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General practice

Quantitative systematic review of randomised controlled
trials comparing antibiotic with placebo for acute cough in

adults
Tom Fahey, Nigel Stocks, Toby Thomas

Abstract

Objectives: To assess whether antibiotic treatment for
acute cough is effective and to measure the side effects
of such treatment.

Design: Quantitative systematic review of randomised
placebo controlled trials.

Data sources: Nine trials (8 published, 1 unpublished)
retrieved from a systematic search (electronic
databases, contact with authors, contact with drug
manufacturers, reference lists); no restriction on
language.

Main outcome measures: Proportion of subjects with
productive cough at follow up (7-11 days after
consultation with general practitioner); proportion of
subjects who had not improved clinically at follow up;
proportion of subjects who reported side effects from
taking antibiotic or placebo.

Results: Eight trials contributed to the meta-analysis.
Resolution of cough was not affected by antibiotic
treatment (relative risk 0.85 (95% confidence interval
0.73 to 1.00)), neither was clinical improvement at
re-examination (relative risk 0.62 (0.36 to 1.09)). The
side effects of antibiotic were more common in the
antibiotic group when compared to placebo (relative
risk 1.51 (0.86 to 2.64)).

Conclusions: Treatment with antibiotic does not
affect the resolution of cough or alter the course of
illness. The benefits of antibiotic treatment are
marginal for most patients with acute cough and may
be outweighed by the side effects of treatment.

Introduction

Acute cough and respiratory tract infection are terms
used to describe a wide variety of clinical syndromes.
Symptoms range from cough without sputum to an ill-
ness characterised by expectoration of mucopurulent
sputum, fever, general malaise, and dyspnoea,' but
coughing is nearly always present'” Therefore,
although the terms acute bronchitis, upper respiratory
tract infection, common cold, and chest infection are
used in a clinical context to define separate disease
entities, they represent a range of respiratory tract
infection whose symptoms, causative agents, and reso-
lution vary." *

Acute cough is a common reason for consulting a
general practitioner. The fourth national morbidity
survey in the United Kingdom found that the overall
consultation rate for acute upper respiratory infections
(code 465 of the international classification of diseases,
ninth revision (ICD-9)) and acute bronchitis and bron-
chiolitis (ICD-9 code 466) was 772 and 719 per 10 000
person years at risk.”

The clinical syndrome of cough is nearly always
preceded and associated with a viral nasopharyngitis.' *
The causes of such infection are usually influenza virus,
para-influenza virus, respiratory syncytial virus, rhino-
virus, coronavirus, and adenovirus.’®’ Infection with
non-viral organisms such as Bordetella pertussis,
Mycoplasma prneumoniae, and Chlamydia pneumonia may
also occur, some studies reporting a high prevalence of
infection with Mycoplasma spp, particularly in young
adults.” * Secondary bacterial infection occurs in a cer-
tain proportion of cases, usually with Haemophilus
influenzae and  Streptococcus pneumoniae.' *” Because
bacteria are carried as normal resident flora in the
upper respiratory tract, the aetiological role of bacteria
cultured from sputum samples is unclear In a study
based in the United Kingdom 25% of sputum culture
samples from people being treated for acute bronchitis
grew recognised or potential respiratory bacterial
pathogens.” A community based longitudinal study in
the United Kingdom showed that a potential pathogen
was cultured in only 29% of cases, with viruses being
identified more frequently than Mycoplasma spp and
bacteria being identified least of all.' In a community
based study in the United Kingdom of 206 patients
with more severe respiratory tract infection (inclusion
criteria were productive cough, focal signs on chest
examination, and prescription of antibiotic) an
aetiological diagnosis was established in 91 (44%)
patients.”” The most commonly identified pathogens
were S pneumoniae (36%), H influenzae (10%), and influ-
enza viruses (13%)." An accompanying editorial high-
lighted the difficulty in clinically differentiating
between the more severe forms of bronchitis and
pneumonia in the community."

Microbiological investigation of acute bronchitis is
rare in general practice.' " Differentiation between
viral and bacterial infection is difficult on the basis of
symptoms alone,' and therefore general practitioners
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have substantially different diagnostic and treatment
thresholds for respiratory tract infection in the
community.' *

Concern about the treatment of acute cough with
antibiotics is not new" ' Review articles have
questioned the value of antibiotic treatment for acute
bronchitis and related conditions.' """ To our knowl-
edge, the absolute risk of illness without antibiotic
treatment, the likely benefits and risks of treatment, and
the balance of risk and benefit for individual patients
have not been measured. We therefore carried out a
systematic review of randomised controlled trials to
establish whether antibiotics are effective in the
treatment of acute cough in the community.

Methods

Inclusion and exclusion criteria

We included studies of patients aged greater than 12
years who were attending a family practice clinic, com-
munity based outpatient department, or an outpatient
department attached to a hospital. We included
patients who complained of acute cough with or with-
out purulent sputum that had not been treated in the
preceding week with antibiotic. Patients with chronic
obstructive airways disease were excluded. The
included studies were prospective trials in which
antibiotic was allocated by formal randomisation or by
quasi-randomisation, such as alternate allocation to
treatment and placebo groups. Only placebo con-
trolled trials were included; comparative studies
between different classes of antibiotics were excluded.
Categorical and continuous outcomes were reported
in the randomised controlled trials identified at the
start of the review™* Many different outcomes were
reported in individual randomised controlled trials; we
concentrated on the three most commonly reported
outcomes: the proportion of subjects reporting
productive cough, the proportion of subjects who had
not improved clinically at re-examination, and the
proportion of subjects who reported side effects from
taking antibiotic or placebo.

Systematic search

We searched Medline and EMBASE databases from
1966 and 1982 respectively using the recommended
Cochrane Collaboration search strategy” and the
medical subject heading (MeSH) terms “cough,” “bron-
chitis,” “sputum,” and “respiratory tract infections.” The
search was not restricted to the English language. We
also searched for references from published research
by using the Science Citation Index and searching ref-
erences in published studies and abstracts, particularly
for those published before 1966. We conducted a
search on the Controlled Trials Register from the
Cochrane Library™ with the search terms “bronchitis,”
“chest infection,” and “common cold.” We contacted
authors of published trials requesting knowledge of
any unpublished studies. We also wrote to drug
companies in the United Kingdom that manufacture
antibiotics (as given in the British National Formulary)
requesting unpublished trials.

Assessment of quality and extraction of data

Each trial was read independently by TF and NS, who
then assessed the quality of each study according to the
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four criteria outlined in the Cochrane Collaboration
Handbook.” Each criterion—selection bias, perform-
ance bias, attrition bias, and detection bias—was scored
from 1 to 3, so the highest score for an individual trial
was 12. Measurement of agreement between reviewers
was calculated by means of the kappa statistic and dis-
agreement resolved by consensus. Data were extracted
independently; when data were missing or incomplete
we contacted the authors of the trial for clarification.

Analysis
Because the events in the treatment and control arms
occurred  frequently, significance and  clinical
importance were evaluated by estimating relative risk.”
We explored differences in baseline risk and hetero-
geneity between studies by using I’Abbe plots (see fig
1).** As the inclusion criteria and event rates reported
in the control arms varied, the pooled relative risks
were estimated with 95% confidence intervals by
means of both random effects and fixed effects
models.” Antibiotic is significantly better than placebo
in improving a condition when the upper limit of the
95% confidence interval is < 1. Conversely, side effects
of antibiotic treatment are significant when the lower
95% confidence limit of the relative risk is > 1.
Relative risks were calculated with REVMAN 3.0
(Update Software 1996). We calculated the numbers
needed to treat with a spreadsheet (Microsoft EXCEL
5.0).%

Results

Trials found
Our search uncovered nine trials that met the inclusion
criteria for this review (M Stephenson, unpublished
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Fig 1 L’Abbe plots of proportion of subjects with productive cough

at follow up at 7-11 days (six trials) and of proportion of subjects
who had not improved clinically at 7-11 days (five trials)
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data).*'**® The losses to follow up, antibiotic regimen,
outcome measured, recommendation for antibiotic
treatment, and characteristics of patients for these nine
trials are available as two tables on the BMJ's website
(wwwbmj.com).

We excluded Howie and Clark’s trial from the
1970s in 829 patients.” Although the unit of randomi-
sation was patients who were instructed to take either
antibiotic or placebo at the start of a respiratory illness,
the unit of analysis was episodes of illness. Some
patients did not contribute any episodes of illness to
the analysis (198/829 participants, or 24% of those
randomised) while others reported more than one epi-
sode of illness (1.52 and 1.55 courses in the antibiotic
and placebo arms respectively).” This trial reported no
difference between antibiotic and placebo in all
outcomes reported at the end of the trial. One other
unpublished trial that had reported no difference in
outcome between antibiotic and placebo in 33
patients,” had no original data remaining (S Thomas,
personal communication). Franks and Gleiner
reported the average percentage of days with cough
over a period of seven days (all subjects in placebo arm,
92% of subjects in antibiotic arm) but not the number
of patients with cough at a specified end point* No
further data were available (P Franks, personal
communication), so this trial contributed data to the
part of the meta-analysis which examined the side
effects of treatment only. King et al included patients
aged 8 years and over, but the average age of
participants was 37 years and so we included this trial.”’
Finally, one trial by Scherl et al did not contribute data

Proportion of subjects with productive cough at follow up

Study

Dunlay et al25
King et al2”

Stephenson (unpublished) 24/81

Stott and West?!
Verheij et al26
Williamson?3

Total (95% Cl)
X2=3.21, df=5, 7=1.94

Relative risk (95% Cl) Weight
random effects model (%)

Relative risk (95% CI)

Antibiotic Placebo random effects model

1021 17/24 — 96 0.67 (0.40t0 1.13)
2841 27/31 - 413 0.78 (06110 1.01)
27/82 — 123 0.90 (0.57 to 1.42)

301104 32/103 N 147 0.93(0.61101.41)
1372 1672 — 6.0 0.81(0.42 to 1.56)
23/37  18/32 - 163 1.11(0.74t01.64)
128/356 137/344 < 1000 0.85(0.73t0 1.00)

0102 1 510

Favours Favours
antibiotic placebo

Fig 2 Comparison of antibiotic and placebo treatment on resolution of productive cough at

days 7-11

Proportion of subjects who had not improved clinically at follow up

Study

Brickfield et al24
Dunlay et al?
Stott and West2!
Verheij et al26
Williamson23

Total (95% CI)
X2=8.21, df=4, Z=1.66

Relative risk (95% Cl) Weight Relative risk (95% CI)

Antibiotic  Placebo random effects model (%) random effects model
5/26 10/24 19.6 0.46 (0.18 t0 1.16)
0/23 6/21 S m— 36 0.07 (0.00 to 1.18)
10/104  17/103 — 244 0.58 (0.28 t0 1.21)
9/73 17/72 — 242 0.52 (0.25 to 1.09)
16/37 11/32 —— 28.2 1.26 (0.69 to 2.30)
40/263  61/252 ] 100.0 0.62 (0.36 to 1.09)

0102 1 510

Favours Favours
antibiotic placebo

Fig 3 Comparison of antibiotic and placebo treatment on clinical improvement at days 7-11
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to the meta-analysis because it reported on a continu-
ous variable, the mean number of days with cough.”®
No additional information could be obtained because
the author of the report had died.

This left us with a total of eight trials reporting on
the three specified outcome measures. We excluded
several trials we judged to be inadequately randomised,
case series of early antibiotic use, three trials of the
common cold, and eleven trials in children (references
available on website (www.bmj.com)). A subgroup of 75
patients with tracheobronchitis from a trial with the
diagnostic label of the common cold (L Kaiser,
personal communication) was included in a sensitivity
analysis on the outcome of resolution of illness.”

Assessment of quality

The kappa scores for agreement between reviewers for
each of the four variables measuring the quality of
trials were 0.5 (moderate agreement) for selection, 0.57
(moderate agreement) for performance, 0.85 (substan-
tial agreement) for attrition, and 1 (almost perfect
agreement) for blinding. The overall kappa for trial
quality was 0.54 (moderate agreement).

Baseline risk and diagnosis

The six trials that reported resolution of productive
cough as an outcome measure had varied considerably
in this measure (fig 1) (M Stephenson, unpublished
data).”! ® **" Such differences highlight the range of
illness and the differences between trials in diagnosis of
acute cough. However, the five trials that had outcome
data on the course of clinical improvement were simi-
lar in the reported resolution of illness (fig 1).”" **

Efficacy of antibiotic

Antibiotic treatment was no better than placebo when
the resolution of cough at days 7-11 was assessed
(relative risk 0.85 (95% confidence interval 0.73 to 1.00))
(fig 2). Similarly, when the proportion of subjects who
had not improved clinically was assessed at days 7-11 in
five trials antibiotic treatment did not significantly
improve the resolution of illness (relative risk 0.62 (0.36
to 1.09)) (fig 3).”" ®* Inclusion of a subgroup of 75
patients with tracheobronchitis in a trial of the common
cold who were randomly allocated to co-amoxiclav or
placebo” did not alter the pooled results for resolution
of illness (relative risk 0.71 (0.43 to 1.18), y* test for
heterogeneity = 16.87, df=5,P <0.5).

Side effects of treatment

The mean percentage of subjects reporting side effects
from antibiotic treatment in seven trials was 19% (range
12% to 36%). In all but one trial* the percentage of sub-
jects reporting side effects was higher in the antibiotic
arm; subsequent pooling of data showed that a course of
antibiotic was associated with a non-significant increase
in the risk of side effects from antibiotic (relative risk 1.51
(0.86 to 2.64)) (fig 4). When the one trial which reported
an increase in side effects from placebo was excluded,”
the heterogeneity between trials was reduced and side
effects were significantly associated with antibiotic use
(relative risk 1.9 (1.19 to 3.02), * test for heterogene-
ity=1.73,df=4,P>0.5).
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Discussion

This systematic review shows that antibiotic treatment
has no effect on the resolution of acute cough. For both
measures of efficacy—the proportion of subjects
coughing and the proportion whose symptoms had
not improved at days 7-11—antibiotic was no different
from placebo. Furthermore, treatment with antibiotic
may incur side effects in a few patients.

Shortcomings

This review has several shortcomings. Firstly, the
outcomes chosen and assessed in each of the
randomised trials were varied and different. Conse-
quently, when the results were pooled several
important outcomes were reported only in some of the
trials and were measured in different ways. For
example, time off work was measured as a continuous
outcome in two trials,” * as a categorical outcome in
three others,” ** * as a categorical and continuous out-
come in one trial,” and not at all in the remaining trials
(M Stephenson, unpublished data).” *°

Secondly, more recent generic scores for measur-
ing the quality of life were not used in any of the trials,
once again limiting the propensity to combine the
results. Therefore important information for patients
such as the effect of antibiotic on quality of life and on
return to work is not reported.

Finally, the timing of assessment differed between
trials. Such differences make it difficult to measure the
clinical course of acute cough. These shortcomings
reflect the difficulty in combining results from
pragmatic randomised trials that examine outcomes
based on illness in general practice. Nevertheless, sub-
stantially important differences between antibiotic and
placebo are unlikely to be present in these other
outcomes: individual trials did not report any substan-
tial benefit of antibiotic in the outcomes that we did not
consider in this systematic review.

Diagnosis and prognosis

The clinical course of resolution of acute cough was
different between trials (fig 1). Such differences reflect
the fact that acute cough is primarily diagnosed on his-
tory and examination alone. Additional diagnostic
tests such as sputum culture and chest radiography are
seldom used in general practice,'’ " so diagnostic
classification is imprecise. The diagnostic nomencla-
ture has also changed over time. For example, an early
non-randomised study of acute respiratory infection™
found that the signs reported by the enrolled cohort
were no different from those in subjects classed as hav-
ing acute bronchitis in the 1980s.”** * In addition, the
relation between diagnostic category and likelihood of
bacterial infection is poorly defined and uncertain in
clinical practice.

Inevitably, the diagnostic heterogeneity in each of
the randomised controlled trials has been reflected in
differences in the reported resolution of cough or
illness (fig 1). Results from cohort studies suggest that it
may take up to three or four weeks before cough has
resolved and general wellbeing returned in patients
with acute bronchitis.”

Implications
In the dlinical context of everyday management of acute
cough in general practice, treatment with antibiotics is

BMJ VOLUME 316 21 MARCH 1998

Proportion of subjects with side effects

Relative risk (95% CI)  Weight
Study Antibiotic  Placebo  random effects model (%)
Brickfield et al24 5/26 9/24 - 20.6
Dunlay et al2® 4/31 0/26 o 35
Franks and Gleiner2? 3/25 1/29 — 5.7
King et al? 14/39 5/32 215
Stott and West?! 12/104 8/103 -1 23.0
Verheij et al28 15/78 9/80 - 25.7
Total (95% Cl) 53/303  32/294 r-— 100.0
X2=7.80, df=5, Z=1.45
0.10.2 1 510
Favours Favours
antibiotic placebo

Relative risk (95% Cl)
random effects model
0.51(0.20t0 1.32)
7.59 (0.43 to 134.81)
3.48 (0.39 t0 31.38)
2.30 (0.93 to 5.70)
1.49 (0.63 to 3.48)
1.71 (0.80 to 3.67)

1.51 (0.86 t0 2.64)

Fig 4 Comparison of antibiotic and placebo treatment on rate of reporting of side effects

common. The variation in rate of prescribing antibiotics
varies substantially between countries. One fifth of
consultations in the Netherlands end with an antibiotic
being prescribed, up to 80% in the United Kingdom,
and an even higher proportion in the United States.""*
Results from our systematic review suggest that most
patients receive no benefit from antibiotic treatment.

We calculated the number needed to treat (11) and
the number needed to harm (15) if we accepted that
the outcome of proportion of subjects who reported
clinical improvement was balanced with the
proportion likely to have side effects from taking anti-
biotic. For every 100 people treated with antibiotic,
nine would report an improvement after 7-11 days if
they revisited their general practitioner but at the
expense of seven others who would have side effects
from the antibiotic. The resolution of illness in the
remaining 84 people would not be affected by
treatment with antibiotic.

One of the higher quality trials reported that the
prognostic factors of frequent cough combined with
feeling ill at entry were associated with beneficial
effects from antibiotic treatment.*® The same trial also
reported that people aged over 55 derived benefit from
such treatment.® These findings are consistent with the
greater prevalence of bacterial infection and subse-
quent infection of the lower respiratory tract in people
aged over 55 and increased rates of hospital admission
of elderly people” " However, until prospective
randomised controlled trials test whether age, feeling
unwell, and frequent cough predict a poor clinical out-
come or bacterial infection and also influence clinical

consulting a general practitioner

with acute cough

different in the two groups

effects of treatment

e Although antibiotic treatment is common for this condition, its
likely benefits and side effects have not been measured

® This systematic review reports the outcome of nine randomised
controlled trials that compared antibiotic with placebo in patients

® Resolution of cough and clinical improvement at follow up was no

® The benefits of antibiotic treatment seem to be marginal for most
patients with acute cough and may be outweighed by the side

e Acute cough, with or without sputum, is a common reason for
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and quality of life outcomes associated with antibiotic
treatment, treatment based on these prognostic
variables will remain speculative.

Apart from the side effects of treatment, three other
factors need to be considered by a clinician before pre-
scribing antibiotics. Firstly, the cost of prescribing
antibiotic is important. A recent decision analysis
suggests that the most cost effective strategy is to withold
antibiotic and treat only patients with persistent cough.*
Secondly, treatment with antibiotic may change patients’
expectations about future episodes of acute cough.
Observational research suggests that patients’ expecta-
tions may increase and influence subsequent workload
among general practitioners.” * A recently published
open randomised trial of antibiotic for sore throat
showed that patients prescribed antibiotic were more
likely to consult in the future than were those whose
symptoms were treated.”® Qualitative research suggests
that patients’ satisfaction is likely to be higher when their
expectations are addressed than when antibiotic is
prescribed.” Finally, bacterial resistance to antibiotics is
becoming increasingly common.*® A liberal prescribing
policy by general practitioners managing acute bronchi-
tis is likely to make this situation worse.

Conclusions

This systematic review shows that antibiotic is unlikely
to alter the course of illness in most adult patients pre-
senting with acute cough. A minority may have side
effects from treatment. When managing individual
patients the potential risks from treatment—including
side effects, costs of antibiotic, alteration in consulting
behaviour, and increased bacterial resistance—should
all be considered before initiating treatment.
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