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Abstract
Background - Bacterial infections of the
lower airways during an exacerbation in
patients with asthma or chronic ob-
structive pulmonary disease (COPD) may
be the cause of an exacerbation or the
consequence of a viral infection or an in-
crease in airways limitation. To determine
whether bacterial infection is an important
component in the pathogenesis of an ex-
acerbation, the effects of antimicrobial
treatment must be studied.
Methods - Patients with asthma or COPD
seen in general practice were studied in a
double blind randomised manner to in-
vestigate whether the antimicrobial drugs
amoxicillin (500mg three times daily), co-
trimoxazole (960 mg twice daily), or a pla-
cebo, each when added to a short course
of oral corticosteroids, can accelerate re-
covery from exacerbations. Patients were
instructed to contact their own physician
early in the morning when complaints of
increased shortness of breath, wheezing,
or exacerbations of cough with or without
sputum production occurred. Treatment
effects were evaluated over the next 14
days by studying symptom scores (wheeze,
dyspnoea, cough with and without mucus
production, and awakening with dys-
pnoea), peak expiratory flow values (PEF,
expressed as % predicted), and sublingual
temperature. Bacteriological study of the
sputum was made at the onset of an
exacerbation and 7, 21 and 35 days
afterwards.
Results - Of 195 patients enrolled 71 (36%)
contacted their physician for symptoms of
an exacerbation. Symptoms improved in
all three groups, improvements ranging
from 0 54 to 0 75 points per day on a four
point scale. PEF % predicted showed im-
provements in the three groups after the
exacerbation, ranging from 0-34% to 0-78%
predicted per day, finally returning to
baseline values. Sublingual temperature
did not change. Six of71 patients consulted
their physician because of a relapse be-
tween four and 24 days after the start of
treatment. In only two of the 50 sputum
samples, collected during an exacerbation,
and which contained> 105 bacteria in cul-

ture sensitive to the chosen antibiotic
given, did any benefit from antimicrobial
treatment occur. During the recovery
period sputum purulence improved ir-
respective of antibiotic treatment.
Conclusions - Antibiotics given with a
short course of oral prednisolone during
an exacerbation do not accelerate recovery
as measured by changes in peak flow and
symptom scores in ambulatory patients
with mild to moderate asthma or COPD
when treated by their general prac-
titioners. Moreover, antibiotics do not re-
duce the number ofrelapses after treating
an exacerbation.
(Thorax 1995;50:758-763)

Keywords: asthma, COPD, general practice, antibiotics,
exacerbation.

Exacerbations in patients with asthma or
chronic obstructive pulmonary disease (COPD)
involve a worsening of symptoms such as dys-
pnoea and cough, often with purulent sputum.
These patients usually receive antimicrobial
treatment in combination with a short course
of prednisolone, which is the standard treat-
ment for exacerbations ofasthma and COPD in
the Netherlands. However, the alleged bacterial
infection of the lower airways during the ex-
acerbation might be the cause of the ex-
acerbation, or the consequence of a viral
infection or the increase in airways limitation.
In many studies"A which have included micro-
biological evaluation, including viral and bac-
teriological cultures and serological assays, a
correlation has been observed between the pur-
ulence of sputum and the occurrence of an
exacerbation.
To obtain evidence of the involvement of

bacterial infections of the lower airways during
exacerbations of asthma or COPD the effect
of antibiotic treatment needs to be evaluated.
In 1975 Tager and Speizer5 concluded that
antibiotic therapy has no clear short term or
long term benefit. In a placebo controlled study
with amoxicillin, co-trimoxazole, and doxy-
cycline, the use of antibiotic treatment was
justified in exacerbations characterised by the
triad of increased dyspnoea, sputum pro-
duction, and purulence.6 As no serological or
bacteriological monitoring was undertaken in
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most of these studies,' 7-10 it is unclear whether
the definition of an exacerbation requires the
inclusion of change in sputum colour and also
if it is related to a bacteriologically proven
infection.
Most studies on the effects of antibiotics on

an exacerbation have been assessed by sputum
purulence or its quantity.' 36911 20 None ofthese
studies has included bacteriological meas-
urements from either stable and symptomatic
phases of asthma or COPD. Furthermore,
intervention studies have yielded inconclusive
results for the value of antibiotics on symptom
scores and peak flow measurements.
We therefore performed a placebo controlled

study to assess whether additional treatment
with amoxicillin or co-trimoxazole, combined
with a short course ofprednisolone, accelerated
recovery from an acute exacerbation of either
asthma or COPD. Bacteriological examination
of the sputum samples was made both during
and outside exacerbations.

Methods
PATIENTS
Ambulatory patients with asthma or COPD
from 25 general practices in Groningen were
informed about the study. Inclusion criteria
included age 18 years or older and a positive
diagnosis of asthma or COPD made by a pul-
monary physician during the previous 10 years.
Exclusion criteria included daily use of oral
corticosteroids or antimicrobial drugs, diabetes
mellitus, alcoholism, history of pulmonary sur-
gery or tuberculosis, severe bronchiectasis, or a
psychiatric history. Informative group sessions
were conducted by the investigator together
with a pulmonary physician, and the patient's
general practitioner and assistant. All patients
used their normal maintenance medication
(inhaled corticosteroids with or without [2
sympathomimetics) throughout the study.
The study was approved by the medical

ethics committee of the University Hospital
of Groningen and all patients gave informed
consent.

STUDY DESIGN
Patients with asthma or COPD were instructed
to contact their physician, as they would nor-
mally do, early in the morning when increased
shortness ofbreath, wheezing, or exacerbations
of cough, with or without sputum, occurred.
An exacerbation was patient initiated and de-
fined as a sustained increase in dyspnoea with or
without sputum production, despite increasing
their normal twice daily inhaled therapy to
3-4 times daily. A seven day course of either
amoxicillin (500 mg three times daily), co-tri-
moxazole (960 mg twice daily), or placebo tab-
lets was given in a randomised, double blind
manner. Since co-trimoxazole was given twice
daily, a third placebo tablet was added to the
daily medication. Placebo tablets were given
three times daily and tasted either like amox-
icillin or co-trimoxazole, maintaining the
double blind nature ofthe trial. As prednisolone

(35 mg on day 1, reduced by 5 mg daily) during
an exacerbation is the standard treatment pre-
scribed by most physicians in the Netherlands
for asthma and COPD, it was used as well.
During the following 14 days symptom scores
and peak expiratory flow (PEF) values were
monitored. Bacteriological examination of spu-
tum samples was made at the onset of an
exacerbation and 7, 21, and 35 days afterwards.

Peak expiratory flow
Daily recordings of PEF2' were made during a
seven day baseline period and for two weeks
from the start of the exacerbation using a
Wright peak flow minimeter (Clement Clarke
International, London, UK). Each patient re-
corded three successive measurements three
times per day - early in the morning, before
and after their first inhalation medication, and
before their second inhalation medication in
the evening. The highest outcome of three
successive efforts in the morning, before the
daily medication, was recorded for analysis.

Treatment failures
Criteria for treatment failure were revisits to
the physician with worsening symptoms within
35 days of the start of treatment. The patient's
physician had to decide, if bacterial infection
was suspected, whether antimicrobial treat-
ment would be justified based on clinical history
and PEF values.

Symptoms
The following systems were recorded daily by
the patient during a two week period on a four
point scale of severity ranging from 0 to 3: (1)
wheeze or dyspnoea; (2) cough with mucus
production; (3) cough without mucus pro-
duction; and (4) awakening with complaints of
dyspnoea. These results were compared with
those obtained when stable before the study.

Temperature
Sublingual body temperature was measured
with a Philips thermometer (type HP 6315) at
each visit, starting at baseline.

Bacteriology
Sputum was collected in a vial and taken to
the laboratory for microscopic investigation and
culture within two hours after expectoration.
One washed fragment of each sample was
inoculated onto blood agar and Levinthal agar
plates for semiquantitative evaluation. The
macroscopic appearance was recorded as: wa-
tery; mucoid, mucopurulent; or purulent.22
The macroscopic appearance and the Gram
stain were examined by the same technician
and physician during the entire study. "Viridans
streptococci" (not further identified a-haemo-
lytic streptococci) were regarded as "oro-
pharyngeal flora" as they make up the main
proportion of the oropharyngeal flora.22 25
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Figure 1 Mean morning peak expiratory flow rates (PEF, % pred) during baseline and
14 days after exacerbation. * =Amoxicillin (n = 22); =co-trimoxazole (n= 17);
0 =placebo (n = 16), all administered in combination with prednisolone.

Gram stain
The same washed pus flake222"28 taken for
inoculation onto the media was used for mi-
croscopic examination after Gram staining. An
estimation was made ofthe number ofepithelial
cells, leucocytes and bacteria, according to the
findings of Murray and Washington23 and
Heineman et al."2 Leucocytes were classified as
<25 and >25, bacteria as <10and >10, both
per microscopic field. Epithelial cells were clas-
sified as either <5 or > 5 per microscopic field.
Only specimens with <5 epithelial cells per
microscopic field were analysed.

STATISTICAL ANALYSIS

Statistical analyses were performed using the
x2 test and the Fisher's exact test to test re-
lationships in cross tables. Pearson correlations
and Cronbach's alpha were computed for the
symptom scores. Following the suggestion of
Matthews et al,30 individual regression co-

efficients for the changes in PEF and symptom
scores were estimated and analysed using the
BDMP 5V analysis of variance program." The
increase in PEF values and decrease in the

symptom severity scores during the 14 con-

secutive days following the start of the ex-

acerbation was modelled as a linear function
of time with an individual slope and intercept.
Their expectations equal the slope and inter-
cept of the corresponding treatment group.
A value of p<0-05 was considered significant.
All values are expressed as mean (SD) unless
stated otherwise. Using a significance level of
0-05 and a power of 0-80, the number of
patients used in the analysis enabled us to
detect a difference in means (symptom scores

PEF values as % predicted) between the anti-
biotic groups and the placebo group of 1 SD.
A difference of 0-33 SD could be detected in
the mean PEF values measured at different
time points within each group, assuming a

correlation coefficient of 0-9 between con-

secutive measures. A difference in symptom
scores of 0-66 SD within each group could be
detected, assuming a correlation coefficient of
0-55 between consecutive measures.

Results
One hundred and ninety five patients entered
the study between October 1988 and May
1991, and 71 (36%), of whom 30 were men,

visited their physician because of an ex-

acerbation before March 1992. Their mean

(SD) age was 51-7 (16-3) years, mean PEF
285-3 (99-2)1/min. There were 29 (40-9%)
current smokers and 20 (28-2%) ex-smokers,
median (range) pack years 16-5 (0-15-77). Ten
participants were classified as having asthma
and 61 COPD. Twenty six patients were ran-

domised to the amoxicillin group, 20 patients
to co-trimoxazole, and 25 patients to placebo.
No significant differences in patient char-
acteristics between the 71 patients with and
the 124 patients without an exacerbation dur-
ing the study period were observed.

Peak expiratory flow
PEF values were recorded for seven days in
the baseline period by 165 of the 195 patients.
Of the 71 patients with an exacerbation, 22 of
26 patients in the amoxicillin group, 17 of 20
patients in the co-trimoxazole group, and 16
of 25 patients in the placebo group recorded
their PEF levels during the 14 days from the
start of an exacerbation. Mean PEF % pre-
dicted values (for each treatment group) of the
daily recorded morning peak flow are presented
in fig 1. PEF % predicted values, as a mean of
the seven day period of baseline, at the first
day of an exacerbation, and at day 14 of an
exacerbation are presented in table 1. PEF
values on the first day of an exacerbation
were significantly lower than baseline values
(p<O-001), but did not differ significantly be-
tween the three groups either on the first day
ofexacerbation or during the following 14 days.
The slopes ofthe PEF values per day (expressed
as % predicted) over the 14 days after the start
of the exacerbation and their 95% confidence
intervals are shown in table 2. A mean daily
increase in PEF of 0-68 (1-01)% predicted
in both groups receiving antibiotics and 0-34
(0-84)% predicted daily in the placebo group
was found. The increase in PEF was significant
in all groups (p<0-001), without differences
between the groups.

Table 1 Mean (SD) percentage predicted values ofpeak
expiratory flow (PEF) in the three treatment groups

Treatment Mean of 7 day Day I Day 14
groups baseline period*

Amoxicillin 66-7 (22-1) 56-7 (20-5) 64-9 (24-8)
Co-tnmoxazole 61-7 (18-0) 48-0 (18 4) 59-3 (20-0)
Placebo 60-8 (19-6) 49-2 (19-7) 57-9 (20-0)

* No flare-up of complaints or use of antibiotics occurred in
the six weeks before the study.

Table 2 Mean slopes of increase in PEF % predicted per
day and their 95% confidence lvels 14 days after the start
of the exacerbation

Treant group Mean 95% CI

Amoxicillin 0-58 0-27 to 0-89
Co-trimoxazole 0-78 0-22 to 1-34
Placebo 0-34 0-00 to 0-73
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Figure 2 Severity of symptoms during baseline and 14 days after exacerbation.
* =Amoxicillin (n= 22); * =co-trimoxazole (n= 18); 0 =placebo (n= 17); all
administered in combination with prednisolone.

13 14

Table 3 Mean (SD) symptom severity scores (%) in the three treatment groups

Treatment groups Mean of 7 day Day 1 Day 14
baseline period*

Amoxicillin 0-56 (0 46) 1 42 (0 70) 0-75 (0-68)
Co-trimoxazole 0-60 (0 49) 1-46 (0 66) 0-68 (0 60)
Placebo 0-57 (0 48) 1-29 (0-49) 0 54 (0 43)

* No flare-up of complaints or use of antibiotics occurred in the six weeks before the study.

Symptom scores
Each symptom showed a similar change for
all three treatment groups. Since a positive
correlation was found between the underlying
symptom scores, a mean symptom severity
score was computed. The reliability coefficient
for this symptom severity score was 0 70 (Cron-
bach's alpha). The daily recorded mean severity
scores during baseline and the 14 days after
the start of an exacerbation of the 22 patients
in the amoxicillin group, 18 patients in the
co-trimoxazole group, and 17 patients in the
placebo group who returned their registration
forms are presented in fig 2.
The mean symptom scores during baseline,

at the start of an exacerbation, and at day 14
are presented in table 3. The values on the
start day were significantly different from the
mean baseline values (p<0001). Symptom
scores were similar between the three groups
when expressed as slopes or absolute values
from days 1 to 14 (table 4).
The decrease of the symptom severity scores

was significant in all three groups (p<0-001).
Symptom severity scores decreased by 005
(0 05) points per day in the groups receiving

Table 4 Estimated slopes and their associated 95%
confidence intervals of the decrease in symptom severity
scores* 14 days after the start of the exacerbation

Treatment group Mean 95% CI

Amoxicillin -0-05 -0-07 to -0-02
Co-trimoxazole -0-06 -0-08 to -004
Placebo -0-06 -0-08 to -004

* Daily record during a two week period on a four point scale
of severity ranging from 0 to 3 of (1) wheeze or dyspnoea;
(2) cough with mucus production; (3) cough without mucus
production; and (4) awakening with complaints of dyspnoea.

antibiotics, and by 0-06 (0 045) points per day
in the placebo group.

Temperature
There was no significant increase in sublingual
temperature in the exacerbation period.

Investigation of sputum
Fifty of the 71 patients (70%) with an ex-
acerbation produced sputum. Potentially
pathogenic microorganisms were isolated from
24 of 50 (48%) of the samples, whereas 19 of
50 (38%) samples had a purulent appearance.
On days 7, 21, and 35 after onset of the ex-
acerbation there were four sputum samples
which were purulent, irrespective of the med-
ication given.
During the exacerbation eight of 50 (16%)

patients produced sputum with evidence of a
lower respiratory tract infection that met the
requirements of > 105 potentially pathogenic
microorganisms in culture in association with
> 25 leucocytes and <5 epithelial cells in Gram
stain. Two of these patients produced mucoid
sputum and six purulent sputum. Two of the
latter six received placebo treatment and four
antibiotics. In the sputum samples of the two
placebo treated patients one showed no po-
tentially pathogenic microorganisms during the
follow up period while the other did not return
for follow up.

Treatment failures
Six out of 71 patients (8 5%) consulted with
their physician again within 4-24 days of the
start of treatment because of worsening of
symptoms. All received an antibiotic. These six
patients were equally distributed among the
three randomisation groups. Two of these
patients, one in the amoxicillin group and one
in the placebo group, had a second ex-
acerbation 4-7 days after starting treatment.
No potentially pathogenic microorganisms
were found in cultures of either sputum sample.

Possible confounding variables
The patients with asthma were not con-
centrated in any particular group. Three out of
10 patients with asthma entered the amoxicillin
group, three the co-trimoxazole group, and
four were in the placebo group. At the onset
of their exacerbation PEF % predicted was
significantly higher in asthmatic patients than
in those with COPD, but there were no differ-
ences in recovery rates. Symptom scores were
comparable at the onset of exacerbation, but
improved faster in individuals with asthma than
in those with COPD.
The distribution of individuals with purulent

or non-purulent sputum samples in the three
medication regimens was: eight of 12 patients
in the amoxicillin group, four of nine in the
co-trimoxazole group, and seven of 10 patients
in the placebo group.
No significant difference was found between

patients with asthma or COPD in the as-
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Table S Association ofpossible confounding variables with percentage predicted peak
expiratory flow (PEF) and symptom scores

PEF (%o pred) Symptom scores*

Possible confounding Day 1 of an Recovery Day 1 of an Recovery
variables exacerbation rate exacerbation rate

Asthma/COPD p=0 005 NS NS <0 05
Smokers, ex-smokers and non-smokers NS NS NS NS
Purulence/mucoid NS NS NS NS

NS= not significant.
* Daily record during a two week period on a four point scale of severity, ranging from 0 to 3 of
(1) wheeze or dyspnoea; (2) cough with mucus production; (3) cough without mucus production;
and (4) awakening with complaints of dyspnoea.

sociation of smoking habits or macroscopic
appearance of sputum samples with the PEF
% predicted values and symptom scores
(table 5).

Discussion
Our data show that recovery from an ex-
acerbation of asthma or COPD in ambulatory
patients when treated by their own general
practitioner is not accelerated by adding anti-
biotics to a short course of oral corticosteroids.
Each medication regimen produced com-
parable improvements in symptom scores, PEF
values, and number oftreatment failures. When
symptoms were analysed in more detail no
differences were observed for sputum pro-
duction or its purulence, and comparable treat-
ment failures were observed in all three groups.
Our results do not confirm the observation

by Anthonisen et al that antibiotics contribute
to the prevention of health deterioration.6 This
is probably due to patient selection, since the
average frequency of exacerbation was 1-3 per
year in their study while in our study it was
0-6 per year. We only included patients treated
on an ambulatory basis by their general prac-
titioner, thus excluding more severe ex-
acerbations. The percentage of patients with
sputum production at baseline and during ex-
acerbations was 84% and 81% in the study by
Anthonisen et al and 34% and 70% respectively
in our study, while the percentage of patients
with a mucopurulent or purulent appearance
of the sputum during exacerbation in their
study was at least 60% and only 27% in our
study. Anthonisen et al stated that, even though
the underlying cause of exacerbations was un-
known, antibiotics were justified for increased
dyspnoea, sputum production, and purulence.
Our results in less severely ill patients show
that the use of antibiotics is redundant when
corticosteroids are given, irrespective of the
presence of potentially pathogenic micro-
organisms in sputum samples in high con-
centrations. Combining the two antimicrobial
limbs did not alter our results, the rate of
recovery being comparable to the placebo
group. Patient characteristics of the 16 patients
who did not record their PEF values (14 of
them did not record their symptom severity
scores) were similar to the remaining 55
patients. It is therefore unlikely that inclusion
of these patients would significantly alter the
outcome of our study.
During recovery after an exacerbation pur-

ulence of the sputum improved independently

of the antibiotic treatment, supporting the hy-
pothesis that Gram stain and culture, inter-
preted on the basis of Bartlett and others,222329
do not necessarily indicate ongoing bacterial
infection.
The number of exacerbations in this

study is too small to draw conclusions con-
cerning the clinical relevance of the change in
sputum flora induced by antimicrobial inter-
vention consequently leading to a second
exacerbation.332-35

Since our definition of an exacerbation may,
as in all previous studies, provide an opening
for incorrect interpretations, it remains a weak
point in every study design. Nevertheless, our
results stress the fact that an exacerbation is
not synonymous with bacterial infection.

This is the first study of an exacerbation
in patients with asthma or COPD who are
normally treated by a general practitioner.
When symptom scores, PEF values, sublingual
temperature, and sputum cultures were mon-
itored, no differences in recovery rates were
observed when antibiotics were added to a
short course of prednisolone. Thus, bacterial
infection ofthe lower airways is rarely the cause
or consequence of symptoms and signs of an
increase in airways limitation during an ex-
acerbation. Treatment with prednisolone alone
appears to be sufficient in ambulatory general
practice patients with mild to moderate
obstructive airways disease to eliminate the
bronchial obstruction. Diminishing the
inflammatory process is probably sufficient.
However, these results should not be ex-
trapolated to patients with more severe forms
of obstructive airways disease.
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