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Community-acquired pneumonia (CAP) presents both a diagnostic and therapeutic challenge to clinicians.  The
prognosis of CAP remains poor with a 4% to 33% fatal outcome.  Most initial therapy is necessarily empiric
because of the nonspecificity of clinical and radiographic findings and the limitations of diagnostic tests.  Severity
of illness at initial presentation and the presence of either coexisting illness or advanced age influence the
spectrum of etiologic agents and the initial approach to therapy.  Although an early etiologic diagnosis is
optimal in the management of CAP, in as much as 50% of all patients the responsible pathogen is not defined,
even with extensive diagnostic testing.  The emphasis in the initial diagnostic approach is to not order extensive
tests.  The practice of obtaining blood cultures seldom leads to alteration in the therapeutic regimen, even if
the cultures are positive.  Lack of clinical improvement with empiric therapy, complications from unrelated
underlying diseases, and allergic reactions are usually stronger forces for determining change in treatment.
Requiring blood cultures only for patients with the greatest risk of mortality from bacteremia from pneumonia
would save not only the cost of the blood cultures themselves but also costs resulting from contaminants.  As a
pragmatic approach, a strategy for microbial investigation linked to illness severity is suggested to replace the
current haphazard approach.

Rodriguez Luna HI, Pankey G. The utility of blood culture in patients with community-acquired pneumonia. The Ochsner Journal

2001; 3:85-93.

D espite the availability of potent new  antimicrobials  and
effective vaccines,  community-acquired pneumonia (CAP)
remains a common and serious illness that presents both

a diagnostic and therapeutic challenge to clinicians (1).  In the 1900s,
Sir William Osler found pneumonia to be the “Captain of the men
of death” by virtue of its associated mortality rate of about 200
persons per 100,000 per year.  In the United States, pneumonia is
the sixth leading cause of death and the number one cause of death
from infectious diseases (2,3).  As many as 4 million cases of CAP
may occur annually, and as much as 20% of these require
hospitalization (800,000 patients/yr) (3).

In the outpatient setting, the mortality rate of pneumonia
remains low, in the range of 1% to 5%.  However, among patients
with CAP who require hospitalization, the mortality rate approaches
30%, particularly if admission to the ICU is required (4-13).

Prognostic indicators for mortality related to CAP have
been evaluated, and several studies have identified an increased
risk of death in patients with pneumococcal bacteremia in the
range of 28.6% to 66.7% (1).  Because of the nonspecificity of
clinical and radiographic findings and the limitations of
diagnostic tests for identifying an etiologic pathogen, most initial
therapy is necessarily empiric.  The approach to such therapy
is based on an assessment of the likelihood that a given
pathogen is causing disease in a given patient, a determination
guided by information from experience and literature. Three
major variables that influence the spectrum of etiologic agents
and the initial approach to therapy are the severity of illness at
initial presentation and the presence of either coexisting illness
or advanced age (1).
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Etiology
In elderly patients, Streptococcus pneumoniae, Hemophilus

influenzae, aerobic gram-negative bacillus, and viruses are the
most common pathogens, while in young adults Streptococcus
pneumonia and Mycoplasma pneumoniae are the most
common pathogens.  Although an early etiologic diagnosis is
optimal in the management of CAP, the responsible pathogen is
not defined in as much as 50% of all patients, even when extensive
diagnostic testing is performed.  No single test can presently
identify all potential pathogens, and each diagnostic test has
limitations (4,5,12).

Diagnosis
The usual work-up for hospitalized patients includes a

standard posteroanterior and lateral chest x-ray as well as sputum
culture, sputum Gram stain (which has a poor sensitivity and
specificity), blood cultures, urine for Legionella antigen, and
serology for Mycoplasma pneumonia.  Invasive diagnostic
techniques to obtain lower airway specimens uncontaminated by
oropharyngeal flora are used if no etiologic agent is established
and the patient continues to deteriorate despite empiric therapy.

The emphasis in the initial diagnostic approach is to not order
extensive tests.  It is quite clear that when patients have had
multiple serologic tests, along with cultures of respiratory tract
secretions, the yield is limited.  In addition, identification of an
etiologic agent through diagnostic tests results in a change of
treatment for a small number of patients (1,14,15).

Objectives
This analysis examines the impact on clinical management of

obtaining blood cultures in certain presumed immunocompetent
adult patients with CAP admitted to the hospital and attempts to
answer three questions:

1. What is the value of obtaining blood cultures in hospitalized
patients with CAP?

2. Does it change the management?
3. What is the cost effectiveness in the management of CAP?

For this purpose, a brief review follows of several studies on CAP
that were originally intended to determine etiology and treatment.

CAP Requiring Hospitalization: A 5-Year
Prospective Study (Marrie et al) (5)

The goal was to determine the factors responsible for
mortality from pneumonia in 719 patients admitted to the hospital.
Pneumonia was defined as evidence of acute onset of respiratory

symptoms and at least one of the following physical findings:
crackles, ronchi, or consolidation associated with new radiographic
findings.  The study included private and nursing home patients,
excluding those with no radiographic evidence of pneumonia (most
common reason for rejection), previous hospitalization, congestive
heart failure, pulmonary infarction, and carcinoma of the lung.  The
diagnostic work-up included blood culture in 75% of the patients,
sputum culture in 36% (n=257), chest x-ray in 100% (n=719), lung
biopsy in 3.8% (n=28), and acute and convalescent phase serum
specimens in 92% (n=661).  Of these patients, 98 were admitted
with Nursing Home-Acquired Pneumonia (NHAP) and 441 patients
with CAP.  All isolates, with the exception of Staphylococcus.
epidermidis and Corynebacterium, were considered the etiologic
agents.  Only 48 (8.9%) patients with pneumonia were bacteremic.
Eight of the 98 (8.2%) patients with NHAP who had blood cultures
done were bacteremic, compared with 40 (9.1%) patients with CAP.
None of these patients received antibiotics before hospitalization.
Some of the agents isolated from blood cultures of the 48 bacteremic
patients are shown in Figure 1.  The overall mortality from
pneumonia was 21% with a 29% mortality rate among bacteremic
patients.  The primary or secondary causes of death were not
reported.

The authors concluded that blood cultures should be required
for all patients, because even though the yield is low, a positive
blood culture usually indicates the etiology of the pneumonia.  A
comprehensive serologic work-up, blood cultures, sputum cultures,
and counterimmunoelectrophoresis (CIE) to detect pneumococcal
antigen have a low yield of approximately 49% (16).  One must rely
on categorization of patients with CAP into various syndromes for
which the best empiric antibiotic therapies have been defined (17).

A Hospital Study of CAP in the Elderly
(Venkatesan et al) (18)

The goal was to determine the cause and outcome of
pneumonia in elderly patients admitted to a district general hospital.
Pneumonia was defined in this study as an acute lower respiratory
tract infection with new, previously unrecorded shadowing on a
chest radiograph.  Patients older than 65 years were included, and
those with chronic illnesses in which pneumonia was expected to
be a terminal event (i.e. congestive heart failure, lung cancer,
neurologic diseases, etc.) were excluded.  The diagnostic work-up
included sputum specimens and blood culture collection before
the administration of antibiotics whenever possible,
posterioanterior and lateral chest radiograph on admission and
again at 10 days, and serologic tests for Mycoplasma, Chlamydia,
Coxiella burnetii, adenovirus, and influenza A/B viruses.  Sputum,
urine, and serum samples were stored for later testing of
pneumococcal capsular antigens.
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A definite or probable pathogen was
identified in 31 patients (43%), including viruses,
bacteria, etc.  Of these 31, evidence of bacterial
infection was present only in 28, of which only
six were bacteremic, representing a blood culture
yield of 8.2%. The pattern of bacterial pathogens
in the elderly was very similar to that reported
in younger adults (Figure 2).

Streptococcus pneumoniae was the most
common pathogen, diagnosed by detection of
pneumococcal capsular antigen alone by CIE and
by latex agglutination in half of the patients,
indicating the sensitivity of this test.  The second
most common bacterial pathogen was
H. influenzae identified by sputum culture and
gram stains.  The overall mortality rate from CAP
was 14%; however, the number of bacteremic
patients was not stated.  The authors concluded
that S. pneumoniae and H. influenzae are the
major pathogens of CAP in both young and
elderly patients; therefore, CAP should be treated
primarily with antibiotics directed against
S. pneumoniae and H. influenzae.  Venkatesan
et al demonstrated the high value of
pneumococcal capsular antigen for the diagnosis
of CAP and poor predictability of blood cultures.

Rodriguez Luna HI, Pankey G

Figure 1. Pneumonia agents isolated by blood culture.

Figure 2. Etiologic agents reported in the elderly.

Table 1. Culture of S. pneumonia and detection of pneumoccoal antigen in different samples
from pneumonia patients. Reprinted by permission of The Lancet Publishing Group from
Macfarlane J T, et al, Lancet 1982; 2:256.

                                                           Culture for S. pneumoniae           Pneumococcal antigen detection

Number Number Number Number
 Specimen Tested Positive (%) Tested Positive (%)

Blood  127 18 (14) 123 14 (11)
Sputum 119 23 (19) 111  80 (72)
Pleural fluid  18 3 (17) 18 9 (50)
Lung aspirate      3 1 (33) — —
Tracheal aspirate   5  0 (0) — —
Necropsy lung tissue 18 1 (5) 18 13 (72)
Concentrated urine  —  — 98 63 (64)
Number of patients with 34  95
    one or more positive
    specimens
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Hospital Study of Adult CAP (Macfarlane et al)
(19)

The goal was to determine the cause and outcome of
pneumonia in 127 adults admitted to the hospital.  Every patient
presented with a history and clinical signs consistent with an acute
lower respiratory tract infection associated with fresh pulmonary
shadowing.  Patients younger than 80 years were included;
exclusion criteria were lung cancer, pulmonary infarction,
cerebrovascular accident, and immunosuppressive therapy.  The
diagnostic work-up included blood culture (n=127), sputum
cultures (n=119), tracheal aspirates (n=5), chest x-ray (n=127),
complement fixation for viruses, and pneumococcal antigen by
CIE.  Antibiotic choice was not controlled.  Fifty patients received
antibiotics before admission but failed therapy.  A diagnosis of the

cause was established in 123 of 127 (97%) consecutive cases of
adult CAP, with a bacterial infection implicated in 123 cases.
Pneumococcal infection was diagnosed in 96 of 127 patients (76%);
it was by far the most common cause of pneumonia.  In 34 cases,
the diagnosis was made by culture of the organism, with two-thirds
diagnosed by CIE of the sputum.  Only 18 (14%) patients had
positive blood cultures (Table 1).  The overall mortality was 15%.
The authors concluded that more than two-thirds of these
infections would have been missed if they had depended solely
on bacterial cultures, since these were positive only in 34 of 127
(27%) patients compared with 95 of 127 (75%) patients using CIE.

Figure 3. Distribution of etiologic agents.

Figure 4. Results of different bacteriological investigations.
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Importance of Noninvasive Bacteriologic and
Radiographic Investigations (Levy et al) (20)

The goal was to evaluate the importance of initial noninvasive
investigations in the bacteriological diagnosis of CAP and work out
a diagnostic and therapeutic strategy based on pragmatic and
economic considerations.  Pneumonia was defined in this study as
acute respiratory symptoms associated with fever and pulmonary
radiographic densities.  Patients older than 16 years were included.
Excluded were patients in immunocompromised states or on
immunosuppressive therapy, and those with radiographic evidence
of pulmonary edema or pulmonary embolism, and nosocomial
pneumonia.  The diagnostic work-up included chest x-ray, three
blood cultures within 12 hours before antibiotic administration,
sputum Gram stain and culture, and serologic analysis when no
bacteriologic diagnosis was made by other diagnostic methods.  The
choice of antibiotic was not controlled.

Thirty-five patients received antibiotics before admission but
all of them were considered failures of initial treatment.  Final
microbiologic diagnosis was made in 75 of 116 (65%) patients.  The
distribution of the etiologic agents is shown in Figure 3.  Results of
blood culture were positive in 14 of 116 (12%) cases, mostly when
S. pneumoniae was involved (Figure 4).  The overall mortality was
13%.

The authors concluded, as in many other studies, that
S. pneumoniae was the most common pathogen.  The prognosis
was identical whether a bacteriologic diagnosis was made or not.
Blood cultures contributed little in patients without severe
infections, and the authors proposed blood cultures and invasive
techniques only for patients with initially severe disease (defined
by the presence of hypophosphatemia, hypoalbuminemia, or
bilateral pulmonary infiltrates).

New and Emerging Etiologies for Community-
Acquired Pneumonia and Implications for
Therapy (Fang et al) (4)

The goal was to provide information on the frequency of
microbial etiologies for CAP so that an updated approach to
diagnosis and management could be rationally formulated.
Pneumonia was defined as a syndrome associated with new
pulmonary infiltrates on chest x-ray on admission or within 24
hours with at least one of the following “major” criteria: cough,
sputum production, or fever > 37.8° C, or two of the following
“minor” criteria: pleuritic chest pain, dyspnea, altered mental
status, pulmonary consolidation by examination, or white blood
cell count >12,000mm.  Private and nursing home residents were
included.  Excluded were patients with chest x-ray abnormalities
attributed to pulmonary edema, pulmonary embolism, or chronic
pulmonary disease, and those previously hospitalized or
transferred from another hospital within 7 days of the current
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Figure 5. Etiologic agents diagnosed by blood culture.

Figure 6. Blood culture results among patients whose
antibiotics were changed.  Data from Chalasani (14).
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diagnosis.  The diagnostic work-up included blood cultures on
admission, sputum Gram stains and culture, and serologic tests for
Mycoplasma, Chlamydia, and Legionella. A diagnosis of the etiologic
agent was established in 210 of 359 (58.5%) patients.  Blood cultures
were positive in only 28 (7.8%) (Figure 5).  In the other cases,
sputum studies and serology established the etiologic diagnosis.

The authors concluded that the clinical manifestations of CAP
are rarely specific.  S. pneumoniae and H. influenzae are the most
common organisms; therefore, they should always be considered
with empiric therapy.  Even with dedicated microbiological methods,
an etiologic agent could not be established in 33% of the cases.
They emphasized the need for more rapid and sophisticated
laboratory tests to pinpoint etiologies, given the low yield of the
current diagnostic methods.

Clinical Utility of Blood Cultures in Adult
Patients with CAP without Defined Under-
lying Risks (Chalasani et al) (14)

The goal was to examine the clinical utility of obtaining routine
blood cultures before the administration of antibiotics to certain
nonimmunosuppressed patients with CAP admitted to the hospital.
CAP patients over 18 years old were included.  Excluded were
patients with HIV infection, hematologic malignancies, metastatic
solid neoplasm receiving chemotherapy, and sickle cell disease;
those receiving immunosuppressive therapy; nursing home
residents; and patients discharged from the hospital less than 14
days prior to admission with pneumonia.

Of 517 patients, only 34 (6.6%) had positive blood cultures, 25
(4.8%) of which were considered contaminants (coagulase-negative
staphylococci and corynebacteria).  The antibiotic regimen was

changed in only 56 of the study patients, (blood cultures were
negative in 42 and positive in 14 (Figure 6).

In six of the 14 patients, treatment was changed from a
cephalosporin to penicillin, but the isolated bacteria were
sensitive to both.  In one case, the antibiotic was changed from
trimethoprin/sulfamethoxazole to penicillin, but the isolate was
sensitive to both drugs.  Antibiotic therapy was changed in the
other seven patients with positive blood cultures because of
allergic reactions, continued elevated temperature after 72 hours,
or positive sputum culture results that were available before
blood culture results.  In the remaining 42 patients who had
negative blood cultures, the antibiotic therapy was changed
secondarily due to allergic reactions or if no improvement in
clinical status was demonstrated after 48-72 hours.

The authors concluded that few blood cultures were positive
for organisms likely to infect adult patients with CAP without
defined underlying risk factors (HIV/AIDS, sickle cell disease,
nursing home residents, cancer, immunosuppressives, previous
pneumonia).  Positive blood cultures seldom lead to alteration
in the therapeutic regimen, and in a carefully defined group of
patients, blood culture may have limited clinical utility and
questionable cost-effectiveness.

Overview
Figure 7 summarizes the previously discussed studies and

a number of others.  The first four studies have similar inclusion
criteria and outcomes.  Studies with different inclusion criteria
are included to demonstrate a similar low incidence of positive
blood cultures.

Figure 7. Frequency of positive blood cultures across studies.
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How Can We Put Everything Together?
Despite substantial progress in the detection of

pathogens and in therapeutic options, there continue to be
major controversies in the clinical management of CAP.  Few
medical conditions are so controversial in terms of
management.  Pneumonia is one of the most difficult
conditions to study, made more difficult by the inherent
weaknesses in all studies.  The prognosis of CAP remains poor
with a 4% to 33% fatal outcome despite newer antibiotics,
diagnostic techniques, and intensive care units.  Ostergard
and Anderson (21) concluded that bacteremia is a poor
prognostic sign, raising the mortality up to 67% in patients
with pneumococcal bacteremia, by far the most common
cause of pneumonia in all reported studies (4,5,14,18-22).

An ample body of evidence supports the blood culture
yield ranging from 0.5% to 14% in the diagnosis of pneumonia
and identification of specific pathogens (6,13,19-23).  Marrie
et al concluded that blood cultures should be done on all
patients, because even though the yield is low, a positive blood
culture usually indicates the etiology of the pneumonia (5).
However, they also recognized the need for and value of
empiric antibiotic therapy in the treatment of pneumonia.

What, then, is the true value of blood cultures in CAP?
Does it change the management?  And if not, what is the cost-
effectiveness of blood cultures in the management of CAP?
Chalasani et al found that blood cultures were infrequently
positive in adult patients without defined underlying risk
factors (immunosupression, HIV, sickle cell disease, renal
failure, nursing home patients, etc) (Figure 6).  In addition to
yielding a low incidence of pathogens, the practice of obtaining
blood cultures seldom leads to alteration in the therapeutic
regimen, even if the cultures are positive (14).  Other reasons,
such as a lack of clinical improvement with empiric therapy,
complications from unrelated underlying diseases, and allergic
reactions, were usually stronger forces for determining change
in treatment.  Woodhead et al reported that the results of
microbial tests directed a change in antibiotic therapy in only
8% of cases (6).  They concluded that routine microbial
investigations of all adults admitted to the hospital with CAP
are not helpful and probably unnecessary (6).  In addition,
Glerant et al (22), reporting a 9% yield of positive blood
cultures in patients previously treated for CAP as outpatients,
concluded that the utilization of blood cultures in patients
with moderate CAP (as defined by the American Thoracic
Society guidelines) has reduced clinical usefulness and low
cost-benefit.  These results, however, are not surprising
considering that a comprehensive serologic work-up, blood
cultures, and CIE to detect pneumococcal antigens yield a

specific etiology for pneumonia in only 50% of patients, as reported
by Kettula et al (16).

Several studies have shown an increased propensity for
bacteremia in certain immunosuppressed states (23,24).  Fine et al
found an increased risk of complicated course in these patients (25).
In studies by Levy et al (20), Lim et al (23), Macfarlane et al (19), and
Chalasani et al (14), blood cultures had limited clinical utility in the
treatment of patients without underlying risk factors as described
above.  Requiring blood cultures only for patients with the greatest
risk of mortality from bacteremia from pneumonia would have saved
not only the cost of the blood cultures themselves but also costs
resulting from contaminants.

Bates et al concluded that false positive blood cultures are
associated with higher laboratory and microbiologic charges and may
be associated with an increased length of stay and a subsequent
increase in total charges (12) (i.e. Chalasani found a total of $34,122.00
was spent on blood cultures at $66.00 per patient; the current cost
for one set of blood cultures in our institution is $87.50).

Waterer et al (11) reported that despite the availability of
sensitivities, physicians were reluctant to narrow antibiotic therapy,
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Table 2. Poor prognostic factors in patients with CAP.

Age > 65 years

Coexisting disease Diabetes, renal failure, heart failure,
chronic lung disease, chronic
alcoholism, hospitalization
within previous year, neoplastic
disease, immunosuppression.

Clinical findings Respiratory rate > 30/ min.
SBP < 90 mm Hg or DBP < 60 mm Hg.
Temperature > 38.3°C.
Altered mental status
Extrapulmonary site of infection

Laboratory Tests WBC  < 4,000/mm3 or > 30,000/mm3

PO2 < 60 mm Hg at room air
Renal failure
Hematocrit < 30%
CXR: multilobar involvement, rapid
spread, or pleural effusion.

Microbial pathogens S. pneumoniae
Legionella
S. aureus
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