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Background. Community-acquired pneumonia (CAP) remains an important cause of morbidity and mortality.
Polymerase chain reaction (PCR) has been shown to be more sensitive than current standard microbiological
methods and, therefore, may improve the accuracy of microbiological diagnosis for patients with CAP.

Methods. Conventional detection techniques and multiplex real-time PCR for atypical bacteria and respiratory
viruses were performed on samples collected from 105 adults enrolled in a prospective study. An infiltrate was
visible on each patient’s chest radiograph, and a pneumonia severity index score was determined for each patient.

Results.  Microbiological diagnoses were determined for 52 (49.5%) of 105 patients by conventional techniques
and for 80 (76%) of 105 patients by real-time PCR. The time to obtain the result of real-time PCR could be
reduced to 6 h. PCR methodology was significantly more sensitive for the detection of atypical pathogens and
viruses (P = .001). Respiratory viral infections and mixed infections were detected in 15 (14.2%) and 3 (2.8%) of
105 patients, respectively, by conventional methods, but were detected in 59 (56.2%) and 28 (26.5%) of 105,
respectively, by real-time PCR. Presence of a mixed infection was significantly associated with severe pneumonia
(P = .002). Human rhinoviruses and coronaviruses, OC43 and 229E, were frequently identified pathogens.

Conclusions.  The combined real-time PCR assay is more sensitive for diagnosis of the main viruses and
atypical bacteria that cause CAP compared with conventional methods, and obtains results in a clinically relevant

time period.

Community-acquired pneumonia (CAP) remains an im-
portant cause of morbidity and mortality. In the United
States and the United Kingdom, CAP is the overall sixth
leading cause of death [1-3]. Initial antibiotic manage-
ment of CAP is empirical and dependent on a clear
understanding of the likely pathogens [4].

Many professional societies have promulgated guide-
lines for diagnosis and treatment to aid clinicians who
manage patients with CAP [5]. However, the diagnosis
of CAP is controversial, because the findings of routine
microbiological investigations have minimal impact on
care [6, 7], and some studies question the value of spu-
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tum culture findings [8, 9]. In addition, results of blood
cultures are only positive for 2%-10% of patients [10,
11], and serologic testing requires convalescent-phase
samples and, therefore, is not clinically useful [2].

PCR has been shown to be more sensitive than cur-
rent microbiological methods [12], and it could help
to increase the number of microbiological diagnosis for
patients with CAP. Specifically, real-time PCR formats
allow results to be available rapidly and, therefore, in
a clinically relevant time period.

To date, PCR-based methods have not been used to
investigate the etiology of CAP in a prospective study,
and, therefore, the impact of PCR on the guidelines for
the treatment and diagnosis of CAP is unknown. The
aim of the present study was to determine the etiology
of CAP using multiplex real-time PCR to detect atypical
bacterial and viral causes of CAP that occurred in adults
enrolled in a prospective study who resided in a defined
geographic area. Each patient had an infiltrate that was
visible on a chest radiograph. Samples were collected
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Table 1.
methods.

Criteria for the positive detection of pathogens with conventional microbiological

Class of pathogen

Detection criterion or criteria

All bacteria

Isolation from blood culture processed in a commercial system

Predominance of the organism in the sputum Gram stain in the
presence of leukocytes, in addition to isolation in significant
numbers from washed and diluted sputum samples by semi-
quantitative culture

Viral and bacterial pathogens

A 4-fold increase in IgG titer by complement fixation test

A single IgG titer of >128 by complement fixation test
A positive IgM result of a commercial EIA

Legionella pneumophila and
other Legionella species

Isolation of the organism from respiratory samples

Virus Isolation of the organism from culture of a throat swab specimen

for diagnostic testing, which included PCR analysis, from adult
patients who were enrolled in 2 studies: a study of patients in
the community with lower respiratory tract infections (LRTI)
and a study of hospitalized patients with CAP. In addition, we
investigated the use of multiplex, real-time PCR assays and
conventional microbiological assays as means to diagnose CAP.

MATERIALS AND METHODS

Patients.  All patients were aged =18 years and had an infiltrate
observed by chest radiography. Patients from 2 studies—a study
of patients with LRTT and a study of hospitalized patients—were
included. Outpatients were observed from 1 September 2000
until 1 June 2001 in the Leiden area of The Netherlands as part
of the LRTI study [13], in which patients with an infiltrate visible
on their chest radiograph were included. Inclusion criteria for
the outpatient study were observation of any abnormality during
pulmonary auscultation and presence of at least 2 of the following
3 criteria: (1) fever (temperature, >38°C) in the past 48 h, (2)
dyspnea or cough (productive or nonproductive), and (3) tach-
ypnea, malaise, or confusion. Patients with conditions that would
preclude completion of the study were excluded. A standard
medical history was obtained for each patient, and an investigator
performed a physical examination of each patient and collected
information to determine a pneumonia severity index (PSI) score
[14].

Hospitalized patients admitted from 5 November 2000 until
30 September 2002 as part of a study of CAP in the province
of South Holland were included. Three hospitals participated:
2 community general hospitals and 1 academic teaching hos-
pital. An inclusion criterion for hospitalized patients was the
presence of a chest infiltrate on admission that was consistent
with an infection. Clinical characteristics of the patients were
obtained so that a PSI score could be determined for each
patient with CAP, as has been described by Fine et al. [14].
The medical research ethics committee of the Leiden University
Medical Center approved both studies, and informed consent
for PCR analyses was obtained from all patients.

Samples.
able) were collected from patients before antibiotic treatment

In the LRTI study, sputum samples (when avail-

was administered, throat washes and throat swab specimens
were obtained for virus isolation and PCR analyses, and paired
serum samples were obtained during acute and convalescent
phases of infection. In the study of hospitalized patients, the
same types of samples were obtained, and, in addition, 2 sets
of blood specimens were obtained for culture with the Bactec
9240 system (Becton Dickinson). Basic blood chemistry testing
(for blood urea nitrogen, glucose, sodium, and potassium val-
ues) and hematological testing (for hematocrit levels, leukocyte
and platelet counts, erythrocyte sedimentation rates, and C-
reactive protein levels) were performed. All samples were trans-
ported at 4°C and processed in the laboratory on the day of
collection. The serum samples were stored at —20°C until se-
rological testing. After inoculation into cell culture, the re-
mainder of the throat swab and throat wash specimens were
divided into 3 aliquots and stored at —70°C for PCR testing.

Definitions.
on a chest radiograph. All chest radiographs were obtained either

CAP was diagnosed if an infiltrate was observed

by a general practitioner 5-7 days after inclusion in the study or
on admission to the hospital. Samples were obtained by inves-
tigators at the patient’s home or at a clinic or hospital within 1—-
2 days after study enrollment. The criteria for the etiological
classification of CAP are described in table 1.

Conventional microbiological methods.  Analyses were
performed using standard methods and in accordance with
criteria described in table 1. For culture, standard methods were
used for isolation of aerobic and anaerobic bacteria from spu-
tum and blood samples. Isolation of Legionella pneumophila
from sputum was attempted by use of selective medium (buf-
fered charcoal yeast extract). Throat swab specimens were cul-
tured in cell lines for detection of respiratory viruses after cen-
trifugation. Immunofluorescence was used for early detection
and confirmation of viral replication. Rhinoviruses were dis-
tinguished from enteroviruses by acid-lability testing.

For serologic testing, acute-phase and convalescent-phase
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samples were analyzed in the same assay. Complement fixation
testing with a commercially available antigen (Virion; Ruschi-
kon) was performed to detect adenovirus; influenza A and B
viruses; parainfluenza viruses 1, 2, and 3; respiratory syncytial
virus; and Mycoplasma pneumoniae. The M. pneumoniae an-
tibody level was also determined by microparticle agglutination
testing (Fujirebio). Serologic testing for IgG and IgM antibodies
against Coxiella burnetti and IgM and IgG antibodies against
L. pneumophila types 1-7 was performed using the serion ELISA
(Ruschlikon;Virion). Levels of IgG and IgM antibodies against
Chlamydophila species were measured using a commercial EIA
(Medac GmbH).
Real-time PCR.
total nucleic acid protocol with the MagNA pure LC nucleic

Nucleic acids were extracted using the

acid isolation system (Roche Diagnostics). Each sample was
eluted in 100 uL of buffer, which was sufficient for all PCR
analyses. Real-time PCR was performed, as has been described
previously, for M. pneumoniae [15], L. pneumophila, Legionella
species [16], influenza A virus, influenza B virus, respiratory
syncytial virus, parainfluenza viruses 1-4 [17], human rhino-
virus, and metapneumovirus [18] and for a modification of the
adenovirus assay. An additional molecular beacon of the ade-
novirus E serogroup, CGTGCGGAGTCYACCCTTCTCTATGT
CGCACG (underlined sequence indicates the stem of the mo-
lecular beacon), was used, with the 5 end labeled with Texas
red and the 3’ end labeled with black hole quencher 2. In
addition, real-time PCR was performed for C. pneumonia and
for human coronaviruses OC43 and 299E.

The C. pneumonia assay used primers CPs GCGGAAGGGT-
TAGTAGTACA and CPas ATCGCATAAACTCTTCCTCA and
molecular beacon 5-GCTGCGGGGATCTTCGGACCTTT-
CGGCGCAGC-3', with the 5 end labeled with hexachloro-6-
carboxy-fluorescein (HEX) and the 3’ labeled with dimethy-
laminoazo-benzene-4-carboxylate (DABCYL), according to the
same protocol as that used for M. pneumoniae PCR [15].

The human coronavirus OC43 assay used primers OC43s-
CATACTCTGACGGTCACAATAATA, OC43as-ACCTTAGC-
AACAGTCATATAAGC and the probe 5-TGCCCAAGAATA-
GCCAGTACCTAGT-3' (TagMan), with the 5 end labeled
with Yakima yellow and the 3’ end labeled with black hole
quencher 1.

The human coronavirus 229E assay used primer 229Es-CAT-
ACTATCAACCCATTCAACAAG, 229Eas-CACGGCAACTG-
TCATGTATT, and the probe 5~-ATGAACCTGAACACCTGAA-
GCCAATCTATG-3' (TagMan), with the 5 end labeled with
6-carboxy fluorescein (FAM) and the 3’ end labeled with black
hole quencher—1. Both human coronavirus assays were per-
formed using the same PCR protocol that has been described
for assays of other respiratory RNA viruses [17, 18].

Two internal control assays were used to ensure the integrity
of PCR, with a spike for phocine herpesvirus [15] and equine

arteritis virus [18] for DNA and RNA targets, respectively. Am-
plification, detection, and data analysis were performed using
the iCycler IQ real-time detection system (BioRad).
Statistical methods.
ware, version 11.0 for Windows (SPSS), and in all instances, a

Data were analyzed using SPSS soft-

P of <.05 (2-tailed) was considered statistically significant. The
differences in category variables between methodologies or pa-
tient groups were compared by use of the Fisher’s exact test or
the x* test.

RESULTS

Patient information. The patient’s demographic and clinical
characteristics are described in table 2. In the outpatient LRTI
group, a total of 38 patients gave informed consent, 13 patients
had chest radiograph that demonstrated an infiltrate, none of
whom required hospitalization. In the hospitalized group, 136
patients were observed, of whom 92 gave informed consent.
Therefore, samples from 105 patients with CAP were available
for microbiological diagnosis. The 3 patients who died were in
the hospitalized group. Seven of 8 patients admitted to the
intensive care unit had a PSI score in class IV ; the other patient
admitted to intensive care unit had a PSI score in class II. None
of the patients with PSI scores in class V were admitted to the
intensive care unit.
Microbiological diagnosis.
in 52 (49.5%) of 105 patients by conventional methods, and
an etiologic agent was identified by real-time PCR in 80 patients

An etiologic agent was detected

Table 2. Demographic and clinical character-
istics of 105 patients included in the main analysis
of the etiology of community-acquired pneumonia
in adults in the province of South Holland, The
Netherlands.

No. (%) of
patients
Characteristic (n = 105)
Age, years
18-44 33 (31)
45-59 20 (19)
>60 52 (50)
Male sex 75 (71)
Coexisting illness® 34 (32)
Not hospitalized® 13 (13)
Admitted to hospital 92 (87)
Admitted to intensive care unit 8 (7.6)
Died 3 (3)

@ Coexisting illness included neoplastic disease, liver dis-
ease, congestive heart failure, cerebrovascular disease, and
renal disease, as described by Fine et al. [14].

® The 13 patients in the lower respiratory tract study had
incomplete information to determine a pneumonia severity
index score. However, they were assigned to PSl| score class
| on the basis of the information obtained and the fact that
they were not hospitalized.
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Table 3. The most frequently identified pathogens detected by conventional methods or real-time PCR, according to patient age and
outcome.

No. of patients with pathogen(s) detected

By age By outcome
Hospital Intensive
18-44 years  45-59 years >60 years admission care Died Total
(n = 33) (n = 20) (n = 52) (n = 92) (n=8) (n=23) (n = 105)

Pathogen(s) detected Conv. PCR Conv PCR Conv PCR Conv PCR Conv PCR Conv PCR Conv PCR
Specific pathogen

Streptococcus

pneumoniae 5 NT 3 NT 14 NT 21 NT 2 NT 2 NT 22

Haemophilus influenzae 0 NT 1 NT 5 NT 5 NT 0 NT 1 NT 6

Legionella species 0 1 1 2 1 3 2 6 0 0 0 1 2 6

Mycoplasma pneumoniae 3 6 1 2 1 2 4 8 0 0 0 0 5 10

Influenza A virus 2 2 0 1 6 6 7 9 1 2 0 0 8 9

Rhinoviruses 2 5 0 4 0 9 1 15 0 4 0 0 2 18

Coronaviruses 0 3 0 2 0 9 0 14 0 3 0 1 0 14
Single pathogen 12 16 6 5 31 30 43 48 2 5 2 0 49 52
Mixed pathogens® 0 4 3 9 2 15 3 23 1 3 1 3 3 28
No pathogen 23 13 11 5 19 7 46 21 5 0 0 0 53 25

NOTE. Conv, conventional detection methods; NT, not tested.
@ Culture results for S. pneumonia, H. influenza, and other bacteria are included in the calculation of mixed infections with real-time PCR.

(76%). Tables 3 and 4 show the numbers of patients for which testing in 1 case, and influenza A virus was detected by com-
the most common pathogens were detected. Other pathogens plement fixation testing in 2 cases. However, real-time PCR

detected by conventional methods included Chlamydophilaspe- identified additional cases of infection with L. pneumophila (1
cies (2 cases), parainfluenza virus (1 cases), respiratory syncytial case), Legionella species (3 cases), Chlamydophila pneumoniae
virus (2 cases), and influenza B virus (2 cases). In 3 cases, real- (2 cases), M. pneumoniae (5 cases), parainfluenza virus (7
time PCR did not detect pathogens that were detected by con- cases), respiratory syncytial virus (1 case), adenovirus (4 cases),

ventional methods: Chlamydophila was detected by serologic ~ influenza A virus (3 cases), influenza B virus (1 case), and

Table 4. The most frequently identified pathogens detected by conventional methods or real-time PCR, according to pneumonia
severity index (PSI) risk status.

PSI score class®

| Il 1l vV \
(n = 43) (n=18) (n = 16) (n = 23) (n = 5) Total®

Pathogen Conv. PCR Conv PCR Conv PCR Conv PCR Conv PCR Conv PCR P
Single pathogen

Streptococcus pneumoniae 8 NT 3 NT 4 NT 5 NT 2 NT 22

Haemophilus influenzae 1 NT 1 NT 0 NT 3 NT 1 NT 6

Legionella species 0 1 1 1 0 1 1 2 0 1 2 6 43

Mycoplasma pneumoniae 3 5 1 3 1 2 0 0 0 0 5 10 .32

Influenza A virus 2 2 1 2 2 1 3 4 0 0 8 9 .8

Rhinoviruses 2 8 0 1 0 2 0 6 0 1 2 18 <.001

Coronaviruses 0 3 0 1 0 4 0 6 0 0 0 14 <.001
Single pathogen 17 27 5 6 10 7 13 11 4 1 49 52 77
Mixed pa‘[hogenb 1 5 2 5 0 4 0 11 0 3 3 28 <.001
No pathogen 25 11 I 7 6 5 10 1 1 1 53 25 <.001

NOTE. Data represents no. of patients. Conv, conventional detection methods; NT, not tested.

@ As defined Fine et al. [14]

b Culture results for S. pneumonia, H. influenza, and other bacteria are included in the calculation of mixed infections with real-time PCR.
¢ Comparison of totals for conventional methods and totals for PCR.
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human rhinovirus (16 cases). Metapneumovirus and C. burnetti
infections were not detected. Of the atypical bacterial and viral
pathogens that were detected, 24 isolates were detected by con-
ventional methods and 109 isolates were detected by PCR
(P=.001). Conventional techniques detected >1 causative
agent in 5 (10.2%) of 49 cases, and real-time PCR detected >1
causative agent in 28 (35%) of 80 cases.

Microbiological detection in relation to age and hospital
admission.
and real-time PCR is shown in table 3. The patients aged >60

A comparison of detection by conventional assays

years received the highest number of diagnoses: 33 (65%) of 52
patients had diagnoses determined by conventional methods, and
45 (87%) of 52 patients had diagnoses determined by real-time
PCR. Legionella infection was only found in hospitalized patients,
and other infections were found in both nonhospitalized and
hospitalized patients. All patients in the intensive care unit had
an etiologic agent identified by real-time PCR, and 5 patients
had no etiologic agent detected by conventional methods. All
patients that died had a single bacterial pathogen detected by
culture and additional pathogens that were detected by real-time
PCR but not by conventional methods.

Table
4 shows pathogens detected in relation to PSI score classes, and

Microbiological detection according to risk groups.

table 5 shows the presence of pathogens in relation to the
incidence of severe pneumonia. For PSI score class IV and V,
pathogens were detected in 17 (61%) of 28 patients by con-
ventional methods and in 26 (93%) of 28 patients by real-time
PCR. The most significant risk factor for severe pneumonia
was an age of >60 years (P<.001). In general, no statistically
significant association was observed between the pathogen de-
tected and the infected patient’s PSI score class. However, M.
pneumoniae was predominantly detected in patients in PSI score
classes I and II (P = .05). PCR detected significantly more
mixed infections in patients in PSI score classes IV and V
(P = .002) than did conventional methods, which did not de-
tect any cases of mixed infection in these risk groups. Human
rhinovirus and human coronaviruses OC43 and 229E were
identified as the only etiologic agents in 4 patients with PSI
scores in classes IV and V. Mixed infection in patients with
severe pneumonia was significantly associated with the presence
of human rhinovirus (P = .001) and human coronaviruses
OC43 and 229E (P = .005).

CONCLUSIONS

This study demonstrates that real-time PCR can increase the
number of microbiological detection of respiratory pathogens
in patients with CAP from 49.5% to 76% of patients. This
higher number was mainly a result of detection of respiratory
viruses, especially human rhinovirus and human coronavi-
ruses, that are poorly detected by conventional techniques.
Previous studies using conventional methods have achieved

Table 5. Statistical analysis of the factors associated with se-
vere pneumonia, defined as a pneumonia severity index (PSI)
score class of IV or V.

No. of patients

PSI class
IV orV Overall

Factor (n =28 (n=105 P?
Age >60 years 25 52 <.001
Death 2 3 412
Streptococcus pneumoniae infection 7 22 .539
Haemophilus influenzae infection 4 7 .05
Mycoplasma pneumoniae infection 0 10 .05
Influenza A virus infection 4 9 .636
Rhinovirus in mixed infection 7 11 .001
Coronavirus in mixed infection 4 7 .05
Single pathogen detected by PCR 12 52 480
Single pathogen detected by

conventional methods 17 49 .06
Mixed pathogens detected by PCR 14 28 .002
Mixed pathogens detected by

conventional methods 0 3 167
No pathogen detected by PCR 2 25 .01
No pathogen detected by

conventional methods 11 53 167

@ Univariate analysis only, because multivariate analysis is not applicable with
small numbers of patients. The presence of other pathogens not shown in this
table was not significantly associated with a PSI score in class IV and V.

a microbiological detection rate of 2.1%-75% [10, 19, 20,
22]. The reason for these large differences is the diagnostic
tests used; Campbell et al. [10] used only blood culture,
whereas most studies with detection rates of >40% have used
serologic testing of convalescent-phase samples to detect the
full range of pathogens [19-22].

In this study, diagnoses were achieved in 87% of elderly
patients, which might be related to the fact that diagnosis is
more readily achieved because of the severity of disease and
the poor immune response in elderly patients. PCR and bac-
terial culture also detected pathogens in >90% of patients with
severe pneumonia. Therefore, a microbiological diagnosis could
be made for the majority of elderly patients and patients with
severe pneumonia by use of PCR, which would also help in
the management of such patients. Rello et al. [23] claimed that
microbiological diagnosis was fully justified in cases of severe
community-acquired pneumonia because it had an impact on
patient outcome, but others have found that diagnosis has had
no impact [6, 7]. However, PCR provides the opportunity to
identify the etiological agent in a clinically relevant time period.
This could result in changes to antimicrobial therapy and could
allow the potential use of antivirals. The rapid diagnosis of
influenza A and B is especially important because the neuram-
idiase inhibitors oseltamivir and zanamivir are effective if ad-
ministered within the 48 h of the initial onset of symptoms.
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As in most other studies of series of studies with hospitalized
patients with CAP, Streptoccocus pneumoniae was the leading
bacterial organism detected (in 21% of cases). M. pneumoniae
was detected in 9.5% of patients, and it has been described in
3%-22% of CAP cases [20, 22, 24], and epidemic increases are
observed every 3-5 years [25]; so, higher infection rates could
be expected in an epidemic year. M. pneumoniae infection has
also been described in patients at low risk of pneumonia [19],
a finding confirmed in this study, which found M. pneumoniae
only in patients in PSI score classes I and II. The incidence of
C. pneumoniae infection varies between <1% and 13% [19, 20,
22]. The frequency of Legionella infection in this study (6%)
is similar to that in some other studies [19, 20], although rates
as high as 15% have been reported as well [26]. Legionella
species are regarded as a cause of severe CAP [27]. All cases
of Legionella infection occurred in hospitalized patients, and 3
of these cases were in patients in PSI score classes IV and V,
and, therefore, could be regarded as severe pneumonia.

Viral infections are increasingly being recognized as impor-
tant causes of pneumonia; the proportion of cases caused by
viruses varies from 2.2%-23% [4, 19, 20], with influenza A
virus being the most important pathogen. In this study, influ-
enza A virus was also, by all methods, one of the most frequently
detected respiratory viral pathogens. Respiratory virus infec-
tions accounted for 14% of cases, with conventional micro-
biological methods, but that rate increased to 56.2% with PCR
methods. The results of this study are in agreement with several
reports that describe the increased sensitivity and specificity of
PCR for respiratory viruses [12, 17, 28] because the use of PCR
resulted in more diagnoses of respiratory virus infections than
did conventional methods of detection. Each cell line used in
cell culture can only detect 1 pathogen, and conventional tech-
niques are very poor for detection of human rhinovirus and
human coronavirus, which could explain the difference. PCR
has an increased rate of detection of human rhinovirus [29]
and human coronavirus [30], which are well recognized as the
causes of common cold. There is increasing evidence that they
are also important causes of severe lower respiratory disease.
Rhinovirus infections have been reported in elderly adults with
LRTI or pneumonia [31, 32] and in immunocompromised pa-
tients [33, 34]. Human coronavirus infection has also been
reported in cases of pneumonia [30, 32, 35, 36]. In 4 cases in
this study, human rhinovirus and human coronavirus were
identified as sole etiologic agents, suggesting these viruses were
the most likely cause of pneumonia in those cases.

Mixed infections have been identified in 16%-38% of cases
of infection [20, 21], and, in this study, >1 causative pathogen
was detected in 35% of cases. Previous studies have shown that
viral infection may pave the way for bacterial infection [37].
It has also been suggested that dual viral infections, particularly
infections with adenovirus and rhinovirus, could enhance the

severity of illness [38]. The combinations seen in this study
support this possibility, because viral infections were observed
in all cases of mixed infection.

As with all studies on the etiology of pneumonia, there was
a portion of cases for which no etiological agent was detected.
In this study, 24% of cases remained without a diagnosis when
PCR was used. This figure could probably be improved if re-
spiratory samples other than throat swab specimens were in-
vestigated. Good detection rates have been reported with the
use of sputum samples or induced sputum samples [39, 40],
and the use of samples from the lower respiratory tract can
result in an increased rate of diagnosis [39], but comparative
studies using a variety of upper and lower respiratory tract
samples still need to be performed. In addition, samples used
in this study were frozen and thawed, which can reduce the
sensitivity of the PCR. Most of the cases that were left without
a diagnosis occurred in the low-risk patient group and among
younger patients, suggesting either that there is less pathogen
present for detection or that an unidentified organism was
present that may cause less severe disease. Respiratory patho-
gens previously undetected are continuously being discovered;
metapneumovirus is an example, and recently, coronavirus
NL63 [41, 42] has been described in a child with pneumonia
[41]. This coronavirus was not investigated in our patient pop-
ulation, so it may account for some of the unidentified cases.

PCR is increasingly being used for the diagnosis of atypical
pathogens causing LRTT and CAP. A multiplex PCR that uses
the same extraction procedures simplifies the test, and the re-
sults are available within 1 day, improving the speed of diagnosis
for patients. In previous studies, the diagnosis of infection due
to atypical pathogens and viruses has relied on serologic testing
of convalescent-phase samples [19-21]. Serologic testing is only
useful for epidemiology because it is too slow to impact clinical
management. The application of real-time, multiplex PCR for
rapid diagnosis could also have cost benefits and could result
in a reduction of rates of antimicrobial resistance, hospital ad-
mission, and nosocomial transmission of respiratory viruses.

The real-time PCR assay described in this study is more
sensitive for diagnosis of the main viruses and atypical bacteria
that cause CAP, compared with conventional methods, and
obtains results in a clinically relevant time period. The assay
also detected pathogens in 87% of patients >60 years of age
and in >90% of patients with severe pneumonia, meaning that
this PCR assay may have a role in diagnosis of infections with
the highest rates of morbidity and mortality.
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