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A diagnostic rule for the aetiology of lower
respiratory tract infections as guidance for
antimicrobial treatment
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J van den Broek

Introduction

Asubstantial number of patients consulting their general
practitioner (GP) with symptoms matching lower respira-

tory tract infections (LRTI) have a viral infection.1,2 Recently,
our study group found a prevalence of 39% viral infections
(34% were only viral) in a Dutch population,3 which is similar
to the 32% found in a Norwegian study.4 In the UK lower fre-
quencies, 10–19%, were observed,5-7 whereas in Israel 50% of
LRTIs were caused by viruses.8 In daily practice almost all
patients with LRTI are treated with antimicrobial drugs.1,2

Better management of LRTI may be possible if GPs were
able to differentiate between viral and bacterial LRTI. This dif-
ferentiation should be made possible by simple, readily avail-
able criteria. Several studies have examined the clinical pre-
diction of radiographically confirmed pneumonia or the pre-
diction of the aetiology of community-acquired pneumonia on
clinical criteria.9-16 In the present study the possibility of differ-
entiating between viral and bacterial LRTI using information
from medical history, physical examination, and simple labora-
tory tests was investigated. The aim was to develop a scoring
system that may be used to predict the presence of a bacteri-
al infection in patients presenting with LRTI in general practice.

Method
In our study, 145 adult patients from a total population of
27 000 people, consulting their GP for LRTI, were included.
Detailed information on patients, microbiological assays and
criteria for microbiological diagnosis are described in the
accompanying report.3 We defined LRTI as any abnormality
on pulmonary auscultation in combination with at least two
of the following three signs and symptoms: fever ≥38°C, or
fever in the past 48 hours; dyspnoea or cough; tachypnoea,
malaise or confusion. A standard medical history was taken
and physical examination was done. Sputum samples,
throat swabs, and blood samples were collected for micro-
biological analysis. Furthermore, blood was taken for ery-
throcyte sedimentation rate (ESR) and C-reactive protein
(CRP). The microbiological assays consisted of bacterial
and viral cultures, serological techniques, and polymerase
chain reaction (PCR) for specific targets.3 Chest radiographs
were taken. The study was approved by the Medical Ethics
Committee of the Leiden University Medical Centre (LUMC).

Classification of lower respiratory tract infections
According to the microbiological findings, patients were
classified into one of the following categories of LRTI: 

A W Graffelman, MD, research physician; A Knuistingh Neven, MD, PhD,
general practitioner and epidemiologist; M P Springer, MD, PhD, profes-
sor of general practice, Department of General Practice and Nursing
Home Medicine; S le Cessie, PhD, statistician, Department of Medical
Statistics; A C M Kroes, MD, PhD, professor of medical 
microbiology, Department of Medical Microbiology; P J van den Broek,
MD, PhD, professor of infectious diseases, Department of Infectious
Diseases, Leiden University Medical Center, Leiden, 
The Netherlands.

Address for correspondence
Mrs A W Graffelman, Department of General Practice and Nursing
Home Medicine, Leiden University Medical Center (LUMC), 
PO Box 2088, 2301 CB Leiden, The Netherlands. 
E-mail: a.w.graffelman@lumc.nl

Submitted: 7 April 2003; Editor’s response: 27 June 2003; final accep-
tance: 3 September 2003.
©British Journal of General Practice, 2003, 54, 20–24.

SUMMARY
Background: The majority of patients with lower respiratory tract
infections (LRTIs) are treated with antibiotics; some of them are
unnecessary because of a viral cause. Information on prediction of the
aetiology, especially in a general practice setting, is missing. 
Aim: To differentiate between viral and bacterial LRTI on simple clinical
criteria, easily obtained at the bedside.
Design of study: Prospective observational study.
Setting: General practices in the Leiden region of The Netherlands.
Method: Adult patients with LRTI were included. Standard medical
history and physical examination were performed. Sputum, blood and
throat swabs were collected for diagnostic tests. According to
microbiological findings, patients were classified as bacterial, viral,
dual infection and unknown cause. In a logistic regression model
independent predictors were determined. Scoring systems were
developed. The accuracies of the diagnostic rules were tested by using
receiver operating characteristic (ROC) curves.
Results: One-hundred and forty-five patients were classified as having
bacterial (n = 35), viral (n = 49), or dual infection (n = 8), or
infection of unknown cause (n = 53), respectively. Independent
predictors for bacterial infection were fever (odds ratio [OR] = 8.0; 95%
confidence interval [CI] = 0.9 to 71.0), headache (OR = 4.3; 95% CI =
1.0 to 19.1) cervical painful lymph nodes (OR = 8.7; 95% CI = 1.1 to
68.0), diarrhoea (OR = 0.3; 95% CI = 0.1 to 1.0) and rhinitis (OR =
0.3; 95% CI = 0.1 to 0.9). As an additional independent predictor, an
infiltrate on chest X-ray (OR = 5.0; 95% CI = 1.2 to 20.5) was found.
The diagnostic rules developed from these variables classified the
aetiology of LRTI with a ROC curve area of 0.79 (clinical score), 0.77
(simplified score) and 0.83 (extended score). 
Conclusions: A diagnostic rule was developed, based on information
that is easy to obtain at the bedside, to predict a bacterial infection.
This diagnostic rule may be a tool for general practitioners in their
management of patients with LRTI. 
Keywords: respiratory tract infections; predictive value of tests;
diagnosis; family practice.



1. Bacterial infection: when a bacterium was found,
known to cause LRTI, with the microbiological 
diagnosis classified as definite or possible3

2. Viral infection: when a virus was found, known to
cause LRTI, with the microbiological diagnosis 
classified as definite or possible3

3. Dual infection: when a bacterial as well as a viral
pathogen was found, both with a definite diagnosis3

4. Unknown cause: no causative microorganism was
found.

Statistical analysis
Data were analysed using SPSS version 11.0 for Windows.
First, information on medical history, physical examination,
laboratory tests and chest X-ray from patients with bacterial
infection was compared with data from patients with a viral
infection. The χ2 test was used to compare categorical vari-
ables; for continuous variables the Student’s t-test, and in
the case of skewed variables the Mann-Whitney U-test, was
used. Crude odds ratios (ORs) with 95% confidence inter-
vals (CI) were calculated.

A multivariate prediction model for a bacterial infection was
developed, using variables from medical history and physical
examination. These variables are easy to obtain at the
patient’s bedside. For this analysis the data of patients with a
proven bacterial infection and those with a proven viral infec-
tion could be used. Variables with a significant univariate
association (P<0.10, two-tailed) were entered into a logistic
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HOW THIS FITS IN

What do we know?
Most patients seen by their general
practitioner with signs of lower respiratory
tract infections are treated with antibiotics,
although many of them have a viral infection. Unnecessary
use of antibiotics should be avoided because of the 
growing prevalence of antibiotic resistance.

What does this paper add?
The results show that the general practitioner can differentiate
between bacterial and viral lower respiratory tract infections
with the help of readily available clinical information, offering
the prospect of reducing of antibiotic usage. 
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Table 1. Comparison of findings between bacterial and viral infection in patients with LRTI.

Bacterial infection Viral infection P-value Crude ORa

n = 35 (%) n = 49 (%) (95% CI)b

Sex (number of women) 16 (46) 29 (59) 0.22 0.6 (0.2 to 1.4)
Age (mean years) 50 (SD = 13) 50 (SD = 15) 0.83 1.0 (1.0 to 1.0)
Ex- or current smokers 23 (66) 28 (57) 0.43 1.4 (0.6 to 3.5)
Comorbidity 13 (37) 25 (51) 0.21 0.6 (0.2 to 1.4)
Duration of symptoms (mean days before inclusion) 8 (SD = 5) 9 (SD = 5) 0.50 1.0 (0.9 to 1.1)
Influenza vaccination 11 (31) 17 (35) 0.75 0.9 (0.3 to 2.2)
Acute onset 7 (20) 13 (27) 0.49 0.7 (0.2 to 2.0)
Fever  34 (97) 38(78) 0.01c 9.8 (1.2 to 80)
Rhinitis 13 (37) 30 (61) 0.03c 0.4 (0.2 to 0.9)
Hoarse voice  14 (40) 19 (39) 0.91 1.1 (0.4 to 2.6)
Chills  21 (60) 25 (51) 0.42 1.4 (0.6 to 3.5)
Sore throat 12 (34) 22 (45) 0.33 0.6 (0.3 to 1.6)
Headache  32 (91) 36 (74) 0.04c 3.9 (1.0 to 14.8)
Myalgia 25 (71) 28 (57) 0.18 1.9 (0.7 to 4.7)
Nausea  14 (40) 25 (51) 0.32 0.6 (0.3 to 1.5)
Diarrhoea  6 (17) 19 (39) 0.03c 0.3 (0.1 to 0.9)
Chest pain, retrosternal  12 (34) 9 (18) 0.10c 2.3 (0.8 to 6.3)
Chest pain, on breathing 11 (31) 15 (31) 0.94 1.0 (0.4 to 2.7)
Short of breath  26 (74) 38 (78) 0.73 0.8 (0.3 to 2.3)
Sputum production 25 (71) 40 (82) 0.27 0.6 (0.2 to 1.6)
Yellow/green sputum 18 (51) 16 (33) 0.08c 2.1 (0.9 to 5.3)
Tachypnoea (>16/min) 29 (83) 36 (74) 0.31 1.7 (0.6 to 5.2)
Pulse (>100/min) 1 (3) 3 (6) 1.00 0.5 (0.1 to 5.1)
Temperature (≥38°C) 15 (43) 17 (35) 0.45 1.4 (0.6 to 3.4)
Seriously ill  8 (23) 11 (22) 0.97 1.0 (0.4 to 2.9)
Painful lymph nodes 5 (14) 2 (4) 0.10c 3.9 (0.7 to 21)
Intercostal retractions 4 (11) 9 (18) 0.39 0.6 (0.2 to 2.0)
Dullness on percussion 8 (23) 10 (20) 0.79 1.2 (0.4 to 3.3)
Diminished breath sounds 4 (11) 4 (8) 0.62 1.5 (0.3 to 6.2)
Rhonchi  21 (60) 37 (76) 0.13 0.5 (0.2 to 1.2)
Crepitations  17 (49) 20 (41) 0.48 1.4 (0.6 to 3.3)
Infiltrate on chest radiography 10 (29) 5 (10) 0.03c 3.6 (1.1 to 11.7)
CRP>20 mg/ld 31 (91) 32 (68) 0.01c 4.8 (1.3 to 18)
CRP>50 mg/l 23 (68) 21 (45) 0.04c 2.6 (1.0 to 6.5)
ESRe 26 (77) 27 (56) 0.06c 2.5 (1.0 to 6.7)

aOR = odds ratio. bCI =confidence interval. cP-values were entered into the logistic regression analysis. dCRP = C-reactive protein. eNumber of
patients with erythrocyte sedimentation rate (ESR) above reference value (adjusted for age and sex).



regression model. In a backward selection procedure the
most significant variables were selected using P>0.10 as the
removal criterion. Adjusted ORs with CIs were calculated. 

A second multivariate prediction model was developed by
adding the results of the simple laboratory tests and chest X-
ray to the model, and performing a second backward selec-
tion procedure. This was done in order to evaluate the addi-
tional effect of laboratory and radiology variables.

The two logistic regression models were used to develop
three scoring systems. Firstly the coefficients of the logistic
regression model with variables from medical history and
physical examination were used to derive the ‘clinical score’.
Secondly, a simplified version of this score was constructed,
the ‘simplified score’, by substituting the coefficients by -1 if the
OR was smaller than 1 and +1 if the OR was larger than 1. The
third score, the so-called ‘extended score’, was derived from
the logistic model with laboratory, X-ray and clinical variables.

The accuracy of the scoring models in discriminating
between a bacterial infection and a viral infection was evaluat-
ed by using a receiver operating characteristic (ROC) curve. 

Results 
Data were collected from 145 patients meeting our definition
of LRTI. A detailed description of the patients is given else-

where.3 The mean age was 51 years (standard deviation
[SD] = 15). Seventy patients (48%) had comorbidity. The
mean duration of the symptoms before inclusion was 9 days
(SD = 6). One hundred and forty-four (99%) patients
received antibiotic treatment.

An aetiological diagnosis was made in 92 patients. Thirty-
five (24%) had a single bacterial infection, 49 (34%) a single
viral infection, 8 (6%) a dual infection, and in 53 patients
(36%) no pathogen was detected. Detailed information
about the aetiology of LRTI is described elsewhere.3

The analyses were done in 84 patients; 35 with a single
bacterial and 49 with a single viral infection. The results of the
univariate analyses are shown in Table 1. (For further data
see Supplementary table 1.) Patients with a bacterial infection
more often had fever, headache, retrosternal chest pain, yel-
low/green sputum and painful cervical lymph nodes.
Furthermore, these patients had higher CRP, higher ESR and
more often had consolidation on chest X-ray. Rhinitis and
diarrhoea were found more often in patients with a viral infec-
tion. Age, smoking habits, underlying diseases or abnormal-
ities on auscultation were not related to the aetiology.

The variables obtained from medical history and physical
examination, with P≤0.10 were included in the logistic
regression analysis. Five independent prognostic variables
were identified (Table 2). Headache, painful cervical lymph
nodes and fever had an OR>1.0, and were related to a bac-
terial infection. Rhinitis and diarrhoea had an OR<1 and
were related to a viral infection. In a following step the vari-
ables CRP, ESR and chest X-ray were added to the logistic
regression model. Of these added variables only an infiltrate
on the chest radiograph was statistically related to a bacter-
ial infection (OR = 5.0, 95% CI = 1.2 to 20.5). 

The ‘clinical score’ generated by logistic regression was: 
-2.715 -1.239 Χ diarrhoea; -1.183 Χ rhinitis; +1.466 Χ
headache; +2.168 Χ cervical painful lymph nodes; +2.075
Χ fever. 

The ‘extended score’ was: -3.168 -1.406 Χ diarrhoea; 
-1.014 Χ rhinitis; +1.516 Χ headache; +2.513 Χ cervical
painful lymph nodes; +2.111 Χ fever; and +1.609 Χ infiltrate
on chest X-ray. 

The ‘simplified score’ is defined as: diarrhoea, rhinitis if
present -1, and headache, painful lymph nodes, fever if pre-
sent +1, if absent (any sign/symptom) 0. 

In Figure 1 the ROC curves of the three models are shown:
the ‘clinical score’ with an area of 0.79 (95% CI = 0.69 to
0.89), the ‘extended score’ with an area of 0.83 (95% CI =
0.74 to 0.92) and the ‘simplified score’ with an area of 0.77
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Table 2. Independent variables for the prognosis of a bacterial infection in patients with LRTI.

Adjusted ORa for medical Adjusted OR for medical 
history and physical history, physical examination

examination (95% CIa) P-value and chest X-ray (95% CI) P-value

Diarrhoea  0.3 (0.1 to 1.0) 0.058 0.2 (0.1 to 1.0) 0.046
Rhinitis 0.3 (0.1 to 0.9) 0.03 0.4 (0.1 to 1.1) 0.081
Headache  4.3 (1.0 to 19.1) 0.053 4.6 (0.9 to 23) 0.063
Fever  8.0 (0.9 to 71) 0.063 8.3 (0.9 to 76) 0.062
Painful lymph nodes 8.7 (1.1 to 68) 0.04 12.3 (1.4 to 105) 0.02
Infiltrate on chest radiography  5.0 (1.2 to 20.5) 0.03

aOR = odds ratio. bCI =confidence interval.
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Figure 1. ROC curves of the extended, clinical and simplified score. 



(95% CI = 0.67 to 0.87).
The distribution of the ‘simplified score’ between patients

with a bacterial infection and a viral infection is shown in
Table 3. Different cut-off points for the ‘simplified score’ were
examined and sensitivity, specificity, number of patients
classified with a bacterial infection, reduction in antibiotic

treatment, and number of patients with a bacterial infection
not treated are shown in Table 4. For example, when patients
with a score ≥1 were classified with a bacterial infection the
sensitivity was 91% (95% CI = 82 to 100%), and specificity
was 47% (95% CI= 33 to 61%). When applying the ‘simpli-
fied score’ to the 53 patients in whom no pathogen was
detected, the cut-off point ≥1 predicted a bacterial infection
in 66% of these patients. In Figure 2 the relationship
between the ‘simplified score’ and the probability of three
different prevalences for a bacterial infection is shown.

Discussion
Main findings
The present study shows that differentiation between bacte-
rial and viral infection in patients with LRTI is possible using
information obtained from medical history and physical
examination. The presence of headache, fever and painful
cervical lymph nodes is associated with a bacterial infection,
the presence of diarrhoea and rhinitis with a viral infection.
An additional chest X-ray was discriminative in this respect,
but CRP and ESR tests were not. A scoring system was
developed for the prediction of a bacterial infection based
on the above-mentioned parameters from medical history
and physical examination, together with the result of the
chest X-ray. This we called the ‘extended score’, which had
an area under the curve (AUC) of the ROC of 0.83. The dif-
ference in AUC with the ‘simplified score’ (0.77), in which the
chest X-ray was omitted, was small, indicating a reasonable
discriminating power. The ‘simplified score’ is easily applic-
able in general practice whereas an X-ray is not common
practice. Prescribing antibiotics only to those patients with a
score of ≥1 on the ‘simplified score’, would lead to a reduc-
tion in antibiotic treatment of 30%, whereas 4% of the
patients would be withheld treatment although a bacterial
infection was present. The cut-off points of ≥0 and ≥2 gave
a poor reduction (7%) in antibiotic treatment or high rates of
denied treatment (18%), respectively.

The variables studied are based on information that can
easily be obtained in general practice. Variables such as ret-
rosternal chest pain, yellow and/or green sputum, CRP and
ESR however, with univariate ORs of >2.0, did not turn out
not to be independent predictors in the multivariate analysis.
An infiltrate on chest X-ray was an independent predictor. The
additional values of the CRP and ESR assays were tested
because of their reported value in predicting pneumonia.17

How this study contributes to existing literature
Diagnostic rules to identify the aetiology were developed
for patients with community-acquired pneumonia admit-
ted to the hospital in order to choose a specific initial
antibiotic therapy.14-16 The prediction rule of Bohte et al
with the variables cardiovascular disease, acute onset of
symptoms, pleuritic chest pain, leukocyte count, and the
presence of cocci in sputum, identified 80% of the pneu-
mococcal pneumonia correctly (sensitivity 69% and speci-
ficity 79%).16,18 Farr et al divided the patients into four aeti-
ological categories, i.e. ‘pneumococcal’, ‘mycoplasmal’,
‘other’ (other bacteria and viruses), and ‘undetermined’.14

The variables in the prediction rule were age, number of
days of illness before admission, presence or absence of
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Table 3. Distribution of scores between bacterial and viral infection
on ‘simplified score’. Values are number of patients.

Scores

-1 0 +1 +2
(n = 7) (n = 19) (n = 30) (n = 28)

Bacterial infection 0 3 12 20 
(n = 35)
Viral infection 7 16 18 8 
(n = 49)

Scores = diarrhoea = –1; rhinitis = –1; headhache = +1; painful
lymph nodes = +1; fever = +1.

Table 4. Characteristics of several cut-off points of the ‘simplified
score’ in identification of patients with a bacterial infection.

Scores 

≥0 ≥1 ≥2

Test sensitivity 100% 91% 57%
Test specificity 14% 47% 84%
Number of patients identified with 77 (92) 59 (69) 28 (33)

bacterial infection (%)
Reduction in antibiotic treatmenta 7% 30% 66%
Number of patients with bacterial  0 (0) 3 (4) 15 (18)

infection not treated (%)a

aWhen score would have been applied.

Figure 2. Relationship between simplified score and probability for
bacterial infection, given minimal (all unknown cases considered as
not bacterial), maximal (all unknown cases considered as bacterial),
and observed prevalence. At the cut-off point of +1 the probability
of a bacterial infection is between 24% and 63%.
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bloody sputum, lobar infiltration on chest radiograph, and
white blood cell count. In 42% of the cases the aetiology
was correctly predicted. Ruiz-Gonzalez et al divided the
aetiology of pneumonia in a bacterial and a virus-like
(virus, Mycoplasma pneumoniae and Chlamydia spp.)
pneumonia.15 The variables in the prediction rule were
acute onset, age >65 years or comorbidity and leukocy-
tosis or leukopenia. The prediction rule with a cut-off point
of 5 identified 74% of the aetiology correctly (sensitivity
89% and specificity 63%). Our diagnostic rule with vari-
ables diarrhoea, rhinitis, headache, fever, and painful cer-
vical lymph nodes, correctly identified the aetiology in
65%. The applied cut-off point was ≥1 (sensitivity 91%,
specificity 47%). 

The above-mentioned studies cannot be compared, as
they had different aims. The proportion of correctly pre-
dicted aetiology is reasonable for all studies, except for
the study of Farr et al (only 42%).14 The studies in patients
with pneumonia have some variables in common; i.e.,
acute onset, age, and leukocyte count. In our diagnostic
rule we used completely different variables. A reasonable
explanation is that these studies examined different
patient populations. 

Limitations of the study
Some limitations of the study have to be taken into account.
The data of 84 patients (58% of the total number included)
could be used for the analyses: 35 patients with a single
bacterial infection, and 49 with a single viral infection, which
is a relatively small number of patients. It is worth noting that
from 145 patients with clinical signs of LRTI, in 53 patients
no pathogen was found. To reduce the risk of excluding pos-
sible independent variables (Type II error) we used a P-value
of P<0.10 as a selection criterion in the logistic regression.
Before the prediction rule can be recommended for use in
practice, it should be validated by studying another cohort
of patients with LRTI.

Implications for clinical practice
Among adult patients consulting their GP with LRTI a scor-
ing system was developed, based on medical history and
physical examination, in order to predict a bacterial infec-
tion. By prescribing antibiotics only to those patients with a
score Ž1, a reduction of antibiotic use of one-third could be
achieved. Applying the diagnostic rule in this way, 4% of
the patients with an established bacterial infection would
not receive an antibiotic. For that reason it is important to
consider whether this consequence is acceptable. If spe-
cific subgroups of patients with an increased risk for com-
plications in cases of respiratory tract infection were
excluded from this approach, this might well be an accept-
able risk. It should be taken into account that the patients
in this study were not hospitalised and that it should be
standard practice to assess the clinical course of their con-
dition accurately, with or without antibiotic treatment. For
this reason, we believe the diagnostic rule can be a useful
tool for GPs in the management of LRTI, to identify those
patients with a bacterial infection who would benefit from
antibiotic treatment. We realise there are more strategies

for attaining a reduction in antibiotic use in LRTI, e.g. a
strategy of reconsultation,19 or the prediction of pneumo-
nia.13 It is possible that a combination of strategies will pro-
vide the best results in future.

References
1. Örtqvist Ä. Treatment of community-acquired lower respiratory

tract infections in adult. Eur Respir J 2002; 36(Suppl): 40S-53S.
2. Raherison C, Peray P, Poirier R, et al. Management of lower respi-

ratory tract infections by French general practitioners: the AIR II
study. Eur Respir J 2002; 19: 314-319.

3. Graffelman AW, Knuistingh Neven A, le Cessie S, et al. Pathogens
involved in lower respiratory tract infections in general practice. Br
J Gen Pract 2003; 54: 15-19.

4. Melbye H, Berdal BP, Straume B, et al. Pneumonia — a clinical or
radiographic diagnosis? Etiology and clinical features of lower
respiratory tract infection in adults in general practice. Scand J
Infect Dis 1992; 24: 647-655.

5. Macfarlane J, Holmes W, Gard P, et al. Prospective study of the
incidence, aetiology and outcome of adult lower respiratory tract
illness in the community. Thorax 2001; 56: 109-114.

6. Macfarlane JT, Colville A, Guion A, et al. Prospective study of aeti-
ology and outcome of adult lower-respiratory-tract infections in the
community. Lancet 1993; 341: 511-514.

7. Woodhead MA, Macfarlane JT, McCracken JS, et al. Prospective
study of aetiology and outcome of pneumonia in the community.
Lancet 1987; i: 671-674.

8. Lieberman D, Lieberman D, Korsonsky I, et al. A comparative
study of the etiology of adult upper and lower respiratory tract
infections in the community. Diagn Microbiol Infect Dis 2002; 42:
21-28.

9. Heckerling PS, Tape TG, Wigton RS, et al. Clinical prediction rule
for pulmonary infiltrates. Ann Intern Med 1990; 113: 664-670.

10. Diehr P, Wood RW, Bushyhead J, et al. Prediction of pneumonia in
outpatients with acute cough — a statistical approach. J Chron
Dis 1984; 37: 215-225.

11. Melbye H, Straume B, Aasebo U, et al. Diagnosis of pneumonia in
adults in general practice. Scand J Prim Health 1992; 10: 226-233.

12. Farr BM, Woodhead MA, Macfarlane JT, et al. Risk factors for
community-acquired pneumonia diagnosed by general practition-
ers in the community. Respir Med 2000; 94: 422-427.

13. Hopstaken RM, Muris JWM, Knottnerus JA, et al. Contributions of
symptoms, signs, erythrocyte sedimentation rate, and C-reactive
protein to a diagnosis of pneumonia in acute lower respiratory
tract infection. Br J Gen Pract 2003; 53: 358-364.

14. Farr BM, Kaiser DL, Harrison BDW, et al. Prediction of microbial
aetiology at admission to hospital for pneumonia from the pre-
senting clinical features. Thorax 1989; 44: 1031-1035.

15. Ruiz-Gonzalez A, Falguere M, Vives M, et al. Community-acquired
pneumonia: development of a bedside predictive model and scor-
ing system to identify the aetiology. Respir Med 2000; 94: 505-
510.

16. Bohte R, Hermans J, Van den Broek PJ. Early recognition of
Streptococcus pnemoniae in patients with community-acquired
pneumonia. Eur J Clin Microbiol Infect Dis 1996; 15: 201-205.

17. Melbye H, Straume B, Brox J. Laboratory tests for pneumonia in
general practice: the diagnostic values depend on the duration of
illness. Scand J Prim Health Care 1992; 10: 234-240.

18. Van den Broek PJ, Visser LG, Bohte R, et al. Early diagnosis of
pneumococcal pneumonia. J Antimicrob Chemother 2000; 46:
517-518.

19. Holmes WF, Macfarlane JT, Macfarlane RM, et al. Symptoms,
signs, and prescribing for acute respiratory tract illness. Br J Gen
Pract 2001; 51: 177-181.

Supplementary information
Additional information accompanies this paper at:
http://www.rcgp.org.uk/journal/index.asp

Acknowledgments
We wish to thank the patients and GPs who participated in the study. We
would also like to thank Professor Th J M Verheij (Julius Center for
Health Sciences and Primary Care, Utrecht) for his constructive criticism
and Mrs H Bolk-Lucieer for reviewing the manuscript. This work was
made possible by a grant from Pfizer and from the European
Commission Framework V.

24 British Journal of General Practice, January 2004

A W Graffelman, A Knuistingh Neven, S le Cessie, et al


