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ABSTRACT

Streptococcus pneumoniae (S. pneumoniae) is recovered from sputum of patients with
chronic obstructive pulmonary disease (COPD) during stable disease and exacerbations. In
patients with community acquired pneumonia, antibiotic exposure in the prior 3–6 months is
associated with recovery of antibiotic resistant isolates of S. pneumoniae. Whether the same
relationship is seen in COPD is not known. From April 1994 to June 2004, 127 adults with
COPD were enrolled in a prospective longitudinal study. Sputum isolates of S. pneumoniae
were characterized with susceptibility testing and pulsed-field gel electrophoresis (PFGE). The
relationship between antibiotic use in the previous 3 and 6 months with either new acquisition
of a resistant pneumococcal isolate or development of resistance (4-fold increase in MIC) in
a pre-existing colonizing pneumococcal strain was determined. A total of 194 pneumococcal
isolates were recovered from 38 patients. Among 71 newly acquired and 4 resistance-emergent
strains analyzed further, rates of resistance to penicillin (MIC ≥2), erythromycin (MIC ≥1), tetra-
cycline (MIC ≥8) and trimethoprim/sulfamethoxazole (MIC ≥4) were 8%, 24%, 17% and 16%
respectively. Flouroquinolone resistance was not seen. Among strains isolated from patients
exposed to a macrolide within 6 months, 53.6% displayed erythromycin resistance vs. 14%
of strains without such exposure (p = 0.00085). Similar associations were not seen for other
antibiotics. Macrolide use in the previous 6 months is associated with macrolide resistance in
sputum isolates of S. pneumoniae. Recent antibiotic exposure may help in determining appro-
priate antibiotic treatment in these patients.
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INTRODUCTION

Bacterial infection of the lower respiratory tract plays an
important role in the course and pathogenesis of chronic
obstructive pulmonary disease (COPD) (1–3). Non-typeable
Haemophilus influenzae, Moraxella catarrhalis, Streptococcus
pneumoniae and Pseudomonas aeruginosa cause intermittent
or chronic respiratory tract infection in the setting of COPD
(4–12). Exacerbations are characteristic of the course of COPD
and approximately 50% of episodes are caused by bacterial
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infection with S. pneumoniae being responsible for 10–15%
of all exacerbations (1). S. pneumoniae colonizes the respira-
tory tract of 15–17% of adults with COPD at any one time
(13,14). Oral macrolides, β-lactams, fluoroquinolones, tetracy-
clines or trimethoprim-sulfamethoxazole are recommended an-
tibiotic therapy for the treatment of exacerbations of COPD
(1). In the past 2 decades, resistant S. pneumoniae strains
have become prevalent (15–17). Antibiotic exposure in the pre-
vious three months or six months has been associated with
invasive infections, mainly bacteremic community acquired
pneumonia, with antibiotic-resistant strains of S. pneumoniae
(18–22).

Adults with COPD are frequently exposed to antibiotics
for exacerbations and other comorbid conditions. Furthermore,
these patients have a considerable bacterial load in the sputum.
We hypothesized that this combination of frequent antibiotic
exposure and large bacterial loads will result in selection of
resistant pneumococcal strains in the sputum of patients with
COPD with recent antibiotic exposure. We tested this hypoth-
esis by determining if antibiotic exposure in the prior 3 and 6
months will lead to a significant increase in respiratory tract
isolation of resistant strains of S. pneumoniae in adults with
COPD.

PATIENTS AND METHODS

COPD Study Clinic

The study protocol was approved by the institutional review
board of the Veteran Affairs Western New York Healthcare Sys-
tem, Buffalo, New York. This prospective longitudinal study
of bacterial infection in COPD at the Buffalo Veterans Affairs
Medical Center has been described previously (7,8). From April
1994 to June 2004, 127 adults with COPD were enrolled to main-
tain a cohort of approximately 50 patients. Fifty subjects were
enrolled at the beginning of the study in 1994 and additional
subjects were enrolled as necessary to maintain the cohort at
approximately 50 subjects. An average of 8 (range: 3–15) ad-
ditional subjects were enrolled each year from 1995 to 2004.
Inclusion criteria were at least 15 pack-years of smoking his-
tory, the presence of chronic bronchitis (23); the absence of
asthma and bronchiectasis on clinical assessment; an ability to
comply with a schedule of monthly clinical visits; and the ab-
sence of immunosuppressive or other life-threatening disorders.
The patients were seen monthly, as well as whenever they had
symptoms suggestive of an exacerbation, at an outpatient clinic.

At each visit, clinical information, sputum and serum samples
were obtained. The patients were questioned about the status of
their chronic respiratory symptoms (dyspnea, cough, sputum
production, viscosity, and purulence), and the responses were
graded as 1 (at the usual level), 2 (somewhat worse than usual),
or 3 (much worse than usual). A minor worsening of two or
more symptoms or a major worsening of one or more symptoms
prompted a clinical assessment of the cause. If the patient had
fever (a temperature that exceeded 38.3◦C), appeared ill, or had
signs of consolidation on examination of the lungs, a chest X-

ray was obtained to rule out pneumonia. If other causes of the
worsening of symptoms, such as pneumonia, upper respiratory
infection, and congestive heart failure, were ruled out, the patient
was considered to be having an exacerbation of COPD. Patients
were prescribed antibiotics for exacerbations of COPD for 5
to 10 days. The determination of whether the patient had stable
disease or an exacerbation was made before the results of sputum
cultures were available.

Sputum samples

Samples of sputum that were spontaneously expectorated
were homogenized by incubation at 37◦C for 15 minutes with
an equal volume of 0.1 percent dithiothreitol. Serial dilutions of
homogenized sputum in phosphate-buffered saline were placed
on blood, chocolate, and MacConkey agar plates. Bacterial iden-
tification was performed with the use of standard techniques.

Streptococcus pneumoniae characterization

All isolates of S. pneumoniae were serotyped using previ-
ously described methods (24) at Erie County Medical Center,
Buffalo, NY (Dr. Daniel Amsterdam) or at the Houston Veter-
ans Affairs Medical Center, Houston, TX (Dr. Daniel Musher).
Non-typeable strains (25/199) were subjected to DNA analysis
with AccuProbe (Gen-Probe, San Diego, CA) to reliably iden-
tify S. pneumoniae (25–27). Five of the 25 non-typeable strains
were negative by AccuProbe analysis and were excluded from
further analysis.

Pulsed-field gel electrophoresis (PFGE)

All confirmed isolates of S. pneumoniae (194) were subjected
to molecular typing by pulsed-field gel electrophoresis (PFGE)
(28). Sma I (250 U/ml) was used for DNA digestion, followed by
PFGE with contour-clamped homogenous field electrophoresis
(CHEF-DR II: Bio-Rad) at 200V (14◦C for 20 hours; initial
forward time – 1 second; final forward time – 20 seconds). After
ethidium bromide staining, the gels were photographed with the
Bio-Rad Gel Doc 1000 system (Bio-Rad). Isolates differing by
≤ 3 bands were considered closely related and assigned to the
same PFGE type (29).

Each S. pneumoniae strain was designated as new to the pa-
tient or pre-existing, based on molecular typing. A new strain
was defined as a strain that had not been previously isolated from
sputum samples obtained from previous visits since the patient’s
enrollment in the study. A pre-existing strain was defined as a
strain that had been isolated previously from the sputum ob-
tained from previous visit/s since the patient’s enrollment in the
study.

Antimicrobial susceptibility

Susceptibility testing was performed on all 194 isolates of S.
pneumoniae using the Clinical Laboratory Standards Institute
(CLSI) broth microdilution MIC method (30). Resistance was
defined according to 2005 CLSI interpretive standards (31).
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Table 1. Characteristics of patients with atleast one S. pneumoniae isolate compared with those without any S. pneumoniae isolate from sputum
culture.

Characteristic
Patients with an S.
pneumoniae isolate

Patients without an S.
pneumoniae isolate P

Number 38 89
Age (Mean ± SD) 66.55 ± 9.82 67.12 ± 9.39 0.76
Male (Percentage) 97.37 98.88 0.51
Race
White (Percentage) 35 (92%) 72 (81%) 0.18
Black (Percentage) 3 (8%) 17 (19%)
Years since COPD diagnosis (Median, Range) 6.5 (0–50) 6.0 (0–54) 0.90
Smoking in pack years (Mean ± SD) 76.16 ± 37.38 81.41 ± 42.71 0.51
FEV1 in Liters (Mean ± SD) 1.56 (0.56–4.07) 1.38 (0.47–3.93) 0.29
FEV1% predicted (Median, Range) 49.0 (17–95) 42.0 (15–99) 0.22
FEV1/FVC % (Mean ± SD) 53.22 ± 11.78 52.89 ±13.75 0.89
Exacerbations per year (Median, Range) 2.0 (0–8.74) 1.95 (0–14.05) 0.95

SD: Standard Deviation;
FEV1: Forced Expiratory Volume in 1 Second; FVC: Forced Vital Capacity.

There were no changes in definition of macrolide resistance
between 2005 and 2008 CLSI standards (31, 32). Similarly,
there were no changes in breakpoints for penicillin resistance
for patients without meningitis who can be treated with oral
penicillin (32, 33).

Statistical analysis

Numeric variables are presented as mean ± SD (or SEM) or
median (range) when the data were not normally distributed. An-
tibiotic use during the prior 3 and 6 months was ascertained from
study clinic and electronic medical records. Antibiotics were
grouped as β-lactams, macrolides, tetracyclines and trimetho-
prim/sulfamethoxazole. In order to prevent multiple represen-
tation of the same strain, 2 kinds of strains were included in
the analysis of antibiotic exposure and susceptibility: 1) new
strains of S. pneumoniae or 2) pre-existing strains with ≥4 -fold
increase in MIC of an antibiotic compared to previous isolates
of the same strain from that patient. Fisher’s exact test was used
to determine relationship between isolation of these strains of
S. pneumoniae and antibiotic use in previous 3 and 6 months.

To determine other factors that may relate to resistant S.
pneumoniae isolation, patients with and without isolation of
macrolide resistant S. pneumoniae from sputum cultures were
compared by unpaired t-test for continuous data with normal dis-
tribution, by the Mann-Whitney test for continuous data without
normal distribution, and by Fisher’s exact test for nominal data.
A univariate analysis was performed; proportions were com-
pared with use of the odds ratio (OR) as a measure of association
by means of a logistic regression model, in which resistance to
erythromycin was considered a dependent variable and factors
potentially related to antibiotic resistance were considered in-
dependent variables. Multivariate analyses were performed via
stepwise logistic regression; macrolide resistance was the de-
pendent variable. Statistical significance was considered to be
present when p < 0.05. MedCalc R© statistical software (version
9.3.8) was used to analyze the data.

RESULTS

Subject demographics and strain distribution

A total of 127 adults with COPD participated in clinic visits
from April 1994 to June 2004. A total of 5092 sputum samples
were obtained from these patients over this time period (mean:
40.1, range: 1–128). At least one pneumococcal isolate was re-
covered from 38 of the 127 patients (29.9%). Characteristics
of patients with and without S. pneumoniae isolation from spu-
tum culture were compared and no significant differences were
found between these two patient groups (Table 1). The 38 pa-
tients with ≥1 culture yielding S. pneumoniae made a total of
2074 clinic visits. Overall rate of recovery of S. pneumoniae for
these 38 patients was 9.4% (194 isolates/2074 visits). The rate
of recovery of S. pneumoniae from individual patients ranged
from 0.9% (1 of 111 visits) to 59.3% (16 of 27 visits). A single
strain (one PFGE type) was isolated from 22 of the 38 patients;
16 patients carried multiple strains (up to 6 strains in one pa-
tient) over time. The rate of recovery and genetic relatedness of
these isolates are summarized in Table 2. Serotypes of 194 S.
pneumoniae isolates are described in Table 3.

Antimicrobial susceptibility

Analysis of 194 S. pneumoniae isolates by PFGE determined
that 71 independent strains were acquired by the 38 patients.
Seventy-five strains were included in subsequent analyses, of
which 71 were new strains and 4 were preexisting strains with
a ≥4-fold increase in MIC to an antibiotic. Eighteen (24%) of
these 75 strains had an erythromycin MIC ≥1, 6 (8%) strains
had a penicillin MIC ≥2 and 6 (8%) strains showed intermedi-
ate susceptibility (MIC 0.12–1) for penicillin. Thirteen (17%)
strains were resistant to tetracycline (MIC ≥8) and 12 (16%)
strains were resistant to trimethoprim/sulfamethoxazole (MIC
≥4). Fluoroquinolone resistance was not seen. Resistance to at
least 1 of these 4 antibiotics was seen in 26 strains (35%).
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Table 2. Patients with S. pneumoniae isolated from at least one
sputum culture.

Patient Number
Total Visits By

Patient

Number of
Visits (%) S.
pneumoniae

Isolated

Number of
Different
Strains

5 54 12 (22.2) 6
6 33 1 (3.0) 1
10 120 3 (2.5) 3
14 49 6 (12.2) 4
19 115 11 (9.6) 2
22 20 6 (30.0) 1
27 57 1 (1.8) 1
31 17 2 (11.8) 1
33 70 3 (4.3) 2
34 11 1 (9.1) 1
42 5 1 (20.0) 1
44 103 14 (13.6) 1
46 115 5 (4.3) 4
48 111 1 (0.9) 1
53 25 1 (4.0) 1
60 57 2 (3.5) 2
63 99 40 (40.4) 2
67 86 9 (10.5) 5
68 83 1 (1.2) 1
70 86 3 (3.5) 2
74 58 17 (29.3) 6
75 78 2 (2.6) 2
76 24 1 (4.2) 1
79 61 1 (1.6) 1
84 56 9 (16.1) 2
87 69 7 (10.1) 2
89 29 1 (3.4) 1
90 5 1 (20.0) 1
96 54 2 (3.7) 1
100 53 3 (5.7) 2
103 41 1 (2.4) 1
105 46 1 (2.2) 1
106 38 4 (10.5) 2
108 27 16 (59.3) 2
116 31 1 (3.2) 1
118 28 1 (3.6) 1
119 30 2 (6.7) 1
121 30 1 (3.3) 1
Total 2074 194 (9.4) 71

Antibiotic exposure and resistance

The association between antibiotic exposure and subsequent
occurrence of resistant strains was examined at 2 time points, 3
and 6 months after exposure. Details of antibiotic exposure in the
previous 3 and 6 months are described in Table 4. Of the pneu-
mococcal strains isolated from patients exposed to a macrolide
(predominantly azithromycin) within the past 3 months, 54.5%
displayed erythromycin resistance vs. 18.7% of strains isolated
without such antibiotic exposure (p = 0.0187, Figure 1). This
difference was maintained at 6 months, when 53.6% of strains
isolated after exposure displayed erythromycin resistance in
comparison to 14% of pneumococcal strains isolated without
such antibiotic exposure (p = 0.00085, Figure 1).

Table 3. Serotypes of S. pneumoniae isolates.

Serotype of S. Pneumoniae Number of Isolates N = 194

3 15
4 1
7 6
14 2
15 26
16 2
22 1
31 2
34 1
11A 12
18C 3
19F 18
22F/A 2
23/F 1
23A/B 2
23F 52
33F 1
35B 1
6A 6
6B 7
9A/L/N 12
9V 1
NT 20

NT = Non-typeable / Not able to differentiate.

There were no significant differences in penicillin non-
susceptibility (MIC ≥0.12, p = 0.19 for 3 months and p =
0.27 for 6 months) or penicillin resistance (MIC≥2) between
strains isolated from patients with or without β-lactam use in
the previous 3 months or 6 months (Table 5). A trend was ob-
served for increase in trimethoprim/sulfamethoxazole resistance
in strains isolated from patients exposed to this antibiotic at 3

Table 4. Antibiotic exposure in the previous 3 and 6 months in
patients with the 75 S. pneumoniae isolates included in this analysis.

Type of Antibiotic
Antibiotic use for

any reason

Antibiotic Use for
COPD

Exacerbation
3

Months
6

Months
3

Months
6

Months

β-lactam 10 16 8 12
Amoxicillin 2 5 1 4
Amoxicillin/Clavulanic acid 7 8 6 6
Ceftriaxone 1 1 1 1
Cefuroxime 0 1 0 0
Ampicillin/Sulbactam 0 1 0 1
Macrolide 11 18 9 14
Clarithromycin 1 1 0 0
Azithromycin 10 17 9 14
Tetracyclines 1 3 0 1
Trimethoprim/Sulfamethoxazole 7 14 2 7
Fluoroquinolones 14 21 11 17
Ciprofloxacin 4 5 3 4
Gatifloxacin 1 1 1 1
Levofloxacin 6 12 6 11
Ofloxacin 4 4 2 2
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months (42.9% vs. 13.2%, p = 0.077) but this difference was
not seen at 6 months (Table 5). Tetracycline exposure was too
infrequent to provide useful data.

Cross-resistance development and antibiotic exposure were
also examined at the 3- and 6- month time points. Though no
significant cross-resistance was observed to any of the antibi-
otics assessed, a trend for resistance to tetracyclines was seen in
patients with prior exposure to macrolides (33.3%) at 6 months
when compared to those without such exposure (12.3%, p =
0.069).

Whether other demographic characteristics of patients in-
fluenced the prevalence of macrolide resistant S. pneumoniae
was addressed by distinguishing all patients with at least one
strain of macrolide resistant pneumococcus (n = 12) from those
without any such isolation (n = 26). In a univariate logistic re-
gression, age, race, sex, forced expiratory volume in 1 second
percent predicted (FEV1%), forced expiratory volume in 1 sec-
ond/forced vital capacity (FEV1/FVC) ratio and pack years of
smoking did not differ between these patients, while the use of
macrolide antibiotics in prior 6 months continued to show an
increased prevalence in those with at least one resistant strain
in both univariate (odds ratio 8.6, 95% CI: 1.32 to 56.24; p =
0.02) and multivariate (odds ratio 8.4, 95% CI: 1.79 to 39.44;
p = 0.007) analyses.

DISCUSSION

Antimicrobial resistance among S. pneumoniae is a se-
rious global problem that complicates the management of
infections caused by this pathogen, including exacerbations
of COPD (15–17). Several previous studies have identified

prior treatment with antimicrobial agents as a major predispos-
ing factor for infection with drug resistant S. pneumoniae; how-
ever these observations were limited to invasive pneumococcal
infections including community acquired pneumonia (18–22,
34–36). Our study extends this association between antibiotic
use and prevalence of resistant pneumococci to mucosal car-
riage by this pathogen in adults with chronic lung disease. One
can speculate that such individuals, besides suffering from exac-
erbations from these antibiotic resistant strains, could transmit
these strains to other individuals in the community.

There are several differences in this study and prior studies
showing effects of prior antibiotic use on infections with re-
sistant S. pneumoniae. Our study population comprised adult
patients with COPD while prior studies included all patients
with pneumococcal infection and a large proportion were young
children. S. pneumoniae were isolated from expectorated spu-
tum during regular monthly visits and during exacerbations in
our study while many previous studies have used S. pneumoniae
isolates from different body sites. Most of the antibiotics were
administered during hospitalization in the prior studies (18–21)
while the majority of our patients received outpatient antibiotics.
Despite these differences, prior antibiotic use was found to be a
risk factor for respiratory infection with resistant S. pneumoniae
in patients with COPD.

Current guidelines of use of antibiotics to treat exacerbations
of COPD have stressed that antibiotic use in the previous 3
months be considered and an agent of a different class be used
in these patients (1). Evidence to support this recommendation
had been extrapolated from observations made in community
acquired pneumonia and pneumococcal bacteremia. Our data
provides direct support for this recommendation and suggests

Figure 1. Effect of exposure to a macrolide antibiotic in previous 3 and 6 months and sputum isolation of macrolide resistant S. pneumoniae
in COPD patients.
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Table 5. Exposure to β-lactam, macrolide, or trimethoprim/sulfamethoxazole (TMP Sulfa) in past 3 and 6 months with isolation of S. pneumoniae
resistant to those antibiotics from COPD patients

β-lactam
exposure in
past 3 months

No β-lactam
exposure in
past 3 months

p (Fisher’s
exact test)

β-lactam
exposure in
past 6 months

No β-lactam
exposure in
past 6 months

p (Fisher’s
exact test)

Penicillin Resistance 1 (10%) 5 (7.7%) 0.59 1 (6.2%) 5 (8.5%) 1.00
Macrolide
exposure in
past 3 months

No macrolide
exposure in
past 3 months

p (Fisher’s
exact test)

Macrolide
exposure in
past 6 months

No macrolide
exposure in
past 6 months

p (Fisher’s
exact test)

Erythromycin Resistance 6 (54.5%) 12 (18.7%) 0.02 10 (53.6%) 8 (14%) <0.001
TMP Sulfa
exposure in
past 3 months

No TMP Sulfa
exposure in
past 3 months

p (Fisher’s
exact test)

TMP Sulfa
exposure in
past 6 months

No TMP Sulfa
exposure in
past 6 months

p (Fisher’s
exact test)

Trimethoprim/Sulfamethoxazole Resistance 3 (42.9%) 9 (13.2%) 0.08 3 (21.4%) 9 (14.8%) 0.69

Penicillin resistance was defined as MIC ≥ 2.
Erythromycin resistance was defined as MIC ≥ 1.
Trimethoprim/Sulfamethoxazole resistance was defined as MIC ≥ 4.

that for macrolide exposure, a period of 6 months would be
appropriate, rather than only 3 months as currently suggested.

Our observations were most definitive for the association
between azithromycin use in the previous 3 and 6 months and
the isolation of macrolide resistant strains. This observation
concurs with previous findings from several investigators.
Moreno (37) found that prior antibiotic therapy was asso-
ciated with isolation of erythromycin resistant strains of S.
pneumoniae in univariate analysis in a prospective study of
all hospitalized patients with S. pneumoniae isolates. Reinert
(38) found an association between isolation of erythromycin
resistant strains in invasive pneumococcal infections in Ger-
many and consumption of azithromycin, clindamycin and
roxithromycin; no correlation was found between consumption
of erythromycin and erythromycin resistance.

Vanderkooi and colleagues (22) found use of peni-
cillin, trimethoprim/sulfamethoxazole, clarithromycin and
azithromycin in previous 3 months as risk factors for invasive
pneumococcal infections with macrolide-resistant isolates. Ex-
tensive use of macrolides in the past 2 decades and the persis-
tence of long acting drugs such as azithromycin at low levels
for prolonged periods after acute exposure likely account for
the emergence of erythromycin resistant streptococci (39). In-
creasing evidence supports the clinical relevance of macrolide
resistance to the outcome of respiratory pneumococcal infec-
tions. Kelley (40) found prior use of either azithromycin or
clarithromycin for 3–5 days in 4 patients with treatment failure
and low-level macrolide resistant pneumococci in a retrospec-
tive study of 41 patients. Another prospective study of patients
with pneumococcal bacteremia showed that resistant isolates
were more common after failure of macrolide therapy than after
failure of nonmacrolide antibiotics or without prior antibiotic
therapy (41).

We did not find any association between β-lactam antibi-
otic exposure in previous 6 months and isolation of penicillin
nonsusceptible/resistant S. pneumoniae. Though there was a

trend at 3 months, we also did not find an association be-
tween trimethoprim-sulfamethoxazole exposure in previous 6
months and isolation of trimethoprim-sulfamethoxazole resis-
tant S. pneumoniae. Many prior studies have found such as-
sociations in invasive pneumococcal infection. Nava (20) and
Clavo-Sanchez (19) found previous use of β-lactam antibiotics
as an independent risk factor for infection with penicillin re-
sistant strains of S. pneumoniae in hospitalized patients with
pneumococcal infections. Pallares and co-workers (21) showed
that 65% of patients infected with resistant pneumococci gave a
history of antibiotic use in the previous 3 months, compared with
only 17% of controls with susceptible pneumococcal infections.
Vanderkooi and colleagues (22) found that risk factors for in-
fection with penicillin resistant pneumococci were previous use
of penicillin, trimethoprim-sulfamethoxazole, and azithromycin
within 3 months (18, 42).

The frequency of isolation of S. pneumoniae was relatively
low in our cohort, which is comprised of mostly patients with
moderate to severe COPD. Several other investigators have re-
ported a low rate of isolation of S. pneumoniae in patients with
moderate to severe COPD, with a higher rate of isolation in
milder disease (8, 43, 44). This finding has not been explained,
though it may be related to increased immunity to this pathogen
with repeated exposures over time in this disease. A high degree
of variability in carriage and turnover of pneumococcal strains
among patients was also seen in this study and needs further
investigation as to underlying mechanisms.

Several limitations of our study need to be considered. We did
not have adequate numbers of resistant strains and/or antibiotic
exposures to some of the antibiotics, such as fluoroquinolones,
and tetracyclines. Observations regarding relationship of use
of these classes of drugs with antibiotic resistance in COPD
therefore could not be made. Observations from pneumococcal
community acquired pneumonia (CAP) and invasive diseases
suggest that such relationships are also likely to exist in COPD.
Azithromycin was the predominant macrolide used in our study

342 October 2010 COPD: Journal of Chronic Obstructive Pulmonary Disease



population; therefore, our observations should be extrapolated
with caution to other macrolides such as clarithromycin and
erythromycin. In fact the differences in pharmacokinetics of
these agents suggest that they may have differential effects on
subsequent pneumococcal resistance (22). Isolation of pneu-
mococci from our patients included colonization and only a
minority of strains were isolated at exacerbation. Therefore,
whether our observations are relevant to exacerbation treatment
and clinical outcome is not directly assessable in this study.

In summary, S. pneumoniae is recovered from the sputum of a
proportion of COPD patients with a high degree of variability in
carriage and turnover of strains. Macrolide use in the previous
6 months is associated with macrolide resistance in sputum
isolates of S. pneumoniae. Recent antibiotic exposure may help
to determine appropriate antibiotic treatment in adult patients
with COPD.
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