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Background. Antibiotics are over-prescribed for lower respiratory tract infection (LRTI). The
influence of clinicians’ history and examination findings on antibiotic prescribing for LRTI
has not been directly assessed, and the extent to which these clinical findings predict
appropriate antibiotic prescribing is unknown. A clearer understanding is crucial to achieving
evidence-based prescribing.

Objectives. To directly assess the influence of general practitioners’ history and examination
findings on antibiotic prescribing for LRTI, and to explore the extent to which these clinical
findings predict appropriate antibiotic prescribing.

Methods. In this observational cohort study 25 GPs in The Netherlands were recruited during
routine consultations and 247 adult patients with a clinical diagnosis of LRTI. The GPs recorded
clinical information. Odds ratios (ORs) with 95% confidence intervals (CIs) for clinical variables
predicting a prescription for an antibiotic were calculated. The relationship between antibiotic
prescription and radiographic evidence of pneumonia was explored in order to gauge
appropriateness of antibiotic prescribing.

Results. Auscultation abnormalities (OR 11.5; 95% CI 5.4–24.7), and diarrhoea (OR>11) were
strongly associated with antibiotic prescribing. An antibiotic was prescribed for 195 (79%)
patients. Assuming that an antibiotic definitely needs to be prescribed only for patients with
pneumonia, antibiotics may have been inappropriately prescribed for 166/193 (86%) of the
patients. Antibiotics were not prescribed for 5 of the 32 (16%) patients with a radiographic
diagnosis of pneumonia.

Conclusions. Abnormal findings on auscultation in patients with LRTI strongly predict
antibiotic prescribing and this is probably inappropriate for most patients. These results should
prompt GPs to consider the extent to which finding ‘crackles/rhonchi on auscultation’
influences their decisions to prescribe antibiotics for their patients with LRTI, and to consider
the predictive value of individual clinical signs in reaching evidence-based prescribing
decisions.
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Introduction

Diagnosis for the vast majority of patients attending
general practice with lower respiratory tract infection
(LRTI) is based on history and clinical examination
alone. GPs often prescribe an antibiotic for these
patients, and may support their decision by recording
abnormal findings on auscultation.1 However, the
influence of GPs’ history and examination findings
on antibiotic prescribing for LRTI has not been directly
assessed, and the extent to which these clinical findings
predict appropriate antibiotic prescribing is unknown.
This gap in the evidence base is important because
understanding the influence of clinical factors on
antibiotic prescribing and identifying whether or not
these factors influence prescribing appropriately, could
lead to widespread changes in clinical decision making
in the direction of more evidence-based antibiotic
prescribing. This has wide potential impact: antibiotics
are prescribed for about three-quarters of patients with
LRTI;2 80% of LRTI patients have acute bronchitis
(incidence 24–46 per 1000 patients per year) and
20% have community-acquired pneumonia (incidence
5–11 per 1000 patients).3 Over-prescribing continues
despite growing evidence that acute bronchitis is self-
limiting and rarely requires antibiotic treatment.
Systematic reviews of randomized controlled trials of
treatment for patients with acute bronchitis concluded
that the possible modest beneficial effect is similar to
the harm caused by antibiotic treatment.4,5 The studies
included in these reviews recruited patients on the basis
of clinical findings rather than etiologic agent, so
findings are applicable to patients regardless of whether
they are infected by a virus or bacterium. Antibiotic
treatment is considered obligatory only for community-
acquired pneumonia and may be clinically useful in
more severe infectious exacerbations of chronic
obstructive pulmonary disease (COPD).6 Few studies
of antibiotic treatment in LRTI have been large enough
to identify which subgroups of patients are more likely
to benefit from antibiotic treatment.

Qualitative and questionnaire studies on respiratory
tract infections7–9 revealed numerous factors that
may contribute to inappropriate antibiotic prescribing.
In order to gain insight into the actual diagnostic
reasoning and therapeutic decision making process,
we studied the influence of an array of clinical factors
recorded in actual consultations on GPs decisions
whether or not to prescribe an antibiotic in LRTI.
We also explored whether or not these prescribing
decisions were appropriate.

Patients and methods

Patients
Patients aged 18 years and over were eligible if their
GP made a diagnosis of LRTI and the patient had an

acute (duration less than 29 days) or worsening cough.
Additional inclusion criteria were the presence of at
least one of the following four features: shortness of
breath, wheezing, thoracic pain, auscultation abnor-
malities; and at least one of the following four: reported
fever (>38�C), perspiring, headache, myalgia. Exclu-
sions were pregnancy or lactation, history of hyper-
sensitivity to penicillin or macrolide antibiotics,
concomitant treatment with ergot alkaloids and/or
terfenadine, severe disease requiring immediate hos-
pitalization, treatment with antibiotics within the pre-
ceding 14 days and hospital admission for a respiratory
indication in the previous 4 weeks. Some of the
exclusion criteria were relevant to a randomized clinical
trial, which was run in parallel to the present study.10

Procedures
All GPs in the district of Maastricht in the Netherlands
were invited to participate in the study. Most of the
25 GPs who participated practised in rural areas (72%).
Fifty-six percent of the GPs worked in dual practices,
20% in group practices, and the others in single-handed
practices. The GPs performed and recorded a stand-
ardized medical history and physical examination on
sequential, eligible consenting patients. GPs indicated
the certainty of their clinical diagnosis (pneumonia or
acute bronchitis) using a 5-point scale and their estima-
tion of illness severity using a 4-point scale. Prescribing
decisions and the reasons were then recorded. Those
patients for whom the GPs felt an antibiotic was
indicated were entered into a randomized controlled
trial comparing the efficacy of amoxicillin to that of a
macrolide antibiotic (roxithromycin).10 All consenting
patients were followed up in the same way, regardless
of whether or not they were entered into the rando-
mized trial aspect of this research program. Further
management decisions were at the GPs’ discretion. GPs
were not informed of the aim underlying this aspect
of the research, namely the identification of clinical
influences on antibiotic prescribing. After the consul-
tation, patients were asked to record their reasons
for consulting their GP and whether or not, prior to
the consultation, they had wanted a prescription for an
antibiotic.

Radiographic pneumonia
Chest radiographs (lateral and posterio-anterior) were
taken on the third day after recruitment.11 Two
radiologists, blinded to all other information, indepen-
dently assessed the radiographs for infiltrates. A third
radiologist assessed the radiographs in the event of
disagreement between the findings of the first two
radiologists. The findings of this third assessment were
considered final and accurate. Evidence of radiographic
pulmonary infiltrates was regarded as evidence of
pneumonia.
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Statistical analysis
The dichotomous outcomes of all recorded patient
characteristics, symptoms and physical signs were
compared with the dependent variable (antibiotic
prescription yes or no) in two-by-two tables. Posit-
ive and negative predicted values (PV+, PV–) and
diagnostic odds ratios (ORs) with 95% confidence
intervals (CIs) were calculated.

To test the assumption that patients from the same
GP are more alike in symptoms and signs than patients
from different GPs the intracluster correlation coeffi-
cient (ICC) was calculated. The independent contri-
butions of the clinical items to predicting antibiotic
prescribing were assessed using multiple, logistic regres-
sion analysis, controlled for clustering at GP level (the
random intercept model). To prevent excessive dia-
gnostic variables being included for the available cases,
three criteria had to be met before they were included
in the analysis. First, each variable had to be present in
at least 10 patients. Second, each variable had to be
positive in at least five patients who had an antibiotic
prescribed. Third, the association of the variables with
antibiotic prescription had to have a P-value <0.10 (chi-
square or Fisher’s exact test). Backward elimination
with P> 0.05 was used to exclude variables in multiple
logistic regression. Those variables remaining were
considered as the most important clinical associations
with antibiotic prescribing.

The univariate and multiple logistic regression
analyses were repeated, but this time with the clinical
diagnosis of pneumonia (yes or no) as the dependent
variable. ‘Absent pneumonia’ represented the diagnosis
of acute bronchitis.

Sensitivity, specificity, PV+, PV–, and OR with
95% CI were calculated from 2 · 2 tables, comparing
antibiotic prescribing (yes or no) with the presence or
absence of radiographic pneumonia.

Ethical approval
The Medical Ethics Committee of Maastricht
University and the Maastricht University Hospital
approved the protocol. All participating patients
provided written consent after GPs provided informa-
tion about the study and after having read the patient
information leaflet.

Results

Patients
GPs recruited 247 LRTI patients with a mean age of
52 (range 18–89, 52% female) years. History and
physical examination data were not available for one
patient. Chest radiography was not performed in three
(two with and one without an antibiotic prescribed) of
the remaining 246 patients. An antibiotic was pre-
scribed for 195 (79%) remaining patients. GPs did not
prescribe an antibiotic for 51 patients because of mild

symptoms (n = 33; 65%) and/or because a bacterial
cause was unlikely (n = 41; 80%). In 8 of these 41
patients (20%) with ‘bacterial infection unlikely,’ a
bacterium was subsequently identified, which percent-
age is slightly less than that of the remaining patients’
average of 27%.

When asked after the consultation, 34% of patients
indicated that they had hoped, before the consultation,
to receive a prescription for an antibiotic. GPs indicated
that because of perceived patient pressure, they pre-
scribed an antibiotic for 4% of patients for whom they
felt an antibiotic was not indicated.

Univariate analysis
Table 1 shows the patients’ wide range of respiratory
and general symptoms and signs. Abnormal findings on
auscultation were common (84%). GPs prescribed
antibiotics significantly less often to patients who had a
dry cough, and more often to patients who had purulent
sputum, moderate/severe illness, wheezing, and aus-
cultation abnormalities. GPs prescribed an antibiotic
to all patients with diarrhoea (n = 19), a high respira-
tion rate (>20/min, n = 9) and crackles on auscultation
(n = 50).

Multilevel logistic regression analysis
The features dry cough, purulent sputum, moderate/
severe illness, wheezing, auscultation abnormalities,
and diarrhoea were supplemented with clinical items
not significantly correlated, but with P< 0.10 on
univariate analysis (male sex, thoracic pain, myalgia,
vomiting, COPD and upper respiratory tract signs).
These items were then selected for multiple logistic
regression analysis, controlled for clustering at GP
level, to assess the independent contribution of the
variables on the decision whether or not to prescribe an
antibiotic (Table 2). The ICC in this analysis was 0.44.
Although possibly of significance, high respiration rate
(>20 per minutes) was not selected for the analysis
because of the low number of patients with this feature
(n = 9). The variables ‘auscultation abnormalities’ was a
strong predictor of antibiotic prescribing. The variable
included bronchial breathing, crackles and rhonchi
and was included in the regression analysis rather than
the individual sub-items as it had a higher OR in
univariate analysis. Patients with the sub-item ‘crackles’
and patients with diarrhoea all received a prescription
for an antibiotic and were, therefore, the strongest
predictors of antibiotic prescribing. Because all patients
with these features were prescribed antibiotics, the
ORs of these variables could not be calculated exactly
for methodological reasons, so were approximated by
adding 0.5 to every cell of the 2 · 2 tables. The
estimated OR was 35.7 for crackles and 11.4 for
diarrhoea. The true OR will be higher than these
estimated ORs. Vomiting also predicted prescribing an
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antibiotic, while the presence of thoracic pain predicted
management without an antibiotic prescription.

A clinical diagnosis of pneumonia was made in 21 of
the 246 patients (8.5%). Twelve GPs were at least
moderately certain of this diagnosis in 20 (95%) cases
and judged the illness in 14 (67%) as at least moderately
severe (Table 3). The finding of crackles and dullness to
percussion were statistically significant predictors of a
clinical diagnosis of pneumonia (Table 4). Auscultation
abnormalities were present in all patients with a clinical

diagnosis of pneumonia. Productive cough was a
clinical predictor of the diagnosis of acute bronchitis.

Appropriateness of the antibiotic prescriptions
Lateral and posterio-anterior chest radiographs were
available in 243 patients, of whom 193 received an
antibiotic. Radiographic pneumonia was diagnosed in
32 (13%) patients. Based on the assumption that an
antibiotic should definitely be prescribed only for
patients with pneumonia, the appropriateness of the

TABLE 1 Univariate comparison of age, symptoms and signs withGPs’ decision whether or not to prescribe an antibiotic in 246 patients with LRTI

Antibiotic prescription [N = 195/246 (79.3%)]

N % OR (CI) PV+ (%) PV– (%)

Symptoms
Age
18–40 years 60 24.4 0.7 (0.4–1.4) 75.0 19.4
40–65 years 115 46.7 1.2 (0.6–2.2) 80.9 22.1
65 years or older 71 28.9 1.1 (0.5–2.2) 80.3 21.1

Malea 117 47.6 1.7 (0.9–3.2) 83.8 24.8
Recent cough <2 days 11 4.5 1.2 (0.2–5.6) 81.8 20.8
Cough exacerbation <2 days 35 23.3 1.6 (0.6–4.5) 85.7 20.9
Dry cougha 58 23.6 0.4 (0.2–0.7)* 65.5 16.5
Sputum purulencea 135 54.9 2.0 (1.1–3.8)* 84.4 27.0
Haemoptoe 14 5.7 1.6 (0.3–7.4) 85.7 21.1
Dyspnoea 191 77.6 1.4 (0.7–2.9) 80.6 25.5
Thoracic paina 147 59.8 0.6 (0.3–1.1) 75.5 15.2
Feverb 85 34.6 1.2 (0.6–2.3) 81.2 21.7
Perspiring 184 74.8 0.8 (0.4–1.6) 78.3 17.7
Myalgiaa 151 61.4 0.5 (0.3–1.0) 75.5 14.7
Chills 124 50.4 0.7 (0.3–1.2) 75.8 17.2
Headache 153 62.2 0.9 (0.5–1.7) 78.4 19.4
Confusion 8 3.3 0.4 (0.1–1.8) 62.5 20.2
Upper respiratory tract symptoms 168 68.3 0.8 (0.4–1.5) 78.0 17.9
Nausea 39 15.9 1.5 (0.6–3.9) 84.6 21.7
Vomitinga 28 11.4 3.8 (0.9–16.4) 92.9 22.5
Diarrhoeaa 19 7.7 – 100 22.5
Stomach ache 9 3.7 2.1 (0.3–17.5) 88.9 21.1
Current smoking 83 33.7 0.7 (0.4–1.4) 75.9 19.0
Smoking past or present 153 62.2 1.3 (0.7–2.5) 81.0 23.7
Comorbidity
Asthma 48 19.5 1.4 (0.6–3.2) 83.3 21.7
COPDa 32 13.0 2.8 (0.8–9.6) 90.6 22.4
Heart failure 8 3.3 1.9 (0.2–15.5) 87.5 21.0

Physical signs
General impression
Moderate/severe illnessa 65 26.4 2.7 (1.1–6.3)* 89.2 24.3
Upper respiratory tract signsa 136 55.3 0.5 (0.3–1.0) 75.0 15.5
Respiration rate >20/minutesc 9 3.7 – 100 21.5
Wheezinga 105 42.7 3.4 (1.6–7.0)* 89.5 28.4
Percussion dullness 11 4.5 1.2 (0.2–5.7) 81.8 20.9
Auscultation abnormality 206 83.7 11.5 (5.4–24.7)* 87.4 62.5

Bronchial breathinga 65 26.4 3.3 (1.3–8.0)* 90.8 24.9
Cracklesa 50 20.3 – 100 26.0
Rhonchia 154 62.6 3.8 (2.0–7.2)* 87.7 34.8

Body temperature >38�C 58 23.6 1.2 (0.5–2.4) 81.0 21.3
Clinical diagnosis of pneumonia 21 8.5 – 100 22.7

CI = 95% confidence interval; PV+ = positive predictive value; PV– = negative predictive value.
*Statistically significant (P<0.05).
aVariable with P<0.10 selected for multiple logistic regression analysis.
bRectal temperature >38.0�C or axillary temperature >37.5�C and measured less than 24 hours ago.
cNot selected for multiple logistic regression analysis because of low number of cases (<10 patients with characteristic).
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antibiotic was tested in a two-by-two table. We found
that 166/193 (86%) of the antibiotics were inappropri-
ately prescribed according to this criterion (Figure 1).
Based on a less conservative assumption that both
pneumonia patients and patients with comorbidity
of COPD needed to be prescribed an antibiotic, still
140/193 (73%) of the antibiotics were inappropriately
prescribed. An antibiotic was not prescribed in 5 of the

32 (16%) patients with radiographic signs of pneumo-
nia. An antibiotic was eventually prescribed in one of
these five patients who re-consulted 5 days later.

Discussion

Summary of main findings
GPs prescribed an antibiotic for 79% of the patients
with LRTI. Auscultation abnormalities, especially
crackles, and diarrhoea were the strongest predictors
for GPs to prescribe an antibiotic. Assuming that
antibiotics should be prescribed only for patients with
pneumonia and not for other cases of LRTI, antibiotics
may have been prescribed inappropriately to 86% of
the patients included in this study. These findings are
important because acute respiratory tract infection is
the commonest reason for patients to consult and for
antibiotics to be prescribed.3,13 About 75% of all
outpatient antibiotic prescriptions are for respiratory
tract infections.14 Systematic reviews of therapeutic
trials demonstrate that possible benefits of antibiotic
treatment do not outweigh the disadvantages for most
people with respiratory tract infections, regardless of
whether the infecting agent is a virus or bacterium.4,15

Unnecessary antibiotic use is associated with antimi-
crobial resistance, wastes resources and impacts neg-
atively on help-seeking behaviour.16,17 The Netherlands
has the lowest antibiotic prescribing rate in Europe.18

Nevertheless, antibiotics are over-prescribed and the
unjustified prescription of broad-spectrum antibiotics
including quinolones and second and third generation
cephalosporins is rising.19 The greater understanding
that this study has generated may prompt GPs to

TABLE 4 Multiple logistic regression analysis

Clinical items Clinical diagnosis of
pneumonia versus
acute bronchitis

OR CI

History
Productive cough 0.1 0.0–0.4
Thoracic pain n.s.
Wheezing n.s.
Perspiring n.s.
Upper respiratory tract symptoms n.s.

Physical examination
Crackles 41.0 9.5–177.3
Percussion dullness 34.1 3.9–297.1

n.s. = Non-significant test result.
Odds ratios (OR) and 95% confidence intervals (CI) for factors from
history and physical examination that were statistically significant
associated, on univariate analysis, with general practitioners’ clinical
diagnosis of pneumonia among a group of 246 patients with LRTI.

TABLE 3 Clinical diagnoses of pneumonia and acute bronchitis in
246 LRTI patients: GPs’ estimation of their diagnostic certainty and

the illness severity

Pneumonia
[n =21 (%a)]

Acute bronchitis
[n = 225 (%a)]

Clinical diagnosis
Very certain 4 (19) 24 (11)
Certain 7 (33) 61 (27)
Pretty certain 9 (43) 114 (51)
Uncertain 1 (5) 21 (9)
Very uncertain 0 (0) 5 (2)

Illness
Very severe 0 (0) 0 (0)
Severe 3 (14) 11 (5)
Moderately severe 11 (52) 157 (70)
Mild 7 (33) 57 (25)

aColumn percentages per characteristic.

TABLE 2 Multiple logistic regression analysis, controlled for
clustering at GP level

Clinical items Antibiotic versus no
antibiotic

OR CI

History
Thoracic pain 0.3 0.1–0.9
Vomiting 29.6 2.2–393.1
Sex: male n.s.
Dry cough n.s.
Sputum purulence n.s.
Myalgia n.s.
COPD n.s.

Physical examination
Auscultation abnormalities 28.8 6.3–132.5
General impression
Moderate/severe illness n.s.

Wheezing n.s.
Upper respiratory tract signs n.s.

n.s. = Non-significant test result.
Odds ratios (OR) and 95% confidence intervals (CI) for factors from
history and physical examination that were statistically significantly
associated, on univariate analysis, with general practitioners’ anti-
biotic prescribing decision for 227 (patients with diarrhoea were
not included because all patients with this clinical item were
prescribed antibiotics, which precluded ORs to be calculated)
patients with LRTI.
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consider the clinical influences on their prescribing
decisions.

Strength and limitations of the study
Adult patients with a wide range of lower respiratory
tract symptoms were opportunistically recruited, dia-
gnosed and treated by GPs in this pragmatic study. The
sample included patients with acute bronchitis and
pneumonia. Various symptoms and signs, like crackles
and bronchial breathing on auscultation, are tradition-
ally believed to be associated with pneumonia, but are
also commonly observed in acute bronchitis. The
presence of these signs in our study population was
statistically not different between the patients with
pneumonia and those with acute bronchitis.12 This
sample is, therefore, likely to represent a group of
patients in which there is diagnostic uncertainty and for
whom there is a dilemma about antibiotic prescribing.
The independent contribution of individual symptoms
and signs to an often finely balanced and implicit
prescribing decision was evaluated. Previous studies on
the influences on prescribing have largely used either
qualitative interview and/or questionnaire-based meth-
ods that assessed GPs’ perceptions of their manage-
ment of mild respiratory tract infections. The GPs in
the present study were unaware that this research
would examine factors influencing prescribing, and the
study involved direct assessments of these factors and
prescribing decisions.

The decision to prescribe an antibiotic to the patient
was left to the discretion of the GP, as in daily general
practice. If an antibiotic was prescribed the patient
entered into a randomized controlled trial. There were
no advantages (neither diagnostically, nor financially,
nor in terms of time) for the GPs and the patients to
believe that this decision was made on other than
medical grounds. The rate of antibiotic prescribing
(79%) in the present study was the same as in an
epidemiological survey describing the prescription of
antimicrobial agents in cases of LRTI in Dutch general
practice,20 which supports our interpretation.

The high rate of antibiotic prescribing left a relatively
small group of patients who did not receive a pre-
scription for an antibiotic. Our restrictions for entering
variables into the logistic regression analyses resulted in
a satisfactory number of diagnostic variables. However,
in the secondary diagnostic analyses of clinical features
for diagnosing pneumonia, an even greater reduction
of variables would have been better from a statistical
point of view, given the small number of patients with
clinically diagnosed pneumonia.

There is no internationally agreed definition of LRTI.
We derived our definition from one used in a previous
study.21 Our wide, pragmatic inclusion criteria meant
that patients with a range of aetiology and severity were
included. Our focus was those patients GPs suspected
of having an LRTI. As the main exclusions were for
pregnancy and lactation, this is unlikely to have biased
our sample.

Chest radiographs (lateral and posterio-anterior)
were made of every patient on the third day after
inclusion; the third day being chosen to ensure that
possible infiltrates were detectable on the chest radio-
graph.11 The conclusive finding of an infiltrate after
assessment by two—or in cases of disagreement three—
independent radiologists, was regarded as evidence of
pneumonia. This reference standard is widely acknow-
ledged for studies on community-acquired pneumonia.
To get a better hold on the limitations of this reference
standard, the results from our study on the inter-
observer agreement in the interpretation of chest radio-
graphs for pneumonia are of particular interest.22 The
moderate agreement found is considered clinically
sufficient by radiologists. On the other hand, it confirms
that the validity of chest radiography for diagnosing
pneumonia is not optimal. By adding a third radiologist,
who performed a third and decisive re-assessment of the
chest radiographs in cases of disagreement, we believe
to have countered this validity problem sufficiently.

Generalization of our findings to everyday care may
not be valid. To explore possible selection bias, we
compared the actual numbers of patients presenting
with LRTI in three practices (with a total of nine GPs

Pneumonia
No

pneumonia Total

Antibiotic 27 166 193

No
antibiotic 5 45 50

Total 32 211 243

Sensitivity

Specificity

Positive predicted value

Negative predicted value

Odds ratio

27/32 84.4%

45/211 21.3%

27/193 14.0%

45/50 90.0%

1.5 (95% CI 0.5-4.0)

FIGURE 1 Sensitivity, specificity, positive predictive value, negative predictive value and OR of a prescription for an antibiotic
predicting the presence of radiographic evidence of pneumonia in 243 LRTI patients.
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and a combined patient list of 13 269) with the numbers
included from those practices in the present study
during 1 year of the recruitment period. Of the 463
potentially eligible patients, 43 (9%) were actually
recruited. This proportion is not unusual for studies in
primary care.23 Recruited patients did not differ from
eligible patients who were not recruited with regard to
age, clinical diagnosis, severity of illness and GPs’
assessment of need for antibiotic treatment.

GPs in everyday practice may sometimes record
diagnoses and clinical findings only after having made a
decision to prescribe an antibiotic.8,24 Thus, recording
history and examination findings can be done selectively
in order to justify a diagnosis that warrants antibiotic
treatment. This may have occurred in the present study.
However, the diagnosis of pneumonia, which would
uncontroversially justify antibiotic prescription, was
made at a rate no more frequent than expected.3

Comparison with other studies
Despite being set in the country with the overall
lowest antibiotic prescribing rate in Europe, antibiotic
prescribing in this study was high (79%), and compar-
able to previous UK (72–76%)2,25 and Europe-wide
studies (83%).26 This relatively high prescribing may
have been because patients in this study presented
with more severe illnesses and had a higher percentage
of abnormal findings on auscultation (84%) than in
previous studies (25%,2 and 32%25). This may reflect
both a high threshold for diagnosing LRTI among
Dutch GPs and a high threshold for consulting among
Dutch patients with common infectious syndromes.
GPs almost always prescribed antibiotics when crackles
and bronchial breathing were found on auscultation.
These findings are commonly associated with pneu-
monia. However, evidence is emerging that these signs
are neither discriminative12,27 nor sufficient (crackles)
to either rule in or rule out pneumonia in community
settings.28 The finding of rhonchi on auscultation—an
acknowledged sign of acute bronchitis—was also com-
monly associated with a prescription for an antibiotic,
despite the evidence that antibiotic treatment is not
indicated for most cases of acute bronchitis.4,5 GPs
tended to prescribe an antibiotic to almost all patients
with positive findings on auscultation. This was also the
case in a study in which auscultation abnormalities were
infrequently present.2 Antibiotics were prescribed for
80% of patients for whom GPs were unsure about the
diagnosis and for 74% of patients for whom they were
sure of the diagnosis. Non-clinical reasons like time and
patient pressure are additional influences on GPs to
prescribe an antibiotic, but the influence of these
factors was not assessed in this study.

We previously showed that dry cough is one of the
clinical predictors of radiographic pneumonia.12 In the
present analysis, dry cough was associated with a
clinical diagnosis of pneumonia. However, GPs pre-

scribed an antibiotic less often if a dry cough was
present (Table 1). All patients reporting a history of
diarrhoea (n = 19) received a prescription for
antibiotics. Although an infrequent symptom, a history
of diarrhoea statistically significantly predicted radio-
graphic pneumonia in our previous study.12 Diarrhoea
may well be a hitherto undescribed symptom of
‘serious’ illness for which GPs have developed ‘a sixth
sense’ which was expressed in the prescription of an
antibiotic. To our knowledge, diarrhoea has never
previously been considered as a diagnostic variable in
studies on LRTI.

GPs were confident in their clinical diagnosis of
pneumonia 95% of the time. However, the predictive
value of the clinical diagnosis of pneumonia, as
previously described,12 turned out to be poor: radio-
graphic evidence of pneumonia was found in only 4 of
the 21 patients with a clinical diagnosis of pneumonia
(PV+ 19%, prior probability of pneumonia 13%), and
28 of the 32 (87%) cases of radiographic pneumonia
were diagnosed as acute bronchitis by the GPs. The
discrepancy between the GPs’ confidences in their
diagnosis compared with radiographically confirmed
diagnoses is striking. Our secondary analysis of clinical
reasons for diagnosing pneumonia suggests that this
confidence is based on a belief in the diagnostic
accuracy of finding crackles on auscultation and
dullness to percussion.

Conclusion

Abnormal findings on auscultation, identified as
possibly relevant in previous qualitative and question-
naire studies, were an important clinical reason for GPs
to prescribe antibiotics in this practice-based, diagnostic
study that explored the relationship between actual
clinical findings (as opposed to general recall and
perception) and actual antibiotic prescribing. The
influence of abnormal auscultation appears to be over-
estimated and is associated with inappropriate anti-
biotic prescribing. GPs appeared overconfident in their
diagnosis of pneumonia. In addition, we confirmed that
GPs over-prescribe antibiotics for LRTI, and that more
patients were prescribed an antibiotic than those who
wished to receive one. This study provides better insight
into the clinical factors associated with GPs’ decisions
to prescribe an antibiotic for patients with LRTI. This
clearer insight is an essential precondition for devel-
oping successful, future strategies to reduce anti-
biotic prescribing. These results should prompt GPs
to consider the extent to which finding ‘crackles/
rhonchi on auscultation’ influences their decisions to
prescribe antibiotics for patients with LRTI, and to
consider the predictive value of individual clinical signs
in reaching evidence based prescribing decisions.
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