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ABSTRACT 

Rationale. Severe exacerbations of chronic obstructive pulmonary disease (COPD) are major 

causes of health care costs mostly related to hospitalisation. The role of infections in COPD 

exacerbations is controversial. 

Objectives. We investigated whether COPD exacerbations requiring hospitalisation are 

associated with viral and/or bacterial infection and evaluated relationships between infection, 

exacerbation severity, assessed by reduction of FEV1, and specific patterns of airway 

inflammation.  

Methods. We examined 64 COPD patients when hospitalised for exacerbations, and when in 

stable convalescence. We measured lung function, blood gases, exhaled nitric oxide and 

examined sputum for inflammation and for viral and bacterial infection. 

Results. Exacerbations were associated with impaired lung function (P<0.01) and increased 

sputum neutrophilia (P<0.001). Viral and/or bacterial infection was detected in 78% of 

exacerbations - viruses in 48.4% (6.2% when stable, P<0.001), bacteria in 54.7% (37.5% 

when stable, P=0.08). Infectious exacerbations (29.7% bacterial, 23.4% viral, 25% 

viral/bacterial co-infection) had longer hospitalisations (P<0.02) and greater impairment of 

several measures of lung function (all P<0.05) than non-infectious exacerbations. 

Exacerbations with co-infection had more marked lung function impairment (P<0.02) and 

longer hospitalisations (P=0.001). Sputum neutrophils were increased in all exacerbations 

(P<0.001), and related to their severity (P<0.001), independently of the association with viral 

or bacterial infections; sputum eosinophils were increased during (P<0.001) virus associated 

exacerbations,.  

Conclusions. Respiratory infections are associated with the majority of COPD exacerbations 

and their severity, especially those with viral/bacterial co-infection. Airway neutrophilia is 

related to exacerbation severity regardless of viral and/or bacterial infections. Eosinophilia is 

a good predictor of viral exacerbations.  (Word count: 249).   
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Introduction 

Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of mortality 

worldwide [1]. The estimated annual costs of COPD are $24 billion and 70% are related to 

exacerbations requiring hospitalisation [2]. In addition to their enormous acute morbidity, 

mortality and cost, exacerbations are also associated with major reductions in long term 

quality of life and lung function [3, 4]. Despite the clinical and economic importance of 

severe COPD exacerbations, their aetiology and mechanisms are poorly understood. 

Independently, both bacterial [5, 6] and viral infections [7, 8] have been detected at increased 

frequencies during exacerbations and acquisition of new bacterial strains is associated with 

increased risk of exacerbation [9].  However, the importance of infection overall, and the 

relative importance of viral versus bacterial infections, to aetiology of COPD exacerbations is 

unknown, as no study has comprehensively investigated both bacteria and viruses during the 

same exacerbations.  

Antibiotic therapy is already widely but not always appropriately used and antiviral therapy 

for influenza viruses is available, while anti-rhinoviral agents are in clinical development. 

Determining the aetiology of exacerbations will inform appropriate antibiotic and antiviral 

therapy.  

COPD exacerbations are associated with increased airway inflammation, however 

relationships between airway inflammation, aetiology and exacerbation severity have not 

been established.  There is also conflicting data on the nature of the inflammation. Some 

studies report increased airway eosinophilia [10-13], while others document increased 

markers of neutrophilic inflammation [14-16], and increased numbers of neutrophils in 

bronchial biopsies [17]. No study has so far investigated whether the type of infection (virus 

or/and bacteria) influences the inflammatory profile. If relationships with exacerbation 

severity and aetiology were established, such information would be relevant to guide 

therapeutic intervention in COPD exacerbations.  
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Given the clinical and economic burden of severe COPD exacerbations, we examined in this 

study only patients with severe exacerbations admitted to the department of pulmonary 

medicine of our hospital. We have therefore carried out a prospective controlled study 

investigating viral and bacterial detection during severe COPD exacerbations requiring 

hospitalisation and in stable convalescence and have examined relationships between 

aetiology, airway inflammation and exacerbation severity.  

 

 

METHODS 

Method Section word count 566 

Study Design (Additional details are provided in the online supplement) 

Patients were recruited from a cohort of COPD patients at the University of Ferrara, Italy. 

COPD was defined according to guidelines (GOLD [1]), with a post bronchodilator forced 

expiratory volume in one second (FEV1)/forced vital capacity (FVC) ratio <70%.  

From September 2000 to August 2002 patients were instructed to contact the Centre on the 

appearance of signs/symptoms of acute exacerbations. Exacerbation was defined as increased 

dyspnoea, cough or sputum expectoration (quality or quantity) that led the subject to seek 

medical attention [1]. A clinician saw patients within 24hrs to confirm the diagnosis [1] via 

medical history and physical examination, perform blood gas analysis and administer oxygen 

as required. Following initial treatment with inhaled bronchodilators, when clinical condition 

permitted, pulmonary function was assessed and nitric oxide (NO) measurements, peripheral 

blood and sputum samples were obtained. Only patients requiring hospitalisation [1] and who 

at the time of recruitment and all biological sampling, had not received any antibiotic or 

systemic glucocorticoid therapy were enrolled.  

Criteria for patient’s discharge from hospital were adopted according to international 

guidelines [1] and included clinical stability and normal blood gases for 24 hrs. Patients were 
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seen in convalescence, when clinically stable, 8-10 weeks later, and all clinical assessments 

and sampling repeated. 

All patients remained on their regular treatment for the duration of the study. Following 

recruitment and sampling, exacerbations were treated with standardised therapy (systemic 

glucocorticoids and antibiotics) and additional bronchodilators [1]. Treating clinicians were 

blind to results of investigations.  

In all patients chest radiographs were performed during exacerbations to exclude concomitant 

pneumonia. Also, all patients at some stage of the study underwent HRCT scan. Patients with 

evidence of bronchiectasis based on standard HRCT scan criteria [18, 19] were excluded.  

 

Pulmonary Function and Blood Analyses  

Pulmonary function tests were performed with previously described methods [20, 21], and 

blood taken for differential white cell count by standard Coulter counting. 

 

Sputum Collection & Analysis 

Sputum was induced and examined as previously described  [20]. Total neutrophil elastase 

(NE) and eosinophil cationic protein (ECP) in sputum supernatants were measured by 

commercial ELISA and fluoroenzyme immunoassay UniCAP ECP respectively. (See the 

online supplement for details) 

 

Quantitative Bacteriology 

Sputum samples were processed using sputolysin, serial dilutions made and cultured on 

appropriate media for identification by standard methods [22]. Colony forming units 

(CFU)/mL were calculated. 

 

Respiratory Virus and Atypical Bacteria Detection 
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A panel of reverse transcriptase-PCRs was used to screen sputum samples for the commonest 

respiratory viruses and for Chlamydia pneumoniae and Mycoplasma pneumoniae [23-25].  

(See the online supplement for details)  

 

Statistical Analysis 

Normally distributed data are reported as means±standard error and skewed by medians. All 

exacerbation/convalescent comparisons were performed by parametric (paired Student t) or 

non parametric (Wilcoxon sign-rank) tests. Comparisons of continuous variables between 

subgroups were made using analysis of variance (ANOVA) and if significant, Student t-tests, 

or Kruskal-Wallis and Man-Whitney U tests where appropriate.  Bonferroni’s correction was 

applied for multiple comparisons. Categorical binary variables were compared using chi 

square tests. Correlation coefficients were calculated using Spearman’s rank method. All tests 

were two-sided, type I error was 0.05. 

Receiver operating characteristic (ROC) curve analysis was performed for sputum eosinophil 

counts at exacerbation and change from convalescence to define the predictive value of 

eosinophil numbers for exacerbations associated with viral infection. The area under the ROC 

curves was determined, and a value above 0.80 was considered good discrimination  [20, 26].  
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RESULTS 

 

Seventy five patients fulfilled inclusion criteria, 69 agreed to participate and sputum was 

obtained from 65. One patient was re-hospitalised for COPD exacerbation during the study 

and withdrew. Sixty-four patients completed both exacerbation and stable convalescence 

visits. 

Patient characteristics are summarized in Table 1. The cause of hospitalisation was acute 

respiratory failure (PaO2<60 mmHg) in 58/64, in 6 markedly intensified symptoms, no 

patients required admission to Intensive Care, had chronic respiratory failure or was on long-

term oxygen therapy when stable. All were taking regular inhaled long-acting β2-agonists, 

97% regular inhaled glucocorticoids (mean beclomethasone equivalent dosage 

980±70µg/day) and 10 (15.6%) oral theophyllines. 

Symptoms characterising the exacerbations were increased breathlessness in 61 patients 

(95,3%), increased cough and sputum production 48 (75%), sputum colour change 33 (51,5%) 

and fever 23 (35.9%). 

In convalescence visit patients returned to pre-exacerbation baseline lung function values 

(obtained within 3 months [mean 51.2 ± 3.2 days] before severe COPD exacerbation; Table 

1E; online supplement) (changes from baseline ≤ 3%, P>0.3 for all parameters) and baseline 

requirements for as needed medication (1.5 ± 0.9 puffs /day at baseline vs 1.3 ± 1.1 puffs/day 

at convalescence, P=0.5). This was true also within the different subgroups analysed below. 

 

 

Changes in lung function and sputum and blood inflammatory cells at exacerbation  

Severe COPD exacerbations were associated with significantly lower FEV1, %predicted 

FEV1, FEV1/FVC, KCO, arterial PaO2 and arterial pH and a significantly higher residual 

volume compared to stable convalescence (Table 1). Paired exhaled nitric oxide 
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measurements were obtained in 39 patients - levels were also significantly higher during 

exacerbations (Table 1). 

 Both subjects with and subjects without chronic bronchitis underwent the same 

protocol of sputum induction at exacerbation and convalescence. Sputum cell counts were 

performed in samples from all 64 patients both at exacerbation and in stable convalescence  

Sputum neutrophils were markedly increased during exacerbations (P<0.001, Table 1). 

A significant relationship between neutrophil infiltration and exacerbation severity was 

demonstrated by significant correlations between severity of reductions in lung function 

(%predicted FEV1) at exacerbation and both increase in sputum neutrophils (Figure 1; 

r=0.325 P<0.01) and absolute numbers of sputum neutrophils at exacerbations (r=0.445 

P<0.001). Also patients with more severe hypoxia (reductions in PaO2 of >10mmHg, n=39) 

had greater airway neutrophilia 19.8 [5.2- 33.6] cellsx106/g vs those with reductions in PaO2 

of <10mmHg, n=25, 7.5  [1-17.4], P<0.05).  At convalescence a relationship was found 

between neutrophil numbers and the absolute FEV1 (r=0.40; P=0.001). 

Peripheral blood neutrophils were also significantly higher during exacerbations (9.9±0.5 vs 

4.9±0.3x103/dL, P<0.001). A significant relationship between peripheral blood neutrophil 

responses and exacerbation severity (reduction in %predicted FEV1) was also demonstrated (r 

= 0.5518; p<0.001, Figure 2). 

Sputum NE was increased at exacerbation (3.59 [1.12-5.54] µg/ml supernatant) as compared 

to stable convalescence (0.64 [0.29-1.1] µ/ml supernatant; P<0.001). Sputum NE at 

exacerbation correlated with sputum neutrophil counts at exacerbation (r=0.62 P<0.001) and 

at convalescence with counts in stable convalescence (r=0.56 P<0.001).   
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Detection of viruses and bacteria in exacerbation and stable convalescence sputum 

samples 

Bacterial and viral analyses were performed in samples from all 64 patients both at 

exacerbation and in stable convalescence. 

Out of the 64 samples analysed, respiratory viruses were detected in 31 (48.4%) sputum 

samples during exacerbations: 17 rhinoviruses, 7 influenza viruses, 4 RSV, 2 parainfluenza 

viruses, 2 coronaviruses, 3 human metapneumoviruses (HMPV), (3 HMPV+rhinovirus; 1 

RSV+rhinovirus) and in 4 (6.25%) in stable convalescence, 2 rhinoviruses, 2 RSV, P<0.001 

vs exacerbations.  

Out of the 64 samples analysed, positive bacterial cultures were obtained from 35 (54.7%) 

sputum samples during exacerbations: 9 Haemophilus influenzae, 8 Streptococcus 

pneumoniae, 7 Moraxella catarrhalis; 4 Staphylococcus aureus; 4 Pseudomonas aeruginosa, 

3 Enterobacter spp. and 24 (37.5%) in convalescence: 6 Haemophilus influenzae, 5 

Streptococcus pneumoniae, 4 Moraxella catarrhalis; 4 Staphylococcus aureus; 3 

Enterobacter sp, 2 Pseudomonas aeruginosa, P=0.08 vs exacerbations. The bacterial load in 

positive samples was ≥106 CFU/ml. Samples yielding a bacterial growth ≥ 107 CFU/mL were 

27 at exacerbation (77.1% of the positive samples) and 12 in stable conditions (50% of the 

positive samples) (P<0.01). The frequency of positive bacterial growth was not different in 

the subgroup of subjects with chronic bronchitis as compared to those without chronic 

bronchitis both at exacerbation and in stable convalescence comparisons. However, in the 

subset of patient with chronic bronchitis, but not in those without, the frequency of positive 

samples at exacerbation was significantly higher than in stable conditions. (P<0.05). (For 

detailed description of these data see online supplement). 

Purulent sputum at exacerbation was more frequent in infective exacerbations (30/50) as 

compared to non infective exacerbations (3/14) (P<0.05). Interestingly, the purulence of 
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sputum was not different in viral vs bacterial infections. (For detailed description of these data 

see online supplement).  

 

 

Increased severity of exacerbations associated with infection  

 Having detected infection in the majority of exacerbations, we next determined 

whether infection associated exacerbations were more severe than those in which no pathogen 

was detected. Exacerbations associated with identified pathogens (bacteria and/or viruses, 

n=50; 78%) when compared to non infective exacerbations (n=14; 22%) had longer 

hospitalisations (11.6±0.6 vs 8.8±0.8 days, P<0.02), greater decreases in FEV1 (0.25±0.03L 

vs 0.12±0.04L, P<0.05), FEV1% predicted (11.44±1.7% vs 5.3±2.1%, P<0.05),  FEV1/FVC% 

(7.32±0.7% vs 5.47±0.9%, P<0.05) and diffusion capacity (KCO% predicted 14.5±1.9% vs 

7.6±3.2%, P<0.01). There was also a trend for a greater decrease PaO2 (15.3±1.35 vs 

11.92±1.86 mmHg, P=0.078).   

Exacerbations associated with infection also had greater blood neutrophil responses compared 

to non infective exacerbations (increase of 5.3±0.4 vs 4.0±0.3x103/dL, P=0.02). 

 

Relationship between viral and/or bacterial aetiology, airway inflammation, and by  

lung function impairment  

To investigate relative differences between viral and/or bacterial aetiology, lung function 

impairment and specific patterns of airway inflammation, patients were divided in 4 

subgroups on the basis of the virologic and bacteriologic detection at exacerbation: virus 

infection alone (V; n=15; 23.4%), viral and bacterial co-infection (VB; n=16; 25%), bacterial 

infection alone (B; n=19; 29.7%) and no infectious agent detected (N; n=14; 21.8%).  

Lung function impairment and length of hospitalization.   
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KCO was significantly decreased at exacerbation in all subgroups (P<0.01), values were 

significantly lower in the VB (40.1 ± 1.4% predicted) compared to the N subgroup (48.6 ± 

1.6%predicted; P=0.02). Similarly, FEV1/FVC% was significantly lower at exacerbation in all 

subgroups (P<0.01), with a decrease that was significantly greater in the VB (8.0 ± 1.1% 

predicted) compared to the N subgroup (5.5 ± 0.9% predicted; P<0.02,). While the length of 

hospitalization was not different among the groups (V: 11.3±0.9 days; VB: 11.18±0.95 days; 

B: 11.15±0.85 days; N: 8.8±0.8 days; P=0.2 by ANOVA), numbers of patients with 

hospitalisations >10 days was significantly greater in the VB (13/16, 81%) compared to the N 

subgroup (4/14, 29%, P=0.001). 

There were no significant differences between subgroups in any other clinical parameter at 

exacerbation (data not shown).  

Airway inflammation 

Sputum neutrophils were significantly increased at exacerbation in all subgroups (P<0.01), 

but there were no significant differences between subgroups (Figure 3). Also changes in 

sputum neutrophil counts from exacerbation to stable convalescence were not different 

between subgroups (14.6 ± 5.8 106/g, 17.1 ± 5.4 106/g, 29.6 ± 13.5 106/g, 24.9 ± 12.3 106/g 

for groups V, VB, B and N respectively; P≥ 0.36 for all comparisons). Similarly, the 

increased sputum NE found at exacerbation occurred in all subgroups (sputum NE at 

exacerbation vs stable convalescence P<0.01 in all subgroups except N where P<0.05) (Table 

3). In sputum, the ratio between NE (expressed as µg/ml supernatant) and neutrophil cell 

counts (expressed as 106/g) at exacerbation in the N group (80 [44.2-141]) was significantly 

lower as compared to the infective group (156 [84-295.3], P=0.05). 

At variance with neutrophils, sputum eosinophils were significantly elevated at exacerbation 

only in the subgroups with viral infections (3.50  [1.47-6.00] and 3.65  [1.77-6.85] during 

exacerbations vs 0.96  [0-1.80] and 0.75  [0-1.35] x 106/g in stable convalescence in V and 

VB respectively; P<0.001) (Figure 5). Eosinophils at exacerbation were significantly greater 
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in the V and VB groups compared to both the B group (1.00  [0.20-1.65] x 106/g; P<0.001 vs 

V and VB) and N group (1.30  [0 -1.95] x 106/g, P<0.01 vs V and P<0.001 vs VB) (Figure 4). 

Significant correlation was found between the increase in exhaled NO and sputum eosinophils 

during exacerbations in the V subgroup (r=0.67, P=0.038). 

By considering the acute episodes where respiratory viruses were found (i.e. V and VB 

subgroups), we found that sputum eosinophils at exacerbation are good predictors of virus 

associated exacerbations with or without a concomitant bacterial co-infection. By ROC curve 

analysis, the area under the ROC curve was 0.83 for sputum eosinophils at exacerbation and 

0.91 for the difference between sputum eosinophils at exacerbation and at stable 

convalescence. For sputum eosinophil number, values >1.68 x 106/g (best cut-off point) 

predicted a virus associated COPD exacerbation (sensitivity of 0.82 and a specificity of 0.77) 

with or without a concomitant bacterial co-infection. Similarly, for sputum eosinophil increase 

from exacerbation to stable convalescence, values >0.3 x 106/g predicted a virus associated 

COPD exacerbation (sensitivity of 0.87 and a specificity of 0.81) with or without a 

concomitant bacterial co-infection.  

Overall, sputum ECP was increased at exacerbation (2.4 [0.78-3.79] µg/ml) as compared to 

stable convalescence (0.60 [0.04-1.08] µg/ml; P<0.001). Sputum ECP positively correlated 

with sputum eosinophil number both at exacerbation (r=0.68; P<0.001) and in stable 

convalescence (r=0.61; p<0.001). At exacerbation sputum ECP was significantly higher as 

compared to stable convalescence in the V and  VB groups (P<0.01) (Table 2). Comparisons 

between subgroups at exacerbations showed significant differences between groups V and N 

(P<0.05) and VB and B (P<0.01) (Table 2). Sputum ECP levels in the supernatant of samples 

obtained from exacerbations associated with viral infection, either with or without a bacterial 

co-infection, (3.88 [0.62-5.48] µg/ml) were significantly higher as compared to virus free 

exacerbations (1.12 [0.08-2.02] µg/ml; P<0.01).    
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DISCUSSION 

In this study we observed that 78% of severe COPD exacerbations admitted to hospital 

are associated with respiratory virus and/or bacterial infection. The presence of infection with 

viruses (48.4%) and/or bacteria (54.7%) at exacerbation was associated with both clinical and 

lung function indicators of increased exacerbation severity. Importantly, the presence of co-

infection with both viruses and bacteria was found in 25% of exacerbations and these had 

more severe functional impairment and longer hospitalization. These data clearly indicate that 

the great majority of severe COPD exacerbations requiring hospitalization are infectious in 

aetiology. The study also shows sputum and blood neutrophilia during exacerbations that is 

significantly related to exacerbation severity independently of the presence of detectable virus 

and/or bacteria in sputum. Finally our study also showed that sputum eosinophilia is 

associated with viral infection and with viral/bacteria co-infection at exacerbations, and that 

sputum eosinophilia can represent a  good predictor of viral exacerbations.  

This is the first study in which both viral and bacterial infection and inflammation 

were simultaneously assessed at hospital admission and convalescence in sputum obtained 

from patients with severe exacerbations of COPD  

The design of the study was important in enabling the clinical characterisation of the 

exacerbations to be extremely detailed, as were assessments when stable. Stability of the 

disease when patients were evaluated at convalescence is indicated by the fact that patients 

regained pre-exacerbation baseline conditions both clinically and in term of lung function 

values (Table E1, online supplement).  

 The exacerbations were associated with significant impairment of most lung function 

parameters assessed (Table 1), suggesting their primary respiratory nature.  

In order to improve the management and the outcomes of these severe exacerbations, 

information is required on the aetiology and pathogenesis.  In agreement with previous studies 

that have investigated only respiratory viruses [27], viruses were detected in around half of 
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exacerbations, and were detected significantly more often at exacerbation than when stable 

(P<0.001), and rhinoviruses (54.8% of virus positive cases) and influenza viruses were the 

most frequently identified viruses [27]. Consistent with studies that have only performed 

bacteriological evaluations, bacterial infections was also found in around half of 

exacerbations [5]. However, bacterial infection in our setting only tended to be significantly 

more frequent in exacerbation than when stable (P=0.08) as, as previously reported, 

significant bacterial infection was also detected in almost 40% of patients when stable [27]. 

These data are consistent with bacterial infection playing a significant role in the pathogenesis 

of stable COPD and as well as in acute exacerbations, however, stable COPD was not the 

focus of this study - the role of bacteria in stable COPD is discussed elsewhere [27]. To 

underline complexity of the issue bacterial infection vs colonisation in COPD and of the 

relationship with airway inflammation, we found, in accordance with previous studies limited 

to chronic bronchitis [14, 28], that samples yielding a bacterial growth ≥ 107 CFU/mL were 

significantly more frequent at exacerbation as compared to stable convalescence. We confirm 

this finding in our population with chronic bronchitis. Furthermore, when we looked at 

exacerbation associated to bacterial infection (with and without a viral co-infection) we found 

that higher bacterial loads were more frequently associated to increased sputum neutrophils 

(see the online supplement for details) supporting the concept that when bacteria are present 

at exacerbation, airway inflammation is higher in those samples where bacterial load is 

higher. A sub-analysis of the presence of sputum purulence was performed in the groups 

subdivided according to pathogens identified at exacerbation. While the frequency of purulent 

sputum was higher in infective exacerbations, the purulence of the sputum was unable to 

identify the subgroup of samples with positive bacterial growth. This is partially in contrast 

with published studies in chronic bronchitis [14, 29] where viral analysis was not performed 

and therefore the subgroup with double viral and bacterial confection was only counted 

among the bacterial positive samples.   
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  In previous study bacterial strain typing has been shown to be important to discriminate 

between infective and colonizing strains [9, 30, 31]. However the setting of our study was not 

adequate for such evaluation as no samples were obtained prior to the start of the 

exacerbation. 

In addition to finding a very high frequency of infection in severe COPD 

exacerbations, our observation that exacerbations associated with infection are more severe in 

terms of all of: length of hospitalisation, decrease in FEV1, FEV1% predicted, FEV1/FVC% 

and diffusion capacity, with a trend for a greater decrease in PaO2, is of major clinical 

importance. Importantly we observed co-infection with both viruses and bacteria occurs in 

25% of exacerbations. Exacerbations with co-infection were associated with greater 

impairment in terms of lung function (FEV1/FVC% and Kco,) and longer length of 

hospitalisation.  These data indicate that infection is the major driver of severity of COPD 

exacerbation and that therapeutic strategies need to be focused on treating infection and its 

consequences [1].   

These observations also highlight the need to develop therapeutic and/or preventive 

strategies to combat virus infections in COPD exacerbations. Antiviral therapy may have a 

therapeutic role in at least half and probably two thirds of exacerbations (as 65% of patients 

report common cold symptoms in the week preceding exacerbation [23]) and combined 

antibacterial and antiviral strategy in at least one quarter of exacerbations, i.e. those with viral 

and bacterial co-infections. Use of anti-influenza agents in COPD exacerbations accompanied 

by appropriate symptoms during a known influenza epidemic appears appropriate [32], 

though further controlled clinical trails are needed to confirm therapeutic benefit. Antiviral 

agents for rhinoviruses and RSV are in development – this development needs accelerating.  

Relationships between viral and bacterial infection, especially when combined together, and 

whether viral infections can lead to bacteriological exacerbation (of previously colonizing 

bacteria) are still open questions that deserves a properly designed longitudinal study.  
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Anti-inflammatory therapy also may have a therapeutic role in COPD exacerbations [15]. 

However, the nature of the inflammatory response in COPD exacerbations is highly 

controversial [10-17]. The variability of inflammatory responses described in studies of 

COPD exacerbations so far could theoretically be explained by differing aetiologies. Most of 

the previous studies, particularly those seeking correlations between airway inflammation and 

bacterial infections, have investigated indirect markers of inflammatory cell recruitment and 

activation within the airways.  As the main aim of the study was clinical, we examined 

sputum cell total and differential count, as markers already used in clinical practice although 

it is not yet a routine laboratory test as it is still time- and resources-consuming  [33].  

This enabled us to investigate inflammatory changes in 4 subgroups of exacerbations –viral 

infection alone, bacterial infection alone, viral and bacterial co-infection, and no pathogen 

detected.  We demonstrate that sputum neutrophilia is present during exacerbations in all 

subgroups independent of aetiology. Similar results were obtained from the analysis of 

sputum NE, a soluble mediator released from neutrophils that was increased at exacerbation 

as already documented [13]. Previous studies have found increased markers of neutrophilic 

inflammation in sputum supernatant in exacerbation associated to bacterial infection, however 

viral and viral/bacterial co-infections were not included in those comparison [16, 29, 34]. 

There are some important differences in the patient population in this study as compared to 

earlier studies.  For example, earlier studies involved outpatients while in this study 

hospitalized patients are considered [14, 16, 28, 29]. Also, at variance to the present one, 

previous studies were restricted to patients with chronic bronchitis (mainly with COPD), with 

the exclusion of those COPD patients not belonging to the chronic bronchitis phenotype [14, 

16, 28, 29]. At variance with previous studies that have measured free active NE in the 

sputum supernatant of patients with COPD [16, 28, 29] we measured total human neutrophil 

elastase, since our aim was to evaluate neutrophilic release of NE and not NE activity which 

is influenced by the presence of neutrophil elastase inhibitors in sputum [35, 36]. 
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Interestingly, although no difference in sputum NE was found between subgroups the ratio 

between NE and neutrophil cell counts at exacerbation was significantly lower in the group 

where no pathogen was found at exacerbation as compared to the infective group indicating 

less release of NE from neutrophils, and possibly less activation of neutrophils, when a 

pathogen is not present. Notably, bacterial lipopolysaccharide, is a well known stimulus for 

NE release from neutrophils [37].  

 Previous studies have found correlations between indirect soluble markers of sputum 

neutrophilic inflammation and clinical severity of exacerbations [16]. Our results substantiate 

and extend those results in showing for first time a significant correlation also with sputum 

and circulating neutrophil cell counts (Figures 1 & 2). These data are important as they may 

indicate a cause-effect relationship between neutrophilic inflammation and exacerbation 

severity.  

Interestingly, the frequency of bacterial infections during COPD exacerbations contrasts with 

the marginal effect of antibiotic therapy documented in the past [38] and the significant effect 

of anti-inflammatory steroid treatment [1], suggesting that suppression of inflammation might 

be more important than removal of bacteria for the improvement of symptoms and functional 

abnormalities associated with COPD exacerbations. However, since the data showing a 

marginal beneficial effect of antibiotics on exacerbation clinical outcomes may have been 

influenced by the fact that poor antibiotics were available at the time when those studies were 

performed, a re-evaluation of this hot topic would deserve a proper study with currently 

available antibiotic treatment.  

This study also provides an explanation for the controversy regarding lower airway 

eosinophilia during COPD exacerbations [10-17]. We observed increased sputum eosinophils 

only in those exacerbations associated with viral infections (Figure 5). The sputum 

eosinophilia observed was similar to that reported in previous studies showing airway 

eosinophilia during exacerbations [11]. Consistent with our results experimental rhinovirus 




























































