systemic CS
therapy and 17 (71%) were treated with oral anti-
biotics during their admission.

Infection with bacteria, but not with viruses, was
associated with significantly increased sputum
TCC and PMN numbers (P < 0.05), as well as with
increased sputum levels of IL-8 and TNF-a (P < 0.05).
Bacterial infection was also accompanied by signifi-
cantly lower sputum levels of SLPI (P < 0.05) (Table 3).

Changes in sputum inflammatory indices at

48 and 96 h

Within 48 h of admission, sputum TCC and PMN
numbers were reduced by 55% (P < 0.01) and 70%
(P = 0.006) respectively (Table 4, Fig. 1). This occurred
regardless of the detection of an infective organism.
Sputum and peripheral blood eosinophilia did not
change over the time course of the study.

There was a uniform rise in sputum SLPI levels at
48 h (P < 0.001), with levels generally continuing to
increase up to 4 days (Tables 4,5 and Fig. 2). At 48 h,
there was also a significant reduction in sputum
TNF-a levels (P = 0.003), to below the detection limit
of the assay, in a further four subjects, with a strong
trend towards decreased IL-8 levels (P = 0.06) by 48 h

Table 2 Sputum inflammatory cell and mediator profiles in patients with acute exacerbation of COPD (AECOPD), stable
COPD patients and normal control subjects

AECOPD Stable COPD Normal controls Significance

n = 22 n = 6 n = 6
AECOPD versus stable
AECOPD versus normal

Sputum TCC, ¥106/mL 14.4 (1.7–295.6) 3.5 (0.6–21.7) 1.7 (0.3–4.3) P = 0.02 P = 0.002
Macrophages, % 14.0 (2.0–80.0) 30.4 (9.8–57.0) 39.4 (6.3–72.3) P = 0.1 P = 0.2
Macrophages ¥ 106/mL 3.5 (0.1–54.8) 0.9 (0.4–2.5) 0.3 (0.2–1.3) P = 0.05 P = 0.003
Lymphocytes, % 1.0 (0.0–6.0) 4.7 (1.1–10.4) 5.3 (2.7–11.3) P = 0.4 P < 0.001
Lymphocytes ¥ 106/mL 0.07 (0.0–2.3) 0.08 (0.04–1.0) 0.1 (0.01–0.1) P = 0.4 P = 0.6
Neutrophils, % 83.0 (10.0–98.0) 61.0 (32.2–81.2) 48.2 (17.9–91.0) P = 0.09 P = 0.09
Neutrophils ¥ 106/mL 17.3 (0.2–248.3) 2.4 (0.2–17.3) 0.3 (0.1–3.9) P = 0.04 P = 0.004
Eosinophils, % 0.0 (0.0–17.0) 1.8 (0.7–6.1) 0.0 (0–3.2) P = 0.01 P = 0.02
Eosinophils ¥ 106/mL 0.0 (0.0–5.9) 0.07 (0.0–1.3) 0.0 (0.0–0.0) P = 0.03 P = 0.02
Epithelial cells, % 1.0 (0.0–10.0) 0.8 (0.0–3.5) 0.0 (0.0–3.7) P = 0.1 P = 0.3
Epithelial cells ¥ 106/mL 0.1 (0.0–3.0) 0.02 (0.0–0.1) 0.0 (0.0–0.1) P = 0.4 P = 0.1
SLPI, mg/mL 2.8 (0.4–118.8) 12.7 (4.9–21.2) 9.1 (4.8–54.0) P = 0.09 P = 0.1
IL–8, mg/mL 137.0 (8.4–4430) 12.6 (0–53.5) 0.6 (0–3.5) P = 0.003 P < 0.001
TNF–a, pg/mL 1700 (0–10 700) 0 (0–1071) 375 (0–650) P = 0.007 P = 0.008

Data are median values and ranges. Lower limits of detection for IL-8, SLPI and TNF-a were 4 mg/mL, 25 pg/mL and
4.8 pg/mL respectively.

TCC, total cell count; SLPI, secretory leukocyte protease inhibitor; TNF-a, tumour necrosis factor-a.
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and continued overall reductions in the concentra-
tions both cytokines at 4 days (Table 5).

Relationships among inflammatory variables at

time of admission

At baseline (on admission), there were a number of
significant correlations between sputum inflamma-
tory cell counts and mediator levels. These correla-
tions are summarized in Table 6. The strongest
relationships were those between sputum SLPI levels

and PMN numbers (inverse correlation) and between
sputum IL-8 levels and PMN numbers (positive cor-
relation; Table 6). Furthermore, sputum SLPI levels
were inversely correlated with IL-8 and TNF-a levels,
suggesting an overall negative association with the
intensity of acute airway inflammation.

Relationships among inflammatory variables

at 48 h

Despite the very strong relationships among
several inflammatory variables at baseline, the only

Table 3 Sputum inflammatory cells and mediators in AECOPD with positive or negative bacterial culture results

Positive bacterial culture
(n = 6)

Negative bacterial culture
(n = 16)† Significance

Sputum TCC ¥106/mL 45.5 (20.2–203.0) 11.7 (1.7–295.6) P = 0.01
Sputum neutrophil, % 92 (72–98) 81 (10–93) P = 0.02
Sputum neutrophils, ¥106/mL 41.1 (19.8–146.2) 9.7 (2.21–248.3) P = 0.01
Sputum SLPI, mg/mL 1.3 (0.5–3.5) 5.2 (0.4–118.8) P = 0.047
Sputum IL-8, mg/mL 449 (210–1354) 110 (8.4–4430) P = 0.03
Sputum TNF-a, pg/mL 6675 (400–10 700) 850 (0–10 490) P = 0.02

† Sputum differential cell counts in the non-infected patients are based on the 16 subjects from whom good quality
cytospins were obtained. Data are median values and ranges. TCC, total cell count; SLPI, secretory leukocyte protease
inhibitor; TNF-a, tumour necrosis factor-a.

Table 4 Sputum inflammatory cells and mediators on admission and after 48 h of treatment

†On admission
(n = 19)

At 48 h
(n = 19) Significance

Sputum TCC, ¥106/mL 13.7 (2.5–203.0) 7.7 (0.9–309) P = 0.005
Sputum neutrophils, % 82 (10–98) 78 (6–88) P = 0.04
Sputum neutrophils, ¥106/mL 10.6 (0.8–146.2) 5.1 (0.5–24.7) P = 0.006
Sputum SLPI, mg/mL 2.3 (0.4–118.8) 16.9 (2.8–141.1) P < 0.001
Sputum IL-8, mg/mL 141 (38–4430) 117 (10–520) P = 0.06
Sputum TNF-a, pg/mL 1290 (0–10 700) 500 (0–2320) P = 0.003

† Sputum results are based on the 19 patients from whom paired samples were obtained (by 48 h, three patients had
been discharged and matched sputum results were available for analysis from 19 of the remaining 21 patients). Data
are median values and ranges.

TCC, total cell count; SLPI, secretory leukocyte protease inhibitor; TNF-a, tumour necrosis factor-a.

Table 5 Sputum inflammatory cells and mediators on admission and after 48 and 96 h of treatment

†On admission
(n = 10)

At 48 h
(n = 10)

At 96 h
(n = 10)

Significance
0–48 h

Significance
48–96 h

Sputum TCC, ¥106/mL 11.7 (4.6–48.2) 10.5 (3.6–50.5) 9.5 (1.3–39.0) P = 0.09 P = 0.4
Sputum neutrophils, % 91 (10–98) 77 (34–97) 68 (7–92) P = 0.02 P = 0.8
Sputum neutrophils, ¥106/mL 14.3 (0.8–43.9) 8.5 (0.1–45.0) 5.0 (0.05–31.6) P = 0.1 P = 0.4
Sputum SLPI, mg/mL 4.4 (0.9–118.8) 22.0 (2.8–141.1) 61.6 (3.1–155.1) P = 0.005 P = 0.1
Sputum IL-8, mg/mL 175 (38–4430) 122 (27–520) 70 (25–259) P = 0.4 P = 0.07
Sputum TNF-a, pg/mL 1275 (0–10 700) 25 (0–2320) 25 (3500) P = 0.02 P = 0.7

† Sputum results are based on the 10 patients from whom paired samples were obtained (by 96 h, 14 patients had
been discharged; serial matched sputum results were available for analysis from all of the remaining 10 patients). Data
are median values and ranges.

TCC, total cell count; SLPI, secretory leukocyte protease inhibitor; TNF-a, tumour necrosis factor-a.
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significant correlation among sputum indices at 48 h
was that between reductions in sputum absolute
PMN numbers and TNF-a levels (Table 7).

Clinical responses

By 48 h, total symptom VAS scores had improved for
all patients and by day 4, 14 patients had been dis-
charged (Table 8). There were significant reductions
in breathlessness at 48 h (P = 0.001). Cough severity
was also reduced at 48 h (P = 0.006). There were some

additional improvements in total symptoms, but
these were small and not significant (Fig. 3). Sputum
volume was also reduced at 48 h compared with base-
line (P = 0.001). Overall, almost all patients reported
significantly less breathlessness, cough and sputum
production after 48 h, but improvement in subjective
well-being was even more marked. In contrast, FEV1

had not changed significantly at 48 h (P = 0.2) and
there was little improvement at 4 days (P = 0.5). Mean
length of stay (LOS) was 5 days (range 1–28 days).
There was no relationship between baseline clinical
or inflammatory parameters and LOS.

Figure 1 Changes in sputum absolute neutrophil
numbers over the surveillance period. P values indicate
the significance of changes between baseline and 48 h
and between 48 and 96 h. For clarity of presentation log
transformed data are shown.

Figure 2 Changes in sputum secretory leukocyte pro-
tease inhibitor (SLPI) levels over the surveillance period.
For clarity of presentation log transformed data are
shown.

Table 6 Correlations among sputum inflammatory cells and mediators on admission

Sputum PMN, ¥106/mL
Sputum SLPI

(ng/mL)
Sputum IL-8

(pg/mL)
Sputum TNF-a

(pg/mL)

Sputum PMN, ¥106/mL — r 2 = 0.61 (P < 0.001) r 2 = 0.49 (P < 0.001) r 2 = 0.35 (P = 0.001)
Sputum SLPI (ng/mL) r 2 = 0.61 (P < 0.001) — r 2 = 0.27 (P = 0.02) r 2 = 0.67 (P = 0.001)
Sputum IL-8 (pg/mL) r 2 = 0.49 (P < 0.001) r 2 = 0.27 (P = 0.02) — r 2 = 0.32 (P = 0.001)
Sputum TNF-a (pg/mL) r 2 = 0.35 (P = 0.001) r 2 = 0.67 (P = 0.001) r 2 = 0.32 (P = 0.001) —

Values are Spearman’s rank correlation coefficients.
PMN, polymorphonuclear leukocytes; SLPI, secretory leukocyte protease inhibitor; TNF-a, tumour necrosis factor-a.

Table 7 Correlations among relative changes in sputum inflammatory cells and mediators after 48 h of treatment

DSputum PMN DSputum SLPI DSputum IL-8 DSputum TNF-a

DSputum PMN — r 2 = 0.005 (P = 0.8) r 2 = 0.04 (P = 0.5) r 2 = 0.26 (P = 0.05)

DSputum SLPI r 2 = 0.005 (P = 0.8) — r 2 = 0.02 (P = 0.6) r 2 = 0.02 (P = 0.6)
DSputum IL-8 r 2 = 0.04 (P = 0.5) r 2 = 0.02 (P = 0.6) — r 2 = 0.01 (P = 0.7)
DSputum TNF-a r 2 = 0.26 (P = 0.05) r 2 = 0.02 (P = 0.6) r 2 = 0.01 (P = 0.7) —

Values are Spearman’s rank correlation coefficients. The significant correlation is indicated in bold type.
PMN, polymorphonuclear leukocytes; SLPI, secretory leukocyte protease inhibitor; TNF-a, tumour necrosis factor-a.
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DISCUSSION

This study confirmed the observation that AECOPD
are frequently associated with infection and are
characterized by sputum neutrophilia. Conven-
tional treatment with systemic CS and antibiotics
was associated with rapid and significant reductions
in airway inflammation after only 48 h, and a dra-
matic recovery in airway anti-protease defences,
accompanied by a reduction in symptoms in the
same time frame. FEV1 changed very little over the
time course of the study, despite these other
improvements. Resolution of airway neutrophilia
was universal and was not restricted to patients
infected with bacterial pathogens or those who were
treated with antibiotics.

Most studies of AECOPD have been either cross-
sectional in nature or have looked at inflammation at
the commencement of the exacerbation and then
again beyond the time of recovery—usually more
than a week later.4,8,21–24 To our knowledge this study is
novel in that airway inflammatory changes were pro-
spectively followed during the crucial early phase of
treatment in AECOPD patients admitted to hospital.
Almost half of all the exacerbations were associated
with either bacterial or viral infection and a positive
bacterial culture was associated with greater intensity
of airway inflammation, suggesting that these organ-
isms were not simple bystanders.

The most striking finding from the study was the
rapid reduction in sputum neutrophilia within 48 h of
admission, accompanied by decreases in sputum IL-8
and TNF-a, indicating a general reduction in airway
inflammation. This was accompanied by a highly
significant improvement in airway anti-protease
defences, as indicated by the increase in SLPI levels.
There was little further improvement in these sputum
inflammatory indices after 48 h. The rapid decrease in
sputum neutrophils may suggest a direct effect of CS,
perhaps mediated by downregulation of chemokines,
such as IL-8 and inhibition of PMN-related adhesion
molecule expression on pulmonary blood vessels.25,26

Arguing against the first of these explanations was the
poor relationship between changes in sputum IL-8
and PMN numbers. However, there was a positive
relationship between changes in sputum PMN
numbers and TNF-a levels. Airway epithelial cells
produce TNF-a in response to a variety of stimuli,
including bacterial infection.27 The expression of key
neutrophil-related adhesion molecules such as inter-
cellular adhesion molecule (ICAM)-1 and E-selectin
on vascular endothelial cells is upregulated by TNF-a,
and potential inhibition by CS of TNF-a production
may be one of the ways in which neutrophils are
cleared from the airway during the acute phase of
AECOPD, but this needs further study.28–31

Sputum SLPI concentrations on admission were
lower than those in stable COPD patients, although it
should be noted that these individuals had milder
disease, and also compared with the levels in normal
control subjects. This was particularly so in current
smokers experiencing an AECOPD, suggesting that
the expected upregulation of airway anti-protease
defences in response to acute inflammation was
either deficient or that consumption by the products
of neutrophil activation exceeded the capacity of the
airways to compensate. The inverse relationship
between SLPI and sputum neutrophils on admission
would support the latter explanation. However, the
increase in sputum SLPI levels over 48 h was not
directly related to the accompanying reduction in
sputum neutrophil numbers. One explanation for this
may be that CS therapy directly upregulates SLPI
production by airway epithelial cells, as has been
demonstrated in vitro in epithelial cell cultures.32

In this study almost all patients reported signifi-
cantly fewer symptoms after 48 h, especially in
terms of general well-being, but changes in airway

Table 8 Changes in symptoms, as measured using visual analogue scales, and in FEV1 after 48 h of treatment

VAS
Baseline

n = 19
48 h

n = 19 Significance

Dyspnoea 6.0 (2.0–10.0) 5.0 (1.0–7.0) P = 0.001
Cough 5.0 (2.0–10.0) 4.0 (2.0–10.0) P = 0.006
Sputum 3.0 (1.0–9.0) 2.0 (1.0–5.0) P = 0.001
General well-being 8.0 (3.0–1.0) 4.0 (1.0–8.0) P < 0.001
Total 22.0 (14.0–39.0) 13.0 (6.0–25.0) P < 0.001
FEV1, mL 700 (400–1400) 700 (400–1350) P = 0.2

Data are median values and ranges. VAS, visual analogue scale.

Figure 3 Changes in total symptom scores over the
surveillance period.
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inflammation and symptoms were not paralleled by
improvements in FEV1. The current study suggests
monitoring FEV1 as a measure of short-term clinical
improvement during AECOPD is not useful. Indeed,
on reviewing the decision-making process for dis-
charge of these patients, it was quite evident that
lung function was not a factor—as it would be, for
example, in acute asthma. Monitoring of sputum cell
counts may be more relevant and would be a rela-
tively simple way of determining whether treatment
was effective.

A potential criticism of this study is that chronic
colonization with bacterial pathogens among some
patients was not assessed post-discharge by repeat
sputum culture. Although this may have allowed a
more comprehensive analysis, there was nevertheless
a very strong indication that infection with bacterial
pathogens at the time of exacerbation was associated
with a more intense innate immune response. There
are suggestions that the key determinant of the local
host immune response in the airways of COPD
patients who are chronically colonized with bacteria,
is the burden of infection, that is, the bacterial
load.7,8,33,34 Whether expression of bacterial virulence
factors is also important, especially at the time of an
AECOPD, requires further investigation.35 Ideally,
patients should also have been assessed before they
were treated with CS or antibiotics; however, the vast
majority of patients in this study had received both
these treatments before admission. Prospective
studies of individuals with COPD in the expectation
that they will experience an exacerbation are logisti-
cally difficult and require large numbers and lengthy
follow up to ensure adequate numbers of patients
actually experience an exacerbation. We therefore
adopted a pragmatic approach by following patients
once they had been admitted with an AECOPD.

The most important finding was the demonstra-
tion that the underlying acute airway inflammation
during AECOPD improved quickly, presumably in
response to conventional treatment, although for
ethical reasons this was not a controlled study.
Symptoms improved over a similar time scale. These
observations raise questions regarding the need for
the prolonged courses of systemic CS that are cur-
rently recommended; from the present data there
seems to be little evidence to support the continua-
tion of CS therapy beyond 2 days. The evidence base
for more aggressive CS therapy is not strong and
short courses would minimize the potential adverse
effects of CS in this generally elderly and frail popu-
lation.36 Whether inflammation would recur with
such short treatment courses needs to be studied
prospectively.36,37

Patients with even a hint of clinical asthma were
carefully excluded from this study. Sputum eosino-
phils were present in small numbers, overall, and
remained unchanged with treatment. These findings
suggest that eosinophils do not play a role in usual
AECOPD, although it is possible that prior CS therapy,
even if only for 48 h, may have modulated eosino-
philic inflammation before the patients who had
received such therapy presented at hospital (n = 11,
46%).

In summary, the findings from this study demon-
strated that viral and bacterial pathogens were fre-
quently associated with AECOPD and that bacterial
pathogens were associated with more florid airway
inflammation and increased depletion of airway anti-
protease defences. Treatment with systemic CS (with
or without antibiotics) during AECOPD was accom-
panied by reductions in neutrophilic airway inflam-
mation and rapid recovery of airway anti-protease
defence systems.
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