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Introduction
Pneumonia is the fourth leading cause for hospitalisation,

and the third leading cause of death in Singapore.1 Overall,
it is consistently one of the most expensive diseases to treat
among elderly persons with multiple co-morbid conditions,2
a challenge to our healthcare system with a rapidly ageing

population. Treatment guidelines for pneumonia invariably
recommend performing blood cultures. This practice has
become a major area of resource utilisation, despite the
poor yield of blood cultures.

Blood cultures have good specificity in identifying
pathogens. Its poor sensitivity however, renders the chance
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Abstract
Introduction: Routine blood cultures have been recommended for all patients in treatment

guidelines for community-acquired pneumonia (CAP). This practice has become a major area of
resource utilisation, despite the lack of evidence in its clinical utility. Calls for abandoning the
practice is balanced by the occasions of uncovering an unexpected pathogen or an unusual
antimicrobial resistance pattern. The aim of this study is to identify factors that predict positive
blood cultures among patients hospitalised for pneumonia upon presentation at the Emergency
Department (ED). Materials and Methods: A case control study was carried out on patients
treated for pneumonia in the ED who had routine blood cultures performed as part of their
management. The pneumonia severity index (PSI) was used to categorise patients into low- and
high-risk for 30-day mortality. Logistic regression was carried out to determine factors significantly
associated with positive blood cultures, from which a predictive probability equation was used
to identify patients whose blood cultures were negative at a pre-determined cut-off, with
minimum number of culture positive misclassification. A scoring system was devised, with scores
predicting which patients would be likely to have a positive or negative blood culture. Results:
A total of 1407 patients with pneumonia were treated at ED from May to December 2006, from
whom 1800 blood cultures were performed. Of these, 140 cultures (7.8%) grew organisms,
comprising 96 (5.3%) true positive cultures and 44 (2.4%) contaminated cultures. Logistic
regression analysis identified ill patients with higher PSI classes, smokers and Malay patients to
be more likely to have positive blood cultures. Patients who had prior treatment with antibiotics,
chronic obstructive pulmonary disease and cough were less likely to have positive blood cultures.
An index to predict a negative blood culture resulted in the accurate classification of all but 4
positive patients while still correctly classifying 27.8% of blood culture negative patients. The
area under the ROC curve was 0.71 (95% CI, 0.65-0.76). A simplified scoring system was devised
based on the predictive model had a sensitivity of 82% and specificity of 38.2% for a positive blood
culture. Conclusion: Routine blood cultures yielded negative results in 94% of patients presenting
with pneumonia. The development of the clinical scoring system is a first step towards selecting
patients for whom blood cultures is performed and improve cost-effectiveness.
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of altering the therapy directed by the results of the culture
very low,3-5 with questionable cost-effectiveness.6 On the
other hand, false positive blood cultures prolong hospital
stay and costs.6-8

The evidence base for performing routine blood cultures
for all and unqualified patients with community-acquired
pneumonia (CAP) had been vigorously challenged and
some have argued for the practice to be abandoned.9,10 Yet
the practice of universal blood cultures for patients
hospitalised for CAP continues, driven by the occasions of
uncovering an unexpected finding. The discovery of an
unusual antimicrobial resistance pattern,11,12 like the shifting
drug resistance of pneumococcus13 and the discovery of
community-acquired methicillin-resistant Staphylococcus
aureus infections14,15 have been cited as examples for the
continuing need to do blood cultures.

Other studies have recommended a more focused and
discriminatory approach to doing blood cultures,
recommending it for patients with severe CAP with high
mortality risk.6,16 To translate evidence and effect a change
in policy and practice for appropriate and cost-effective
and safe care, physicians need convincing evidence of the
clinical purpose of routine blood cultures in the local
context. The aim of this study is to identify factors that
predict positive blood cultures among patients hospitalised
for pneumonia upon presentation at the Emergency
Department (ED).

Materials and Methods
A case control study was carried out on all patients from

the community, who were treated for pneumonia at the ED
from May to December 2006. Pneumonia was diagnosed
based on symptoms of fever, cough, sputum production,
crepitations or consolidation in the lungs with radiological
findings suspicious for pneumonia at their initial
presentation at the ED. Patients were either hospitalised or
discharged from ED. For hospitalised cases, patients were
enrolled if the discharge diagnosis concurred with the ED’s
diagnosis of pneumonia or had a chest x-ray report
compatible with pneumonia. This approach was taken
because of the absence of a gold standard in the diagnosis
of pneumonia17,18 and high false positives in the diagnosis
of pneumonia in the ED.19 Patients who were not admitted
were enrolled if they had a clinical diagnosis of pneumonia
and a chest X-ray report compatible with pneumonia.

All patients had routine blood cultures performed as part
of their management at the ED. Cases consisted of patients
who had positive blood cultures and those with negative or
contaminated blood culture results made up the controls.
Blood cultures which grew coagulase-negative
staphylococcus, micrococcus species, corynebacterium
species, clostridium species, bacillus species were

considered contaminants. However, coagulase-negative
staphylococcus or clostridium species isolated from the
blood culture were considered clinically significant if the
pneumonia is associated with an infected surgical implant
or skin wound.8

Case-notes were reviewed for every patient with a
diagnosis of pneumonia at ED, by a trained research
assistant, and with the approval the ethics committee.
Information collected included patients’ demographic
characteristics (age, gender and ethnic group), symptoms,
smoking history, medical history and immunosuppression
(receiving immunosuppressant medications, steroids,
splenectomy, transplant recipient, HIV status). The
pneumonia severity index (PSI) was used to categorise
patients into low- and high-risk for 30-day mortality.20

Information collected for computation of the PSI included
(i) whether or not the patient was a nursing home resident,
(ii) presence of co-existing illness (neoplastic disease, liver
disease, congestive heart failure, cerebrovascular disease,
renal disease), (iii) findings on physical examination (altered
mental status, respiratory rate, systolic blood pressure,
temperature, and pulse rate), (iv) laboratory and radiologic
findings (arterial blood pH, blood urea, serum sodium,
glucose, haematocrit, pO2 or O2 saturation, pleural effusion
on chest X-ray). The PSI scores were summed and patients
were grouped into 5 risk classes, from I to V with increasing
30-day mortality from 0.1% to 29%, respectively. In
addition, information on hospital admissions in the previous
7 days, intensive care unit admission, prior antibiotic
treatment before arrival at the ED, number of blood cultures
performed and length of hospital stay were also recorded.

Statistical Analysis
Chi-square and Fisher’s exact tests were used to compare

categorical variables. The Fisher’s exact test was used if the
cells in the Chi-square test had less than 5 counts. The T-
test and the non-parametric Mann-Whitney U test were
used to compare means for continuous variables in univariate
analysis. Multivariate analysis by logistic regression was
carried out to determine factors significantly associated
with positive blood cultures. The stepwise forward method
was used to estimate the model. The following variables
were considered for inclusion: patients’ demographic
characteristics (age, gender and ethnic group), PSI class,
antibiotics given prior to ED presentation, antibiotics given
within 4 hours, symptoms of cough and haemoptysis,
smoking history, medical history (COPD, IHD, asthma or
DM), and immunosuppression (receiving immuno-
suppressant medications, steroids, splenectomy, transplant
recipient, HIV status).

Based on the significant factors identified by logistic
regression, a predictive probability equation was used to
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identify patients whose blood cultures were negative at a
pre-determined cut-off, with minimum number of culture
positive misclassification. Based on the predictive model,
a scoring system was devised, with scores predicting which
patients would be likely to have a positive or negative blood
culture upon presentation at the ED. The receiver operating
characteristic (ROC) curve was plotted to determine
maximum accuracy. All statistical analyses were performed
using SPSS version 15. All tests were conducted at the 5%
level of significance. The odds ratios (OR) and
corresponding 95% confidence intervals (95% CI) were
reported where applicable.

Results
A total of 1407 eligible patients were treated at the ED

from May to December 2006 who had a diagnosis of
pneumonia. Patients’ characteristics are summarised in
Table 1. The overall mean age was 71.6 years, ranging from
16 to 105 years, and the female to male ratio was 1:1.15.

Four hundred and thirty-eight (31.13%) of the study
patients had Healthcare-associated Pneumonia (HCAP).21

This classification was based on 279 patients who were
residents of nursing homes, 90 patients who had chronic
wounds, 72 immunosuppressed patients, 11 were on dialysis.
Forty-five patients were admitted in the preceding 7 days
before enrolment in the study.

A total of 1800 blood cultures were performed, of which
140 cultures (7.8%) grew organisms, comprising 96 (5.3%)
true positive cultures and 44 (2.4%) contaminated cultures
(Table 2). A total of 89 patients (6.3%) had at least one
positive blood culture and 44 patients (3.1%) had at least
one contaminated blood culture. Twenty-eight (1.99%) of
HCAP patients had positive blood cultures.

Thirty patients had either significant Coagulase Negative
Staphylococcus, or Staphylococcus aureus, or methicillin-
resistant Staphylococcus aureus infection (Table 2). Among
them, 15 patients (50%) also had skin lesions, 4 had
infective endocarditis, 2 had lung abscesses, 2 had
empeyema and 1 patient also had pyogenic arthritis.

Escherichia coli infection was found in 18 (18.8%) of the
cultures. Among these patients, a total of 13 (72.2%)
patients had a neurological defect that could result in
aspiration. Eleven (61.1%) had urinary tract infection, out
of which 5 patients also had dysphagia or swallowing
impairment.

Logistic regression analysis showed that blood cultures
were more likely to be positive in sicker patients in higher
PSI classes, the odds ratio being 2.0 and 3.0 in PSI Classes
IV and V respectively, compared to that of PSI Class II
(Table 3). A smoker had 70% higher odds of having
positive blood culture than a non-smoker; and Malay and
Indian patients were more likely to be positive compared to

Table 1. Characteristics of Patients Presenting with Community-acquired
Pneumonia

Blood culture P value

Positive Controls
(n = 89)  (n = 1318)

Age (y)

Mean 73 72 0.59b

Median 77 76

Range 24-104 16-105

Sex (male:female) 48:41 706:612 0.95a

Race, No. (%)  0.12a

Chinese 63 (70.8%) 1028 (78%)

Malay 16 (18.0%) 137 (10.4%)

Indian 8 (9.0%) 102 (7.7%)

Others 2 (2.2%) 51 (3.9%)

Cough 54 (60.7%) 1011 (76.7%) 0.001a

Smokers 20 (22.5%) 234 (17.8%) 0.26a

Chronic obstructive 3 (3.4%) 133 (10.1%) 0.04a

pulmonary disease
PSI class, No. (%)

II 13 (14.6%) 349 (26.5%) 0.009a

III 18 (20.2%) 307 (23.3%)

IV 36 (40.4%) 475 (36%)

V 22 (24.7%)   187 (14.2%)

Admitted to intensive 12 (13.5%) 62 (4.7%) 0.002a

care/high dependency
unit, No. (%)

Blood cultures obtained

Mean 1.9 1.2 < 0.001b

Median 1 1

Range 1-11 1-8

Length of hospital stay (days)

Mean 17 8 < 0.001b

Median 10 6

Range 1-111 0-74

Hospitalisation in preceding 0 45 0.11a

seven days

Received prior antibiotic 3 (3.4%) 177 (13.4%) 0.006a

treatment, No. (%)
a Chi-square or Fisher’s exact test
b Mann-Whitney U test

Chinese patients. Patients who were given antibiotics
prior to ED attendance had significantly reduced rate of
positive blood cultures. Patients with chronic obstructive
pulmonary disease (COPD) or had cough were less likely
to have positive blood cultures (Table 3). Patients classified



June 2009, Vol. 38 No. 6

511Predicting Blood Cultures in Pneumonia—Gregory Cham et al

were not admitted, of these 13 patients had radiological
diagnosis consistent with pneumonia.

Development of the Predictive Model
Based on the above regression model, an index to predict

a negative blood culture was created. The predicted
probability of positive blood culture (pi) was calculated
using the following equation,

i

i

p
p
−1

ln = – 2.90 – 1.36x1i – 1.53 x2i – 0.69x3i + 0.55x3i

+ 0.51x5i + 0.69x6i+ 1.11x7i+ 0.96x8i +0.51x9i -0.20x10i

For each individual i, x1 to x10 are covariates or dependent
variables. x1 represents prior treatment with antibiotics; x2
represents presence of COPD; x3 cough; x4 smoker; x5-7
represent PSI classes III-V; and x8-10 represents Malay,
Indian or Other ethnic groups, respectively. Pi is the
probability of a positive blood culture. A cut-off point was

as HCAP were not significantly predictive of a positive
blood culture.

A total of 74 patients were admitted into the intensive
care or high-dependency unit. The mean length of stay was
longer among those with positive culture results compared
to those in the control group (17 days vs 8 days) (Table 1).
However, those with contaminated results had a mean
length of stay of 12 days.

The discharge diagnosis of 1393 hospitalised patients
concurred with the ED diagnosis of pneumonia. Chest x-
ray findings were congruent with the diagnosis of pneumonia
in 65.2% of those with positive blood cultures and in 54.7%
with negative blood cultures. There were 14 patients who

Table 2. Blood Culture Results from Pneumonia Patients

Organism Postive blood culture
(n = 96)

No. %

Gram positive:

Coagulase-negative Staphylococcus 14 14.6

Streptococcus pneumoniae 13 13.5

Staphylococcus aureus 11 11.5

Methicillin-resistant Staphylococcus aureus 5 5.21

Beta-hemolytic Streptococcus 3 3.13

Streptococcus agalactiae (Group B) 1 1.04

Gram negative:

Escherichia coli 18 18.8

Citrobacter koseri 6 6.25

Klebsiella 6 6.25

Pseudomonas aeruginosa 3 3.13

Proteus mirabilis 3 3.13

Enterococcus species 3 3.13

Acinetobacter 3 3.13

Bacteroides fragilis 2 2.08

Enterobacter species 1 1.04

Fusobacterium species 1 1.04

Morganella morganni 1 1.04

Mixed coliforms 1 1.04

Anaerobic gram-negative rods 1 1.04

Contaminated blood culture
 (n = 44)

Mixed coagulase negative Staphylococcus 33 75.0

Bacillus species 4 9.1

Corynebacterium species 3 6.8

Micrococcus species 3 6.8

Clostridium species 1 2.3

Table 3. Significant Independent Factors by Logistic Regression Associated
with Positive Blood Culture Positive Results

Independent factors P value Odds ratio 95% confidence
interval

Lower Upper

Ethnic group

Malay 0.002 2.6 1.4 4.8

Indian 0.201 1.7 0.8 3.7

Others 0.787 0.8 0.2 3.5

[Chinese]

PSI class

PSI class III 0.184 1.7 0.8 3.5

PSI class IV 0.049 2.0 1.0 4.0

PSI class V 0.004 3.0 1.4 6.5

[PSI class II]

Chronic obstructive pulmonary disease

Yes 0.012 0.2 0.1 0.7

[No]

Smoker

Yes 0.051 1.7 1.0 3.0

[No]

Cough

Yes 0.005 0.5 0.3 0.8

[No]

Prior antibiotic treatment

Yes 0.023 0.3 0.1 0.8

[No]

The reference category is denoted in parenthesis [].
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established by minimising the number of misclassification
of positive culture while maintaining a high proportion
classified as negative culture. The relevant statistical
measures and overall accuracy showed that if pi is below the
cut-off, patient i is predicted to have a negative blood
culture. Using a cut-off of P = 0.027, the model had a
sensitivity of 95.5% and a specificity of 27.8%. The cut-off
resulted in the accurate classification of all but 4 positive
patients while still correctly classifying 27.8% of blood
culture negative patients. The area under the ROC curve
was 0.71 (95% CI, 0.65-0.76) (Fig. 1), indicating that the
model had a good ability to discriminate between patients
with positive and those with negative blood culture.

A Scoring System to Identify Pneumonia Patients With
Positive or Negative Blood Cultures

Using the above predictive model, a simplified scoring
system that could be easily applicable was devised based
on the predictive model above. The scores were derived
from the regression coefficients and their clinical importance
is as follows:

The range of the predictive score is from -5 to 5. Patients

of patients with pneumonia. Kappa  was 0.37 (95% CI,
0.22-0.52) for infiltrates; and  0.46 (95% CI, 0.33-0.50) for
pleural effusion. Radiologists do not agree about the
presence of lobar vs. bronchopneumonia or air
bronchograms,  0.09 (95% CI, -0.04-0.22) and  0.01 (95%
C.I. -0.12-0.14) respectively.18 Kappa was considerably
lower if chronic obstructive pulmonary disease was present
(κ 0.20) or Streptococcus pneumoniae (κ -0.29) was the
infective agent.22 Clinical features of pneumonia are not
unique, but a measure of the clinician’s judgment over
time, is crucial despite also being similarly affected by
subjectivity.17 In practice, the diagnosis of pneumonia is
arrived at on the balance of the two.

Coagulase-negative staphylococcus and clostridium
species isolated from blood culture are usually considered
contaminants. However they were clinically significant in
patients who had pneumonia and infected surgical implants,
heart valves or significant skin infection.8 The rate of
14.6% of blood cultures with significant coagulase-negative
staphylococcus bacteremia in this study was comparable
with that in other studies.8,23

Likewise, the rates of infection from gram-negative

Fig. 2. ROC curve of the scoring system to identify patients
likely to have positive blood cultures.

Fig. 1. ROC curve of the predictive model for identifying patients
with positive blood cultures.

Predictor Score

PSI class V 3

PSI class IV 2 

Prior antibiotic treatment -2

COPD -2

Malay 1

Smoker 1

Cough -1

scoring >-1 is predicted to have a positive blood culture.
The area under the ROC curve was 0.64 (95% CI, 0.58-
0.70) (Fig. 2). This model had a sensitivity of 82% and
specificity was 38.2% for a positive blood culture. The
negative likelihood ratio is 0.47; and the positive likelihood
ratio is 1.33.

Discussion
This study had shown that routine blood cultures were

negative in 93.7% of patients presenting with pneumonia.
Blood cultures were more likely to be positive in patients
who were in PSI class IV or V; of Malay origin; or smokers.
Prior treatment with antibiotics significantly rendered the
blood cultures negative. The presence of COPD or cough
were also negative predictors.

Chest X-rays is not a robust gold standard to make a
diagnosis of pneumonia. The reliance on subjective
radiological features is fraught with poor interobserver
reliability. Radiologists only agree moderately about the
presence of infiltrates and pleural effusions on chest X-rays
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organisms like Escherichia coli, klebsiella, Pseudomonas
aeruginosa and enterococcus species were comparable to
another study.24 Micek’s study showed that Escherichia
coli infection was present in 5.8% of CAP; 4.2% in HCAP
patients and made up a total of 4.7% of pathogens.25

Burkholderia pseudomallei infection was not found in
the cohort. Melioidosis is a relatively uncommon infection
locally, with an incidence rate of 1.7 per 100,000 population
annually.26 Melioidosis should be suspected in severe
community-acquired pneumonia.27-29 The severity of
melioidosis infection would likely prompt a blood culture
and a serology test.

The study population involved prospective pneumonia
patients, some of whom were eventually found to have
more than one source of infection. It reflected the realities
of medically heterogeneous patients arriving at an ED,
diagnosed against an imperfect gold standard and an
unreliable blood culture yield. This regression model was
translated into a clinical scoring system for use by physicians
faced with such patients, with a specificity of 38.2% while
retaining a higher sensitivity of 82% for a positive blood
culture. Retrospectively applying the model created in the
current study on the cohort of 1407 patients, 535 blood
cultures, or 38%, could have been saved while missing 16
positive blood cultures.

Other prediction models for blood cultures in CAP have
been put forth. Metersky’s model reported slight differences
in independent positive predictors of bacteremia,24 the
factors identified were actually individual components that
added to the total PSI score. Metersky’s model was able to
identify 88% to 89% of patients with bacteremia and
reduced the blood cultures by 38%. Another model30 also
identified slightly different predictors comprised of PSI
components. The yield of blood cultures increased with the
PSI class, was similarly found in other studies.31,32 A
significant similarity between these models and the current
study is that PSI is a prominent predictor of bacteremia and
its use in a predictive modeling tool for bacteremia.

The result of the study is limited by the retrospective
derivation cohort and is yet to be validated prospectively.
Many of the patients in this study were old and had other co-
morbidities, contributing to a high proportion of patients
with PSI classes of IV or higher. A younger cohort of
pneumonia patients may not show similar predictive
characteristics.

It was also found that 44 patients (3.1%) had contaminated
culture results, and these patients had an associated four-
day extended length of stay on average compared to those
with negative cultures, translating to resource utilisation
and cost. Although the clinical utility of positive blood
culture results was not studied, the cost-effectiveness of the
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