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Background: The role of viruses in community-acquired
pneumonia may have been previously underestimated.
We aimed to study the incidence and clinical character-
istics of community-acquired pneumonia (CAP) due to
respiratory viruses in adults adding PCR to routine
conventional laboratory tests.

Methods: Consecutive adult patients diagnosed of CAP
from January 2003 to March 2004 were included.
Conventional tests including cultures of blood, sputum,
urine antigen detection of Streptococcus pneumoniae
and Legionella pneumophila, and paired serologies were
routinely performed. Nasopharyngeal swabs were
processed for study of respiratory viruses through
antigen detection by indirect immunofluorescence assay,
isolation of viruses in cell culture and detection of
nucleic acids by two independent multiplex RT-PCR
assays. According to the aetiology, patients were catego-
rized in 4 groups: group 1, only virus detected; group 2,
only bacteria detected; group 3, viral and bacterial; and
group 4, unkown aetiology.

Results: Of 340 patients diagnosed with CAP, 198 had
nasopharyngeal swabs available and were included in
this study. Aetiology was established in 112 (57%)

patients: group 1, n=26 (13%); group 2, n=66 (33%);
group 3, n=20 (10%). The most common aetiological
agent was S. neumoniae (58 patients, 29%), followed by
respiratory viruses (46 patients, 23%). Forty-eight
respiratory viruses were identified: influenza virus A
(n=16), respiratory syncytial virus A (n=5), adenovirus
(n=8), parainfluenza viruses (n=5), enteroviruses (n=1),
rhinoviruses (n=8) and coronavirus (n=5). There were
two patients coinfected by two respiratory viruses.
Serology detected 6 viruses, immunofluorescence 8,
viral culture 12, and PCR 45. For the viruses that could
be diagnosed with conventional methods, the sensitivity
and specificity of RT-PCR was 85% and 92%, respec-
tively. The only clinical characteristic that significantly
distinguished viral from bacterial aetiology was a lower
number of leukocytes (P=0.004).

Conclusion: PCR revealed that viruses represent a
common aetiology of CAP. There is an urgent need to
reconsider routine laboratory tests for an adequate
diagnosis of respiratory viruses, as clinical characteris-
tics are unable to reliably distinguish viral from
bacterial aetiology.

Introduction

Community-acquired pneumonia (CAP) is a common
disease, representing the most frequent cause of hospital
admission and mortality of infectious origin in devel-
oped countries [1]. Despite enormous efforts in well-
designed prospective studies, the aetiology of CAP has
remained elusive in a high proportion of patients [2,3].

Recently, several studies have stressed that the
involvement of viruses in CAP may have been underes-
timated, and this underestimation has been attributed
to a lack of appropriate diagnostic methods. The use of
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conventional laboratory methods such as viral isola-
tion in cell culture, antigen assays and serology for the
diagnosis of viral respiratory infections has shown
major limitations, including low sensitivity, low speci-
ficity and prolonged time for achieving results [4-7].
Nonetheless, the introduction of rapid molecular tech-
niques such as gene amplification has improved the
diagnostic yield of viruses causing CAP [8,9].

Most clinical reports focusing on viruses as poten-
tial aetiological agents of CAP have either analysed

351



MA Marcos et al.

selected subgroups of patients, such as children or
immunosuppressed patients, or have focused on a
specific diagnostic method [10-13]. For several years
our group has been working on improving the diag-
nosis of CAP in adults. With this aim in mind, we
designed a prospective observational study to specifi-
cally determine the incidence of CAP due to respiratory
viruses, the differential characteristics compared with
CAP of bacterial origin and the yield of several labora-
tory methods for the aetiological diagnosis of viral CAP
in adults.

Materials and methods

Patients and study design

From January 2003 to March 2004, consecutive
patients older than 14 years admitted to our hospital
with a diagnosis of CAP were prospectively studied.
Patients with any potential cause of immunosuppres-
sion were also included [14]. For the purpose of the
study, only patients with nasopharyngeal swabs for
study of respiratory viruses available have been
included in the current report. Despite special efforts to
get nasopharyngeal swabs for every patient admitted
with CAP, some patients, particularly those who
arrived during busy days at the emergency ward and
those who arrived at night, did not have the swab, as
this was not a routine procedure.

CAP was defined as the presence of a new infiltrate
visualized on chest radiography together with clinical
symptoms suggestive of lower respiratory tract infec-
tion and no alternative diagnosis in a patient not
admitted to hospital within the previous month and in
whom no alternative diagnosis was established during
follow-up. Clinical, laboratory and radiological
features at presentation as well as other epidemiolog-
ical data were recorded in a specific questionnaire and
entered in a computer database. Part of this study
population has been included in previous studies with
objectives other than those of the present study
[2,15,16]. The Ethics Committee from Hospital Clinic
had previously approved the study.

Microbiological evaluation

Regular sampling for microbiological diagnosis
included sputum, blood for culture, urine samples for
the detection of Legionella pneumophila antigen
(Binax NOW Legionella Urinary Antigen Test) and
Streptococcus pneumoniae antigen (Binax NOW
S. pneumoniae Urinary Antigen Test) [15] and
nasopharyngeal swabs. Pleural puncture, tracheo-
bronchial aspiration (BAS) and bronchoalveolar lavage
(BAL) clinical samples were obtained according to clin-
ical indication or judgement of the attending physician.
For serological testing, acute and convalescent phase
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samples were analysed in the same assay with a
commercially available type-specific complement fixa-
tion kit (Diagnostica Senese SpA, Monteriggioni, Italy).
Serological studies for Mycoplasma pneumoniae,
Chlamydophila pneumoniae, Coxiella burnetti,
Legionella pneumophila and respiratory viruses
including influenza virus A and B, parainfluenza virus
1, 2 and 3, respiratory syncytial virus (RSV) and aden-
ovirus were performed. Processing of samples and diag-
nostic criteria of bacterial aetiology have been
described elsewhere [7,15,16].

Nasopharyngeal samples obtained by
inserting a swab into both nostrils parallel to the
palate (Mini-Tip Culture Direct, Becton-Dickinson
Microbiology Systems, MD 21152 USA) and a
second swab from the posterior pharyngeal and
tonsillar areas (Viral Culturette, Becton-Dickinson
Microbiology Systems, MD, USA). Both nasal and
pharyngeal swabs were placed into a same tube with
viral transport medium (minimal essential medium
with 2% fetal bovine serum, penicillin 100 U/ml,
streptomycin 100 pg/ml, amphotericin B 20 ug/ml,
neomycin 40 ug/ml, NaHCO; buffer). Within 24 h
after admission, the homogenized samples were
processed for antigen detection by indirect immuno-
fluorescence assay (IFA), for isolation of viruses in cell
culture and for detection of nucleic acids by two
independent multiplex RT- PCR.

For IFA, the specimens were spotted onto glass slides
and then dried and fixed in acetone. Monoclonal anti-
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bodies were used for detection of influenza A and B
viruses, parainfluenza viruses 1, 2 and 3, RSV and
adenovirus (Chemicon International Temecula, CA).
The presence of viral antigen in respiratory cells was
indicated by the appearance of characteristic
intracellular apple-green fluorescence in =1 cell.

Specimens were inoculated into two human epithe-
lial cells (Hep-2 and A-549) and into Madin-Darby
canine kidney cells (MDCK) for primary viral isolation
of influenza viruses, parainfluenza viruses, RSV and
adenoviruses and incubated at 35°C during 3 weeks.
Conventional cultures were examined twice weekly for
the development of a cytopathic effect. In cultures with
positive results, virus was identified by staining with
IFA. When Hep-2 cells had a cytopathic effect and the
IFA for respiratory viruses was negative, IFA for herpes
simplex virus was performed.

For multiplex RT-PCR, viral genomic RNA and
DNA was extracted from a total volume of 200 ul of
sample, by the guanidinium thiocyanate extraction
method [17]. The lysis buffer included 500 molecules
of the cloned amplified product used as internal
control in each reaction tube and then excluded false-
negative results due to non-specific inhibitors or
extraction failure. Two independent multiplex reverse
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transcription nested RT-PCR assays able to detect
from 1 to 10 copies of viral genomes were performed
as described previously [18,19]. We used specific
primers for influenza viruses types A, B and C, RSV
type A, RSV type B, adenovirus in one RT-PCR assay,
and specific primers for parainfluenza viruses 1, 2, 3
and 4, coronaviruses 229E and OC43, and for generic
detection of rhinoviruses and enteroviruses in another
RT-PCR assay. In each assay, negative (viral transport
medium containing no nucleic acid) and positive
controls (¢cDNAs obtained from our viral lysates or
from reference strains) were treated with the same
procedure. All positive results were confirmed in two
sequential assays.

Viral aetiology was considered definitive if at least
one of the following criteria was fulfilled: a four-fold
increase in the IgG titer for respiratory viruses; virus
isolation in cell cultures; detection of respiratory
viruses by RT-PCR in two different and independent
assays; detection of antigens by IFA plus virus isolation
or detection by RT-PCR.

Definition of groups of CAP according to aetiology

For the purpose of the study, patients were categorized
in 4 groups: group 1, only virus detected; group 2,
pathogenic bacteria detected; group 3 or mixed, virus
and bacteria detected; and group 4, unkown aetiology.

Statistical analysis

Quantitative characteristics were described for each of
the four groups (virus, bacteria, mixed and without
aetiology) with median and interquartile ranges
(IQRs). Comparisons between virus, bacteria and
virus plus bacteria groups were made using the
Kruskall-Wallis test and the Mann—Whitney test was
used in each of the three pairwise comparisons.
Qualitative characteristics were reported as frequen-
cies and percentages for all four groups and compared
between the three groups [1,-3] using the Fisher’s
exact or x* test; and the same test was used for
pairwise comparisons.

All the tests were two-tailed and the confidence level
was set at 95%. Bonferroni’s correction of the signifi-
cance level was used for three pairwise comparisons.
The sensitivity and specificity of RT-PCR compared
with the conventional methods were calculated using
standard methods [20]. The comparison of the propor-
tion of viruses detected by RT-PCR with the proportion
of viruses detected by the other assays was calculated
using the McNemar’s test. For the purpose of the
analysis, coronaviruses, rhinoviruses and enteroviruses
(group 1 and 3) were included in the comparison of
clinical characteristics (Table 1 and Table 2), but they
were excluded from the comparison of diagnostic
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techniques due to the fact that these viruses are
exclusively detected by RT-PCR.

Results

Patients and samples
Of the 340 patients with CAP admitted to our hospital
during the study period, 198 patients with nasopha-
ryngeal swabs for studying the respiratory viruses were
included in this study.

Urine samples for detection of L. pneumophila and
S. pneumoniae antigens and blood for culture were
obtained from all the 198 patients. Sputum was
obtained from 116 (59%) patients with 70 (60%)
samples with good quality criteria (21). Pleural fluid
was obtained from 8 (4%), BAS from 6 (3%) and BAL
from 3 (2%) patients. Paired serology was obtained in
66 (33%) patients.

Aetiology of CAP

The aetiology of CAP was established in 112 (57%)
patients (Table 3). According to the aetiological diag-
nosis, 26 (13%) cases of CAP were due to viruses
(group 1), 66 (33%) to bacteria (group 2), 20 (10%) to
viruses and bacteria concomitantly (group 3), and 86
(43%) were of unknown aetiology (group 4).

The most common aetiological agent was S. preumo-
niae (58 patients, 29%), followed by respiratory viruses
(46 patients, 23%). Forty-eight respiratory viruses were
identified: influenza virus type A (n=16), RSV type A
(n=5), adenovirus (n=8), parainfluenza viruses (7=6),
enteroviruses (n=1), rhinoviruses (n#=8), and coron-
aviruses (7=4). Multiple viral aetiology was found only in
two cases, in the group 1 (influenza type A plus coron-
avirus 229E and RSV plus coronavirus OC43). We iden-
tified herpes simplex virus type 1 in 2 cases of CAP both
of which also had S. prneumoniae and other viruses.

Comparison of laboratory techniques for diagnosis of
viral CAP

Table 4 summarizes the yield of different laboratory tech-
niques for the diagnosis of influenza type A virus, RSV,
adenovirus and parainfluenza virus. Hence, 35 respira-
tory viruses were detected by at least one of the several
diagnostic methods used. Immunofluorescence detected 8
respiratory viruses (23%) and the positive results were
also confirmed with at least one of the other techniques
used (Table 4). Viral culture allowed the isolation of 12
respiratory viruses (34%; Table 4).

Adequate paired serology samples were collected only
in 7 out of the 35 (20%) patients with a diagnosis of viral
CAP. Serology identified six respiratory viruses (Table 4).
RT-PCR allowed the detection of 32 out of 35 viruses
(91%; Table 4). Three viruses were detected by methods
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Table 1. Baseline characteristics of the patients according to the aetiology of CAP

Viral CAP Bacterial CAP Mixed CAP Unknown aetiology Total
(n=26) (n=66) (n=20) (n=86) (n=198) P-value

Median age, years (IQR)  64.5 (45-78) 65 (46-79) 74 (46-78) 73 (52-81) 70 (49-79) 0.972

Sex
Female 13 (50) 28 (42) 10 (50) 32 (37) 83 (42) 0.750
Male 13 (50) 38 (58) 10 (50) 54 (63) 115 (58)

Any comorbidity 21 (81) 51 (77) 19 (95) 68 (79) 159 (80) 0.206
Diabetes mellitus 5(21) 12 (18) 4(22) 17 (20) 38 (20) 0.835
Renal 2 (8) 1(2) 0 (0) 17 (20) 20 (10) 0.191
Hepatic cirrhosis 2(8) 5(8) 1(6) 2(2) 10 (5) 1.000
CNS 2 (8) 3 (5) 3(17) 12 (14) 20 (10) 0.173
Pulmonary 12 (50) 36 (55) 13 (72) 44 (52) 105 (54) 0.346
Heart 3(13) 7 (1) 2 (12) 20 (24) 32 (17) 0.913
HIV 3(13) 1(17) 4(22) 6 (7) 24 (13) 0.666
Neoplastic disease 3(13) 2 (3) 0(0) 5(6) 10 (5) 0.132

Alcohol use >80 g/day 0 (0) 5(8) 2 (11) 2(2) 9 (5) 0.295

Current smoker 6 (24) 25 (38) 6 (30) 13 (15) 50 (26) 0.427

Antibiotics prior to 3(13) 15 (23) 2 (10) 13 (15) 33(17) 0.395

admission

Previous pneumonia 6 (24) 14 (21) 5(25) 21 (25) 46 (23) 0.857

PSI class
L+ 114111 15(65) 36 (55) 9 (47) 42 (49) 102 (53)

IV+V 8 (35) 30 (45) 10 (53) 43 (51) 91 (47) 0.493

Season
Spring-summer 10 (38) 37 (56) 8 (40) 54 (63) 109 (55)
Autumn-winter 16 (62) 29 (44) 12 (60) 32 (37) 89 (45) 0.221

Influenza vaccine 3(12) 14 (22) 5(25) 29 (34) 51 (26) 0.459

Data are number (percentage) unless otherwise specified. P-values refer to the comparison among viral community-aquired pneumonia (CAP), bacterial CAP and
mixed CAP. CNS, central nervous system; IQR, interquartile range; PSI, pneumonia severity index score.

other than RT-PCR: two influenza type A virus (both by
cell culture) and one adenovirus (by serology). In addi-
tion, RT-PCR was the only technique allowing for the
detection of enteroviruses (n=1), coronaviruses (7=4) and
rhinoviruses (7=8).

The yield of the RT-PCR assay was higher than that
of conventional methods (P=0.007, McNemar test)
with a sensitivity and specificity of this assay being
85% and 92 %, respectively.

Characteristics of patients

The characteristics of the patients are summarized in
Tables 1 and 2. Of the 198 patients, 115 (58%) were men
and 83 (42%) women, with a median age of 70 years
(IQR: 49-79). All the patients were admitted to hospital
and 17 (9%) required transfer to the intensive care unit.
At least one predefined comorbidity or immunosuppres-
sion was identified in 159 (80%) patients, with
pulmonary comorbidity being the most prevalent (53%).
Thirty-three patients (17%) had received antimicrobial
therapy prior to hospital admission. We did not find any
differences regarding age, gender, toxic habits, comor-
bidity, previous antimicrobial treatment or PSIscore.
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Only 51 patients (26%) had received influenza vaccine
prior to the episode of CAP, and none of them presented
with CAP due to influenza virus.

Comparing CAP of viral aetiology versus CAP of
bacterial aetiology, the number of leukocytes
(x1,000/ul; median, IQR) was significantly lower in
viral CAP (9.0, 6.1-11.1) compared with that of bacte-
rial origin (14.3, 10.4-20.0) (P=0.004). Although most
cases of viral CAP occurred in autumn or winter with
a peak incidence in March, there were no significant
differences between groups (Figure 1).

Five patients (2.5 %) died: one with CAP due to
adenovirus, another one with CAP due to Escherichia
coli and three with CAP of unknown aetiology. All
these 5 patients had presented with any comorbidity.

Discussion

Respiratory viruses have been recently recognized as a
potential common cause of pneumonia in adults
ranging from 2% to 23% [1,7,22]. In our study,
S. pneumoniae was the predominant aetiological agent,
in both bacterial and in mixed CAP, but viruses
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Table 2. Clinical presentation and evolution of the patients according to the aetiology of CAP

Viral CAP Bacterial CAP Mixed CAP Unknown aetiology Total
(n=26) (n=66) (n=20) (n=86) (n=198) P-value

Clinical presentation
Days with symptoms* 4 (3-7) 5(3-7) 4 (3-7) 4 (2-7) 4 (2-7) 0.986
Leukocytes x1,000/ul* 9.0 (6.1-11.1) 14.3 (10.5-20.0) 12.4 (9.1-16.7) 13.5(9.4-17.2) 12.9 (9-17.9) 0.004
C reactive protein*, mg/dl  10.2 (5.9-14.5) 16.8 (6.8-25.7) 20 (14-43.5) 1 (4.2-21.5) 13.8 (6.0-24.7) 0.082
PO,, mm Hg* 63 (54-69) 63 (56.0-67.0) 62 (58.0-76.0) 65 (56.0-80.0) 64 (56.0-73.0) 0.939
Temperature at 38 (37.5-38.5) 38 (37.3-38.6) 38 (37.8-39.3) 38 (37.2-38.7) 38 (37.3-38.6) 0.363
admission, °C*
Creatinine =1.5 mg/dI 2(9) 15 (23) 5 (25) 24 (28) 46 (24) 0.309
Upper respiratory 7 (29) 16 (25) 6 (32) 13 (15) 42 (22) 0.753
viral illness
Digestive symptoms 1(4) 13 (20) 0 (0) 8 (9) 22 (11) 0.020
Mental confusion 1(4) 5(8) 4 (20) 6 (7) 16 (8) 0.189
Cough 23 (96) 54 (83) 15 (79) 70 (81) 162 (84) 0.190
Expectoration 16 (62) 38(58) 15 (75) 44(51) 13 (57) 0.407
Pleuritic chest pain 9 (39) 37 (56) 8 (40) 45 (52) 99 (51) 0.211
Dyspnea 17 (68) 45 (68) 10 (50) 61 (71) 133 (68) 0.329
Radiographic patterns

Alveolar pattern 25 (96) 60 (93) 19 (100) 78 (93) 176 (93) 0.897

Interstitial pattern 1(4) 6 (7) 0 (0) 9 (9) 16 (7)
Pleural effusion 1(4) 9 (14) 0(0) 9 (10) 19 (10) 0.147
Evolution
ICU admission 4 (150%) 6 (9) 5 (25) 2 (2) 17 (9) 0.150
Days of stay* 6 (4-8) 8 (5-10) 7 (5-10) 5(3-7) 6 (4-9) 0.208
Any complication 2 (8) 14 (21) 1(6) 6(7) 23(12) 0.224
Mechanical ventilation 2 (8) 3(5) 1(6) 0 (0) 6 (3) 0.840
Renal failure 0 (0) 12 (16) 2(2) 5(5) 19 (10) 0.074
Shock 1(4) 8 (12) 1(6) 1(1) 11 (6) 0.573
Death 1(4) 2 (3) 0(0) 33 6(3) 0.663

*Quantitative characteristics are described with median and interquartile range (IQR), and the rest as number (percentage). P-values refer to the comparison among
viral community-aquired pneumonia (CAP), bacterial CAP and mixed CAP. ICU, intensive care unit.

represented the second cause of CAP. Influenza virus
type A was the most common virus found followed by
adenovirus and rhinovirus. We did not find cases of
CAP due to influenza virus type B, probably because
the patients studied corresponded to the 2003-2004
influenza season, in which influenza type A viruses
(H3N2) were exclusively detected throughout Spain. A
high proportion (43%) of viral CAP cases had mixed
infections with at least one bacterium. Identification of
more than one aetiological agent may reflect the role of
one organism in leading to infection with a second
agent [23]. Previous studies have shown that viral
infections of the respiratory tract predispose to bacte-
rial superinfections [24]. Structural and functional
disruption of the respiratory mucosal epithelium
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appear to be a major contributor to the synergistic
effects of superinfection. More convincing data have
been reported in experimental human infections with
influenza type A. In one study, 15% of influenza-
infected individuals became nasopharyngeally colo-
nized with S. preumoniae 6 days after viral challenge,
whereas at the start of the study none were colonized
with this bacterium [25]. These data suggest that a
proportion of CAP due to S. prneumoniae may be
preceded by a viral infection and that at the time of
diagnosis this virus may not be detected in the
nasapharynx because of viral clearance in the first days
[26]. These facts support that achieving a diagnosis of
upper respiratory viral infection as well as CAP of viral
origin as early as possible would allow to administer

355



MA Marcos et al.

Table 3. Aetiology of community acquired pneumonia in
the adult

Pathogen Patients, n (112)

N
(=2}

Viruses (group 1)
Influenza A
Influenza A + coronavirus 229E

—_
=

Respiratory syncytial virus (RSV) type A
RSV type A + coronavirus 0C43
Adenovirus

Parainfluenza virus type 1
Parainfluenza virus type 2
Parainfluenza virus type 3
Coronavirus 229E

N = = N = W = W =

Rhinovirus

D
[=7]

Bacteria (group 2)

Streptococcus pneumoniae

S. pneumoniae + Coxiella burnetti
S. pneumoniae + Pseudomonas aeruginosa
Escherichia coli

Haemophilus influenzae
Staphylococcus aureus

S.aureus + Coxiella burnetti
Pseudomonas aeruginosa
Mycoplasma pneumoniae
Chlamydophila pneumoniae
Legionella pneumophila

O = W m = W N s = = N

N
o

Viruses and bacteria (group 3)

S. pneumoniae + influenza A

S. pneumoniae + adenovirus

S. pneumoniae + S. aureus + adenovirus

S. pneumoniae + RSV type A

S. pneumoniae + parainfluenza virus type 1
S. pneumoniae + coronavirus 229E

+ herpes simplex 1

S. pneumoniae + rhinovirus 3
S. pneumoniae + Haemophilus 1
influenzae + rhinovirus

S. pneumoniae + herpes simplex 1

+ enterovirus

Haemophilus influenzae + rhinovirus
S. aureus + influenza A

Escherichia coli + adenovirus
Haemophilus influenzae + influenza A

_N = =W N

—_

_ am a N

specific antiviral therapy that would contribute to
reduce the risk of bacterial infection [27,28]. This
would be particularly important in patients with any
comorbidity, because they represent more than 80% of
the population studied in our study.

It has been previously shown that any clinical, labo-
ratory, or radiographic findings are poor indicators of
aetiological diagnosis in CAP [2,3,29]. This was also
the case in our study. Despite the use of an extensive
database for each patient, we hardly found any differ-
ence among the aetiological groups studied. Seasonality
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has been considered a distinctive feature of viral CAP
due to a greater incidence of some respiratory viruses in
the community [30]. This holds true for influenza virus
and RSV, but not for others such as parainfluenza and
adenovirus that may be present during the whole year.
In our study, viral CAP was characterized by signifi-
cantly less leukocytes compared with bacterial CAP.
The high levels of CRP found in patients with viral
pneumonia are puzzling; a potential interpretation may
be that these patients actually had a secondary but not
always documented bacterial infection [31,32].

Until very recently, the true incidence of respiratory
viruses as a cause of CAP has been underestimated,
fundamentally because of the limitations of the diag-
nostic methods used. Although viral culture has been
the ‘gold standard’ for the diagnosis of respiratory
viruses, it shows important limitations. Its results are
usually not available for several days and its yield is
closely related to the amount and viability of the
viruses harboured in the clinical samples, similar to
what occurs with direct antigen detection techniques
(for example, IFA). In adults, the viral nasopharyngeal
load appears lower in CAP than in upper respiratory
tract illnesses [6]. In a study on upper respiratory infec-
tions performed in our laboratory, the yield of cell
culture was greater than that found in present study on
CAP, and similar to that found with RT-PCR tech-
niques [33]. In the present study, cell culture allowed
diagnosis only of approximately one-third of the respi-
ratory viruses. Serological tests are not helpful in the
early management of CAP since serocoversion is
required between acute and convalescent serum before
adscribing the cause of the disease to a specific
pathogen, which may delay the diagnosis up to
2-3 weeks. In addition, the difficulties for obtaining
covalescent serum in a high proportion of patients
should be recognized. Adequate paired serology
samples were obtained only in one third of the patients
in our study. Of six cases of viral CAP diagnosed by
serology in our study, five were also confirmed by RT-
PCR and in the remaining case the patient had
presented with clinical manifestations during more
than 1 week. In our study we used nested RT-PCR,
which is capable of detecting simultaneously several
respiratory viruses with high sensitivity [17,18].
Moreover, this assay includes a rapid single method of
genomic extraction with guanidinium thiocyanate acid
buffer for the isolation of either RNA or DNA, which
allows the freezing of the genomic product extracted
and makes it possible to perform posterior RNA and
DNA virus and even atypical bacteria studies.

The results of our study suggest that RT-PCR repre-
sents an important improvement over the other
methods available, diagnosing 94% of the 48 respira-
tory viruses compared with the 44% diagnosed with
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Table 4. Yield of different laboratory techniques for the diagnosis of respiratory viruses

Respiratory syncitial

virus (n=5) type A (n=16)

Influenza virus

Parainfluenza

Adenovirus (n=8) viruses (n=6) Total (n=35)

Immunofluorescence (IFA)
Viral culture (VC)
Serology

PCR

PCR + IFA

PCR + VC

PCR + Serology

PCR + VC + IFA

N © ON = O O O
N b WO U1 ON O

- O = O U1 = O O

- = O O d O O O

o oA N = = N O
(a1

Figure 1. Monthly distribution of CAP cases according to the aetiology
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conventional methods. Twenty-eight viruses were
detected exclusively by RT-PCR. We believe that these
represented true positive results because all the
patients included had CAP and because the presence of
respiratory viruses in swabs denotes a recent and not a
latent infection [26], although our study did not
include non-symptomatic controls.

We found a higher sensitivity of RT-PCR for respi-
ratory viruses compared with conventional methods
largely because PCR is able to detect the virus genome
when it is present at low titres or when the virus is not
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replication-competent [8,9,34,35]. In addition, RT-
PCR is able to detect certain virus that are hardly
detected with conventional methods. Nevertheless, we
found two cases with culture-positive influenza type A
virus in which RT-PCR had been negative. Although
the presence of an inhibitor in specimens may cause
false-negative results, when our samples were tested no
inhibitor was detected. Alterations in the genome that
result in the virus being undetectable by the assay are a
potential problem for all molecular assays. These data
suggest that in the study of CAP, RT-PCR and cell
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cultures may be complementary methods of diagnosis.
In addition, conventional cell culture continues to be
important for selected uses that are not yet amenable to
RT-PCR (for example, antigenic characterization and
influenza vaccine strain selection).

Despite the improvement in the diagnosis of CAP in
our study, a substantial proportion of patients still
remained without any aetiological diagnosis. However,
a valuable genomic product has been kept and it will
allow us to address the role of other respiratory viruses
and atypical bacteria potentially involved in CAP [36].

In summary, PCR revealed that viruses represent a
common aetiology of CAP. The incorporation of RT-
PCR into the routine aetiological diagnosis of CAP
seems justified to achieve an early and accurate diag-
nosis of viral CAP and thereby to allow adequate
therapy to be administered, to prevent the nosocomial
spread of the disease and to alert physicians as to the
possible onset of epidemics [37,38].
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