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ABSTRACT: This study was designed to investigate the efficacy of moxifloxacin for the

eradication of bacterial colonisation of the airways in patients with moderate-to-severe chronic

obstructive pulmonary disease (COPD).

Out of 119 stable patients with COPD screened, 40 (mean age 69 yrs, mean forced expiratory

volume in 1 s 50% predicted) were colonised with potentially pathogenic microorganisms (PPMs)

and were included in a randomised, double-blind, placebo-controlled trial with moxifloxacin

400 mg daily for 5 days.

Eradication rates were 75% with moxifloxacin and 30% with placebo at 2 weeks (p50.01).

Bacterial persistence at 8 weeks was still higher (not significantly) in the placebo arm (five (25%)

out of 20 versus one (5%) out of 20; p50.18). The frequencies of acquisition of a new PPM were

high and similar in both treatment groups; consequently, the prevalence of colonisation at

8 weeks was also similar between treatment arms. No difference was found in the number of

patients with exacerbations during the 5-month follow-up. Only the acquisition of a new PPM

during follow-up showed a statistically significant relationship with occurrence of an exacerba-

tion.

Moxifloxacin was effective in eradicating PPMs in patients with positive sputum cultures.

However, most patients were recolonised after 8 weeks of follow-up. Acquisition of a new strain of

bacteria was associated with an increased risk of developing an exacerbation.

KEYWORDS: Antibiotics, bacterial colonisation, chronic obstructive pulmonary disease,

moxifloxacin

B
ronchial bacterial colonisation is frequent
in patients with chronic obstructive pul-
monary disease (COPD) [1–3]. Studies

performed using the protected specimen brush
have demonstrated that up to 45% of patients
with moderate-to-severe COPD carry potentially
pathogenic microorganisms (PPMs) in significant
concentrations in their lower airways [4]. The
clinical significance of bacterial colonisation of
the airways has recently been recognised.
Colonised patients have increased lower airway
[5–7] and systemic inflammation [8], present
more frequent and severe exacerbations [9] and
the changes in bacterial load and species are
associated with a steeper decline in lung function
over time [10]. Furthermore, one study has
observed that colonised patients had more
severely impaired health-related quality of life
than patients whose airways were sterile [8].

Understanding the role of bacterial colonisation
in COPD is crucial for the development of
strategies aimed at eliminating the PPMs from
the lower airways [11]. The new, more active

antibiotics may allow short courses of treatment
to be administered with the objective of eradicat-
ing bacteria in the airways. In this respect,
moxifloxacin is a fourth generation fluoroquino-
lone that has demonstrated bactericidal activity
against the most frequently isolated PPMs in
respiratory secretions in patients with COPD [12,
13] and clinical efficacy in the treatment of
exacerbations of COPD [14, 15]. Therefore, moxi-
floxacin is indicated in most guidelines for the
treatment of exacerbations of COPD in patients
with moderate-to-severe disease or with risk
factors for failure [16]. The aim of the current
study was to investigate the efficacy of moxi-
floxacin in eradication of PPMs in stable patients
with COPD and the persistence of eradication
over a period of 8 weeks after treatment.

METHODS

Patients
Patients o40 yrs of age with COPD were
recruited between January 2006 and April 2007
in two centres in the Barcelona Metropolitan Area
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in Spain. Inclusion criteria were as follows: smoking history of
o10 pack-yrs, post-bronchodilator forced expiratory volume
in 1 s (FEV1) ,60% predicted; an increase of FEV1 with the use
of 400 mg of salbutamol of ,10% pred for that patient; and a
ratio of post-bronchodilator FEV1 to forced vital capacity
f0.70 [17]. A positive sputum culture for PPMs at a
concentration of o102 colony-forming units (CFU)?mL-1 at
the screening visit was required for inclusion. According to
CABELLO et al. [18], PPMs were defined as those microorgan-
isms recognised as agents causing respiratory infections,
regardless of whether they belonged to the gastrointestinal or
oropharyngeal flora: Gram-negative rods, such as
Enterobacteriaceae and Haemophilus spp.; Gram-positive cocci,
such as Staphylococcus aureus, Streptococcus pneumoniae; and
Gram-negative cocci, such as Moraxella catarrhalis. Exclusion
criteria were: diagnosis of asthma; any respiratory disorder
other than COPD; exacerbation or use of parenteral or oral
steroids or change in COPD medication in the 4 weeks before
randomisation; and a course of antibiotics or hospitalisation in
the 16 weeks before randomisation. Other exclusion criteria
were: colonisation by Pseudomonas aeruginosa or any contra-
indication for the use of fluoroquinolones.

All patients gave written informed consent and the study
protocol was approved by the Spanish Agency of Medicinal
Products (Agencia Española del Medicamento y Productos
Sanitarios; number 04-0112). Institutional review boards of
both participating centres also approved the study and it was
conducted according to the good clinical practice guidelines
and the last version of the Declaration of Helsinki.

Study design
This was a randomised, double-blind, parallel-group, placebo-
controlled trial. Patients fulfilling inclusion and exclusion
criteria were screened for bronchial colonisation by PPMs in
sputum. Those with sputum samples negative for PPMs were
rescheduled for up to three consecutive visits at 2-week
intervals to obtain a positive sputum culture. Patients with a
positive sample were randomised 1:1 to receive moxifloxacin
(Actira1; Bayer AG, Leverkusen, Germany) 400 mg or placebo,
once daily for 5 days. Active medication and matching placebo
were provided by Bayer Pharma (Barcelona, Spain) and were
stored and distributed by the Pharmacy Department of the
Hospital Clı́nic (Barcelona, Spain), which also developed the
randomisation tables for the study. Follow-up visits were
scheduled 2 and 8 weeks after randomisation, when clinical
assessment and microbiology of sputum were investigated.

Episodes of exacerbations, defined as acute episodes of
increased dyspnoea, sputum production and/or purulence
treated with antibiotics and/or oral corticosteroids [19], and
appearing during up to 5 months of follow-up, were recorded.

Measurements
The primary efficacy end-point was the rate of eradication at
visit two, 2 weeks after randomisation. Secondary end-points
were rate of eradication and frequency of acquisition of new
PPMs at visit three (8 weeks after randomisation), and
frequency of exacerbations at 5 months of follow-up.

At randomisation, sociodemographic data, cardiovascular
comorbidity, smoking habits, respiratory symptoms, and

number of previous exacerbations and hospitalisations were
collected. The microbiological characteristics of the sputum
were recorded and all subjects performed forced spirometry
and reversibility tests in the morning with the same dry
rolling-seal spirometer (Spirometrics, Gray, ME, USA), accord-
ing to standard techniques [20].

Sputum sampling and microbiological analysis
The sputum sample was processed within 60 min of collection
according to standard methods [21, 22]. Briefly, the patient was
pretreated with an inhaled b2-agonist 10 min before the
nebulisation of isotonic saline (0.9%) followed by increasing
concentrations of hypertonic saline (3%, 4% and 5%), for 7 min
with each concentration. After every induction, the patient
attempted to obtain a sputum sample by coughing, and the
nebulisation procedure was discontinued when the sputum
volume collected was o1 mL [23]. In current smokers, sputum
induction was performed after o6 h of tobacco abstinence.
Sputum appearance was determined according to the Murray–
Washington (MW) criteria [24] and samples with .25
leucocytes per field (MW o3) were considered indicative of
a neutrophilic inflammatory response [25]. The sample was
weighed and processed with a four-fold volume of dithio-
threitol (Sputasol; Oxoid Ltd, Basingstoke, UK) and cultured.
The determination of microbial typology and load was carried
out by culture in selective media and serial dilutions,
according to standard methods [26, 27]. For the purpose of
this study, only cultures growing PPMs, such as Haemophilus
influenzae, Haemophilus parainfluenzae, M. catarrhalis, S. pneumo-
niae, enterobacteria and/or S. aureus were considered positive,
according to previously defined criteria [18, 28, 29].
Quantitative cultures were expressed as CFU?mL-1.

Detection of microorganism DNA by PCR
Supernatant was recovered after sputum centrifugation at
5006g for 10 min and stored at -70uC for PCR analyses. For
each PPM recovered, six colonies were stored at -70uC for
posterior molecular typing. DNA extraction was performed
from sputum samples with negative cultures at the 2- or 8-
week visit in order to investigate the presence of PPM DNA
using a QIAamp DNA mini kit (Quiagen, Hilden, Germany).
Briefly, two pairs of specific oligonucleotide primers for the p6
gene of H. influenzae and H. parainfluenzae were designed using
Primer Express software (Applied Biosystems, Foster City, CA,
USA) and synthesised (Roche Diagnostics, Indianapolis, IN,
USA). Since the p6 gene sequences of the H. influenzae and H.
parainfluenzae differ in 30 of 274 pb, it is possible to design
specific primers for each species. Oligonucleotide sequences
were forward primer 59-AATTTCCAGCTTGGTCTCCA-39 and
reverse 59-CAAAAGTTTGAGCAGCACCA-39 for H. influenzae,
forward primer 59-CCGTTTACTTCGGTTTCGAC-39 and
reverse 59- CAGCACGACGTTGACCTAAA-39 for H. parain-
fluenzae, and detection, forward primer 59-GTGAGTGCC-
GCTTTTATAACC-39 and reverse 59-TGTATCGCCTGCCAA-
GACAA-39 for M. catarrhalis, as previously described by
GREINER et al [30]. A total of 10 mL of the PCR product
underwent electrophoresis in 2% agarose in Tris/borate/
EDTA buffer and visualised by ethidium bromide staining.
The sizes of the amplified products, 167 bp, 171 bp and 71 bp,
for H. influenzae, H. parainfluenzae and M. catarrhalis respec-
tively, were compared with those of a positive control
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amplified product and a molecular mass marker ladder
(Promega, Madison, WI, USA). Samples showing PPM DNA
with a posterior positive culture for the same PPM in the
following 3 months were considered as colonised by the PPM
in spite of the negative sputum culture.

Molecular typing of PPMs
Molecular PPM typing was performed by pulse field electro-
phoresis to determine whether a PPM recovered from
consecutive samples corresponded to the persistence of the
same strain or to the acquisition of a new one [31]. Briefly,
chromosomal DNA from multiple (.6) PPMs was extracted in
agarose plugs. After enzyme digestion (New England Biolabs,
Ipswich, MA, USA), restriction fragments were separated
using a contour-clamped homogeneous electric field system
(CHEF DR II; BioRad, Ivey sur Seine, France) at 14uC and
5 V?cm-1, beginning with an initial 5.6-s pulse which was
linearly increased until 40.6 s and maintained for 25 h in 0.5 x
Tris/borate/EDTA (Sigma Chemical, St Louis, MO, USA).
Bacteriophage lambda concatemer (New England Biolabs,
Ipswich, MA, USA) was included as the molecular weight
DNA marker. The patterns obtained were analysed using the
Diversity Database Software (BioRad). PPMs cultured from
follow-up sputum samples showing the same molecular
profile by pulse field electrophoresis as those previously
recovered were considered as persistent strains, whereas
PPMs cultured at follow-up, which were not present in the
previous sample, were considered as acquired strains.

Statistical analysis
All data were analysed using the SPSS statistical software
package version 15 (Chicago, IL, USA). Results were expressed
as absolute and relative frequencies for categorical variables
and for continuous variables as mean¡SD, or median (inter-
quartile range) when they did not follow a normal distribution.
Sputum characteristics at 2 and 8 weeks after randomisation
were compared between the two groups for the frequencies of
PPM eradication, persistence and acquisition during follow-up
and the effect of moxifloxacin treatment on these parameters
(Chi-squared, Fisher exact, unpaired t-test and Mann–Whitney
U-test, when appropriate). Finally, the frequency of exacerba-
tions in both groups up to 5 months after randomisation was
compared (Chi-squared, Fisher exact and unpaired t-test), and
the determinants of exacerbation were calculated by logistic
regression, expressing the results as odds ratios and 95%
confidence intervals, considering moxifloxacin treatment, PPM
persistence and acquisition as independent variables, and
adjusting the models for age and lung function (post-
bronchodilator FEV1 % pred). A p-value f0.05 was reported
as statistically significant.

RESULTS
A total of 119 consecutive stable COPD outpatients accepted to
participate in the study and were screened for bronchial
colonisation by PPMs. The mean age was 68¡9.1 yrs, 110 were
males and the mean post-bronchodilator FEV1 was
46.2¡14.1% pred. Using induced sputum, 45 (37.8%) patients
provided a positive sputum culture; this was positive for P.
aeruginosa in five patients, who were excluded from the study.
The remaining 40 patients with positive sputum cultures for
PPMs other than P. aeruginosa were randomised to receive

either placebo (n520) or moxifloxacin (n520). The socio-
demographic, respiratory and microbiological profiles were
comparable except for a higher exacerbation frequency in the
previous year in patients treated with moxifloxacin (table 1).

On the visit week two after randomisation, PPM isolation from
sputum became negative in 15 (75%) out of 20 patients treated
with moxifloxacin and in six (30%) out of 20 who received
placebo (p50.01). Assuming a one-side contrast of hypothesis
and accepting an a risk of 0.05, the sample size of 20 subjects
per group provides a power of 92% to identify as statistically
significant the observed difference in eradication of 75% versus
30%. In the placebo-treated group, the 14 cases with positive
isolation of PPM consisted of 10 cases with positive sputum
cultures and four cases of negative cultures but positive PCR
testing followed by a positive sputum culture for the same
microorganism (H. influenzae) at 8 weeks after randomisation.
Furthermore, these four PPMs showed the same molecular
typing profile throughout the study, from the baseline visit to
the 8-week visit, confirming the persistence of the initial PPMs
in the placebo group and the false negative results of the
sputum culture at visit 2 (table 2). PCR testing in culture-
negative sputum samples in moxifloxacin-treated patients at
2 weeks was negative in all cases (fig. 1).

TABLE 1 Characteristics of the patients studied at
randomisation

Characteristics Placebo Moxifloxacin

Subjects n 20 20

Age yrs 69¡10 69¡7

Males 19 (95) 19 (95)

Current smokers 1 (5) 1 (5)

Tobacco consumption pack-yrs 43¡21 49¡24

Chronic bronchitis 19 (95) 20 (100)

Cardiovascular comorbidity 8 (40) 6 (30)

More than two exacerbations in previous

year

6 (30) 12 (60)

More than one hospitalisation in previous

year

4 (20) 3 (15)

Post-bronchodilator FVC % pred 78¡24 70¡18

Post-bronchodilator FEV1 % pred 53¡16 47¡15

Treatment with inhaled corticosteroids 16 (80) 15 (75)

Sputum characteristics

Murray–Washington o3 14 (70%) 14 (70%)

Haemophilus influenzae

Subjects 11 (55) 8 (40)

Load 1066CFU?mL-1 30 (0.5–60) 30 (1–50)

Haemophilus parainfluenzae

Subjects 6 (30) 11 (55)

Load 1066CFU?mL-1 0.7 (0.4–188) 0.6 (0.1–4.2)

Moraxella catarrhalis 2 (10) 2 (10)

Streptococcus pneumoniae 1 (5) 2 (10)

Enterobacteriaceae 1 (5) 0

Polymicrobial 1 (5) 3 (15)

Data presented as mean¡SD, n (%) or median (interquartile range), unless

otherwise stated. FVC: forced vital capacity; FEV1: forced expiratory volume in

1 s; CFU: colony forming units.
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At 8 weeks after randomisation, bacterial persistence was still
higher, although not significantly, in patients who received
placebo than in moxifloxacin-treated patients (five (25%) out of
20 versus one (5%) out of 20, respectively; p50.18). However,
the frequencies of acquisition of a new PPM were high and
similar in both treatment groups at 8 weeks, (placebo 60%
versus moxifloxacin 70%; p.0.25) (table 2). Due to the high
incidence of acquisition of a new PPM during the 8 weeks after
randomisation, the prevalence of colonisation at this time point
was similar between the two treatment arms (80% in the
placebo and 75% in the moxifloxacin arm; p.0.25) (fig. 1).

The number of patients presenting an exacerbation during the
5-month follow-up was similar in the placebo (six (30%) out of
20) and the moxifloxacin groups (five (25%) out of 20; p.0.25).
The time to the first exacerbation did not significantly differ
between treatment arms (74¡39 days versus 60¡39 days for
placebo and moxifloxacin arms, respectively; p.0.25).

On adjusting for age and post-bronchodilator FEV1 (% pred) in
the logistic regression model, neither moxifloxacin treatment
nor the presence of persistent PPM in the follow-up sputum
samples was significantly associated with the appearance of an
exacerbation. However, the acquisition of a new PPM during
follow-up showed a statistically significant relationship with
having an exacerbation (OR 9.63, 95% CI 1.01–91.64) (table 3).

DISCUSSION
Our results have shown that a 5-day treatment course with
moxifloxacin is effective in eradicating colonising bacteria in

the airways of COPD patients. However, the eradication of
bacteria is followed by the acquisition of a new colonising
strain over a period of 8 weeks, in most cases, both in
antibiotic-treated and untreated patients. The acquisition of a
new strain is associated with an increased risk of developing
an exacerbation.

Trials of antibiotic treatment of stable chronic bronchitis were
conducted in the 1950s and 1960s, with inconclusive results [32]
and, therefore, the prescription of prophylactic antibiotics for
COPD has not been recommended. However, the chronic use of
macrolides in COPD has received increasing attention in recent
years. The main objective to the existing studies was to prevent
exacerbations, either bacterial or viral, via mechanisms other
than antibacterial activity [33–35]. In fact, two of these studies,
of 3-month [34] and 1-yr duration [35], respectively, did not
observe any changes in bronchial bacterial flora. However, the
latter study, using erythromycin 250 mg twice daily for 1-yr,
observed a significant reduction of 35% in the frequency of
exacerbations compared with placebo [35]. Instead, the ratio-
nale for the use of the fluoroquinolone moxifloxacin for the
treatment of stable COPD is based on its antibacterial efficacy.
Bacterial eradication reduces the inflammatory burden of the

TABLE 2 Clinical and microbiological evolution

Placebo Moxifloxacin p-value

Subjects n 20 20

At 2-week follow-up

PPMs in sputum 14 (70) 5 (25) 0.01

Positive sputum culture 10 (50) 5 (25) 0.19

Positive PCR for PPM 4 (20) 0 0.09

PPM persistence 7 (35) 3 (15) .0.25

Acquisition of new PPM 7 (35) 2 (10) 0.13

At 8-week follow-up

Positive sputum culture# 16 (80) 15 (75) .0.25

PPM persistence 5 (25) 1 (5) 0.18

Acquisition of new PPM 12 (60) 14 (70) .0.25

PPMs at 8 weeks follow-up

Haemophilus influenzae 10 (50) 4 (20) 0.10

Haemophilus parainfluenzae 7 (35) 9 (45) .0.25

Pseudomonas aeruginosa 0 1 (5) .0.25

Moraxella catarrhalis 1 (5) 1 (5) .0.25

Polymicrobial 2 (10) 0 .0.25

At 5-month follow-up

Patients with exacerbation 5 (25) 6 (30) .0.25

Time to first exacerbation days 60¡32 74¡39 .0.25

Data are presented as n (%) or mean¡ SD, unless otherwise stated. PPM:

potentially pathogenic micro-organism. #: one patient in placebo group with

two different strains of H. influenzae, one persistent strain and one acquired at

8 weeks.
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FIGURE 1. Number of patients with positive isolation of potentially pathogenic

microorganisms (PPMs) in sputum at 2 and 8 weeks after randomisation. Numbers

are the result of adding the percentage of patients with persistent ( ) and newly

acquired (u) strains identified by sputum culture and detection of the DNA of PPMs

by PCR (table 2). **: p50.01.

TABLE 3 Results of the logistic regression model for the
variables associated with the presence of
exacerbation during follow-up, adjusted for age
and post-bronchodilator per cent predicted
forced expiratory volume in 1 s

Variables OR (95% CI)

Persistence of PPM isolated at randomisation 0.45 (0.04–4.51)

Treatment with moxifloxacin 1.38 (0.33–5.76)

Acquisition of a new PPM during follow-up 9.63 (1.01–91.64)

PPM: potentially pathogenic micro-organism.
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airways [6, 36] and may eventually prevent the development of
exacerbations [11, 14, 37, 38]. Treatment with moxifloxacin has
been efficacious in eradicating bacteria from the airways but
has neither prevented the occurrence of exacerbations nor
prolonged the time to the first exacerbation in our population. It
is important to consider that our study, although adequately
powered for the main end-point, was clearly underpowered to
demonstrate an effect in reduction of exacerbations or
prolonging exacerbation-free interval. A previous randomised
trial comparing moxifloxacin with amoxycillin, clarithromycin
or cefuroxime in the treatment of exacerbations of COPD
observed a significantly prolonged time free from exacerbation
in favour of moxifloxacin (133 days versus 118 days; p50.03)
associated with a significantly better eradication rate for the
quinolone [12, 14]. Interestingly, to achieve sufficient statistical
power, the study included a total of 730 patients followed for
9 months after the exacerbation [14]. In contrast, an uncon-
trolled study in the late 1980s in patients colonised with H.
influenzae observed persistence of 11 out of 14 strains of the
microorganism after treatment with ampicillin, doxycycline,
erythromycin or tetracycline, but the strains did not become
resistant to the antimicrobial administered; instead, the low
penetration of these antibiotics into the sputum was most likely
to be responsible for the poor outcome [39].

Our results suggest that the sterilising effect of moxifloxacin in
the airways vanishes after ,2 months. Therefore, to maintain
the bronchial tree as free from bacteria as possible, either
continuous or recurrent courses of treatment would be
necessary. In this case, special attention must be paid to the
possible development of resistance to the fluoroquinolone by
the colonising bacteria. However, our results suggest that only
exceptionally persistent strains would be repeatedly exposed
to the antibiotic over time with an increased risk of develop-
ment of resistance. Most of the time, newly acquired strains are
exposed to the antibiotic and effectively cleared from the
airways without the possibility of becoming resistant to the
antibiotic. However, the long-term use of the antibiotic in this
indication should be restricted to the controlled clinical trial
setting, and the efficacy, safety and potential development of
resistance carefully assessed.

The use of PCR and molecular typing has allowed the
identification of four false-negatives for colonisation at
2 weeks among patients in the placebo group. These were
very likely to be patients with a low or very low bacterial load
in the airways, with sputum cultures that were negative by the
usual microbiological techniques. Similarly, using the same
methodology, MURPHY et al. [40] demonstrated that episodes of
negative sputum cultures preceded and followed by identical
strains of H. influenzae were, in fact, periods of continuous
colonisation by the same strain of H. influenzae identified by
detection of strain-specific DNA in some of the sputum
samples that yielded negative cultures.

A major limitation of our study is the small sample size, which
did not allow verification of the hypothesis that eradication of
colonising bacteria results in a prolonged time to the first
exacerbation; additionally, the number of subjects with
frequent exacerbations was higher in the moxifloxacin group.
It is of note that this treatment is not indicated for patients
colonised with P. aeruginosa. Nonetheless, this colonisation

occurs only in a minority of patients with COPD (only 4.2% in
our screened population), and many of these episodes are
transient colonisation [41]. The inclusion of H. parainfluenzae in
the group of PPMs may be controversial; however, this
microorganism was included in the original definition of
PPMs [18] and has been considered a respiratory pathogen,
together with H. influenzae, in many studies dealing with
bacterial colonisation in COPD [6, 7, 9, 18, 28]. In fact,
MIDDLETON et al. [42] demonstrated that H. parainfluenzae can
be a pathogen in the lower respiratory tract when impaired
airway defences delay bacterial clearance, as is the case in
COPD. In any case, the frequency of isolation of this
microorganism, both at inclusion and at 8 weeks, was similar
in both treatment groups; therefore, excluding this isolation
from the analysis would have not modified the results.

Of note, the study has several strengths, the randomised,
double-blind design, the use of molecular typing to detect
colonisation and re-colonisation by the same or different strain
and, particularly, the inclusion of patients with demonstrated
bacterial colonisation at baseline. Even if large, randomised,
controlled trials ever demonstrate the efficacy of this ther-
apeutic approach in reducing exacerbations and/or lung
damage in COPD, this treatment will be restricted to selected
subgroups of patients due to the risk of development of
resistance and potential side-effects. The patients with demon-
strated bacterial colonisation with sensitive bacteria are an
obvious target population for this prophylactic treatment and
the current study has demonstrated the efficacy of a short
course of moxifloxacin in bacterial eradication in this context.
Large clinical trials are required to answer some of the
questions which remain open regarding antibiotic treatment
of bacterial colonisation in COPD.
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