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Background. The microbial etiology of community-acquired pneumonia (CAP) is still not well characterized.
During the past few years, polymerase chain reaction (PCR)-based methods have been developed for many
pathogens causing respiratory tract infections. The aim of this study was to determine the etiology of CAP among
adults—especially the occurrence of mixed infections among patients with CAP—by implementing a new diagnostic
PCR platform combined with conventional methods.

Methods. Adults admitted to Karolinska University Hospital were studied prospectively during a 12-month
period. Microbiological testing methods included culture from blood, sputum, and nasopharyngeal secretion
samples; sputum samples analyzed by real-time quantitative PCR for Streptococcus pneumoniae, Haemophilus
influenzae, and Moraxella catarrhalis; nasopharyngeal specimens analyzed by use of PCR; serological testing for
Mpycoplasma pneumoniae, Chlamydophila pneumoniae, and viruses common in the respiratory tract; and urine
antigen assays for detection of pneumococcal and Legionella pneumophila antigens.

Results. A microbial etiology could be identified for 67% of the patients (n = 124). For patients with complete
sampling, a microbiological agent was identified for 89% of the cases. The most frequently detected pathogens
were S. pneumoniae (70 patients [38%]) and respiratory virus (53 patients [29%]). Two or more pathogens were
present in 43 (35%) of 124 cases with a determined etiology.

Conclusions. By supplementing traditional diagnostic methods with new PCR-based methods, a high microbial
yield was achieved. This was especially evident for patients with complete sampling. Mixed infections were frequent

(most commonly S. pneumoniae together with a respiratory virus).

Knowledge of pathogens causing community-acquired
pneumonia (CAP) constitutes the basis for selection of
empirical antimicrobial treatment, which has a sub-
stantial impact on the prognosis of the patient [1, 2].
Despite the development of improved microbiological
methods during the past few years, the etiology of CAP
has still not been well characterized [3]. Few recent
studies with well-characterized patient groups, appro-
priate specimen collection prior to antibiotic treatment,
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and combined bacteriological and virological diagnos-
tics have been published.

Viruses are recognized as important causes of CAP
among infants and children [4], but the role these vi-
ruses play in causing CAP among adults is not well
understood. Recent studies based on molecular diag-
nostics indicate that the viral etiology of CAP may have
been underestimated [5-8] because of a previous lim-
ited range of diagnostic methods. It is still unclear
whether a virus by itself can cause pneumonia or
whether the virus can act in conjunction with other
respiratory pathogens. Previous studies have shown that
some respiratory viruses are capable of invading and
replicating in the lower respiratory tract mucosa [9,
10]. Moreover, a few reports indicate that the incidence
of mixed infections may be significant among patients
admitted to hospital with CAP [11, 12].

Nucleic acid detection with the use of real-time poly-

merase chain reaction (PCR) has been developed for
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many bacterial and viral pathogens causing respiratory tract
infections [13-20]. One of the advantages of molecular diag-
nostics is the possibility of identifying pathogens in patients
already receiving antibiotic treatment [21]. To our knowledge,
these new PCR methods have not been evaluated concurrently
in a prospective study of patients with CAP. The aim of this
study was to determine the etiology of CAP among patients
admitted to hospital and, in particular, to assess the occurrence
of mixed infections, by implementing a new diagnostic PCR
platform combined with conventional methods.

METHODS

Patients. The patient population and the inclusion criteria
have been described in detail elsewhere [21]. During a 12-
month period between the years 2004 and 2005, consecutive
patients with CAP admitted to the Department of Infectious
Diseases at Karolinska University Hospital in Solna, Stockholm,
Sweden (n = 184), were included in a prospective study.

All patients provided written informed consent. The study
was approved by the regional ethics committee in Stockholm,
Sweden.

Specimen collection. Nasopharyngeal secretions, sputum,
and blood were obtained for bacterial culture before start of
antibiotic therapy in the emergency department. Because it is
often difficult to obtain good quality sputum samples in the
emergency department, induced sputum specimens were ob-
tained with the assistance of a respiratory physiotherapist on
the ward [21].

Nasopharyngeal secretion samples for bacterial and viral de-
tection and urine samples for pneumococcal and Legionella
pneumophila antigen detection were obtained 1 day after hos-
pital admission. Blood samples were obtained 1 day after hos-
pital admission and 4 weeks later for serological analysis of
influenza virus, parainfluenza virus, adenovirus, respiratory
syncytial virus (RSV), Mycoplasma pneumoniae, and Chlamy-
dophila pneumoniae.

Microbiological methods. With regard to bacteriological
methods, all sputum samples were examined by microscopy,
and samples containing a preponderance of leukocytes and a
few squamous epithelial cells were considered acceptable for
culture, according to accepted criteria [22]. When reading the
culture plates, we tried especially to recover and identify the
bacteria indicated in the purulent parts of the slides. The num-
ber of colony-forming units per milliliter (cfu/mL) was assessed
by use of a semiquantitative technique [20, 23]. Quantitative
cultures of sputum samples and qualitative cultures of naso-
pharyngeal samples as well as blood samples were performed
in accordance with accepted methods and criteria.

Real-time quantitative PCR (RQ-PCR) targeting the pneu-
molysin (ply) gene of Streptococcus pneumoniae, the fumarate
reductase (frdB) gene of Haemophilus influenzae, and the outer

membrane protein (copB) gene of Moraxella catarrhalis was
performed as described by Kais et al [20]. Respiratory tract
samples were also examined for L. pneumophila by use of cul-
ture and/or PCR and for M. pneumoniae and C. pneumoniae
by use of PCR [13].

Immunochromatographic membrane tests (BinaxNOW .
pneumoniae and BinaxNOW Legionella; Inverness Medical In-
novations) were performed on urine samples, for detection of
pneumococcal and L. pneumophila antigens. Commercially
available enzyme-linked immunosorbent assays (Ani Labsys-
tems) were used according to the manufacturer’s instructions
for the detection of immunoglobulin G (IgG) and IgM anti-
bodies to M. pneumoniae and C. pneumoniae.

With regard to virological methods, virus isolation was per-
formed on all nasopharyngeal secretion samples in accordance
with diagnostic practice [24]. The detection of adenovirus, en-
terovirus, human bocavirus, human coronaviruses 229E, HKU-
1, NL63, and OC43, human metapneumovirus, influenza vi-
ruses A and B, parainfluenza viruses 1-3, rhinovirus, and RSV
(A and B) was performed retrospectively by a newly developed
real-time PCR platform [19]. Three reactions were duplex as-
says, parainfluenza virus 1 and 3, parainfluenza virus 2, and
human coronavirus 229E, and RSV A and RSV B (although
only reported as RSV). All other reactions were performed as
single-agent assays. For serology, an in-house enzyme-linked
immunosorbent assay was used for the detection of IgG an-
tibodies to adenovirus (using adenovirus type 2 antigen con-
sidered to react with all adenoviruses), influenza A and B vi-
ruses, parainfluenza 1, 2, and 3 viruses and RSV [25, 26].

Diagnostic criteria. A microorganism was considered to
be of definite etiological significance if it was cultured from
blood, pleural fluid, a protected specimen brush (cutoff, =10’
cfu/mL protected specimen brush broth), or bronchoalveolar
lavage (cutoff, =10* cfu/mL bronchoalveolar lavage fluid), or
if the urine antigen assay for S. prneumoniae or L. pneumophila
was positive. Detection of L. pneumophila by culture and/or
PCR from sputum was also considered as definite support for
the etiology.

In accordance with our previous findings of patients with
bacteremic pneumococcal pneumonia, identification of =10°
cfu/mL of S. pneumoniae in sputum culture or nasopharyngeal
culture was accepted as of probable significance [23, 27, 28].
Pneumococcal DNA corresponding to =10° cfu/mL by use of
RQ-PCR was also considered to be of probable significance
[20]. For other bacteria, identification of =10° cfu/mL in spu-
tum culture [29] or DNA corresponding to =10° cfu/mL by
use of RQ-PCR for H. influenzae and M. catarrhalis were con-
sidered to be of probable significance. The identification of M.
pneumoniae and C. pneumoniae by use of PCR, the presence
of IgM antibodies, a 2-fold increase in IgG between acute and
convalescent phase samples were all considered to be support
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for a probable microbial diagnosis. A viral etiology was deemed
probable if at least one of the following criteria was met: de-
tection of a virus in a respiratory secretion sample by use of
isolation or PCR, or a 10-fold increase in IgG titer between
acute and convalescent phase samples.

RESULTS

Patients’ characteristics. The baseline characteristics of the
patients are shown in Table 1. The study population consisted
of 94 males and 90 females. The mean age was 61.3 years (range,
18-93 years). A total of 74 patients had at least 1 underlying
disease, with malignancy as the most frequent (19%). The av-
erage stay in the hospital was 7.1 days (range, 1-69 days). At
hospital admission, 40 patients (22%) had already been started
on antibiotic therapy.

Microbiological etiology of CAP. A definite or probable
microbial etiology of CAP was established for 124 (67%) of
the 184 patients when RQ-PCR assays for S. pneumoniae, H.
influenzae, and M. catarrhalis from sputum samples and the
PCR platform for respiratory viruses were added to the con-
ventional methods. In contrast, the microbial yield was 60%
(110 of 184 patients) when only conventional methods were
used.

A bacterial etiology was found for 106 patients (58%), 9 of
whom had more than 1 bacterial species identified (Table 2).
The most frequently detected bacteria were S. pneumoniae (70
patients [38%]), M. pneumoniae (15 patients [8%]), H. influen-
zae (9 patients [5%]), and M. catarrhalis (7 patients [4%]). A
viral pathogen was identified for 53 (29%) of the 184 patients;
1 patient had 2 viral findings (Table 3). The most common
viral findings were influenza virus (14 patients [8%]), rhino-
virus (12 patients [7%]), RSV (7 patients [4%]), and parain-
fluenza virus (7 patients [4%]).

Diagnostic yield with different bacteriological diagnostic
methods. The contribution of the different methods to the
determination of etiology is illustrated in Tables 2 and 3. Blood
cultures provided a microbial diagnosis for 31 (17%) of 179
patients. S. pneumoniae was detected by the urinary antigen
assay for 33 of 169 patients tested. Seventeen of these patients
were also diagnosed by use of blood culture, whereas 16 patients
were diagnosed by the use of a urinary antigen test alone (Table
2). A probable diagnosis was established with sputum culture
for 33 (26%) of 128 patients, which increased the diagnostic
yield by an additional 22 cases. Positive findings with sputum
RQ-PCR for S. pneumoniae, H. influenzae, and M. catarrhalis
were obtained for 42 (33%) of 126 patients (1 patient tested
positive for both S. pneumoniae and H. influenzae), which in-
creased the diagnostic yield by an additional 15 cases. S.
pneumoniae was found in the nasopharyngeal secretion samples
of 42 (27%) of 158 patients, which increased the microbial

Table 1. Baseline Characteristics of 184 Patients with Com-
munity-Acquired Pneumonia Admitted to Hospital

Characteristic Patients
Mean age, years 61.3
Male 94 (51)
Female 90 (49)
Any comorbidity 74 (40)
COPD and/or chronic bronchitis 21 (11)
Heart failure 12 (7)
Cerebrovascular disease 16 (9)
Malignancy 35 (19)
Liver disease 7 (4)
Renal failure 0 (0)
Antibiotic use prior to hospital admission 40 (22)

NOTE. Data are no. (%) of patients, unless otherwise indicated. COPD,
chronic obstructive pulmonary disease.

diagnostic yield (as well as the diagnostic yield of other meth-
ods) by only an additional 7 cases.

Diagnostic yield with different viral diagnostic methods.
Eight cases were detected by viral isolation. Serology accounted
for 21 positive findings, in 1 case for both the influenza and
the parainfluenza virus. The PCR results of the nasopharyngeal
secretion samples of 35 patients were positive, and 5 of these
patients also had serum samples that tested positive. Influenza
virus was the most common finding (ie, 14 [8%] of 184 pa-
tients) (Table 3). Nine different viral agents were identified.

Mixed infections.
tified 2 potential pathogens for 20 (11%) of the 184 patients
and 3 pathogens for 2 patients (1%). PCR testing for S. pneumo-

Conventional diagnostic methods iden-

niae, H. influenzae, M. catarrhalis, and respiratory viruses in-
creased the total diagnostic yield to 42 (23%) and 4 (2%)
patients with 2 and 3 pathogens, respectively. Of the 106 pa-
tients with a definite or probable bacterial etiology, 42 (40%)
presented with mixed infections. When S. pneumoniae was
identified, a copathogen was found in the samples of 34 of 70
patients: 6 bacterial pathogens (3 of which were isolates of H.
influenzae) and 29 viral agents (7 of which were isolates of
influenza virus and 7 of which were isolates of rhinovirus). Of
the 53 patients with documented viral findings, two-thirds (ie,
35 patients) had at least 1 additional pathogen identified, of
whom 30 (86%) had S. pneumoniae isolated.

Microbiological yield with different methods among pa-
A total of 38 patients
had complete samples collected: blood, sputum, and nasopha-

tients with complete sample collection.

ryngeal secretion samples for culture; sputum samples analyzed
by RQ-PCR for S. pneumoniae, H. influenzae, and M. catar-
rhalis; nasopharyngeal specimens analyzed by use of PCR; se-
rological testing for M. pneumoniae, C. pneumoniae, and viruses
common in the respiratory tract; and urine antigen assays for
detection of pneumococcal and L. pneumophila antigens. More-
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Table 3. Viral Yield in the Study Population and the Contribution of Different Methods to the
Determination of Etiology with Respect to Their Different Specificity

No. (%) PCR from
patients with Nasopharyngeal nasopharyngeal
positive findings  secretion culture  Serology  secretion sample
Pathogen (n=184) (n=157) (n=131) (n = 156)
Influenza virus 14 (8) 8 7 4
Rhinovirus 12 (7) 12
Respiratory syncytial virus 7 (4) 1 b) 1
Parainfluenza virus 7 (4) 1 5 1
Coronavirus 4 (2) 4
Metapneumovirus 4(2) 1 3
Adenovirus 3(2) 8
Herpes simplex 1 virus 2 (1) 2
Enterovirus 1 (0.5) 1
Total 54 (29) 8 20 26

NOTE. Date are no. of patients who received a diagnosis by use of a particular method, unless otherwise
indicated. Additional patients received a diagnosis by use of different methods; for example, an additional 7 cases
of influenza virus were diagnosed by serology that were not diagnosed by virus isolation, and another 4 cases
were diagnosed by polymerase chain reaction (PCR) from nasopharyngeal secretion samples that were not diag-

nosed by virus isolation or serology.

over, none of these patients had been given antibiotics before
admission to the hospital (Figure 1).

According to our diagnostic criteria, a microbial etiology was
established for 34 (89%) of the 38 patients. Multiple pathogens
were detected in the samples of 12 patients (32%). There were
31 patients (82%) who received a diagnosis of bacterial infec-
tion. For 24 patients (63%), S. pneumoniae was the most com-
mon bacterial finding, and a second microbial agent was found
for 12 (50%) of the 24 patients; of these 12 patients, 10 (83%)
had a respiratory virus infection. A total of 13 (34%) of the
38 patients received a diagnosis of viral infection. For 10 (77%)
of these 13 patients, a bacterial pathogen (predominantly S.
pneumoniae) was also found.

Treatment in intensive care unit and mortality. Of the
184 patients, 11 (6%) were treated in the intensive care unit.
An etiological agent was found in the samples of 10 of these
11 patients, and multiple pathogens were detected in the sam-
ples of 5 of these 10 patients. Eight patients had S. pneumoniae
infection. For 4 (50%) of these 8 patients, at least 1 viral agent
was also detected. From 1 patient’s sample, Strepfococcus py-
ogenes was found together with metapneumovirus; from an-
other patient’s sample, M. pneumoniae was identified. The over-
all case fatality rate was 3.8% (ie, 7 of 184 patients died).
Microbial infection was diagnosed for 3 of the patients who
died; S. pneumoniae and RSV was found in the samples of the
first patient who died, S. pyogenes and metapneumovirus in the
samples of the second patient who died, and M. catarrhalis in
the samples of the third patient who died.

DISCUSSION

Three major findings are reported in this study. First, the total
microbial yield was high. The yield improved with the imple-
mentation of PCR for respiratory virus and RQ-PCR for S.
pneumoniae, H. influenzae, and M. catarrhalis. Second, S.
pneumoniae was the leading causative agent. Third, respiratory
viruses were found most often and at a high frequency as part
of a mixed infection, usually in combination with §.
preumoniae.

Establishing a microbial diagnosis for patients with CAP is
challenging. Although many etiological studies have been per-
formed, the etiology most often remains unknown in approx-
imately one-half of the cases [2, 3, 30]. In the present study,
at least 1 etiological agent was found in two-thirds of all cases,
and the yield increased to ~90% for patients with complete
samples collected and no antibiotics given prior to hospital
admission. The yield improved by adding to the conventional
procedures RQ-PCR testing of sputum samples for S. pneumo-
niae, H. influenzae, and M. catarrhalis and real-time PCR testing
of nasopharyngeal secretion samples for 15 respiratory viruses.

Blood samples for culture are easy to collect and provide a
definite microbial diagnosis when the results are positive, but
in the present study, they revealed the etiology of infection for
only 17% of all patients, a number similar to previous studies
[30, 31]. Urine specimens are also easy to obtain, and the
pneumococcal and L. pneumophila antigen assays are generally
considered specific. However, these tests provided a diagnosis
for only an additional 11% of patients (ie, nonbacteremic
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Figure 1.

Percentage of patients with complete samples collected (n = 38) whose case of infection was etiologically determined and percentage

of mixed infections. H. influenzae, Haemophilus influenzae; M. catarrhalis, Moraxella catarrhalis, M. pneumoniae, Mycoplasma pneumoniae, N.
cyriacigeorgica, Nocardia cyriacigeorgica, RSV, respiratory syncytial virus; S. pneumoniae, Streptococcus pneumoniae.

cases). A pneumococcal antigen assay was performed for 65
patients with a pneumococcal infection; 51% of the specimens
were positive, 65% from bacteremic patients and 40% from
nonbacteremic patients, and no more than one-third (13 of 37
patients) tested positive when the sputum samples positive for
S. pneumoniae were studied alone. Our results indicate that the
sensitivity of the pneumococcal urine antigen assay may be
lower than recently reported [32]. Sputum samples for both
culture and RQ-PCR were obtained from ~70% of all patients.
Sputum samples for culture provided a probable etiology for
one-fourth of the patients, and sputum samples for RQ-PCR
provided a probable etiology for one-third of the patients. Fur-
thermore, for patients with negative test results by culture from
blood, sputum, or urine antigen assays, RQ-PCR provided a
probable microbial diagnosis in 12% of the cases, confirming
that this method is a valuable complement to conventional
methods. The ply gene used for the RQ-PCR has recently been
identified in Streptococcus mitis as well [33], and thus the spec-
ificity of our analysis may be questioned. However, our analysis
was quantitative, and any amount of DNA from S. mitis would
probably be low. Moreover, our previous data support the good
specificity of the negative results from throat samples [20] and
the positive findings determined by use of other diagnostic
methods [21]. However, in future studies, it will be important
to take into account the choice of primers.

S. pneumoniae was the most common microorganism found

(38% of patients). For approximately two-thirds of the patients
with complete diagnostic samples collected, there was support
for a pneumococcal etiology. These findings support earlier
suggestions that pneumococci cause a majority of CAP cases
in which negative test results were found using conventional
methods [11, 30, 34]. Viruses are the most common pathogens
found in the samples obtained from young children with CAP,
accounting for 14%-35% of the cases [35]. In contrast, a viral
etiology has previously been reported for ~10% of adult pa-
tients with CAP admitted to hospital [30]. However, in some
recent publications, viral agents have been recognized as a more
common cause of CAP among adults [1, 5, 8, 11, 36]. The
results in the present study corroborate these findings, with
support for a viral etiology for one-third of the patients.

The new real-time PCR platform provided a viral diagnosis
for 35 (22%) of the 156 patients tested, and the addition of
this method to the conventional microbial techniques improved
the yield by nearly 50%. These results are in agreement with
previous findings by Oosterheert et al [37] and indicate that
PCR is not only more rapid than virus isolation and serology,
but also more sensitive. The role that viruses play in causing
CAP has not been fully elucidated. In particular, the possibility
that the rhinovirus may cause CAP is still considered contro-
versial. However, recent studies have established that rhinovirus
replication can occur in the lower airways and that it can infect
human respiratory epithelial cell lines in vitro, inducing the
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release of proinflammatory cytokines and chemokines [10, 38].
In some clinical reports, rhinovirus has also been associated
with lower respiratory tract disease (including pneumonia)
among adults [8, 38].

In a recent review on the prevalence of respiratory viral
findings for asymptomatic subjects, definitive conclusions
could not been drawn because of the lack of prospective studies
[39]. However, available reports suggest that the prevalence is
infrequent (<5%) overall and that the persistence of viral nu-
cleic acids is rather short lasting, indicating that most of the
viral findings in the present study have a clinical relevance.

Mixed infections among patients admitted to the hospital
with CAP have previously been reported to account for 5%—
11% of cases of CAP [1, 6, 30], which is comparable to the
11% of cases found in the present study if only conventional
methods were considered. However, when all PCR results were
added, mixed infections were found in the samples of one-third
of the 124 patients with a determined etiology as well as in the
samples of those patients with complete sampling.

Our data are in agreement with those from a recent study
by Lim et al [11]. They found a second pathogen in the samples
of 47% of the patients with a pneumococcal infection, and for
60% of these patients, it was a viral agent. In our study, S.
pneumoniae was the most common bacterial agent in mixed
infections, and a copathogen was found in one-half of the cases,
with the majority of pathogens (ie, 83%-85%) being viral
agents. Thus, viral agents in adults with CAP most often seem
to be part of a mixed infection, usually with S. pneumoniae as
the copathogen. Also, for patients with severe pneumonia, S.
pneumoniae was the predominant pathogen, and the copath-
ogen was frequently found to be a viral agent.

There were several limitations to our study. First, not all
patients who met the criteria for inclusion were enrolled in the
study. Second, the sample collection was not complete. These
issues are inherent in all trials enrolling patients with CAP. We
have no reason to believe that the group of patients who were
not included would have been substantially different from the
group of patients that we studied. Also, samples to be obtained
at the emergency department were decided by the physician
on call, and the patients on the ward were later included in
the study by the investigators. Selection bias in the collection
of samples is possible but unlikely.

In summary, by supplementing traditional diagnostic meth-
ods with new PCR-based techniques for both the most common
bacteria and a number of respiratory viral agents, a higher
microbial yield was achieved. S. prneumoniae was the leading
causative agent, accounting for more than one-half of the cases
with a determined etiology. Mixed infections were frequent,
with the combination of S. pneumoniae and a respiratory virus
being the most common finding.
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