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A B S T R A C T

Background

Chronic obstructive pulmonary disease (COPD; including chronic bronchitis and emphysema) is a chronic respiratory condition
characterised by shortness of breath, cough and recurrent exacerbations. Long-term antibiotic use may reduce both bacterial load and
inflammation in the airways. Studies have shown a reduction of exacerbations with antibiotics in comparison to placebo in people with
COPD, but there are concerns about antibiotic resistance and safety.

Objectives

To compare the safety and eMicacy of diMerent classes of antibiotics (continuous, intermittent or pulsed) for prophylaxis of exacerbations
in patients with COPD.

Search methods

We searched the Cochrane Airways Group Trials Register and bibliographies of relevant studies. The latest literature search was conducted
on 6 February 2019.

Selection criteria

Randomised controlled trials (RCTs) were selected that compared one prophylactic antibiotic with another in patients with COPD.

Data collection and analysis

We used the standard Cochrane methods. Two independent review authors selected trials for inclusion, extracted data and assessed risk
of bias. Discrepancies were resolved by involving a third review author.

Main results

We included two RCTs, both published in 2015 involving a total of 391 participants with treatment duration of 12 to 13 weeks. One
RCT compared a quinolone (moxifloxacin pulsed, for 5 days every 4 weeks), with a tetracycline (doxycycline continuous) or a macrolide
(azithromycin intermittent).

The second RCT compared a tetracycline (doxycycline continuous) plus a macrolide (roxithromycin continuous), with roxithromycin
(continuous) alone.
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The trials recruited participants with a mean age of 68 years, with moderate-severity COPD. Both trials included participants who had
between two and five exacerbations in the previous one to two years. In one trial, 17% of patients had previously been using inhaled
corticosteroids. In the other study, all patients were positive for Chlamydophila pneumoniae (C pneumoniae).

Overall, we judged the evidence presented to be of very low-certainty, mainly due to imprecision, but we also had concerns about
indirectness and methodological quality of the included studies. The primary outcome measures for this review included exacerbations,
quality of life, drug resistance and serious adverse events.

Macrolide + tetracycline versus macrolide

There was no clear diMerence between treatments in improvement in quality of life as assessed by the Chronic Respiratory Questionnaire
(CRQ). The CRQ scale ranges from 0 to 10 and higher scores on the scale indicate better quality of life. CRQ sub-scales for dyspnoea (mean
diMerence (MD) 0.58, 95% confidence interval (CI) -0.84 to 2.00; 187 participants; very low-certainty evidence), fatigue (MD 0.02, 95% CI
-1.08 to 1.12; 187 participants; very low-certainty evidence), emotional function (MD -0.37, 95% CI -1.74 to 1.00; 187 participants; very low-
certainty evidence), or mastery (MD -0.79, 95% CI -1.86 to 0.28; 187 participants; very low-certainty evidence) at 12 weeks. For serious
adverse events, it was uncertain if there was a diMerence between combined roxithromycin and doxycycline versus roxithromycin alone
at 48 weeks follow-up aOer active treatment of 12 weeks (odds ratio (OR) 1.00, 95% CI 0.52 to 1.93; 198 participants; very low-certainty
evidence). There were five deaths reported in the combined treatment arm, versus three in the single treatment arm at 48 weeks follow-
up aOer active treatment of 12 weeks (OR 1.63, 95% CI 0.38 to 7.02; 198 participants; very low-certainty evidence).

Quinolone versus tetracycline

There was no clear diMerence between moxifloxacin and doxycycline for the number of participants experiencing one or more
exacerbations (OR 0.44, 95% CI 0.14 to 1.38; 50 participants, very low-certainty evidence) at 13 weeks. There were no serious adverse events
or deaths reported in either treatment groups. We did not identify any evidence for our other primary outcomes.

Quinolone versus macrolide

There was no clear diMerence between moxifloxacin and azithromycin for the number of participants experiencing one or more
exacerbations (OR 1.00, 95% CI 0.32 to 3.10; 50 participants; very low-certainty evidence) at 13 weeks. There were no serious adverse events
or deaths reported in either treatment groups. We did not identify any evidence for our other primary outcomes.

Marcolide versus tetracycline

There was no clear diMerence between azithromycin and doxycycline for the number of participants experiencing one or more
exacerbations (OR 0.44, 95% CI 0.14 to 1.38; 50 participants; very low-certainty evidence) at 13 weeks. There were no serious adverse events
or deaths reported in either treatment groups. We did not identify any evidence for our other primary outcomes.

We did not find head-to-head evidence for impact of antibiotics on drug resistance.

Authors' conclusions

It is not clear from the evidence included in this review whether there is a diMerence in eMicacy or safety between diMerent classes or
regimens of prophylactic antibiotic, given for 12 to 13 weeks to people with COPD. Whilst no head-to-head comparisons of antibiotic
resistance were identified, concerns about this continue. The sample size in this review is small and both included studies are of short
duration. Thus, there is considerable uncertainty in eMects observed and the eMects of diMerent prophylactic antibiotics requires further
research.

P L A I N   L A N G U A G E   S U M M A R Y

Prophylactic antibiotic therapy for people with chronic obstructive lung disease (COPD)

What is COPD?

COPD is a common condition caused mainly by smoking and can lead to long-term breathing problems. Symptoms include shortness
of breath, and cough with sputum production due to airways and lung damage. Infection can trigger severe symptoms, with breathing
becoming worse and increased cough and sputum. This is more commonly known as an exacerbation or 'flare-up' which can cause further
damage to lung function. Frequent exacerbations can lead to hospital admissions, reduced quality of life, and increase the risk of death.

Why did we do this review?

We wanted to know whether one preventative antibiotic was better than another preventative antibiotic in reducing exacerbations, and
improving quality of life for people with COPD.

What evidence did we find?
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We found two randomised trials, including 391 people with COPD. The participants had an average age of 68 years. The first study included
three groups of COPD patients taking either moxifloxacin (daily for 5 days every 4 weeks), doxycycline (daily for 13 weeks) or azithromycin
(3 times per week for 13 weeks). The second study investigated the use of doxycycline (daily) in addition to roxithromycin (daily) for 12
weeks in COPD. Our main outcomes were number of exacerbations, quality of life, serious side eMects (known as 'adverse events') and
antibiotic resistance.

Results and conclusions

Overall, we were unable to determine any diMerence between one antibiotic compared with each other in improving the main outcomes
we measured.

We were unclear whether one antibiotic was better or worse than another in terms of reducing exacerbations or improving quality of life.
Neither of the studies reported a comparison between antibiotics for drug resistance.

In one study lasting 13 weeks we found no serious side eMects of taking moxifloxacin, azithromycin or doxycycline, and no deaths were
reported. In the other study, very similar numbers of people experienced serious side eMects in both the combined antibiotic and single
antibiotic treatment groups aOer 12 weeks of treatment and 48 weeks of follow-up. However, the numbers were small so we are not sure
if one treatment option may cause more side eMects than the other. In the same study, five people in the combined treatment group died,
compared to three people in the single treatment group. Again, these numbers are too small to draw any conclusions.

Certainty of the evidence

We were very uncertain about the results due to finding only two small studies that gave people with COPD antibiotics for only 12 or 13
weeks. The studies only looked at four diMerent antibiotics and did not measure all the things we were interested in.

Head-to-head oral prophylactic antibiotic therapy for chronic obstructive pulmonary disease (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

3



H
e
a
d
-to

-h
e
a
d
 o
ra
l p
ro
p
h
y
la
ctic a

n
tib

io
tic th

e
ra
p
y
 fo
r ch

ro
n
ic o

b
stru

ctiv
e
 p
u
lm
o
n
a
ry
 d
ise

a
se
 (R

e
v
ie
w
)

C
o
p
yrig

h
t ©

 2019 T
h
e C

o
ch
ra
n
e C

o
lla
b
o
ra
tio
n
. P
u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 S
o
n
s, Ltd

.

4

S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Macrolide+tetracycline versus macrolide

Macrolide+tetracycline compared to macrolide for chronic obstructive pulmonary disease

Patient or population: chronic obstructive pulmonary disease
Setting: 16 centres across Australia and New Zealand
Intervention: roxithromycin (continuous; 300 mg daily) + doxycycline (continuous; 100 mg daily)
Comparison: roxithromycin (continuous; 300 mg daily)

Anticipated absolute effects* (95% CI)Outcomes

Risk with
macrolide

Risk with
Macrolide+tetra-
cycline

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

The mean change
in CRQ HRQoL

(dyspnoea) was
2.21

MD 0.58 higher
(0.84 lower to 2.00
higher)

- 187
(1 RCT)

⊕⊝⊝⊝

Very lowa,b,d

An increase of three points in
this domain refers to a clin-
ically significant reduction
in dyspnoea (Jaeschke 1989;
Jones 2002)

The mean change
in CRQ HRQoL

(fatigue) was 0.68

MD 0.02 higher
(1.08 lower to 1.12
higher)

- 187
(1 RCT)

⊕⊝⊝⊝

Very lowa,b,d,e

An increase of four points in
this domain refers to a clini-
cally significant reduction in
fatigue (Jaeschke 1989; Jones
2002)

The mean change
in CRQ HRQoL

(emotional func-
tion) was 0.45

MD 0.37 lower
(1.74 lower to 1.00
higher)

- 187
(1 RCT)

⊕⊝⊝⊝

Very lowa,b,d,f

An increase of two points in
this domain refers to a clin-
ically significant improve-
ment in emotional function
(Jaeschke 1989; Jones 2002)

Quality of life, measured by CRQ
(dyspnoea, fatigue, emotional
function, and mastery subscales)

Follow-up 12 weeks (end of treat-
ment)

Scale from 0 to 10. Higher scores on
the scale indicates better quality of
life

The mean change
in CRQ HRQoL

(mastery) was
0.53

MD 0.79 lower
(1.86 lower to 0.28
higher)

- 187
(1 RCT)

⊕⊝⊝⊝

Very lowa,b,d,f

No reported minimally impor-
tant difference (MID)

All-cause serious adverse events

60 weeks (end of study)

237 per 1000 237 per 1000
(139 to 375)

OR 1.00
(0.52 to 1.93)

198
(1 RCT)

⊕⊝⊝⊝

Very lowa,d,e,g
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Lung function (trough FEV1)

Change from baseline to 12 weeks
(end of active treatment)

The mean change
in trough FEV1
was 0.047 L

MD 0.01 L lower
(0.09 lower to 0.07
higher)

  182
(1 RCT)

⊕⊝⊝⊝

Very lowa,b,d,f

An improvement of 100 mL
(0.1 L) for FEV1 trough is con-

sidered clinically significant
(Donohue 2005)

All-cause mortality

60 weeks (end of study)

31 per 1000 49 per 1000 (12 to
183)

OR 1.63
(0.38 to 7.02)

198
(1 RCT)

⊕⊝⊝⊝

Very lowa,b,d

 

Number of people experiencing
one or more exacerbations,

Drug resistance/microbial sensitiv-
ity (as reported by trialists), includ-
ing emergence of atypical bacteria,

Number of participants colonised
with Pseudomonas aeruginosa

Information for these outcomes was not presented as data for head-to-head comparisons were not available

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: confidence interval; CRQ: Chronic Respiratory Questionnaire; FEV1: forced expiratory volume in one second; HRQoL: health-related quality of life; MD: mean difference;

OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aThe evidence was downgraded by 1 due to attrition bias in the combined treatment arm.
bThe evidence was downgraded by 2 due to indirectness of population and intervention. The aim was to assess eradication of C pneumoniae and not antibiotic prophylaxis. The
comparison of interventions was not an inclusion criterion of this systematic review.
cThe evidence was downgraded by 1 due to imprecision. The confidence interval crossed the line of no eMect, and failed to exclude worsening of the outcome.
dThe evidence was downgraded by 1 due to imprecision. The sample size was small, however, the confidence intervals fell within the minimally important diMerence for the
outcome.
eThe evidence was downgraded by 1 due to imprecision. The confidence intervals failed to exclude an important improvement or worsening of the outcome.
fThe evidence was downgraded by 1 due to imprecision. The confidence interval crossed the line of no eMect, and failed to exclude an important improvement of the outcome.
gThe evidence was downgraded by 1 due to indirectness. The time frame when the outcome was measured (at 48 weeks follow-up aOer the 12-week active treatment period)
was not included in the inclusion criteria of this review.
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Summary of findings 2.   Quinolone versus tetracycline

Quinolone compared with tetracycline for chronic obstructive pulmonary disease

Patient or population: chronic obstructive pulmonary disease
Setting: hospital outpatients, UK
Intervention: moxifloxacin (pulsed; 400 mg per day for 5 days every 4 weeks)
Comparison: doxycycline (continuous; 100 mg daily)

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Quinlone Tetracycline

Relative effect
(95% CI)

№ of Partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Number of participants experiencing one or more ex-
acerbations

Quinolone versus tetracycline
Follow-up 13 weeks (end of treatment)

600 per 1000 398 per 1000
(174 to 674)

OR 0.44
(0.14 to 1.38)

50
(1 RCT)

⊕⊝⊝⊝

Lowa

 

All-cause mortality

Follow-up 13 weeks (end of treatment)

- - - 50

(1 RCT)

- No deaths re-
ported in either
treatment arm

Quality of life

Drug resistance/microbial sensitivity

Serious adverse events

Lung function

Hospitalisations

Adverse events/side effects

Number of participants colonised with P aeruginosa

Information for these outcomes was not presented as data for head-to-head comparisons were not available

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: confidence interval; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence
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High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aThe evidence was downgraded by 2 due to imprecision. The sample size was small, and the confidence interval crossed the line of no eMect, and failed to exclude important harm.
 
 

Summary of findings 3.   Quinolone versus macrolide

Quinlone compared with macrolide for chronic obstructive pulmonary disease

Patient or population: chronic obstructive pulmonary disease
Setting: hospital outpatients, UK
Intervention: moxifloxacin (pulsed; 400 mg per day for 5 days every 4 weeks)
Comparison: azithromycin (intermittent; 250 mg 3 times per week)

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Quinlone Macrolide

Relative effect
(95% CI)

№ of Partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Number of participants experiencing one or more ex-
acerbations

Quinolone versus macrolide
Follow-up 13 weeks (end of treatment)

400 per 1000 400 per 1000
(176 to 674)

OR 1.00
(0.32 to 3.10)

50
(1 RCT)

⊕⊝⊝⊝

Lowa

 

All-cause mortality

Follow-up 13 weeks (end of treatment)

- - - 50

(1 RCT)

- No deaths re-
ported in either
treatment arm

Quality of life

Drug resistance/microbial sensitivity

Serious adverse events

Lung function

Hospitalisations

Information for these outcomes was not presented as data for head-to-head comparisons were not available
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Adverse events/side effects

Number of participants colonised with P aeruginosa

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: confidence interval; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aThe evidence was downgraded by 2 due to imprecision. The sample size was small, and the confidence interval failed to exclude an important benefit or harm.
 
 

Summary of findings 4.   Macrolide versus tetracycline

Macrolide compared with tetracycline for chronic obstructive pulmonary disease

Patient or population: chronic obstructive pulmonary disease
Setting: hospital outpatients, UK
Intervention: azithromycin (intermittent; 250 mg 3 times per week)
Comparison: doxycycline (continuous; 100 mg daily)

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Quinlone Macrolide

Relative effect
(95% CI)

№ of Partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Number of participants experiencing one or more ex-
acerbations

Macrolide versus tetracycline

Follow-up 13 weeks (end of treatment)

600 per 1000 398 per 1000
(174 to 674)

OR 0.44
(0.14 to 1.38)

50
(1 RCT)

⊕⊝⊝⊝
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All-cause mortality

Follow-up 13 weeks (end of treatment)

- - - 50

(1 RCT)

- No deaths re-
ported in either
treatment arm

Quality of life

Drug resistance/microbial sensitivity

Serious adverse events

Lung function

Hospitalisations

Adverse events/side effects

Number of participants colonised with P aeruginosa

Information for these outcomes was not presented as data for head-to-head comparisons were not available

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: confidence interval; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aThe evidence was downgraded by 2 due to imprecision. The sample size was small, and the confidence interval crossed the line of no eMect, and failed to exclude important harm.
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B A C K G R O U N D

Description of the condition

The Global Initiative for Chronic Obstructive Lung Disease (GOLD)
defines chronic obstructive pulmonary disease (COPD) as "a
common, preventable and treatable disease that is characterized
by persistent respiratory symptoms and airflow limitation that
is due to airway and/or alveolar abnormalities usually caused
by significant exposure to noxious particles or gases" (GOLD
2019). Diagnosis is established by typical symptoms, risk factors
and spirometry. Typical symptoms consist of dyspnoea, cough
with sputum production and recurrent lower respiratory tract
infections. The most prevalent risk factor is tobacco smoke; other
environmental risk factors include smoke from home cooking and
heating fuels, and occupational dust; host factors include genetic
conditions such as alpha1 antitrypsin deficiency. The spirometric
criterion for COPD is a post-bronchodilator fixed ratio of forced
expiratory volume in one second/forced vital capacity (FEV1/FVC) <

0.70 (GOLD 2019).

The impact of COPD on world health is substantial. The number
of cases of COPD worldwide has increased from approximately
227.3 million in 1990 to 384 million in 2010, with a global
prevalence rising from 10.7% to 11.7% (Adeloye 2015). It is
the fourth leading cause of death and is predicted to rise to
third place by 2020 (GOLD 2019), or 2030 (WHO 2018). COPD is
characterised by frequent exacerbations and lower respiratory tract
infections, which further increase the risk of mortality (Schmidt
2014; Threapleton 2018). Exacerbations also impact on exercise
tolerance, quality of life and muscle strength; and are associated
with a faster decline in lung function (Cote 2007; Donaldson 2008;
Kessler 2006; Miravitlles 2004; Niewoehner 2006; Seemungal 1998;
Wüst 2007). Exacerbations are associated with systemic, upper
and lower airway inflammation (Hurst 2006). It is likely that the
aetiology of exacerbations is multifactorial, with inflammation
caused by bacteria, viruses and environmental pollutants (Beasley
2012). The aetiology of a particular exacerbation is not always clear.
Whilst antibiotics are frequently used to treat COPD exacerbations,
and bacterial pathogens are isolated from approximately half
of patients with an exacerbation (Kuwal 2018; Llor 2006; Sethi
2004), they are also commonly isolated in patients with stable
COPD (Sethi 2008). A network analysis of the lung microbiome of
COPD patients demonstrated that a reduction in microbial diversity
and the proliferation of a single organism were associated with
exacerbation events (Wang 2016). It has been hypothesised that
lungs of people with COPD are more susceptible to bacteria, which
are not normally present in healthy lungs (Rosell 2005). This chronic
bacterial presence contributes to a vicious cycle of inflammation,
enhances mucus secretion and worsens ciliary activity, leading to
further epithelial damage (Matkovic 2013; Sethi 2008).

Description of the intervention

There are a number of strategies available that are eMective at
reducing COPD exacerbations, including patient self-management
training (Zwerink 2014); pulmonary rehabilitation (McCarthy 2015;
Puhan 2016); influenza vaccination (KopsaOis 2018); inhaled long-
acting bronchodilators and corticosteroids (Chong 2012; Oba 2018;
Yang 2012); and roflumilast, a phosphodiesterase 4 inhibitor (Chong
2013). An additional treatment consideration in an attempt to
reduce the frequency of exacerbations of COPD, and reverse
this potential 'vicious cycle' of inflammation is the use of long-

term antibiotics as prophylaxis (i.e. for prevention of recurring
symptoms (Herath 2018). Prophylatic antibiotics are usually given
by mouth, but may also be delivered via other routes, including
inhalation. This review will examine the use of head-to-head oral
antibiotics only. Depending on the type of antibiotic, regimens
include continuous (daily), intermittent (i.e. 3 times a week) or
pulsed (e.g. 5 days of antibiotics every 8 weeks) administration
(BNF).

A Cochrane Review analysed 3170 patients across seven RCTs
published between 2001 and 2018 (Herath 2018). The authors
investigated the eMects of macrolides (azithromycin, erythromycin,
clarithromycin) and moxifloxacin (a fourth-generation synthetic
fluoroquinolone) compared with placebo. The use of long-term
prophylactic antibiotics was associated with significantly fewer
patients who experienced an exacerbation of COPD (odds ratio (OR)
0.57, 95% confidence interval (CI) 0.42 to 0.78; moderate-certainty
evidence) compared with those receiving placebo. However,
patients on prophylactic antibiotics were more likely to experience
adverse eMects, such as hearing loss with azithromycin and
gastrointestinal symptoms with moxifloxacin.

How the intervention might work

The eMect of prophylactic antibiotics is not completely understood.
Antibiotics may oMer both antibacterial and anti-inflammatory
eMects (Martinez 2008), and therefore may reduce both bacterial
load and inflammation in the airways. Choice of prophylactic
antibiotic may be guided by factors including clinician and patient
preference and prior experience, previously isolated bacteria and
side eMect profile. Organisms isolated from exacerbating patients
include Haemophilus influenzae (H influenzae) (11% of all patients),
Streptococcus pneumoniae (S pneumoniae) (10%), Moraxella
catarrhalis (M catarrhalis) (10%), Haemophilus parainfluenzae
(H parainfluenzae) (10%), and Pseudonomas aeruginosa (P
aeruginosa) (4%) (Sapey 2006).

Prophylactic antibiotics may be of greatest benefit in a subset of
patients (Miravittles 2015). A 2011 study by Albert and colleagues
suggests that compared to placebo, azithromycin (a macrolide
antibiotic) reduces exacerbations most markedly in older patients,
non-smokers and those not using oral or inhaled steroids at
baseline, which may reflect sub-optimal treatment (Albert 2011).
We prespecified several subgroup analyses which we conducted to
explore this in the context of head-to-head antibiotics, if suMicient
evidence was available.

Why it is important to do this review

COPD represents a huge burden, to both the patient (Cote
2007; Kessler 2006), and healthcare services (López-Campos 2016;
Mannino 2015; Punekar 2014). Therefore it was important to assess
treatments that may reduce the risk of exacerbations and improve
quality and longevity of life of patients with COPD.

This review builds upon a recently published Cochrane Review
comparing prophylactic antibiotics with placebo (Herath 2018).
Results of the published review showed that continuous (daily) and
intermittent (at least 3 times a week) may be more eMective in
reducing exacerbations and improving patient-reported quality of
life (Herath 2018). A network meta-analysis is under development
that will complement the already published review comparing
antibiotics with placebo (Herath 2018), and this review (head-to-

Head-to-head oral prophylactic antibiotic therapy for chronic obstructive pulmonary disease (Review)
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head prophylactic antibiotic comparisons). Whilst there is evidence
that antibiotic prophylaxis is eMicacious in people with COPD,
there remains a large concern over the risk of antibiotic resistance
(Miravittles 2017; Thurston 2013). It was therefore imperative to
identify which antibiotic provided the best prophylaxis against
exacerbations of COPD and least evidence of antibiotic resistance
and adverse eMects.

O B J E C T I V E S

To compare the safety and eMicacy of diMerent classes of
antibiotics (continuous, intermittent or pulsed) for prophylaxis of
exacerbations in patients with COPD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs). We planned to
include cross-over trials providing there was an adequate wash out
period (at least three months) and cluster-randomised trials. We
included studies reported in full-text, those published as abstracts
only and unpublished data.

Types of participants

We included adults (older than 18 years of age) with a diagnosis of
COPD according to established criteria (e.g. European Respiratory
Society (ERS), American Thoracic Society (ATS) or Global Initiative
for Chronic Obstructive Lung Disease (GOLD) criteria). We excluded
participants with the following co-morbidities/characteristics:
bronchiectasis; asthma; or genetic diseases, such as cystic fibrosis
or primary ciliary dyskinesia. However, we recognised that disease
definitions may change over time and if older studies were
identified we would consider the directness of the evidence when
applying GRADE. As we did not identify trials in which only a subset
of the participants had COPD, we did not include any disaggregated
data. We included participants irrespective of vaccination status
(e.g. pneumococcal vaccination), providing vaccination was not
part of the randomised treatment.

Types of interventions

We included studies comparing one prophylactic oral antibiotic
with another. We excluded studies where the comparison group
received a placebo or usual care not involving a prophylactic
antibiotic.

To be eligible, studies must randomise participants to receive the
antibiotic for at least 12 weeks, either continuously, intermittently
or pulsed*. Intermittent antibiotics must be given at least three
times per week, and pulsed antibiotics must be given for a
minimum of five consecutive days every eight weeks. We excluded
studies which delivered antibiotics via a nebuliser, inhaler,
intravenously or intramuscularly.

We included the following co-interventions provided they were
not part of the randomised treatment: short- and long-acting
bronchodilators, inhaled corticosteroids, oral corticosteroids,
oxygen, pulmonary rehabilitation, smoking cessation interventions
or any other standard treatment for COPD.

*We categorised the intervention regimen into continuous,
intermittent or pulsed as reported in Herath 2018.

We considered the following comparisons.

1. Macrolides (e.g. azithromycin) versus other antibiotic classes

2. Quinolones (e.g. moxifloxacin) versus other antibiotics classes

3. Quinolones versus macrolides

4. Macrolides versus penicillins (e.g. amoxicillin)

5. Macrolides versus tetracyclines (e.g. doxycycline

Types of outcome measures

Primary outcomes

1. Exacerbations (as defined by trialists and grouped by
exacerbation severity where possible, e.g. those requiring
hospitalisation versus those requiring ambulatory management
only). Depending on the available data, we planned to extract
either the number of participants experiencing one or more
exacerbations, or the exacerbation rate, or both.

2. Quality of life (validated scales such as the St George's
Respiratory Questionnaire preferred)

3. Drug resistance/microbial sensitivity (as reported by trialists),
including emergence of atypical bacteria

4. Serious adverse events

Primary outcomes were considered to be the most important to
patients, healthcare providers and policy-makers. Specific adverse
events reported by trialists (e.g. episodes of Clostridium di#icile (C
di#icile), tendon rupture, hearing diMiculties) were extracted and
summarised narratively.

Secondary outcomes

1. Lung function (FEV1 and FVC)

2. Mortality (we planned to analyse respiratory and all-cause
mortality separately, where possible)

3. Hospitalisations

4. Adverse events/side eMects

5. Number of participants colonised with P aeruginosa

Reporting one or more of the outcomes listed here in the study was
not an inclusion criterion for the review.

If outcomes were reported at multiple time points, the latest
reported time point/end of treatment data was extracted. We
planned to group outcomes reported at three months or more to
less than six months; six months to less than 12 months; and 12
months or more. If post-treatment follow-up was reported, this was
extracted and analysed separately.

Search methods for identification of studies

Electronic searches

We identified studies from the Cochrane Airways Trials Register,
which is maintained by the Information Specialist for the Group.
The Cochrane Airways Trials Register contained studies identified
from several sources, as follows.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL), through the Cochrane Register of Studies
Online (crso.cochrane.org)

Head-to-head oral prophylactic antibiotic therapy for chronic obstructive pulmonary disease (Review)
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2. Weekly searches of MEDLINE Ovid

3. Weekly searches of Embase Ovid SP

4. Monthly searches of PsycINFO Ovid SP

5. Monthly searches of CINAHL EBSCO (Cumulative Index to
Nursing and Allied Health Literature)

6. Monthly searches of AMED EBSCO (Allied and Complementary
Medicine)

7. Handsearches of the proceedings of major respiratory
conferences

Studies contained in the Trials Register were identified through
search strategies based on the scope of Cochrane Airways. Details
of these strategies, as well as a list of handsearched conference
proceedings, are in Appendix 1. See Appendix 2 for search terms
used to identify studies for this review.

We searched the following trials registries.

1. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.ClinicalTrials.gov)

2. World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch)

We searched the Cochrane Airways Trials Register and additional
sources from inception to 6 February 2019, with no restriction on
language of publication.

Searching other resources

We checked the reference lists of all primary studies and
review articles for additional references. We searched relevant
manufacturers' web sites for study information.

We searched for errata or retractions related to the included studies
on PubMed on 21 January 2019.

Data collection and analysis

Selection of studies

Two review authors (CT and RN) screened the titles and
abstracts of the search results independently and coded them
as 'retrieve' (eligible or potentially eligible/unclear) or 'do not
retrieve'. We retrieved the full-text study reports of all potentially
eligible studies and two review authors (CT and RN) independently
screened them for inclusion, recording the reasons for exclusion
of ineligible studies. We resolved any disagreement through
discussion or, if required, we consulted  a third review author
(EB). We identified and excluded duplicates, and collated multiple
reports of the same study so that each study, rather than each
report, was the unit of interest in the review. We recorded the
selection process in suMicient detail to complete a PRISMA flow
diagram and 'Characteristics of excluded studies' table (Moher
2009).

Data extraction and management

We used a data collection form for study characteristics and
outcome data, which had been piloted on at least one study in
the review. One review author (CT) extracted the following study
characteristics from included studies.

1. Methods: study design, total duration of study, details of any
'run-in' period, number of study centres and location, study
setting, withdrawals and date of study

2. Participants: N, mean age, age range, gender, severity of
condition, diagnostic criteria, baseline lung function, smoking
history, inclusion criteria and exclusion criteria

3. Interventions: intervention, comparison, concomitant
medications and excluded medications

4. Outcomes: primary and secondary outcomes specified and
collected, and time points reported. We sought and recorded
definitions used to diagnose an exacerbation.

5. Notes: funding for studies and notable conflicts of interest of trial
authors

Two review authors (RN and SJ) independently extracted outcome
data from included studies. We noted in the 'Characteristics of
included studies' table if outcome data were not reported in
a usable way. We resolved disagreements by consensus. One
review author (SJ) transferred data into the Review Manager file
(Review Manager 2014). We double-checked that data were entered
correctly by comparing the data presented in the systematic review
with the study reports. A second review author (RN) spot-checked
study characteristics for accuracy against the study report.

We produced a table summarising the key characteristics of each
study, including region, baseline characteristics of participants, size
of study, antibiotic regimens investigated and the reported eMect,
thus facilitating comparison across studies.

Assessment of risk of bias in included studies

Two review authors (CT and RN) assessed risk of bias independently
for each study using the criteria outlined in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011). We resolved
any disagreements by discussion. We assessed the risk of bias
according to the following domains.

1. Random sequence generation

2. Allocation concealment

3. Blinding of participants and personnel

4. Blinding of outcome assessment

5. Incomplete outcome data

6. Selective outcome reporting

7. Other bias

We judged each potential source of bias as high, low or unclear and
provided a quote from the study report together with a justification
for our judgement in the 'Characteristics of included studies tables.
We summarised the 'Risk of bias' judgements across diMerent
studies for each of the domains listed. We considered blinding
separately for diMerent key outcomes where necessary (e.g. for
unblinded outcome assessment, risk of bias for all-cause mortality
could be very diMerent than for a patient-reported quality of life
scale). Where information on risk of bias related to unpublished
data or correspondence with a trialist, we noted this in the 'Risk of
bias' table.

When considering treatment eMects, we took into account the risk
of bias for the studies that contributed to that outcome.

Head-to-head oral prophylactic antibiotic therapy for chronic obstructive pulmonary disease (Review)
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Assessment of bias in conducting the systematic review

We conducted this review according to the published protocol and
justified any deviations from it in the DiMerences between protocol
and review section.

Measures of treatment e<ect

We analysed dichotomous data as odds ratios (ORs) and
continuous data as the mean diMerence (MD) or standardised mean
diMerence (SMD), had we found data on diMerent scales. If we had
combined data from rating scales in a meta-analysis, we planned to
ensure they were entered with a consistent direction of eMect (e.g.
lower scores always indicating improvement).

We planned to undertake meta-analyses, however, there were
insuMicient studies from which to pool data.

We described skewed data narratively where possible (for example,
as medians and interquartile ranges for each group).

Where multiple trial arms were reported in a single study,
we included only the relevant arms. If we had combined two
comparisons (e.g. drug A versus drug B and drug C versus drug B) in
the same meta-analysis, we planned to either combine the 'active'
arms or halve the 'control' group to avoid double-counting.

We planned to identify adjusted analyses (ANOVA or ANCOVA),
however, we did not find such analyses in the included studies. If a
study reported outcomes at multiple time points, we extracted the
latest reported time point.

We used intention-to-treat (ITT) or 'full analysis set' analyses where
they were reported (i.e. those where data had been imputed for
participants who were randomly assigned but did not complete the
study) instead of completer or per protocol analyses.

Unit of analysis issues

For dichotomous outcomes, we used participants, rather than
events, as the unit of analysis (i.e. number of people admitted to
hospital, rather than number of admissions per person). However,
if rate ratios were reported in a study (e.g. for exacerbations),
we planned to analyse them on this basis. We planned to only
meta-analyse data from cluster-RCTs if the available data had been
adjusted (or could be adjusted), to account for the clustering. We
planned to enter data from cross-over trials using generic inverse
variance and with the help of a statistician.

Dealing with missing data

We attempted to contact investigators or study sponsors in order
to verify key study characteristics and obtain missing numerical
outcome data where possible (e.g. when a study was identified as
an abstract only). Where this was not possible, and the missing
data were thought to introduce serious bias, we took this into
consideration in the GRADE rating for aMected outcomes.

Assessment of heterogeneity

We were unable to use the I2 statistic to measure heterogeneity and
perform prespecified subgroup analyses as there were insuMicient
studies to meta-analyse data. Had we been able to perform meta-

analysis, we would have considered the following I2 ranges to
assess heterogeneity (Higgins 2011).

1. 0% to 40%: might not be important

2. 30% to 60%: may represent moderate heterogeneity

3. 50% to 90%: may represent substantial heterogeneity

4. 75% to 100%: considerable heterogeneity

Assessment of reporting biases

If we were able to pool more than 10 studies, we planned to create
and examine a funnel plot to explore possible small-study and
publication biases. However, there were insuMicient studies to pool
data and we were unable to explore these reporting biases using a
funnel plot.

Data synthesis

We planned to use a fixed-eMect model and perform a sensitivity
analysis with a random-eMects model.

'Summary of findings' tables

We created four 'Summary of findings' tables using the following
outcomes: exacerbations of COPD, quality of life, serious adverse
events, mortality, lung function (FEV1), hospitalisations and

antibiotic resistance. We used the five GRADE considerations
(risk of bias; consistency of eMect; imprecision; indirectness; and
publication bias) to assess the certainty of a body of evidence as
it related to the studies that contributed data for the prespecified
outcomes. We used the methods and recommendations described
in Section 8.5 and Chapter 12 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011), using GRADEpro
soOware (GRADEpro GDT). We justified all decisions to downgrade
the certainty of studies using footnotes and we made comments to
aid the reader's understanding of the review where necessary.

Subgroup analysis and investigation of heterogeneity

We planned to carry out the following subgroup analyses.

1. Exacerbation history: trials recruiting participants with a group
mean of less than one versus one to two versus more than two
exacerbations in the preceding year

2. COPD severity: participants classed as predominantly GOLD
group 1 or 2 versus those predominantly GOLD group 3 or 4

3. Studies with more than 70% on long-acting beta-
adrenoceptor agonist/long-acting muscarinic antagonist/
inhaled corticosteroid (LABA/LAMA/ICS) at baseline versus those
with less than 70% on LABA/LAMA/ICS at baseline

We used the following outcomes in subgroup analyses.

1. Participants having one or more exacerbations

2. Quality of life

3. Serious adverse events

We used the formal test for subgroup interactions in Review
Manager 5 (Review Manager 2014).

Sensitivity analysis

We planned to carry out the following sensitivity analyses,
removing the following from the primary outcome analyses.

1. Studies judged to be at high risk of bias in one or more domains

2. Cross-over trials

Head-to-head oral prophylactic antibiotic therapy for chronic obstructive pulmonary disease (Review)
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We planned to compare the results from a fixed-eMect model with
the random-eMects model.

R E S U L T S

Description of studies

Results of the search

The database search identified 1416 records. We screened 1415
records aOer removing duplicates. We excluded 1367 records on the

basis of the titles and abstracts, resulting in 48 full-text articles to be
assessed for eligibility. From the full-text assessment, we identified
two studies that were eligible for inclusion in this systematic review
(Figure 1).
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Figure 1.   Study flow diagram.
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Included studies

We identified two studies that were eligible to include in this
systematic review (Brill 2015; Shafuddin 2015).

The first study specifically compared the eMect of diMerent
antibiotic classes with a placebo group on airway bacteria in
people with stable chronic obstructive pulmonary disease (COPD)
for 13 weeks (Brill 2015). The second study compared the eMect
of two antibiotics combined with a single antibiotic treatment
and placebo treatment group, which was not a comparison that
was originally part of our inclusion criteria. We included the study
because regardless of the comparison, the antibiotics included in
the study were part of the inclusion criteria for this review. The
duration of treatment in the study was 12 weeks in people with
moderate to severe COPD (Shafuddin 2015).

One single-centre, single-blind, placebo-controlled study included
99 participants with a mean number of exacerbations per person
in the previous year of 2.2 and a mean FEV1% predicted of 50.5%

(see Characteristics of included studies for further details). The trial
investigated three antibiotics, each from a diMerent antibiotic class.
The treatment arms included moxifloxacin, a quinolone (pulsed,
400 mg administered for 5 days every 4 weeks), azithromycin, a
macrolide (intermittent, 250 mg administered 3 times per week),
and doxycycline, a tetracycline (continuous, 100 mg administered
daily) (Brill 2015). For the purpose of this systematic review, we
extracted the data for each antibiotic only and not the data for the
placebo treatment arm.

One double-blind, placebo-controlled study included 292
participants with a mean number of exacerbations per person
within two years of 5.11 and a mean FEV1% predicted of 34%

(see Characteristics of included studies for further details). The

trial investigated roxithromycin, a macrolide (continuous, 300
mg per day), and doxycycline, a tetracycline (100 mg per day),
administered together and compared with roxithromycin alone
as well as a placebo treatment arm. Originally, the study was
designed to investigate the hypothesis that "C pneumoniae was a
pathogenic factor in the aetiology of COPD and that eradication of
C pneumoniae infection could reduce exacerbation rates". As the
participants included in the study were already tested positive for
C pneumoniae the aim was to test whether the antibiotic regimens
could specifically eradicate C pneumoniae infection. However,
the study authors explained in the text of the publication that
this hypothesis was "considered unsubstantiated and no longer
considered clinically relevant". Instead, they presented the data to
investigate the role of prophylactic antibiotics in the reduction of
COPD exacerbations (Shafuddin 2015).

Study funding

Brill 2015 was supported by Programme Grants for Applied
Research programme and the NIHR Royal Brompton Respiratory
Biomedical Research Unit.

Shafuddin 2015 was funded by Sanofi-Aventis Australia Pty Ltd.

Excluded studies

Excluded studies are listed in the Characteristics of excluded studies
table with reasons for exclusions.

Risk of bias in included studies

Judgements for risk of bias and reasons can be found in the
Characteristics of included studies table and an overview of
judgements for risk of bias can be found in Figure 2.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

Random sequence generation and allocation concealment were
described in detail by both studies and we judged them to be at low
risk of bias in these domains (Brill 2015; Shafuddin 2015).

Blinding

Blinding of participants and personnel was described in detail
in Shafuddin 2015 and we judged this domain as low risk of
bias. However, Brill 2015 was described as a single-blind study
as participants were blinded but it was unclear if personnel
were blinded to treatment allocation. As blinding of outcome
assessment (detection bias) was confirmed in detail as a result of
contacting corresponding authors for Shafuddin 2015, we judged
this domain as low risk of bias. However, there was no description
of outcome assessor blinding in the Brill 2015, which resulted in an
unclear of bias judgement for this domain.

Incomplete outcome data

Flow of participants throughout both studies were described in
detail as they both used a CONSORT diagram to explain attrition

(Brill 2015; Shafuddin 2015). Rates of withdrawal in Brill 2015 were
low and balanced between groups and were accounted for in the
flow diagram. However in Shafuddin 2015, more patients withdrew
from the combined antibiotics treatment arm, although trialists
reported that this was not related to medication. We judged Brill
2015 to be at low risk and Shafuddin 2015 to be at high risk in this
domain.

Selective reporting

Both studies reported all prespecified planned primary and
secondary outcomes according to the trial registration (Brill 2015;
Shafuddin 2015). It should be noted that some outcomes of both
studies were not reported in the format for this systematic review,
and aOer contact with corresponding authors for both trials, we
were not able to obtain the data required. To view risk of bias tables
see the Characteristics of included studies.

Other potential sources of bias

Although both studies described adequate methods of random
sequence generation and allocation concealment, we identified
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imbalances in baseline characteristics in both studies. Therefore we
rated both to be at unclear risk of other bias.

E<ects of interventions

See: Summary of findings for the main comparison Macrolide
+tetracycline versus macrolide; Summary of findings 2 Quinolone
versus tetracycline; Summary of findings 3 Quinolone versus
macrolide; Summary of findings 4 Macrolide versus tetracycline

An overview of the results together with a summary of our certainty
of the evidence per head-to-head comparison is presented in
Summary of findings for the main comparison, Summary of
findings 2, Summary of findings 3 and Summary of findings 4.
Additional information about both trials are presented in Table 1,
Table 2, Table 3, Table 4, Table 5 and Table 6.

We did not identify trials comparing diMerent regimens of the
same prophylactic antibiotic (e.g. azithromycin 250 mg daily versus
azithromycin 500 mg three times/week). Similarly, we did not
identify trials comparing two antibiotics within the same class (e.g.
moxifloxacin versus ciprofloxacin, both quinolones).

We identified the following comparisons and outcomes from two
studies.

Macrolide plus tetracycline versus macrolide

Primary outcome: number of COPD patients with exacerbations

We did not identify evidence for this outcome.

Primary outcome: time to first moderate or severe exacerbation

Shafuddin 2015 reported the mean time to first moderate or severe
exacerbation (days). There was no significant diMerence between
both treatment arms aOer the active treatment period (mean
diMerence (MD) -19.00, 95% confidence interval (CI) -52.70 to 14.70;
179 participants; Analysis 1.1).

Primary outcome: quality of life

We analysed data from Shafuddin 2015 as this trial reported each
treatment arm separately, which allowed us to compare combined
antibiotic treatment (roxithromycin and doxycycline) to single
antibiotic treatment (roxithromycin only) (Summary of findings
for the main comparison). The authors did not report a total
score for the Chronic Respiratory Questionnaire (CRQ) scale, but
reported the mean diMerence and standard deviations for change
in dyspnoea, fatigue, emotional function and mastery sub-scales
from baseline to end of treatment (12 weeks) (Analysis 1.2) or 60
weeks (Analysis 1.3).

At the end of the active treatment at 12 weeks, there was no
clinical or statistically significant diMerence in eMect between
continuous combined treatment compared to continuous single
antibiotic treatment on the CRQ sub-scales for dyspnoea (MD
0.58, 95% CI -0.84 to 2.00; 187 participants; very low-certainty
evidence), fatigue (MD 0.02, 95% CI -1.08 to 1.12; 187 participants;
very low-certainty evidence), emotional function (MD -0.37, 95%
CI -1.74 to 1.00; 187 participants; very low-certainty evidence) or
mastery (MD -0.79, 95% CI -1.86 to 0.28; 187 participants; very
low-certainty evidence). These results did not reach published
minimally important diMerences (MID) for the CRQ sub-scales for
dyspnoea (MID = 3 point increase), fatigue (MID = 4 point increase),

or emotional function (MID = 2 point increase) (Jaeschke 1989;
Jones 2002) (see Summary of findings for the main comparison).

Primary outcome: drug resistance

We did not identify evidence for this outcome.

Primary outcome: serious adverse events (all-cause)

Shafuddin 2015 did not report serious adverse events at 12
weeks (end of treatment), but did measure the outcome at the
end of the study at 60 weeks. There was no clear diMerence in
serious adverse events between combined continuous or single
continuous antibiotic treatment and the confidence intervals
around the eMect estimate are wide (odds ratio (OR) 1.00, 95% CI
0.52 to 1.93; 198 participants; very low-certainty evidence; Analysis
1.4; Summary of findings for the main comparison). Furthermore,
there was no clear diMerence in treatment-related serious adverse
events with combined continuous antibiotics or single continuous
antibiotics, and the eMect is also very uncertain (OR 0.37, 95% CI
0.07 to 1.96; 198 participants; Analysis 1.5)

Secondary outcomes: lung function (FEV1 and FVC), mortality

(all-cause), hospitalisations, and adverse events/side e*ects

Shafuddin 2015 reported data on change in FEV1 (Analysis 1.6)

and FVC (Analysis 1.7) at 12 weeks (end of treatment), and
mortality (Analysis 1.8); and all-cause and treatment-related
adverse events at 60 weeks (Analysis 1.9). There were no
clinically significant changes in lung function at 12 weeks (very
low-certainty evidence). At 60 weeks, authors found no clear
diMerence in mortality, but the eMect estimate is very uncertain
(OR 1.63, 95% CI 0.38 to 7.02; 182 participants; very low-certainty
evidence). There was no statistically significant diMerence in
adverse events between combined antibiotic compared with single
antibiotics (very low-certainty evidence). There was one case of
an abnormal electrocardiogram (ECG), considered to be related to
combined antibiotic treatment (Summary of findings for the main
comparison).

We did not identify any evidence for hospitalisations or number of
participants colonised with P aeruginosa.

Quinolone versus tetracycline

Although the aim of the study was to compare prophylactic
antibiotics with placebo, the data were presented separately per
treatment arm, which allowed the analysis between moxifloxacin
and doxycycline (Brill 2015). This comparison included 50
participants, 25 in each of the treatment arms of interest.

Primary outcome: number of COPD patients with exacerbations

Brill 2015 reported the number of people with COPD experiencing
one or more exacerbations. At 13 weeks of treatment, fewer
people with COPD experienced one or more exacerbations with
moxifloxacin (pulsed; 400 mg for 5 days every 4 weeks) in
comparison to doxycycline (continuous; 100 mg daily). However,
this eMect was uncertain as the upper confidence interval crossed
the line of no eMect and failed to exclude important harm (OR
0.44, 95% CI 0.14 to 1.38; 50 participants; low-certainty evidence;
Analysis 2.1; Summary of findings 2).

Primary outcome: quality of life

We did not identify evidence for this outcome.
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Primary outcome: drug resistance

We did not identify head-to-head evidence for this outcome.

Primary outcome: serious adverse events

Brill 2015 measured the number of people with COPD experiencing
serious adverse events. At 13 weeks (end of treatment), there
were no reported serious adverse events in either the moxifloxacin
(pulsed; 400 mg for 5 days every 4 weeks) or doxycycline
(continuous; 100 mg daily) arms.

Secondary outcomes: lung function (FEV1 and FVC), mortality

(all-cause), hospitalisations, adverse events/side e*ects, and
number of participants colonised withP aeruginosa

Brill 2015 did not report any deaths during 13 weeks of treatment,
and no participants experienced adverse events when treated
with moxifloxacin (pulsed; 400 mg for 5 days every 4 weeks) or
doxycycline (100 mg daily) aOer 13 weeks of treatment.

We did not identify evidence for the following outcomes: lung
function, hospitalisations, or number of participants colonised
withP aeruginosa.

Quinolone versus macrolide

Although the aim of the study was to compare prophylactic
antibiotic with placebo, the data were presented separately per
treatment arm, which allowed the analysis between moxifloxacin
and azithromycin (Brill 2015). This comparison included 50
participants, 25 in each of the treatment arms of interest.

Primary outcome: number of COPD patients with exacerbations

Brill 2015 reported the number of people with COPD experiencing
one or more exacerbations. At 13 weeks of treatment, there was no
diMerence in the number of people with COPD experiencing one or
more exacerbations with moxifloxacin (pulsed; 400 mg for 5 days
every 4 weeks) or azithromycin (intermittent; 250 mg 3 times per
week), but the confidence intervals were wide (OR 1.00, 95% CI
0.32 to 3.10; 50 participants; low-certainty evidence; Analysis 3.1;
Summary of findings 3).

Primary outcome: quality of life

We did not identify evidence for this outcome.

Primary outcome: drug resistance

We did not identify any head-to-head evidence for this outcome.

Primary outcome: serious adverse events

Brill 2015 measured the number of people with COPD experiencing
serious adverse events. At 13 weeks (end of treatment), there
were no reported serious adverse events in either the moxifloxacin
(pulsed; 400 mg for 5 days every 4 weeks) or azithromycin
(intermittent; 250 mg three times per week) arms.

Secondary outcomes: lung function (FEV1 and FVC), mortality

(all-cause), hospitalisations, adverse events/side e*ects, and
number of participants colonised with P aeruginosa

Brill 2015 reported no deaths during the 13-week treatment period.

We did not identify any evidence for the following outcomes: lung
function, hospitalisations, adverse events/side eMects, or number
of participants colonised with P aeruginosa.

Macrolide versus penicillin

We did not identify evidence for this comparison.

Macrolide versus tetracycline

Although the aim of the study was to compare prophylactic
antibiotic with placebo, the data was presented separately per
treatment arm, which allowed the analysis between azithromycin
and doxycyline (Brill 2015). This comparison included 50
participants, 25 in each of the treatment arms of interest.

Primary outcome: number of COPD patients with exacerbations

Brill 2015 reported the number of people with COPD experiencing
one or more exacerbations. At 13 weeks of treatment, fewer
people with COPD experienced one or more exacerbations with
azithromycin (intermittent; 250 mg three times per week) in
comparison to doxycycline (continuous; 100 mg daily). However,
this eMect was uncertain as the upper confidence interval crossed
the line of no eMect and failed to exclude important harm (OR
0.44, 95% CI 0.14 to 1.38; 50 participants; low-certainty evidence;
Analysis 4.1; Summary of findings 4).

Primary outcome: quality of life

We did not identify evidence for this outcome.

Primary outcome: drug resistance

We did not identify evidence for this outcome.

Primary outcome: serious adverse events

Brill 2015 measured the number of people with COPD experiencing
serious adverse events. At 13 weeks (end of treatment), there
were no reported serious adverse events in either the azithromycin
(intermittent; 250 mg three times per week) or doxycycline
(continuous; 100 mg daily) arms.

Secondary outcomes: lung function (FEV1 and FVC), mortality

(all-cause), hospitalisations, adverse events/side e*ects, and
number of participants colonised with P aeruginosa

Brill 2015 reported no deaths during the 13-week treatment period.

We did not identify evidence for the following outcomes: lung
function, hospitalisations, adverse events/side eMects or number of
participants colonised with P aeruginosa.

D I S C U S S I O N

Summary of main results

Macrolide plus tetracycline versus macrolide

There was no clear benefit or harm of combined continuous
roxithromycin plus doxycycline (300 mg plus 100 mg daily)
compared to single continuous roxithromycin (300 mg daily) on
quality of life as observed on the sub-scales of the Chronic
Respiratory Questionnaire (CRQ) for dyspnoea, fatigue, emotional
function, or mastery. Similarly, there was no evidence of benefit
or harm on lung function (FEV1 or FVC). No serious adverse

events were reported in either treatment group and the eMect on
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mortality was very uncertain (Shafuddin 2015). We were unable
to include any evidence on number of people experiencing one
or more exacerbations, drug resistance/microbial sensitivity or
number of participants colonised with Pseudomonas aeruginosa (P
aeruginosa).

Quinolone versus tetracycline

We are uncertain whether moxifloxacin compared to doxycycline
has an impact on the number of people experiencing one or
more exacerbations at 12 weeks. No serious adverse events or
deaths were reported in either treatment group (Brill 2015). We
were unable to include any evidence on our other prespecified
outcomes.

Quinolone versus macrolide

We are uncertain whether moxifloxacin compared to azithromycin
has an impact on the number of people experiencing one or
more exacerbations at 12 weeks. No serious adverse events or
deaths were reported in either treatment group (Brill 2015). We
were unable to include any evidence on our other prespecified
outcomes.

Macrolide versus tetracycline

We are uncertain whether azithromycin compared to doxycycline
has an impact on the number of people experiencing one or
more exacerbations at 12 weeks. No serious adverse events or
deaths were reported in either treatment group (Brill 2015). We
were unable to include any evidence on our other prespecified
outcomes.

Overall completeness and applicability of evidence

We identified two studies, each recruiting a small group of
participants. The studies could not be combined due to diMerences
in their aims, the antibiotics investigated and outcomes reported.
Therefore, we lack evidence to assess whether one prophylactic
antibiotic or regimen is more eMective for people with chronic
obstructive pulmonary disease (COPD) in terms of exacerbations
or quality of life. Importantly, we also lack evidence to comment
on which regimens are safer, and whether diMerent regimens
are associated with more or less drug resistance. Although one
study did report drug resistance to three diMerent antibiotics each
compared to placebo, this evidence did not fit the criteria of
this review and has been reported in another Cochrane Review
(Herath 2018). We do acknowledge, however, that longer and larger
studies are needed to determine eMects of long-term antibiotic
use. The applicability of the results from these two studies to the
general COPD population is uncertain, as the participants either
had positive Chlamydophila pneumoniae (C pneumoniae) serology
in one study (Shafuddin 2015), or a chronic bronchitis phenotype in
the other study (Brill 2015).

It is anticipated that a linked network meta-analysis (Janjua
2018), will allow comparisons of diMerent prophylactic antibiotics
through direct and indirect comparisons and may provide a ranking
of prophylactic antibiotics for important outcomes including
exacerbations, quality of life and serious adverse events.

Certainty of the evidence

Using the GRADE approach, we assessed the evidence presented
in this review as very low-certainty. Reasons for downgrading

included imprecision, indirectness and methodological quality of
the included studies.

Brill 2015 was a single-centre and single-blinded study as it
was not reported that the personnel were blinded to the
treatment allocation (Brill 2015). There was also no description of
outcome assessor blinding, although blinded participants assessed
outcomes such as quality of life. The trial reported outcomes
according to their protocol. The aim of the trial was to compare
three diMerent prophylactic antibiotics to placebo. This was not
a true head-to-head study of antibiotics, but we used the data in
the trial to compare the three diMerent antibiotics to each other.
We were only able to report results for the number of people
experiencing one or more exacerbations as the data did not allow us
to analyse any other outcomes of interest for this systematic review.

The second study was multi-centred and double-blinded. More
participants dropped out of the combined antibiotics treatment
arm, although the trialists report that reasons were not related
to study medication (Shafuddin 2015). The trialists reported all
outcomes according to their protocol.

The small sample size of both studies resulted in considerable
uncertainty around the true eMect and led to downgrading of the all
the evidence for imprecision. We also downgraded serious adverse
events and mortality by one point for indirectness of the population
and intervention. The aim of one of the studies was to assess the
eradication of C pneumoniae and not antibiotic prophylaxis. The
comparison of interventions was not an inclusion criterion of this
systematic review, and both outcomes were measured 48 weeks
aOer the treatment period of 12 weeks. As these were not inclusion
criteria prespecified for this systematic review, we downgraded the
outcomes further.

Potential biases in the review process

Cochrane methods were adhered to in order to conduct this
systematic review and we did not expect there to be any bias in the
reviewing process. During the selection of studies, we encountered
a study with an unanticipated comparison of interventions. We
included this study in this systematic review as it otherwise met our
prespecified inclusion criteria. Furthermore, while one of our stated
objectives was to assess the comparative safety of prophylactic
antibiotic regimens, the limited number of studies meeting our
inclusion criteria means that we are unable to comment on this
important outcome. We did not search for clinical trial reports or
observational data, which may have helped address this objective.

Agreements and disagreements with other studies or
reviews

Several systematic reviews have investigated the use of
prophylactic antibiotics in COPD compared to placebo or usual care
(Donath 2013; Herath 2018; Lee 2013; Ni 2015; Yao 2013). However,
we are not aware of any reviews to date that have focused on
head-to-head comparisons. The majority of evidence for the benefit
of antibiotics versus placebo comes from studies of macrolide
antibiotics (Herath 2018). This is reflected in current guidelines,
which cautiously recommend the use of macrolide antibiotics in
selected patients to reduce exacerbations, while acknowledging
the lack of evidence for other classes of antibiotic, including
quinolones (GOLD 2019; Wedzicha 2017). The planned network
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meta-analysis of Janjua 2018 may help resolve the question about
the most appropriate choice of antibiotic.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

It is not clear from the randomised controlled trial (RCT) evidence
included in this review whether there is a diMerence in eMicacy
or safety between diMerent classes or regimens of prophylactic
antibiotic, given for 12 to 13 weeks to people with chronic
obstructive pulmonary disease (COPD). The sample size in this
review is small and both included studies are of short duration.
Whilst no head-to-head comparisons of antibiotic resistance
were identified, concerns about this continue. Our certainty in
our findings is consequently very low and there is insuMicient
information presented in this review to meaningfully inform
practice.

Implications for research

Given the urgent need for treatment strategies that reduce
the burden of exacerbations of COPD and improve quality of
life, and the potential benefit of antibiotics demonstrated in
placebo-controlled trials, more research into optimal regimens
is needed. Network meta-analyses, which allow both direct and
indirect comparisons of antibiotic treatment options, would be
of value. However, the small number of trials and heterogeneity
in populations, study design and outcome measures may limit
the utility of network meta-analysis. Therefore, adequately
powered studies of suMicient duration to detect diMerences in
important outcomes, such as exacerbations, may still be required.
Trialists should seek to characterise carefully the population
recruited and report on important patient and healthcare system
outcomes, such as exacerbations (using clear diagnostic criteria),
hospitalisations, quality of life (using validated scales) and
antibiotic resistance. Stratification of outcomes by factors that
may influence anti-inflammatory benefit (e.g. smoking status and

inhaled corticosteroid (ICS) use) may help with treatment decisions
for certain patient subgroups. To address questions about the
comparative safety of diMerent regimens, particularly with regard
to rarer adverse events, it may be necessary to assess real-world
observational data sets.
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Methods Design: single-centre, single-blind, randomised placebo-controlled trial in the UK

Duration: 13 weeks

Setting: hospital outpatients

Participants Population: 99 stable participants recruited from primary (local general practices and pulmonary re-
habilitation groups) and secondary care (hospital outpatient clinics and local research cohorts)

Baseline characteristics: mean age: 69.4 years, current smokers (n): 41/99, mean pack years: 53, mean
number of exacerbations in the previous year (self-reported): 2.2, mean ICS use (n): 17/99, mean FEV1%

predicted: 50.5%, FEV1:FVC ratio: 0.50

Inclusion criteria: age ≥ 45 years at screening, with chronic bronchitis, spirometry confirmed COPD as
FEV1 < 80% predicted with FEV1:FVC ratio < 0.7 and history of smoking or other plausible irritant expo-

sure, chronic sputum production (expectoration of sputum on most days), able to give informed con-
sent and able to complete symptom questionnaires and a daily diary card

Exclusion criteria: other significant respiratory disease, COPD exacerbation four weeks prior to ran-
domisation, clinically significant hepatic or renal impairment on screening blood tests, evidence of tu-
berculosis on screening sputum sample at recruitment, uncontrolled hypertension, prolonged QT on
electrocardiogram or history of long QT syndrome, already taking long-term antibiotics for any reason
or any other contraindicated medication, hypersensitivity to any trial antibiotics

Interventions 1. Moxifloxacin (pulsed; 400 mg for 5 days every 4 weeks)

2. Doxycycline (continuous; 100 mg daily)

3. Azithromycin (intermittent; 250 mg 3 times per week)

4. Placebo (1 tablet daily; not included in this review)

Outcomes 1. Bacterial load (change in sputum bacterial load)

2. Lung function (change in FEV1)

3. Health status (total SGRQ score)

4. Adherence to therapy

5. Exacerbations (number of participants with one or more exacerbations)

6. Adverse events

We were only able to report the number of participants with one or more exacerbations as other out-
come results were reported as change from baseline relative to the placebo group.

Notes Funding: National Institute for Health Research (NIHR)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Internet randomisation was performed using a computer-generated permuted
block system of variable sizes (sealed envelope, UK)

Allocation concealment
(selection bias)

Low risk Internet randomisation was performed using a computer-generated permuted
block system of variable sizes (sealed envelope, UK)

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Patients remained blinded to treatment allocation. It was not clear if study
personnel were blinded. The study is described as single-blind.

Blinding of outcome as-
sessment (detection bias) 

Unclear risk No description of outcome assessor blinding, although blinded participants
assessed outcomes such as quality of life

Brill 2015 
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Dropout low and balanced. All participants accounted for in the flow diagram

Selective reporting (re-
porting bias)

Low risk Planned outcomes according to trial

Other bias Unclear risk Imbalance in baseline characteristics may affect the study results

Brill 2015  (Continued)

 
 

Methods Design: double-blind, randomised, placebo-controlled multi-centred study carried out across Australia
and New Zealand

Duration: 12 weeks active treatment period followed by 48 weeks post-treatment period

Setting: 16 centres (15 hospitals and one research centre) across Australia and New Zealand

Participants Population: 292 adults with symptomatic COPD and positive Chlamydia pneumoniae (C pneumoniae)
serology

Baseline characteristics: age (mean, SD): 67.3 (8.58), current smoker (n): 71/292, tobacco consump-
tion (pack year, mean, SD): 56.58 (33.3), number of previous exacerbations within two years (mean, SD):
5.11 (2.4), FEV1 (% predicted, mean, SD): 34 (14.8), FVC (L, mean, SD): 2.23 (0.83), FEV1/FVC (mean, SD):

42 (10.2)

Inclusion criteria: age 45 years and over, FEV1 ≤ 70% of predicted, FEV1/FVC ≤ 60% and reversibility <

15% and/or 200 mL, smoking history of ≥ 20 pack

years, at least three confirmed COPD exacerbations in the last two years, positive serology for C. pneu-
moniae (IgG antibody titre ≥ 1:64), informed consent to participate in the trial

Exclusion criteria: pulmonary disease other than COPD, antibiotic treatment four weeks prior to ran-
domisation, exacerbations four weeks prior to randomisation, pregnancy or breastfeeding, hypersensi-
tivity to trial antibiotics (macrolides, tetracyclines, beta-lactams or sulphamethoxazole, trimethoprim),
clinically significant cardiovascular, hepatic, renal or other systemic disease, known long QT syndrome
or QTc > 450 ms, sick sinus syndrome, bradycardia (< 50 bpm), or severe hypokalaemia, epilepsy, treat-
ment with an investigative drug four weeks prior to randomisation, treatment with medicine known to
have important interactions with macrolides or tetracyclines, unlikely to comply

Interventions 1. Roxithromycin (continuous; 300 mg daily)

2. Roxithromycin (continuous; 300 mg daily plus doxycycline 100 mg daily)

3. Matching placebo (not included in this review)

Outcomes 1. Frequency and severity of acute infective exacerbations of COPD

2. Health status, quality of life score (CRQ)

3. FEV1 and FVC

4. Titres of IgG and IgA antibodies for C pneumoniae

5. PCR determination of C pneumoniae from sputum and monocytes

6. IgA secretion to C pneumoniae in sputum

7. Adverse events

8. Number of hospitalisations due to COPD

9. Number of visits to medical practitioners and other health professionals due to COPD

10.Alterations to drug usage

Shafuddin 2015 
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Notes Funding: Sanofi-Aventis Australia Pty Ltd (formally Hoechst Marion Roussel Pty Ltd)

Aim of study: the original aim of the study was to assess whether treatment with roxithromycin with
or without doxycycline can eradicate C pneumoniae infection and subsequently reduce exacerbation
rates, but the authors considered this hypothesis unsubstantiated and clinically no longer relevant.
The study allowed authors to address the role of prophylactic antibiotics in reducing COPD exacerba-
tions.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Each eligible participant was assigned a sequential subject number followed
by randomisation number provided by Hoechst Marion Roussel, Australia.
Subjects were supplied with one of the three treatments according to their
randomisation number.

Allocation concealment
(selection bias)

Low risk Each eligible participant was assigned a sequential subject number followed
by randomisation number provided by Hoechst Marion Roussel, Australia.
Subjects were supplied with one of the three treatments according to their
randomisation number.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Study medication was packed by Hoechst Marion Roussel in bottles labelled
with the randomisation and batch numbers. The investigators, pharmacists
and subjects were blinded to the study medication in these bottles.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Trialists confirm that all participants, personnel and outcome assessors re-
mained blinded until data had been analysed.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk More participants dropped out of combined antibiotics treatment arm (21 ver-
sus 13 in single antibiotic arm and 10 in placebo arm), although according to
trialists reasons were not related to study medication. All patients included in
ITT analysis

Selective reporting (re-
porting bias)

Low risk Planned outcomes according to trial

Other bias Unclear risk Imbalance in baseline characteristics may affect the study results

Shafuddin 2015  (Continued)

Bpm: beats per minute
COPD: chronic obstructive pulmonary disease
CRQ: Chronic Respiratory Questionnaire
FEV1:FVC: forced expiratory volume in one second/forced vital capacity

FVC: forced vital capacity (Iitres)
ICS: inhaled corticosteroids
IgA: immunoglobulin A
IgG: immunoglobulin G
ITT: intention-to-treat
SGRQ: Saint George's Respiratory Questionnaire
 

Characteristics of excluded studies [ordered by study ID]
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Study Reason for exclusion

Astaf'ev 2013 Treatment duration was only 5 to 10 days

Blasi 2006/2010 Comparison does not meet inclusion criteria: standard care + azithromycin versus standard care

Braendli 1982 Treatment duration was only 10 days; abstract only

Cherniak 1959 Unclear COPD diagnosis

Cooper 1975 Treatment duration was only 7 days

Djajadiningrat 1964 Population not clearly defined as COPD

Djajadiningrat 1966  Unclear COPD diagnosis

Douglas 1957 Treatment duration was 5 to 7 days

Edwards 1958 Comparison does not meet inclusion criteria: oxytetracycline versus blank control

Fear 1962 Population not clearly defined as COPD

Ferguson 1974 Unclear COPD diagnosis

Francis 1960 Unclear COPD diagnosis

Gaffuri Riva 1990 Unclear COPD diagnosis; abstract only

Gonschewski 1981 Treatment duration was only 10 days

Goslings 1967 Unclear COPD diagnosis

Knothe 1978 Treatment duration was only 14 days

MacKay 1979 Treatment duration was only 7 days

Maesen 1974 Population does not meet inclusion criteria (acute exacerbations)

Maguire 2010 Comparison does not meet inclusion criteria: azithromycin versus placebo

Marcic 1977 Treatment duration was only 28 days

Molla 1974 Population does not meet inclusion criteria (acute exacerbations)

Murdoch 1959 Unclear population; two trials, each comparing antibiotic versus placebo

NCT03262142 Treatment duration was only 14 days

No author 1969 Cross-over study with no indication of duration of washout period

No author 1972 Cross-over study with no indication of washout period

Nonikov 2001 Mixed population; unclear COPD diagnosis

Pines 1967 Description of 3 separate trials, treatment duration was 14 days

Pines 1967a Description of 3 separate trials, treatment duration was 14 days
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Study Reason for exclusion

Pines 1973 Population was not clearly defined, duration of treatment was 10 weeks

Pinto 1958 Treatment duration was only 5 to 9 days; unclear population

Puchelle 1975 Treatment duration was only 7 days

Pugh 1964 Treatment duration was only 6 weeks

Ras 1984 No report of randomisation of participants

Schildwächter 1977 Treatment duration was only 10 days

Seemungal 2007 Comparison does not meet inclusion criteria: macrolide versus placebo

Sokolova 2003 Treatment duration was only 10 to 14 days

Uberti 1969 Duration of treatment was only 5 days; no clear explanation of treatment, population

Verbist 1985 Treatment duration was only 9 days

Waagepetersen 1973 Treatment duration was only 10 days

Watanabe 1995 Mixed population, results were not presented according to different population subgroups

Wegmüller 1979 Treatment duration was only 10 days

Wilkinson 2007 Comparison does not meet inclusion criteria: erythromycin versus placebo

Zervos 2005/2006 Treatment duration was only 7 days

COPD: chronic obstructive pulmonary disease
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Macrolide+tetracycline versus macrolide

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Mean time to first exacerbation
(days)

1 179 Mean Difference (IV, Fixed, 95%
CI)

-19.0 [-52.70,
14.70]

2 CRQ quality of life; change; end-
point 12 weeks

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not select-
ed

2.1 Dyspnoea 1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

2.2 Fatigue 1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.3 Emotional function 1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

2.4 Mastery 1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

3 CRQ quality of life; change; end-
point 60 weeks

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not select-
ed

3.1 Dyspnoea 1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

3.2 Fatigue 1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

3.3 Emotional function 1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

3.4 Mastery 1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

4 All-cause serious adverse events;
endpoint 60 weeks

1   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

5 Treatment-related serious adverse
events; endpoint 60 weeks

1   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

6 Lung function (FEV1 trough);

change; endpoint 12 weeks

1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

7 Lung function (FVC); change; end-
point 12 weeks

1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

8 All-cause mortality; endpoint 60
weeks

1   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

9 All-cause adverse events; end-
point 60 weeks

1   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

10 Treatment-related adverse
events; endpoint 60 weeks

1   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

11 Lung function (FEV1 % predict-

ed); change; endpoint 60 weeks

1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

12 Lung function (FEV1 trough);

change; endpoint 60 weeks

1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

13 Lung function (FEV1 % predict-

ed); change; endpoint 12 weeks

1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

14 Lung function (FVC); change;
endpoint 60 weeks

1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only
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Analysis 1.1.   Comparison 1 Macrolide+tetracycline versus
macrolide, Outcome 1 Mean time to first exacerbation (days).

Study or subgroup Macrolide
+tetracycline

Macrolide Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Shafuddin 2015 87 121 (113) 92 140 (117) 100% -19[-52.7,14.7]

   

Total *** 87   92   100% -19[-52.7,14.7]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.11(P=0.27)  

Favours macrolide+tetra 5025-50 -25 0 Favours macrolide

 
 

Analysis 1.2.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 2 CRQ quality of life; change; endpoint 12 weeks.

Study or subgroup Macrolide+tetracycline Macrolide Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.2.1 Dyspnoea  

Shafuddin 2015 93 2.2 (5.4) 94 1.6 (4.5) 0.58[-0.84,2]

   

1.2.2 Fatigue  

Shafuddin 2015 93 0.7 (3.8) 94 0.7 (3.9) 0.02[-1.08,1.12]

   

1.2.3 Emotional function  

Shafuddin 2015 93 0.5 (5) 94 0.8 (4.5) -0.37[-1.74,1]

   

1.2.4 Mastery  

Shafuddin 2015 93 0.5 (3.4) 94 1.3 (4) -0.79[-1.86,0.28]

Favours macrolide 21-2 -1 0 Favours macrolide+tetra

 
 

Analysis 1.3.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 3 CRQ quality of life; change; endpoint 60 weeks.

Study or subgroup Macrolide+tetracycline Macrolide Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.3.1 Dyspnoea  

Shafuddin 2015 78 1.5 (6.9) 87 -0.3 (5.2) 1.82[-0.06,3.69]

   

1.3.2 Fatigue  

Shafuddin 2015 78 0.6 (5.6) 87 -0.5 (4.8) 1.11[-0.49,2.71]

   

1.3.3 Emotional function  

Shafuddin 2015 78 -0.4 (6.7) 87 -0.2 (5.8) -0.22[-2.14,1.69]

   

1.3.4 Mastery  

Shafuddin 2015 78 -0.5 (6.1) 87 -0.2 (5.5) -0.27[-2.05,1.51]

Favours macrolide 42-4 -2 0 Favours macrolide+tetra
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Analysis 1.4.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 4 All-cause serious adverse events; endpoint 60 weeks.

Study or subgroup Macrolide
+tetracycline

Macrolide Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Shafuddin 2015 24/101 23/97 0% 1[0.52,1.93]

Favours macrolide+tetra 2000.005 100.1 1 Favours macrolide

 
 

Analysis 1.5.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 5 Treatment-related serious adverse events; endpoint 60 weeks.

Study or subgroup Macrolide
+tetracycline

Macrolide Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Shafuddin 2015 2/101 5/97 0% 0.37[0.07,1.96]

Favours macrolide+tetra 1000.01 100.1 1 Favours macrolide

 
 

Analysis 1.6.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 6 Lung function (FEV1 trough); change; endpoint 12 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Shafuddin 2015 88 0 (0.3) 94 0.1 (0.3) 0% -0.01[-0.09,0.07]

Favours macrolide 10.5-1 -0.5 0 Favours macrolide+tetra

 
 

Analysis 1.7.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 7 Lung function (FVC); change; endpoint 12 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Shafuddin 2015 88 0.1 (0.5) 94 0.1 (0.6) 0% -0.03[-0.18,0.12]

Favours macrolide 10.5-1 -0.5 0 Favours macrolide+tetra
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Analysis 1.8.   Comparison 1 Macrolide+tetracycline versus
macrolide, Outcome 8 All-cause mortality; endpoint 60 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Shafuddin 2015 5/101 3/97 0% 1.63[0.38,7.02]

Favours macrolide+tetra 1000.01 100.1 1 Favours macrolide

 
 

Analysis 1.9.   Comparison 1 Macrolide+tetracycline versus
macrolide, Outcome 9 All-cause adverse events; endpoint 60 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Shafuddin 2015 73/101 74/97 0% 0.81[0.43,1.54]

Favours macrolide+tetra 1000.01 100.1 1 Favours macrolide

 
 

Analysis 1.10.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 10 Treatment-related adverse events; endpoint 60 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Shafuddin 2015 31/101 33/97 0% 0.86[0.47,1.56]

Favours macrolide+tetra 500.02 100.1 1 Favours macrolide

 
 

Analysis 1.11.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 11 Lung function (FEV1 % predicted); change; endpoint 60 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Shafuddin 2015 78 0 (0.6) 86 -0.1 (0.7) 0% 0.08[-0.11,0.27]

Favours macrolide 10.5-1 -0.5 0 Favours macrolide+tetra
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Analysis 1.12.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 12 Lung function (FEV1 trough); change; endpoint 60 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Shafuddin 2015 78 0 (0.3) 86 0 (0.4) 0% 0.02[-0.08,0.13]

Favours macrolide 10.5-1 -0.5 0 Favours macrolide+tetra

 
 

Analysis 1.13.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 13 Lung function (FEV1 % predicted); change; endpoint 12 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Shafuddin 2015 88 1.8 (9) 94 1.9 (11) 0% -0.08[-2.99,2.83]

Favours macrolide 105-10 -5 0 Favours macrolide+tetra

 
 

Analysis 1.14.   Comparison 1 Macrolide+tetracycline versus macrolide,
Outcome 14 Lung function (FVC); change; endpoint 60 weeks.

Study or subgroup Rox-
ythromycin+doxy-

cycline

Roxythromycin Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Shafuddin 2015 78 1.6 (11) 86 0.6 (13) 0% 1.05[-2.63,4.73]

Favours macrolide 52.5-5 -2.5 0 Favours macrolide+tetra

 
 

Comparison 2.   Quinolone versus tetracycline

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number of people with one or more ex-
acerbations

1   Odds Ratio (M-H, Fixed,
95% CI)

Subtotals only

 
 

Analysis 2.1.   Comparison 2 Quinolone versus tetracycline,
Outcome 1 Number of people with one or more exacerbations.

Study or subgroup Quinolone Tetracycline Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Brill 2015 10/25 15/25 0% 0.44[0.14,1.38]

Favours quinolone 1000.01 100.1 1 Favours tetracycline
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Comparison 3.   Quinolone versus macrolide

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number of people with one or more ex-
acerbations

1   Odds Ratio (M-H, Fixed,
95% CI)

Subtotals only

 
 

Analysis 3.1.   Comparison 3 Quinolone versus macrolide,
Outcome 1 Number of people with one or more exacerbations.

Study or subgroup Quinolone Macrolide Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Brill 2015 10/25 10/25 0% 1[0.32,3.1]

Favours quinolone 1000.01 100.1 1 Favours macrolide

 
 

Comparison 4.   Macrolide versus tetracycline

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number of people with one or more ex-
acerbations

1   Odds Ratio (M-H, Fixed,
95% CI)

Subtotals only

 
 

Analysis 4.1.   Comparison 4 Macrolide versus tetracycline,
Outcome 1 Number of people with one or more exacerbations.

Study or subgroup Macrolide Tetracycline Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Brill 2015 10/25 15/25 0% 0.44[0.14,1.38]

Favours macrolide 1000.01 100.1 1 Favours tetracycline

 

 

A D D I T I O N A L   T A B L E S
 

Study ID Antibiotic
class

Antibiotic Antibiotic frequency and amount Number of
participants
experienc-
ing exacerba-
tions (N)

Total num-
ber of par-
ticipants
(N)

Duration
of treat-
ment

Brill 2015 Quinolone Moxi-
floxacin

Pulsed (400 mg daily for

5 days every 4 weeks)

10 25 13 weeks

Table 1.   Number of participants experiencing exacerbations 
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Brill 2015 Tetracy-
cline

Doxycy-
cline

Continuous (100 mg daily) 15 25 13 weeks

Brill 2015 Macrolide Azithromycin Intermittent (250 mg 3

times per week)

10 25 13 weeks

Table 1.   Number of participants experiencing exacerbations  (Continued)
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Study ID Antibiotic class Antibiotic Antibiotic frequency and amount Quality of life
scale

Mean CRQ
(SD)

Total num-
ber of partici-
pants

(N)

Duration

of treatment

Shafuddin
2015

Macrolide+

tetracycline

Roxithromycin +
doxycycline

Continuous (300 mg daily

+ 100 mg daily)

CRQ

(dyspnoea)

2.21

(5.35)

93 12 weeks

Shafuddin
2015

Macrolide Roxithromycin Continuous (300 mg daily) CRQ

(dyspnoea)

1.63

(4.53)

94 12 weeks

Shafuddin
2015

Macrolide+

tetracycline

Roxithromycin +
doxycycline

Continuous (300 mg daily

+ 100 mg daily)

CRQ

(fatigue)

0.68

(3.79)

93 12 weeks

Shafuddin
2015

Macrolide Roxithromycin Continuous (300 mg daily) CRQ

(fatigue)

0.66

(3.87)

94 12 weeks

Shafuddin
2015

Macrolide+

tetracycline

Roxithromycin +
doxycycline

Continuous (300 mg daily

+ 100 mg daily)

CRQ

(emotional

function)

0.45

(5.04)

93 12 weeks

Shafuddin
2015

Macrolide Roxithromycin Continuous (300 mg daily) CRQ

(emotional

function)

0.82

(4.48)

94 12 weeks

Shafuddin
2015

Macrolide+

tetracycline

Roxithromycin +
doxycycline

Continuous (300 mg daily

+ 100 mg daily)

CRQ

(mastery)

0.53

(3.42)

93 12 weeks

Shafuddin
2015

Macrolide Roxithromycin Continuous (300 mg daily) CRQ

(mastery)

1.32

(4)

94 12 weeks

Table 2.   Quality of life 

CRQ: Chronic Respiratory Questionnaire
SD: standard deviation
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Study ID Antibiotic
class

Antibiotic Antibiotic frequency and
amount

Number
of partici-
pants ex-
periencing
SAEs (n)

Total num-
ber of par-
ticipants
(N)

Duration of treat-
ment

Brill 2015 Quinolone Moxi-
floxacin

Pulsed (400 mg daily for

5 days every 4 weeks)

0 25 13 weeks

Brill 2015 Tetracy-
cline

Doxycy-
cline

Continuous (100 mg daily) 0 25 13 weeks

Brill 2015 Macrolide Azithromycin Intermittent (250 mg 3

times per week)

0 25 13 weeks

Shafuddin
2015

Macrolide+

tetracycline

Rox-
ithromycin+

doxycycline

Continuous (300 mg

+ 100 mg daily)

24 101 48 weeks follow-up

after 12 weeks

active treatment

(60 weeks)

Shafuddin
2015

Macrolide Rox-
ithromycin

Continuous (300 mg daily) 23 97 48 weeks follow-up

after 12 weeks

active treatment

(60 weeks)

Table 3.   Number of participants experiencing serious adverse events (all-cause) 

SAE: serious adverse event
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4
1

Study ID Antibiotic
class

Antibiotic Antibiotic frequency and amount Mean FEV1
(SD)

(trough)

Mean FEV1 %

predicted (SD)

(trough)

Mean FVC
(SD)

Total num-
ber of par-
ticipants
(N)

Duration of
treatment

Shafuddin
2015

Macrolide +
tetracycline

Roxithromycin
+ doxycycline

Continuous (300 mg

+ 100 mg daily)

0.047 (026) 1.7 (9) 0.06 (0.46) 88 12 weeks

Shafuddin
2015

Macrolide Roxithromycin Continuous (300 mg daily) 0.057 (0.31) 1.87 (11) 0.09 (0.55) 94 12 weeks

Table 4.   Lung function (FEV1, FEV1% predicted, and FVC) 

FEV1: forced expiratory volume in 1 second

FVC: forced vital capacity
SD: standard deviation
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Study ID Antibiotic
class

Antibiotic Antibotic frequen-
cy and amount

All-cause
mortality
(n)

Total num-
ber of par-
ticipants
(N)

Duration of treatment

Shafuddin
2015

Macrolide +
tetracycline

Rox-
ithromycin
+ doxycy-
cline

Continuous (300 mg

+ 100 mg daily)

5 101 48 weeks follow-up

after 12 weeks

active treatment

(60 weeks)

Shafuddin
2015

Macrolide Rox-
ithromycin

Continuous (100 mg
daily)

3 97 48 weeks follow-up

after 12 weeks

active treatment

(60 weeks)

Table 5.   Mortality 
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4
3

Study ID Antibiotic
class

Antibiotic Antibiotic frequency
and amount

Adverse
event type

Number of
participants
with adverse
events/side
effects (n)

Total num-
ber of partici-
pants (N)

Duration of treatment

Shafuddin
2015

Macrolide +
tetracycline

Rox-
ithromycin +
doxycycline

Continuous (300 mg

+ 100 mg daily)

All-cause 73 101 48 weeks follow-up

after 12 weeks

active treatment

(60 weeks)

Shafuddin
2015

Macrolide Rox-
ithromycin

Continuous (100 mg
daily)

All-cause 74 97 48 weeks follow-up

after 12 weeks

active treatment

(60 weeks)

Shafuddin
2015

Macrolide +
tetracycline

Rox-
ithromycin +
doxycycline

Continuous (300 mg

+ 100 mg daily)

Treatment-

related

31 101 48 weeks follow-up

after 12 weeks

active treatment

(60 weeks)

Shafuddin
2015

Macrolide Rox-
ithromycin

Continuous (100 mg
daily)

Treatment-

related

33 97 48 weeks follow-up

after 12 weeks

active treatment

(60 weeks)

Table 6.   Number of people experiencing adverse events/side e<ects 
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A P P E N D I C E S

Appendix 1. Sources and search methods for the Cochrane Airways Group's Specialised Register (CAGR)

Electronic searches: core databases

 

Database Dates searched Frequency of search

CENTRAL (via the Cochrane Register of Studies (CRS)) From inception Monthly

MEDLINE (Ovid) 1946 onwards Weekly

EMBASE (Ovid) 1974 onwards Weekly

PsycINFO (Ovid) 1967 onwards Monthly

CINAHL (EBSCO) 1937 onwards Monthly

AMED (EBSCO) From inception Monthly

 

 
Handsearches: core respiratory conference abstracts

 

Conference Years searched

American Academy of Allergy, Asthma and Immunology (AAAAI) 2001 onwards

American Thoracic Society (ATS) 2001 onwards

Asia Pacific Society of Respirology (APSR) 2004 onwards

British Thoracic Society Winter Meeting (BTS) 2000 onwards

Chest Meeting 2003 onwards

European Respiratory Society (ERS) 1992, 1994, 2000 onwards

International Primary Care Respiratory Group Congress (IPCRG) 2002 onwards

Thoracic Society of Australia and New Zealand (TSANZ) 1999 onwards

 

 
MEDLINE search strategy used to identify studies for the Cochrane Airways Trials Register

COPD search

1. Lung Diseases, Obstructive/

2. exp Pulmonary Disease, Chronic Obstructive/

3. emphysema$.mp.

4. (chronic$ adj3 bronchiti$).mp.

5. (obstruct$ adj3 (pulmonary or lung$ or airway$ or airflow$ or bronch$ or respirat$)).mp.

Head-to-head oral prophylactic antibiotic therapy for chronic obstructive pulmonary disease (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

44



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

6. COPD.mp.

7. COAD.mp.

8. COBD.mp.

9. AECB.mp.

10. or/1-9

Filter to identify RCTs

1. exp "clinical trial [publication type]"/

2. (randomised or randomised).ab,ti.

3. placebo.ab,ti.

4. dt.fs.

5. randomly.ab,ti.

6. trial.ab,ti.

7. groups.ab,ti.

8. or/1-7

9. Animals/

10. Humans/

11. 9 not (9 and 10)

12. 8 not 11

The MEDLINE strategy and RCT filter are adapted to identify studies in other electronic databases.

Appendix 2. Search strategy to identify relevant studies from the Cochrane Airways Trials Register

#1 MeSH DESCRIPTOR Pulmonary Disease, Chronic Obstructive Explode All
#2 MeSH DESCRIPTOR Bronchitis, Chronic
#3 (obstruct*) near3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*)
#4 COPD:MISC1
#5 (COPD OR COAD OR COBD OR AECOPD):TI,AB,KW
#6 #1 OR #2 OR #3 OR #4 OR #5
#7 MESH DESCRIPTOR Anti-Bacterial Agents EXPLODE ALL
#8 antibiotic* NEAR prophyla*
#9 continuous NEAR antibiotic*
#10 antibiotic*
#11 penicillin
#12 phenoxymethylpenicillin
#13 phenethicillin
#14 amoxicillin
#15 amoxycillin
#16 clavulanic acid
#17 tetracycline
#18 oxytetracycline
#19 doxycycline
#20 quinolone
#21 ciprofloxacin
#22 moxifloxacin
#23 macrolide*
#24 erythromycin
#25 roxithromycin
#26 azithromycin
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#27 sulphonamide
#28 co-trimoxazole
#29 sulphaphenazole
#30 trimethoprim
#31 sigmamycin
#32 tetracycline AND oleandomycin
#33 sulfamethoxazole
#34 sulfaphenazole
#35 sulfonamide
#36 anti-bacteri* or antibacteri*
#37 ceph*
#38 sulpha*
#39 {OR #7-#38}
#40 #39 AND #6
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We prespecified that we would include studies comparing one antibiotic with another from diMerent antibiotic classes, or antibiotics of
diMerent dosages within the same class. Upon screening references for this review, however, we identified one study that compared a
combination of two antibiotics with one antibiotic (Shafuddin 2015). Although we did not anticipate such comparisons, we included the
study in the review because it compared diMerent antibiotic regimens, as prespecified in our protocol, and met the rest of our inclusion
criteria. We extracted data for the antibiotic treatment arms only. See Characteristics of included studies for further details.

Pulsed, intermittent, and continuous prophylactic antibiotics definitions were used in this review to describe frequency of antibiotics
administered, which are in line with the definitions in another review 'prophylactic antibiotic therapy for chronic obstructive pulmonary
disease (COPD) (Herath 2018).
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