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ABSTRACT: The aim of this prospective observational study was to determine those
factors influencing bacterial colonization in patients with stable chronic obstructive
pulmonary disease (COPD).
Eighty-eight outpatients with stable COPD and 20 patients with normal spirometry and chest radiography (controls) had a fibreoptic bronchoscopy performed with
topical aerosol anaesthesia. Bacterial colonization was determined using the protected specimen brush (PSB) with a cut-off $103 colony-forming units (CFU.mL-1).
The influence of age, degree of airflow obstruction, smoking habit, pack-yrs of smoking, and chest radiographic findings on bacterial colonization were assessed by
univariate and multivariate analysis.
Significant bacterial growth was found in 40% of patients and in none of the
controls. Haemophilus influenzae, Streptococcus viridans, S. pneumoniae and Moraxella catarrhalis were the most frequent pathogens. After adjustment for other
variables, severe airflow limitation (odds ratio (OR) 5.11, 95% confidence interval
(CI) 1.45±17.9) and current smoking (OR 3.17, 95% CI 2.5±8) remained associated
with positive bacterial cultures. When only potentially pathogenic micro-organisms
were considered, significant bacterial growth was found in 30.7% of patients, with
severe airflow obstruction (OR 9.28, 95% CI 2.19±39.3) being the only variable independently associated with positive bacterial cultures.
Our results show that stable chronic obstructive pulmonary disease patients have a
high prevalence of bacterial colonization of distal airways which is mainly related to
the degree of airflow obstruction and cigarette smoking.
Eur Respir J 1999; 13: 343±348.

Despite intensive investigation, the precise role of bacterial infection in the production and recurrent aspects of
chronic obstructive pulmonary disease (COPD) has yet to
be elucidated [1, 2]. It has been estimated that the lower
respiratory tract of stable COPD patients is colonized in
50±100% of cases [3, 4]. In most studies, however, the tracheobronchial microflora was characterized by unreliable
diagnostic techniques (e.g. expectorated sputum, transtracheal aspiration) owing to the lack of specificity and the
absence of quantitative cultures [5±8]. Fibreoptic bronchoscopy using a protected specimen brush (PSB) catheter is
a highly sensitive and specific technique used to obtain
uncontaminated specimens for culture from the lower respiratory tract [9]. In patients with stable COPD, the prevalence of lower airway bacterial colonization using the PSB
varies between 25 and 55.5% [10±12]. However, predisposing factors to bacterial colonization in patients with
stable COPD have not been well defined.
To determine precisely the influence of different factors, such as age, degree of airflow obstruction, smoking
habit, pack-yrs of smoking and chest radiographic findFor editorial comments see page 233
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ings, on the detection of bacteria in COPD patients, a
prospective study was conducted using the PSB and quantitative cultures.
Materials and methods
Study population
The study was carried out in a 1,000-bed teaching hospital in Bizkaia, Basque Country (Spain) between January
1, 1994 and December 31, 1995. A total of 1,002 patients
had been explored by fibreoptic bronchoscopy in 1995,
373 of whom had undergone this procedure on an outpatient basis. Eighty-eight outpatients who fulfilled clinical
criteria of chronic bronchitis and evidence of airflow obstruction (forced expiratory volume in one second (FEV1)
<80% of the predicted value and FEV1/forced vital capacity (FVC) <70%, with an increase of <10% in FEV1 after
inhalation of a b-agonist aerosol) [13] were enrolled into
the study. All patients had serial lung function studies
compatible with the diagnosis of COPD. The patients had
stable respiratory symptoms [14], all expectorated mucoid
sputum, were afebrile and had not taken any antibiotics
within the previous 30 days or corticosteroids within the
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previous 3 months. None of the patients had been admitted
to any hospital during the previous 6 months. Patients with
bronchiectasis or a past history of haemoptysis were excluded. Bronchiectasis was excluded according to the
absence of suggestive clinical and radiological data. Five
patients with doubtful images on chest radiography had
computed tomographic (CT) scans of the thorax to confirm
the absence of bronchiectasis. Patients with bronchoscopically visible structural endobronchial disease, neoplastic
infiltration, residual stenosis or purulent or mucopurulent
secretions in the respiratory tract were also excluded. All
patients had a good nutritional status (no signs of starvation
or recent weight loss), the respiratory disease was the main
disorder and none of them had other concurrent conditions
that could have altered the bacterial flora. Two patients
with mucopurulent secretions in the respiratory tract at the
time of bronchoscopy were excluded, given that in COPD
patients this type of secretion is usually associated with
respiratory infection [14].
The study was explained fully to each patient and
written informed consent was obtained from all participants. Of the 88 outpatients with stable COPD, 34 were
referred for fibreoptic bronchoscopy because of an abnormal chest radiograph (pulmonary nodule in 18, mass
lesion in nine, laminar atelectasis in three, fibrous lesion in
two and pleural image in two patients). The remaining 54
patients, who have been followed in the outpatient clinic of
the service of pneumology for a long time, with a normal
chest radiograph and no clinical indication requiring fibreoptic bronchoscopy, accepted microbiological sampling
with the PSB. The control group consisted of 20 asymptomatic patients with a tentative diagnosis of sleep apnoea
syndrome who, at the time of the study, underwent dynamic pharyngoscopy with the fibreoptic bronchoscope and
gave their consent for sampling with the PSB. The study
protocol was approved by the ethical committee of the
authors' institution.
A questionnaire was used to obtain information on smoking habits at the time of examination (smokers, nonsmokers, exsmokers, time elapsed from cessation of smoking
and tobacco consumption, expressed as pack-yrs). Nonsmokers were defined as those patients who had never
smoked cigarettes or had smoked less than one cigarette a
day for 1 yr, or less than 20 packs of cigarettes in a lifetime.
Current smokers were those who were smoking regularly
on a daily basis at least within 1 month before examination.
Forced spirometry with bronchodilator therapy was performed in all patients before inclusion in the study [13].
The degree of airflow obstruction was considered severe
when FEV1 was <50% pred, moderate when FEV1 was
50±64% pred and mild when FEV1 was 65±79% pred [15].
Chest radiographs were obtained at least 48 h before microbiological sampling.
Microbiological sampling
Before initiating the procedure, topical anaesthesia was
achieved by aerosolization of 10 mL of 5% lidocaine
through a mouthpiece over a 15 min period. No other type
of anaesthetic was used. No topical anaesthetics were injected through the bronchoscope channel and no suction
was applied before obtaining the specimen. A PSB catheter
(Mill-Rose Laboratories, Mentor, OH, USA) was inserted
through the inner suction channel of a fibreoptic bron-

choscope (Machida FBS-6TL II) and advanced, under direct vision, to obtain segmental airways secretion from the
lower right or left lobe (i.e. opposite the site of the radiographic abnormality) according to the technique of WIMBERLEY et al. [9]. The brush was aseptically cut into a vial
containing 1.0 mL sterile Ringer's lactate solution and
delivered to the laboratory in <10 min.
Microbiological processing
The vial was vigorously agitated on a vortex mixer to
suspend thoroughly all material from the brush. The PSB
effluents were cultured quantitatively by plating 0.1 mL
and 0.01 mL of the original specimens on blood agar and
chocolate agar (aerobic pathogens), Schaelder medium
(anaerobic pathogens), buffered charcoal±yeast extract medium (Legionella pneumophila) and Sabouraud medium at
228 and 378C (fungi). Samples were also cytocentrifuged,
Gram-stained and examined under light microscopy for the
identification of squamous epithelial cells. Recovery of
squamous epithelial cells was considered an accurate predictor of oropharyngeal contamination, i.e. unsatisfactory
specimens. For this reason, four samples were discarded.
Accepted laboratory methods were used for bacterial identification and susceptibility testing [16]. Only quantitative cultures with a concentration of $103 colony-forming
units (CFU).mL-1 of bacterial pathogens were considered
positive [9, 17]. Bacterial counts <103 CFU.mL-1 were
considered negative. A separate analysis including only
potentially pathogenic micro-organisms (PPM), i.e. those
recognized as causative pathogens of respiratory tract infections (Haemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, and others) and excluding
non-PPM (Streptococcus viridans, Neisseria spp. and others) [10] was carried out. Samples from expectorated sputum were not cultured.
Statistical analysis
Results are expressed as meansSD and range for quantitative variables, and as relative frequencies and, in some
cases, 95% confidence intervals (CI) for categorical variables. Data were compared using a Chi-squared test or
Fisher's exact test when necessary. The Chi-squared test for
trend was applied for dose±response analysis and the Student's t-test for independent samples was used for betweengroup comparisons of quantitative variables. Statistical
significance was set at p<0.05. In order to determine the
predictive value of five variables (age, degree of airflow
obstruction, smoking habit, pack-yrs of smoking and chest
radiographic findings) on bacterial colonization of the lower airways, logistic regression models with assessment of
first-order interactions were estimated. The SYSTAT 5.02
and EPIINFO 6 computer programs were used for statistical analysis.
Results
The general characteristics of COPD patients and controls are shown in table 1. Patients in the control group
were younger than persons with COPD (mean age 61.5
versus 66.1 yrs, p=0.024) and had normal lung function
and no abnormalities on chest radiography. Only two
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Table 1. ± Baseline characteristics of patients with chronic obstructive pulmonary disease (COPD) and controls
Variable
Age yrs*
Sex male/female
Spirometric data*
FVC L
FVC %
FEV1 L
FEV1 %
FEV1/FVC %
Smoking habit+
Smokers
Exsmokers
Nonsmokers
Pack-yrs*
Smokers
Exsmokers

COPD patients
(n=88)

Controls
(n=20)

p-value

66.17.2
88/0

61.58.1
20/0

0.024

2.940.6
70.613.1
1.680.4
55.712.9
55.39

3.780.7
88.99.9
2.890.5
88.48.2
77.87.2

38 (43.2)
50 (56.8)

2 (10)
16 (80)
2 (10)

54.511.4
52.917.2

38.53.5
29.69.6

<0.01
<0.01
<0.01
<0.01
<0.01

0.020
<0.01

*: Data are meanSD; +: data are numbers with percentages in parenthesis. FVC: forced vital capacity; FEV1: forced expiratory volume
in one second.

patients were current smokers. In the study group, airway
obstruction was severe in 26 patients, moderate in 36 and
mild in 26. A bronchodilator response was not observed
in 42 patients and the remaining 46 patients had a mean
increase in FEV1 of 5.82%. Fifty patients were exsmokers and 38 active smokers. The mean time elapsed since
cessation of smoking was 10.1 yrs (range 1±40 yrs). No
statistically significant differences in pack-yrs of smoking
between smokers and exsmokers were found. Of the 34
patients with abnormal chest radiography, the final diagnosis was a malignant tumour in 19 and a benign process
in 15. The baseline characteristics of the 19 lung cancer
patients were not significantly different from those of the
remaining 69 COPD patients. All patients with neoplasm
had a Karnovsky index between 90 and 100%.
The PSB demonstrated significant ($103 CFU.mL-1)
bacterial growth in 36 (40.9%) COPD patients (table 2). A
total of 45 micro-organisms were isolated, with H. influenzae (31.4%), S. viridans (24.4%) and S. pneumoniae
(15.5%) being the most common. Only three Gram-negative Enterobacteriaceae were isolated (two Escherichia
coli and one Serratia marcescens). Bacterial counts $104
CFU.mL-1 were recovered for eight organisms (five H.
influenzae, one S. pneumoniae, one M. catarrhalis and
one S. marcescens). If only PPM were considered, PSB
sampling was positive in 27 (30.7%), with a total of 29
organisms isolated. Considering a lower colony count
($102 CFU.mL-1), bacterial growth was obtained in 46
(52.3%) of cases and in 31 (35.2%) if only PPM were taken into account. In 12 patients, PSB isolates yielded <103
CFU.mL-1 (table 3). Cultures of all PSB specimens obtained in controls showed no growth except for 26102
CFU.mL-1 of S. viridans in a 57-yr-old current smoker.
Bacterial growth ($103 CFU.mL-1) was significantly
more frequent in patients with severe airflow obstruction
(15/26, 57.7%) than in patients with moderate (15/36,
41.7%) or mild (6/26, 23.1%) functional impairment (p=
0.04). There was a statistically significant (p=0.011) linear
trend between the increase in airflow obstruction and the
number of positive bacterial cultures. Patients with less
severe lung function abnormalities had less severe bacteriology with a lower number of PPM than patients with

more advanced lung disease (table 4). The prevalence of
positive bacterial cultures was significantly higher in
current smokers than in exsmokers (55.3% versus 30%,
p=0.017). However, no differences in the prevalence of
positive cultures in relation to pack-yrs of smoking were
found. Positive microbiological results were found in
42.6% (23/54) of patients with normal chest radiography
and in 38.2% (13/34) of patients with abnormal chest
radiography (p=NS). In the group of patients with abnormal chest radiography, PSB sampling was positive in
33.3% (5/15) of those with benign lesions and in 42% (8/
19) of those with lung tumour (p=NS).
After multivariate analysis, airflow obstruction and smoking habit were independent predictors of positive bacterial
cultures ($103 CFU.mL-1) on PSB sampling. The likelihood of obtaining positive results was significantly higher
in stable COPD patients with severe airflow obstruction
than in stable COPD patients with mild obstruction (odds
ratio (OR) 5.11, 95% CI 1.45±17.9; p=0.011) and higher in
smokers than in nonsmokers (OR 3.17, 95% CI 2.5±8;
p=0.015). Patients with moderate airflow obstruction also
showed a higher probability of bacterial counts $103
CFU.mL-1 than patients with mild airflow obstruction (OR
2.47, 95% CI 0.76±7.95; p=0.129), although the difference
was not statistically significant.
In the subset of patients with PPM, bacterial growth was
significantly more frequent in those with severe obstruction (53.8%, 14/26) than in those with moderate (27.8%,
10/36) or mild (11.5%, 3/26) airflow obstruction (p=
0.004). There was also a statistically significant linear
trend (p=0.001) between the increase in airflow obstruction
and the number of positive bacterial cultures. The prevalence of positive microbiological results was not significantly different between smokers and exsmokers (36.8
versus 26%) or in relation to pack-yrs of smoking or
radiological findings. After multivariate analysis, airflow
obstruction was the only independent predictor of positive
PPM culture ($103 CFU.mL-1) on PSB sampling. The
likelihood of obtaining positive results was significantly
higher in stable COPD patients with severe airflow obstruction than in patients with mild obstruction (OR 9.28,
95% CI 2.19±39.3; p=0.002). Patients with moderate
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Table 2. ± Protected specimen brush culture ($103 colony forming units (CFU).mL-1) in 36 patients with stable
chronic obstructive pulmonary disease
Case
Bacteria
CFU.mL-1
no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Streptococcus pneumoniae
Haemophilus influenzae
Streptococcus viridans
S. pneumoniae
H. influenzae
Serratia marcescens
Escherichia coli
S. viridans
H. influenzae
H. influenzae
H. influenzae
H. influenzae
S. pneumoniae
S. viridans
Coagulase-negative staphylococcus
H. influenzae
S. viridans
Coagulase-negative staphylococcus
Moraxella catarrhalis
H. influenzae
M. catarrhalis
H. influenzae
S. pneumoniae
Staphylococcus aureus
S. pneumoniae
S. viridans
H. influenzae
E. coli
H. influenzae
M. catarrhalis
H. influenzae
S. viridans
Prevotella melaninogenicus
H. influenzae
S. viridans
H. influenzae
S. viridans
S. viridans
Peptostreptococcus anaerobius
M. catarrhalis
S. pneumoniae
S. viridans
S. pneumoniae
S. viridans
Streptococcus sanguis II

$1000
$1000
$1000
$10,000
$10,000
$10,000
$1000
$1000
$1000
$10,000
$1000
$10,000
$1000
$1000
>1000
$1000
$1000
$1000
$1000
>1000
$10,000
$10,000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$10,000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$1000
$1000

airflow obstruction also showed a trend towards a higher
probability of bacterial counts $103 CFU.mL-1 than patients with mild airflow obstruction (OR 2.95, 95% CI
0.71±12.1; p=0.134).

Discussion
Using a highly reliable sampling technique, the PSB,
this study showed significant bacterial growth in the lower
airways in 40.9% of patients with stable COPD and that
bacterial colonization was influenced by the degree of
airflow obstruction and current smoking. When the subgroup of patients with PPM was considered, PSB sampling
was positive in 30.7% of cases, with the degree of airflow

Table 3. ± Protected specimen brush culture (<103 colony forming units (CFU).mL-1) in 12 patients with stable
chronic obstructive pulmonary disease
Case
Bacteria
CFU.mL-1
no.
1
2
3
4
5
6
7
8
9
10
11
12

Streptococcus viridans
Escherichia coli
Moraxella catarrhalis
Streptococcus pneumoniae
Neisseria spp.
Haemophilus influenzae
Pseudomonas aeruginosa
H. influenzae
S. viridans
Neisseria spp.
S. viridans
S. viridans
Neisseria meningitidis
S. viridans
Neisseria spp.
S. viridans

<1000
<100
<1000
<1000
<1000
<1000
<1000
<1000
<100
<100
<1000
<1000
<1000
<1000
<1000
<100

obstruction being the only variable predictive of positive
microbiological results. CABELLO et al. [10] using a cut-off
point of $102 CFU.mL-1, recently reported bacterial colonization in 83% of clinically stable COPD patients and in
47% of long-term tracheostomized patients.
It is well known that the lower airways of healthy individuals are not colonized by bacteria [18], whereas patients with COPD are frequently infected by bacteria [3, 4],
possibly because of impairment of the mucociliary system
[19]. However, several aspects of the problem, such the
percentage of COPD patients with significant bacterial colonization, the spectrum of pathogens colonizing the lower
respiratory tract [20] and predisposing factors to bacterial
colonization, are unclear.
Much of the conflict in the data has been due to the
heterogeneity of patients studied and to the characterization of the tracheobronchial microflora by expectorated
sputum [6, 7] or transtracheal aspiration [7, 8], with its
inherent pitfalls. Cultures of sputum specimens in COPD
patients are unreliable because of contamination by the
oropharyngeal flora and, therefore, were not employed.
Fibreoptic bronchoscopy using the PSB is a highly reliable
technique by which to obtain uncontaminated specimens
for culture from the lower respiratory tract. Although PSB
sampling is a common and standard procedure, it may be
argued that a single negative PSB sample is considered
representative of the bacterial environment of the whole
two lungs, assuming that PSB samples taken at the same
time from other parts of the lungs would also be sterile.
This has been accepted by other authors [10, 12] and no
previous studies addressing the reproducibility of results of
PSB sampling between specimens and in different parts of
the lung have been published. A standard criterion for
colonization of the lower airways has not yet been defined
and, although a cut-off point of $102 CFU.mL-1 was used
in a recent report [10], the $103 CFU.mL-1 criterion was
adopted here as the cut-off point as commonly used in
other studies [11, 12, 21]. The present study investigated a
homogeneous group of patients with stable COPD in clinical terms (no increased dyspnoea, sputum production or
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Table 4. ± Distribution of 45 micro-organisms isolated according to degree of airflow obstruction
Degree of
airflow obstruction
Bacterium
Haemophilus influenzae
Streptococcus viridans
Streptococcus pneumoniae
Moxarella catarrhalis
Escherichia coli
Coagulase-negative staphylococcus
Staphylococcus aureus
Serratia marcescens
Streptococcus sanguis
Peptostreptococcus anaerobius
Prevotella melaninogenicus
PPM
Non-PPM

Severe Moderate Mild
8
2
3
1
2
1
1
1
16
3

8
5
3
3

4
1

2
1
10
8

1
3
5

PPM: potentially pathogenic micro-organisms.

sputum purulence) who had not been admitted to hospital
recently or treated with antibiotics or corticosteroids. The
selection criterion of no hospital admissions in the last 6
months was established to prevent the potential presence of
nosocomial flora. This could suggest that patients did not
have severe COPD, but there were 26 patients with FEV1
<50% (13 of them with FEV1 <40%). Furthermore, a 30day period without antimicrobials is a sufficient interval to
minimize the antibiotic therapy-related effect on yield. In
relation to the number of COPD exacerbations in the last
12 months, no reliable information could be provided because not all patients had visited the hospital at the time of
an exacerbation (some were attended by family phy-sicians
and some were self-medicated). For this reason, this
variable was not evaluated. Topical anaesthesia with aerosol was used exclusively in an attempt to prevent tracheobronchial contamination by the upper airway bacterial
flora, as may occur when a solution of an anaesthetic agent
is used. Specimens containing squamous epithelial cells
were considered unsatisfactory and discarded.
In contrast to sterile PSB cultures obtained in controls,
significant bacterial colonization was found in 40.9% of
patients with stable COPD. PSB cultures resulted in $103
CFU.mL-1 in 55.5% (10/18) of the patients reported by
CABELLO et al. [10] and in 33.3% (6/18) of those reported
by VEREEN et al. [11]. MONSOÂ et al. [12], using a similar
protocol to that of the present study, obtained positive PSB
cultures mainly for H. influenzae and S. pneumoniae, in 10
of 40 (25%) stable COPD outpatients. In the present study,
the most frequently cultured pathogens were H. influenzae,
S. viridans, S. pneumoniae and M. catarrhalis. With the
exception of S. viridans [22], these pathogens account for
85±95% of all bacterial exacerbations of chronic bronchitis
[6, 21]. S. viridans has been isolated during exacerbations
[23, 24] and, although it cannot be stated that this was the
cause, S. viridans has been implicated as a causative organism of pneumonia in patients with COPD [25, 26].
Airflow obstruction and smoking habit were the only
two independent predictors of lower respiratory tract colonization in the multivariate analysis. By contrast, when
only PPM was taken into account, the degree of airflow
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obstruction was the single predictor in the multivariate
analysis. The ageing process is associated with multiple
deficits in pulmonary immune function and host defence
mechanisms [27]. In this study, however, age did not seem
to predispose stable COPD patients to significant bacterial
colonization. This was further supported by the finding of
sterile cultures in controls. Although the patients in the
control group were somewhat younger than the patients
with COPD, five of them were >65 yrs of age. The relationship with comorbidity as a colonization risk factor
was not examined in this study, since the patients did not
have other concurrent conditions; however, abnormal findings on chest radiography did not influence the results
either. It has been shown that PSB cultures are of limited
value in structural endobronchial disease, which leads to
colonization with large quantities of bacteria in approximately half of the cases [28]. For this reason, bronchoscopically visible structural endobronchial disease and
neoplastic infiltration were considered to be exclusion
criteria in the present study. It should be noted that patients
with malignant tumours had a Karnovsky performance
index between 90 and 100% when quantitative cultures of
PSB specimens were obtained, so that impairment of normal host defence mechanisms would presumably have had
little influence on the results.
The degree of airflow limitation was a major predisposing factor to bacterial colonization of the lower respiratory tract in stable COPD patients. The more severe the
airflow obstruction, the greater the likelihood of obtaining positive PSB cultures. To the authors' knowledge, this
finding has not been reported previously. In patients with a
higher degree of airflow obstruction, a greater impairment
of the mucociliary clearance system may be expected [29],
thus facilitating local bacterial colonization. The wellknown deleterious effect of heavy smoking on the lower
respiratory tract clearance mechanisms [30, 31] and the
role of cigarette smoking as a risk factor for airway colonization were also confirmed by the present findings. The
recognized beneficial effect of smoking cessation on
pulmonary function and hypersecretion of mucus [31±33]
was apparent by a significantly lower prevalence of positive bacterial cultures in exsmokers than in current smokers, although this difference disappeared when the subgroup
of patients with PPM was analysed separately. The results,
however, were not influenced by pack-yrs of smoking,
indicating that bacterial colonization in COPD patients is
more closely associated with the effects of current smoking
than with pack-yrs of smoking.
In conclusion, patients with stable chronic obstructive
pulmonary disease have a high prevalence of bacterial colonization of distal airways, which is mainly related to the
degree of airflow obstruction and cigarette smoking. According to data in this study, however, the role of bacterial
pathogens in chronic obstructive pulmonary disease cannot
be ascertained. Patients with significant bacterial colonization in the protected specimen brush sample were completely asymptomatic from a clinical point of view, so it is
difficult to define the role played by these micro-organisms
in the development and recurrent aspects of chronic obstructive pulmonary disease.
Acknowledgement. The authors thank M. Pulido for editing the manuscript and editorial assistance.
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