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Rationale: Airway inflammation persists after smoking cessation in established chronic 

obstructive pulmonary disease (COPD), suggesting that other factors drive the airway inflam-

matory response.

Objectives: We tested the hypothesis that high levels of bacterial colonization are associated 

with increased levels of neutrophilic airway inflammation in stable COPD by examining the cross-

sectional relationship between these measurements and by conducting a randomized, double-blind, 

placebo-controlled study of the effect of levofloxacin in patients with stable COPD.

Methods: Patients were randomized to receive either levofloxacin 500 mg daily or placebo for 

7 days and underwent sputum induction for a differential cell count and quantitative bacterial 

analysis at baseline and at days 7, 14, and 28.

Results: Sputum percentage neutrophil count correlated with airway bacterial load at baseline 

(r=0.56; P=0.003). Levofloxacin reduced bacterial load compared with placebo by 4.9-fold 

(95% confidence interval, 1.4–25.7; P=0.02) at day 7 but had no effect at any point on any 

marker of neutrophilic airway inflammation. In patients with a baseline bacterial load of more 

than 106 cfu/mL, levofloxacin treatment was associated with a 26.5% (95% confidence inter-

val, 1.8%–51.3%; P=0.04) greater reduction in the percentage neutrophil count compared with 

placebo at day 7. Change in percentage neutrophil count correlated significantly with baseline 

airway bacterial load and change in airway bacterial load.

Conclusion: In stable COPD, levofloxacin treatment causes a short-term reduction in bacterial 

load. This is associated with a reduction in neutrophilic airway inflammation in patients with 

high bacterial loads. Further studies are required to investigate whether this effect is clinically 

advantageous.

Keywords: bacteria, antibiotics, sputum

Introduction
Chronic obstructive pulmonary disease (COPD) is a slowly progressive chronic inflam-

matory disease, affecting mainly the airways, that is characterized by an accelerated 

decline in lung function.1 The main etiological agent associated with developing COPD 

is cigarette smoke, and smoking cessation has been shown to slow this accelerated 

decline in lung function.2 However, the rate of decline of lung function is variable among 

patients, and other sources of local3–5 and systemic3,6 inflammation may contribute. In 

keeping with this view, airway inflammation has been shown to persist after smoking 

cessation in patients with established COPD.7,8

Neutrophilic airway inflammation has been shown to be associated with forced 

expiratory volume in 1 second (FEV
1
) in cross-sectional analysis5 and, longitudinally, 
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with decline in FEV
1
,7 suggesting a role in the genesis of 

the small airway inflammation and fibrosis that leads to the 

progressive airflow obstruction seen in COPD.9 One poten-

tially modifiable cause of neutrophilic airway inflammation 

is bacterial infection of the airway. The presence of poten-

tially pathogenic microorganisms (PPMs) has been associ-

ated with higher levels of markers of neutrophilic airway 

inflammation during stable disease10 and at exacerbation.11–13 

Moreover, uncontrolled studies have shown that reduction 

of bacterial load with antibiotic therapy is associated with 

resolution of neutrophilic airway inflammation in patients 

studied during an exacerbation14 with elevated total neutro-

phils in the presence of a PPM.15,16 Less is known about the 

relationship between bacterial colonization of the airway 

and neutrophilic airway inflammation in stable COPD. 

We have tested the hypothesis that high levels of bacterial 

colonization are causally associated with increased levels 

of neutrophilic airway inflammation in stable COPD by 

examining the cross-sectional relationship between these 

measurements and by conducting a randomized, double-

blind, placebo-controlled study of the effect of a 1 week 

course of levofloxacin on bacterial load and markers of 

neutrophilic airway inflammation in patients with stable-

state COPD.

Methods
Participants
Participants with a physician diagnosis of COPD were 

recruited from Glenfield Hospital, Leicester, UK, between 

January 2003 and January 2004. All patients had fixed 

airway obstruction, with an FEV
1
/FVC ratio of 0.7 and 

an FEV
1
 %predicted of 80%. The exclusion criteria 

were as follows: patients younger than 45 years; a clini-

cal history of asthma or acute wheeze, breathlessness, or 

deterioration associated with allergens; or clinically 

important comorbidity such as heart failure, bronchiecta-

sis, or lung cancer. Any evidence of airway reversibility 

following 400 micrograms of inhaled Salbutamol (.15% 

or .200  mL) was also an exclusion criterion. Patients 

receiving regular antibiotic therapy, elevated immuno-

globulin E levels (.500 U/L), and PiZZ homozygosis 

for alpha-1 antitrypsin were also excluded. At enrollment, 

patients were 6 weeks free of an exacerbation. The study 

was approved by the Leicestershire and Rutland research 

ethics committee, and all subjects gave written informed 

consent. The clinical trial was not registered, as it was car-

ried out before the mandatory requirements for registration 

of clinical trials.

Measurements
The following baseline characteristics were recorded: age, sex, 

body mass index, serum immunoglobulin E, alpha-1-antitrypsin 

level, smoking history, and comorbid history. All patients under-

went a chest X-ray and full pulmonary function testing. Spirom-

etry was always carried out in the morning and performed by 

taking the best of three readings, using Vitalograph® (Lenexa, 

KS, USA), before and 15 minutes after inhalation of salbuta-

mol 400 µg via a large-volume spacer device. Gas transfer and 

total lung volumes were measured using the single-breath-hold 

carbon monoxide technique and helium dilution technique, 

respectively. At each visit, patients underwent spirometry, 

sputum induction according to a standard protocol,17,18 diary 

card review, and assessment of symptoms using visual analog 

scales on which patients marked 3 lines, each measuring 100 

mm, which represented the symptoms of breathlessness, cough, 

and sputum production.19 Sputum was processed according to 

a standard protocol18 and analyzed for differential cell count by 

counting more than 400 nonsquamous cells on a Romanowski 

(0.5g Eosin, 1.5g Azure-B-thiocyanate, 10nM HEPES buffer 

pH7.2, dimethyl sulfoxide) stained cytospin. A quantitative 

bacterial count was performed by using homogenized sputum 

to create a dilutional series, which was then pipetted onto 

media plates and incubated for 24 hours.20 Bacterial colonies 

were identified and counted to calculate airway bacterial load, 

expressed as colony forming units (CFU)/mL sputum.21 A 

potential PPM was defined as the presence of Haemophilus 

influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, 

Staphylococcus aureus, or Pseudomonas species on routine 

sputum culture.20 Bacterial load higher than ×106 cfu/mL was 

chosen a priori for subgroup analysis, as this level has been 

shown to be associated with increased neutrophilic airway 

inflammation.22 Sputum supernatants were frozen at −80°C for 

measurement of interleukin-8 (IL-8) concentrations by enzyme-

linked immunosorbent assay, using a commercially available kit 

(R&D Systems Europe, Abingdon, UK). The limit of detection 

of IL-8 was 1.5 µg, and the between-assay and within-assay 

variability was between 5% and 10%.

Protocol
At the baseline visit, patients were randomized to receive 

either a 7-day course of levofloxacin 500 mg once daily or 

matched placebo in a randomized, double-blind control trial. 

The randomization process was carried out by Royal Hallam-

shire Hospital, which supplied the medication. The patients 

were followed up in the morning, at least 2 hours after taking 

their study medication, on days 7, 14, and 28, and measure-

ments were repeated as stated earlier. Patients were asked to 
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complete symptom diary score cards from the baseline visit 

to day 28. The study consort diagram is shown in Figure 1.

Analysis
The primary endpoints were change in sputum percentage 

neutrophil count, change in sputum IL-8 concentration, 

and the relationship between airway bacterial load and 

sputum percentage neutrophil count. Secondary endpoints 

were change in sputum total neutrophil count, symptoms, 

and postbronchodilator FEV
1
. The demographics of the 

two groups were compared using simple descriptive 

statistics. Changes in percentage neutrophil count, total 

neutrophil count, bacterial load, and IL-8 between each 

group were compared using unpaired Student’s t-tests. The 

relationship between change in percentage neutrophil count 

and baseline bacterial load, as well as change in percentage 

neutrophil count and change in bacterial load, were analyzed 

using Spearman’s rank correlation. The study was powered 

to have a greater than 80% chance of detecting a 20% dif-

ference in the percentage neutrophil count or a 2-fold dif-

ference in IL-8 with levofloxacin compared with placebo at 

the 5% significance level. All data were analyzed with SPSS 

for Windows (version 16.0; IBM Corporation, Armonk, NY, 

USA). All data were analyzed with intention to treat; missing 

data were assigned using measurements extrapolated from 

the last available visit.

Results
There were 27 patients randomized to receive levofloxacin 

(n=14) or placebo (n=13). Subjects were well matched at base-

line (Table 1). Two patients in the levofloxacin group withdrew 

from the study before day 7 because of Achilles tendonitis, 

confirmed on ultrasound scanning. At baseline, 6 patients 

had a PPM detected, and there was a correlation between the 

sputum percentage neutrophil count and log airway bacte-

rial load (r=0.56; P=0.003; Figure 2). At day 7, the bacterial 

count increased from 1.1 × 106 cfu/mL to 1.5 × 106 cfu/mL 

in placebo and decreased from 0.7 × 106 cfu/mL to 0.2 × 106 

cfu/mL with levofloxacin therapy. There was a 4.9-fold (95% 

confidence interval [CI], 1.4–25.7; P=0.02) difference in the 

change in bacterial load between groups. There was no effect 

of levofloxacin at any point on any markers of neutrophilic 

airway inflammation (Table 2). By day 7 there was a 1.3% 

reduction (95% CI, −11.7% to 14.3%) in percentage neu-

trophil count with placebo and a 12% reduction (95% CI, 

−5.9% to 30.1%) in percentage neutrophil count with levo-

floxacin (mean difference, 10.8%; 95% CI, −9.7% to 31.2%; 

P=0.29). In patients with a baseline bacterial load higher 

than ×106 cfu/mL, levofloxacin treatment was associated 

with a greater reduction in the percentage neutrophil count 

compared with placebo (mean difference, 26.5%; 95% CI, 

1.8%–51.3%; P=0.04; Figure 3) and a 46.8 ng/mL (95% CI, 

−11.2 to 104.8 ng/mL; P=0.11) reduction in sputum IL-8 

concentration. There was no evidence of a treatment effect 

at any other time (Table 2). When sputum culture at baseline 

revealed the presence of a PPM, the reduction in percentage 

neutrophil count after levofloxacin at day 7 was 45.0% com-

pared with 2.6% when there was nonsignificant growth (mean 

difference, 42.3%; 95% CI, 15.5%–69.0%; P=0.006).

There was a significant correlation between change in 

percentage neutrophil count and baseline bacterial load after 

levofloxacin treatment (r=−0.78; P=0.003) and between 

change in percentage neutrophil count and change in bacterial 

load (r=0.85; P=0.001). No such relationships were seen 

Levofloxacin, n=14

Levofloxacin, n=12

Levofloxacin, n=12

Levofloxacin, n=12

Placebo, n=13

Placebo, n=13

Placebo, n=13

Placebo, n=13

Day 0

Day 7

Day 14

Day 28

Randomized, n=27

2 intolerant of quinolones

Figure 1 Assessments at each visit: pre- and postbronchodilator spirometry, sputum induction, and symptoms.
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Table 1 Patient demographics at baseline

Placebo (n=13) Levofloxacin (n=14) P-value

Age (range) 68 (45–80) 65 (52–74) 0.29
Sex, males 13 10 0.10
Smoking status (current:ex) 3:10 7:7 0.24
Smoking pack years 49.0 (29.7) 49.0 (29.0) 1.00
Proportion receiving inhaled corticosteroids 75% 85% 0.97

Inhaled corticosteroid dosage, μg† 1,600 (800–2,000) 1,600 (800–2,000) 0.71

FEV1/L 1.2 (0.4) 1.2 (0.4) 1.00
FVC/L 2.5 (0.6) 2.3 (0.6) 0.40
Postbronchodilator FEV1/L 1.3 (0.4) 1.3 (0.4) 1.00
Postbronchodilator % predicted FEV1 43.8 (13.7) 48.0 (16.6) 0.48
Total lung capacity (% predicted) 98.0 (18.7) 97.7 (15.1) 0.96
Residual volume (% predicted) 126.9 (60.4) 133.8 (45.7) 0.74
Diffusion capacity corrected for alveolar  
volume, (% predicted)

66.0 (26.5) 74.1 (18.6) 0.36

Body mass index, kg/m2 25.7 (4.3) 24.4 (3.5) 0.40

Sputum total cell count (×106/g) 2.62 (1.8) 3.8 (2.3) 0.15

Sputum neutrophil count (%) 66.2 (19.8) 70.4 (21.4) 0.60

Airway bacterial load (×106 cfu/mL*) 1.1 (0.8) 0.7 (0.9) 0.24

Proportion with airway bacterial load . ×106  
colonies, n (%)

6 (46%) 6 (43%) 1.00

Notes: Mean (standard deviation) unless stated. *Geometric mean and log standard deviation; †beclomethasone dipropionate equivalent.
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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Figure 2 Relationship between airway bacterial load and percentage neutrophil count at baseline.
Notes: r=0.56; P=0.003.
Abbreviations: O, nonsignificant growth; X, potentially pathogenic microorganisms.
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Table 2 Airway inflammation in levofloxacin and placebo groups over time series

Treatment Baseline Day 7 Day 14 Day 28

Total sputum cell count (×106/g)
  Placebo 2.1 (1.3–3.2) 1.6 (0.9–3.0) 1.7 (1.0–3.1) 2.4 (1.5–3.8)
  Levofloxacin 3.0 (1.8–4.8) 2.1 (1.1–3.9) 2.2 (0.9–5.5) 3.0 (1.7–5.2)
Neutrophil count (%)*
  Placebo 66.2 (19.8) 64.9 (17.7) 58.7 (20.9) 59.1 (19.4)
  Levofloxacin 70.4 (21.4) 58.2 (16.7) 68.9 (16.4) 70.1 (15.6)
Total neutrophil count (×106/g)
  Placebo 1.3 (0.8–2.2) 1.0 (0.5–2.1) 1.0 (0.5–1.9) 1.3 (0.7–2.4)
  Levofloxacin 2.1 (1.1–4.0) 1.0 (0.4–2.6) 1.3 (0.4–3.8) 1.7 (0.9–3.1)
Interleukin-8 (ng/mL)
  Placebo 81.9 (45.5) 113.6 (82.3) 120.8 (62.1) 95.4 (75.0)
  Levofloxacin 95.1 (67.7) 85.0 (56.3) 124.8 (69.7) 91.7 (74.5)
Log bacterial load (cfu/mL-1)†

  Placebo 6.05 (0.2) 6.18 (0.3) 6.28 (0.3) 6.15 (0.3)
  Levofloxacin 5.87 (0.2) 5.33 (0.2) 5.86 (0.1) 5.69 (0.2)

Notes: Data are presented as geometric mean (95% confidence interval) unless stated. *Mean (standard deviation); †geometric mean (standard deviation).

0 7 14 28

40

50

60

70

80

90

Day

M
ea

n
 (

S
E

M
) 

%
 s

p
u

tu
m

 n
eu

tr
o

p
h

il 
co

u
n

t

Figure 3 Change in percentage neutrophil count in patients with airway bacterial load of more than 106 cfu/mL.
Notes: Data presented as mean (standard error of the mean). Open circles represent placebo, closed circles represent levofloxacin.
Abbreviation: SEM, standard error of the mean.

after placebo (Figure 4). There was no difference between 

the groups in change in postbronchodilator FEV
1
 (mean 

difference, 28 mL; 95% CI, −70 to 127 mL; P=0.56) or 

visual analog score from baseline to day 7 (mean difference, 

2.6 mm; 95% CI, −12.7 to 17.3 mm; P=0.71) or at any 

other time.

Discussion
We have shown a strong correlation between sputum percent-

age neutrophil count and baseline airway bacterial load and 

evidence that a reduction in bacterial load is associated with 

a reduction in neutrophilic airway inflammation in patients 

with high airway bacterial loads. This effect was only evident 
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at day 7. There were correlations between change in percent-

age neutrophil count and baseline bacterial load and change 

in percentage neutrophil count and change in bacterial load. 

These effects were not associated with improvements in 

symptoms or FEV
1
.

Our findings are consistent with previous studies show-

ing an increase in markers of neutrophilic airway inflam-

mation associated with airway bacterial loads of more 

than 106 cfu/mL,22,23 and with work showing that levels of 

neutrophilic airway inflammation are only suppressed for 

a short period after a course of antibiotics in patients with 

COPD.14 Our findings in stable COPD are consistent with an 

earlier uncontrolled trial in patients with stable bronchiecta-

sis, in which there was evidence of reduction of neutrophil 

elastase concentration after treatment with amoxicillin.24 The 

similar time course of the effect of levofloxacin on bacterial 

load and sputum neutrophils and the correlation between 

change in sputum neutrophils and baseline bacterial load 

and change in bacterial load supports a causal link between 

airway bacterial colonization and neutrophilic airway inflam-

mation. These findings are important, as they represent the 

first demonstration in a placebo-controlled trial that antibiotic 
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Figure 4 Mean change in percentage neutrophil count after (A) placebo and (B) levofloxacin, according to log baseline airway bacterial load.
Abbreviations: O, nonsignificant growth; X, potentially pathogenic microorganism.
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therapy is capable of modulating neutrophilic airway inflam-

mation in stable COPD.

We did not see any obvious clinical benef it with 

levofloxacin therapy during the study, although our study was 

not designed to show this. The long-term consequences of the 

effect of levofloxacin on neutrophilic airway inflammation 

and important clinical outcomes such as decline in lung func-

tion, quality of life, and symptoms remain unclear. However, 

a relationship between neutrophilic airway inflammation, 

decline in FEV
1
, and airway bacterial load is supported by a 

study that showed that an increase in bacterial load over the 

course of 12 months was related to a greater decline in FEV
1
.4 

Higher levels of sputum IL-8 and a change in colonizing 

bacterial type were also associated with a greater decline in 

FEV
1
. These findings raise the possibility that reduction of 

airway bacterial load and neutrophilic airway inflammation 

with antibiotic therapy might be associated with a reduction 

in disease progression, including exacerbations.

Our study was not designed to show whether the effects 

of levofloxacin were related to infection with a PPM. PPMs 

tended to be present in high concentrations, and reduction in 

sputum neutrophils with levofloxacin was particularly marked 

in these patients, raising the possibility that the effect of levo-

floxacin was a result of a reduction in PPMs only. However, 

further, larger studies are needed to investigate this.

The use of antibiotics in the treatment of exacerbations of 

COPD, and particularly treatment of colonized patients who 

are clinically stable, remains controversial.25,26 We chose to 

use levofloxacin because it has a broad spectrum of activity 

against common respiratory pathogens, it is given only once 

daily, it can be given to patients who are allergic to penicil-

lin, and it is less likely to cause antibiotic resistance.27 Any 

potential benefits achieved by the increased use of antibiotics 

would have to be balanced against growing levels of bacterial 

antibiotic resistance and potential adverse effects, such as 

Achilles tendonitis and Clostridium difficile diarrhea, which 

may potentiate the considerable morbidity that already exists 

among these patients. The prophylactic use of antibiotics in 

COPD may be useful in a subgroup of patients25 with features 

of purulent sputum production or the chronic bronchitic 

phenotype. The mechanism by which levofloxacin may exert 

transitory reduction of bacterial load and neutrophil counts is 

not well studied. Observations from studies performed using 

macrolide therapy have demonstrated inhibition of neutrophil 

influx and stimulatory cytokine activity,28,29 but whether this 

is a specific immune modulatory class effect remains to be 

established. In our study, the most benefit occurred in patients 

with PPM or elevated bacterial loads. This suggests that the 

antibactericidal properties of levofloxacin are able to exhibit 

a greater effect in a subgroup with the greatest inflammatory 

activity. Further evidence to support this includes studies that 

have shown equivalence of clinical success when different 

antibiotics are compared after treatment of an exacerbation 

of COPD.30,31 Our findings provide further basis for trials 

investigating the effect of long-term antibiotic therapy on 

clinically relevant outcomes in a select group of patients 

with stable COPD.
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