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Abstract This study aimed to determine the aetiology of
community-acquired pneumonia (CAP) by adding polymer-
ase chain reaction (PCR) to conventional methods and to
describe the clinical and laboratory features between patients
with bacterial pneumonia (BP) and viral pneumonia (VP).
Adults with CAP admitted from November 2009 to October
2010 were included. Demographics, comorbidities, severity
and clinical features were recorded. Conventional microbio-
logical methods included blood and sputum cultures, acute
and convalescent serologic samples, and antigen urinary de-
tection. New methods included multiplex PCR for Mycoplas-
ma pneumoniae, Legionella pneumophila, Chlamydophila
pneumoniae, Bordetella pertussis and 15 respiratory viruses.
A total of 169 patients were included. Using conventional
methods, we identified a pathogen in 51 % of cases. With
PCR, up to 70% of cases had an aetiological diagnosis. Forty-
five patients had BP (34 %), 22 had VP (17 %) and 25 (19 %)
had co-infection (BP and VP). Pneumococci and respiratory
syncytial virus (RSV) were the most frequently identified

pathogens. Procalcitonin (PCT) and C-reactive protein
(CRP) median values were significantly higher in BP than in
VP patients. Shaking chills, higher CURB score and shock
were significantly more frequent in BP. A viral infection was
identified in more than one-third of patients with CAP. Clin-
ical and laboratory features could help to differentiate between
VP and BP and to guide empirical therapy.

Introduction

Community-acquired pneumonia (CAP) is a common dis-
ease, representing the most frequent cause of hospital ad-
mission and mortality of infectious origin in developed
countries [1]. Until recently, despite the availability of many
diagnostic techniques, nearly half of the cases of CAP
remained undiagnosed [2], representing a risk for inappro-
priate antimicrobial therapy.
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Etiologic investigations in CAP have traditionally fo-
cused on bacterial agents and little attention has been paid
to viral causes. A number of reasons have been brought
forward to explain this; first, it is still unclear whether a
virus by itself can cause pneumonia or whether the virus acts
in conjunction with other respiratory pathogens; second,
diagnosis is difficult, primarily because the methods used
up until recently (culture, immunofluorescence for viral
antigens and serology) are expensive and often unavailable;
and third, because of the absence of specific antiviral agents.

In adults, influenza remains the predominant viral cause of
CAP; however, the Infectious Diseases Society of America/
American Thoracic Society (IDSA/ATS) guidelines for CAP
include other commonly recognised viruses, such as respira-
tory syncytial virus (RSV), adenovirus and parainfluenza
virus, as well as less common viruses, including human meta-
pneumovirus, herpes simplex virus, varicella-zoster virus,
severe acute respiratory syndrome (SARS)-associated corona-
virus and measles virus [3].

Recently, polymerase chain reaction (PCR)-based methods
have been developed for the diagnosis of many bacterial and a
large number of viral respiratory pathogens [4].

In this study, we aimed to describe the aetiology of CAP
in patients admitted to hospital and to describe the clinical
and laboratory features of patients with bacterial pneumonia
(BP) compared to those with viral pneumonia (VP) in an
H1N1 pandemic year.

Materials and methods

Setting and study design

This prospective, observational study was conducted at
Hospital Universitari Mutua Terrassa, a 500-bed acute care
hospital with approximately 26,000 admissions/year for a
population of 350,000 inhabitants.

Inclusion criteria and clinical variables

From November 2009 to October 2010, consecutive adults
with CAP admitted to hospital for at least 24 h from Mon-
day to Friday were included. Only patients with a good
quality respiratory sample for microbiological analysis were
included. CAP was defined as an acute illness with radio-
graphic pulmonary shadowing confirmed by one clinician
and one radiologist and at least two of the following: fever,
cough, dyspnoea, sputum production, pleuritic chest pain or
shaking chills. Exclusion criteria were: age<18 years, pneu-
monia distal to endobronchial obstruction, pulmonary tuber-
culosis, bronchiectasis and nosocomial pneumonia.

On admission, data were prospectively collected and in-
cluded demographic characteristics, smoking, co-morbidities,

Charlson score [5] and prognosis measured by the pneumonia
severity index (PSI) [6] and the CURB score (confusion,
urea >7 mmol/L, respiratory rate >30 breaths per/min and
blood systolic pressure <90 mm Hg or diastolic <60 mm Hg)
[7], immunosuppressive conditions, clinical features, bio-
markers [C-reactive protein (CRP) and procalcitonin (PCT)],
empirical and definitive antimicrobial therapy, length of stay
and in-hospital mortality. We defined immunosuppression as
patients on current chemotherapy, biological therapy, chronic
systemic steroid use (15 mg/d for 14 days or equivalent dose),
neutropaenia or HIV with CD4 count less than 200 cells/mm3.

The study was conducted in accordance with ethical
principles set out in the latest version of the Declaration of
Helsinki and the standard used for Good Clinical Practice,
and was approved by the hospital Ethics and Research
Committee. Written informed consent was obtained from
all patients.

Microbiological studies

At baseline, two sets of blood cultures were obtained in all
patients prior to commencing antibiotic therapy. Blood cultures
were processed with the system BacT-Alert® (bioMérieux,
Marcy-Etoile, France). Nasopharyngeal swab specimens for
the diagnosis of influenza A pandemic H1N1 strain were
collected during the pandemic. Sputum samples were pro-
cessed for Gram stain. Only samples containing a predomi-
nance of polymorphonuclear leukocytes and a few squamous
epithelial cells were considered to be acceptable for culture.
Viral RNA and DNAwere extracted from each sputum sample
using the kit Seeplex RV15 ACE Detection (Seegene®), fol-
lowing the manufacturer’s instructions.

PCR was performed in sputum samples for Legionella
pneumophila, Mycoplasma pneumoniae, Chlamydophila
pneumoniae, Bordetella pertussis and multiplex PCR for
respiratory viruses (detection by capillary electrophoresis,
Seegene®); influenza A and B, RSVA and B, parainfluenza
1, 2, 3 and 4, coronavirus 229/NL63E, OC43/HKU1, rhi-
novirus A and B, adenovirus, metapneumovirus, bocavirus
1, 2, 3 and 4, and enterovirus.

The aetiology was also pursued by searching for Strep-
tococcus pneumoniae and L. pneumophila serogroup I anti-
gens in urine (BinaxNOW® Urinary Antigen Test; Binax).

Acute and convalescent serum samples 3 to 6 weeks later
were run in parallel for the serologic diagnosis of L. pneu-
mophila, M. pneumoniae, C. pneumoniae and Coxiella bur-
netii. The serology was considered to be positive when the
IgM titre was ≥1/10, when there was a seroconversion of
IgG (shown in acute and convalescent at 4 weeks) and were
available if only a single sample of serum positivity was
assessed when the IgG was >1/256.

Conventional microbiological diagnostic methods in-
cluded two sets of blood cultures, sputum stain and culture,
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and the detection of S. pneumoniae or L. pneumophila
antigens in urine. In all the patients, all methods were used.
Cases in which a virus and bacteria were simultaneously
identified were defined as co-infection. When two viruses
were identified, CAP was defined as dual VP. In order to
compare the clinical and laboratory features between BP
versus VP, patients with co-infection were excluded.

Only the diagnostic tests at admission were protocolised.
After that, the physicians in charge of the included patients
were responsible for performing appropriate diagnostic tests
based on epidemiology, clinical characteristics and the
patient’s clinical course.

Statistical analysis

Values are presented as frequencies (%) for qualitative var-
iables and mean ± standard deviation (SD) for continuous,
normally distributed variables or median (interquartile
range) for those not having a normal distribution. Compar-
isons between patients with the diagnosis of BP or VP were
performed by using the unpaired t-test or Mann–Whitney U-
test when appropriate. Chi-square was used for comparing
proportions between these two groups. Statistical signifi-
cance was taken as a p-value≤0.05. Data analyses were
performed with the use of SPSS software, version 13.

Results

A total of 169 patients were enrolled. Thirty-eight (22 %)
patients without sputum sample (lack of production or
missed collection) were excluded. Thus, a total of 131
patients constituted the final evaluable population.

In 48.4 % of patients, the sample was thought to be good
for bacterial culture (predominance of leukocytes and the
presence of few squamous epithelial cells). Acute serum
samples were lost or not done in 13 patients (10 %) and
convalescent serum samples for serology were not obtained
in 44 patients (34 %) of the study group. Causes for the lack
of a second sample were loss of follow-up or death (seven
patients).

An aetiological diagnosis using conventional diagnostic
methods could be established in 66/131 (51 %) patients.
When real-time PCR was included, at least one aetiologic
agent was identified in 92/131 (70 %) patients.

Aetiological diagnosis

According to the aetiological diagnosis, 45 (34 %) cases of
CAP were due to bacteria, 22 (17 %) were due to viruses, 25
(19 %) were due to viruses and bacteria (co-infection), and
39 (30 %) were of unknown aetiology.

Figure 1 shows the most common pathogens in patients
diagnosed as having BP. S. pneumoniae was identified in 28
patients. The remaining bacterial agents were responsible for
less than five cases. In four patients, pneumococcal infection
was associated with other bacterial agents (C. burnetii in two,
M. pneumoniae in one and C. pneumoniae in one patient).

The contribution of the different diagnostic methods for
the diagnosis of BP is illustrated in Table 1. Blood cultures
provided a microbiological diagnosis for 16 (12 %) of 131
patients, 15S. pneumoniae and one Pseudomonas aerugi-
nosa in a patient receiving immunosuppressive therapy. S.
pneumoniae was detected by a positive urinary antigen
assay in 42 out of the 131 patients tested.
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b) Frequency of pathogens in viral pneumonia.

a) Frequency of pathogens in bacterial pneumonia.

c) Frequency of pathogens in co-infections.

Fig. 1 a The frequency of pathogens in bacterial pneumonia (BP). b
The frequency of pathogens in viral pneumonia (VP). c The frequency
of pathogens in co-infections
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Among the 22 patients with VP, the most common organ-
isms were RSV (n07) and influenza A and B (n06, two of
them H1N1). Other aetiological agents included parain-
fluenza, rhinovirus, metapneumovirus and coronavirus
(Fig. 1). There were four dual infections of RSV with other
viruses (two parainfluenza, one rhinovirus and one
coronavirus).

In patients with co-infection, the most common combi-
nations were S. pneumoniae and rhinovirus (n08), followed
by S. pneumoniae and coronavirus (n04), and S. pneumo-
niae and RSV (n03). Figure 1 summarises the most fre-
quent co-infections.

Our design allowed us to learn something about the
seasonality of the respiratory viruses studied. Influenza
and RSV were the two most frequent viruses in late autumn
and early winter, followed by coronavirus and parainfluenza.

In spring and summer, only metapneumovirus was
identified. Rhinovirus was found throughout the year
(Fig. 2).

Viral pneumonia versus bacterial pneumonia

Comparing VP and BP, no differences were found in terms
of age, gender or co-morbidities in the Charlson score. The
proportion of smokers was higher in the group with VP (see
Table 2).

VP was characterised by a lower frequency of shaking
chills and higher frequencies of myalgia, rhinorrhoea or
odynophagia and dry cough (see Table 3).

We found no differences between VP and BP on chest
radiograph characteristics. Twenty (87 %) patients with VP
presented with an alveolar consolidation.

Table 1 Microbiological diagnosis of patients with bacterial pneumonia (BP)

Aga, n Sputum culture, n BCb, n PCR multiplex, n Telescoped brush, n Serology, n

L. pneumophila, n01 1 Negative Negative Negative Not done Negative

S. pneumoniae, n051 42 Gram 16Culture 14 15 Negative Not done Not appropriate

P. aeruginosa, n03 Not appropriate Culture 2 1 Negative Not done Not appropriate

M. pneumoniae, n06 Not appropriate Negative Negative 3 Not done 3

C. pneumoniae, n03 Not appropriate Negative Negative 3 Not done Negative

C. burnetii, n04 Not appropriate Negative Negative Negative Not done 4

Citrobacter koseri, n01 Not appropriate Gram 1Culture 1 Negative Negative Not done Not appropriate

Escherichia coli, n01 Not appropriate Negative Negative Negative 1 Not appropriate

MRSAc, n01 Not appropriate Negative Negative Negative 1 Not appropriate

H. influenzae, n02 Not appropriate Culture 2 Negative Negative Not done Not appropriate

aAg urine antigen
bBC blood culture
cMRSA methicillin-resistant Staphylococcus aureus
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In terms of laboratory findings, patients with VP were far
more likely to have a low PCT level than those with BP.
Also, the CRP level was lower (see Table 4).

In terms of severity, the CURB score was higher in BP
than in VP, and shock was only present in BP. The Charlson
score, PSI, need of mechanical ventilation, intensive care
unit (ICU) admission and mortality were similar between
both groups (see Table 5). The global mortality rate was
5.3 % (7/131), being highest in patients with co-infection
(12 %; 3/25).

Immunocompromised patients

Only 12 patients with immunosuppression were enrolled.
Two of them were due to HIV infection with a CD4 count
less than 200 cells/mm3, one was on corticosteroids treat-
ment and one was on treatment with IFN beta, and, finally,
eight patients were currently on antineoplastic agents. At
follow-up, immunosuppressed patients received the follow-
ing diagnoses: two VP (one was an HIV-infected patient
who also presented an immune reconstitution inflammatory
syndrome), five BP, two with mixed infection and three with
unknown etiologies. In both HIV-infected patients, a fibro-
bronchoscopy and Gömöri trichome stain were done. Two
immunosuppressed oncologic patients died due to severe
sepsis with bacteraemia due to pneumococcal infection on
the first day of admission.

Discussion

Establishing a microbiological diagnosis for patients with
CAP is challenging. Although many studies have been
performed, the aetiology remains unknown in approximate-
ly one-half of the cases [2]. In the present study, the use of
PCR testing added to conventional microbiologic methods
was able to produce 70 % of etiologic diagnoses, which
represented an increase of 40 % in the number of diagnoses
as compared with standard methods.

A quarter of our patients had a virus as the only pathogen
isolated. Recent studies that have also sought to determine
the presence of respiratory virus in CAP in adults with
extensive diagnostic testing have reported an incidence of
VP ranging from 5.6 to 50 % [8–19]. In a recently published
large cohort, a similar rate of co-infection has been reported.
However, we found a smaller proportion of dual viral infec-
tion as compared with that study focused on influenza-
associated CAP [20, 21].

The role of respiratory viruses as causative agents of
pneumonia is controversial. Lieberman et al. [18] used
nucleic acid amplification techniques to provide data on
the frequency and identification of viral causes in hospital-
ised patients with lower respiratory tract infections. They
compared the findings in those with radiologically con-
firmed CAP to an ambulatory control population without
respiratory tract infection and to a hospitalised population

Table 2 Demographics

VP, n022 BP, n045 p-value (VP and BP) Unknown, n039 Mixed infection, n025

Age, years [range] 56 [48–64] 60 [54–67] NSa 68 [61–75] 74 [68–80]

Male sex 17 (77 %) 32 (71 %) NSa 24 (61 %) 17 (68 %)

Current smoker 9/14 (64 %) 11/36 (30 %) 0.05 13/28 (46 %) 8/47 (47 %)

Immunosuppression, n012 2 (9 %) 5 (11 %) NSa 3 (8 %) 2 (8 %)

Charlson score 1.4 [0.6-2.3] 1.9 [1.2-2.6] NSa 1.7 [1–2.3] 2.2 [1.3-3.1]

a Not significant

Table 3 Clinical characteristics of bacterial pneumonia (BP) versus viral pneumonia (VP)

VP, n022 BP, n045 p-value (VP and BP) Unknown, n039 Mixed infection, n025

Hours with symptoms [range] 127 [31–223] 99 [57–140] NSa 155 [90–221] 86 [34–138]

Pleurisy pain 6 (27 %) 20 (44 %) NSa 13 (33 %) 7 (28 %)

Shaking chills 1 (4 %) 21 (47 %) <0.001 8 (20 %) 4 (16 %)

Mental confusion 1 (4 %) 3 (7 %) NSa 0 1 (4 %)

Myalgia or rhinorrhoea or odynophagia 10 (45 %) 9 (20 %) 0.04 8 (20 %) 5 (20 %)

Headache 1 (4 %) 1 (2 %) NSa 2 (5 %) 1 (4 %)

Dry cough 10 (45 %) 9 (20 %) 0.04 5 (13 %) 5 (20 %)

Productive sputum 11 (50 %) 27 (60 %) NSa 28 (71 %) 16 (64 %)

a Not significant
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with non-pneumonic lower respiratory tract infection
(NPLRTI). The frequency of viral CAP was 31.7 % of 183
patients, compared with 7.1 % of 450 controls and 51.7 % of
201 patients with NPLRTI. The frequency of viral CAP was
put into context by demonstrating that viruses were even
more common in patients with NPLRTIs and that the fre-
quency of a positive test was significantly lower but not zero
in controls, implying that some patients are colonised with-
out becoming ill. Remarkably, in our cohort, patients with
VP had a different clinical presentation and a lower inflam-
matory response as measured by biomarkers.

These observations support the role of respiratory viruses
in CAP, with distinctive clinical and analytical features.

In the present study, sputum samples were used instead of
nasopharyngeal sampling. It is more difficult to obtain spu-
tum of good quality than nasopharyngeal swabs, but with
sputum, we can overcome, to some extent, the potential
colonisation role in the upper respiratory tract and optimise
the viral load. Lower respiratory tract specimens have obvi-
ous advantages for establishing the cause of pneumonia.
However, obtaining reliable specimens that are not contam-
inated by flora from the upper airway is difficult [22, 23].
The implementation of quantitative tests can shed further

light on the relation between colonisation and infection and
between virus load and severity [24].

In our cohort, influenza and RSV were the most common
cause of VP in adults, as previously reported [25]. RSV is
increasingly recognised as a cause of respiratory illness in
adults and pulmonary infections are associated with in-
creased mortality [26]. However, rhinovirus was the viral
pathogen most frequently identified in co-infections. Rhino-
virus has been reported in several outbreaks of severe res-
piratory disease with fatal pneumonia in elderly residents of
nursing homes [27].

Surprisingly, H1N1 was infrequently identified. This
could be explained because the peak of the pandemic was
already over when the study was initiated. The study began
in the 47th week of 2009, which represented the end of the
flu pandemic in our area. As expected, a clear seasonal
pattern was identified in viral infections [28].

Although we have shown the significant contribution of
respiratory viruses in patients presenting with pneumonia, S.
pneumoniae remains the leading causative agent.

One of our more relevant findings was that clinical pre-
sentation, severity, CRP and PCT values were different
between VP and BP. These observations have important

Table 4 Laboratory features in VP versus BP

VP, n022 BP, n045 p-value (VP and
BP)

Unknown, n039 Mixed infection,
n025

CRP (mg/L)a [range] 145 [93–197] 231 [181–281] 0.051 190 [143–238] 197 [126–269]

PCT (mg/L)b [range] 0.8 [0.008-1.6] 10 [3–18] 0.03 3 [0.09–5.8] 6 [1.3–9.7]

Creatinine [range] 1.15 [0.8-1.4] 1.18 [1–1.3] NSc 1.18 [0.9–1.4] 2.4 [0.2–5]

CPK [range] 67 [41–93] 85 [45–126] NSc 99 [53–145] 88 [44–131]

LDH [range] 530 [380–508] 444 [354–535] NSc 454 [370–538] 419 [330–509]

Abnormal WBC >12 or <4
cells/mL

11,227 [7,723–
14,731]

14,152 [11,472–
16,833]

NSc 11,522 [10,010–
13,034]

13,285 [10,477–
16,094]

aCRP C-reactive protein
bPCT procalcitonin
c Not significant

Table 5 Severity of disease.
Differences in VP versus BP

aPneumonia Severity Index
bCURB-65 score (confusion, urea
>7 mmol/L, respiratory rate >30
breaths per/min and blood systol-
ic pressure <90 mmHg or diastol-
ic <60 mm Hg, age >65 years)
cNot significant

VP, n022 BP, n045 p-value (VP
and BP)

Unknown,
n039

Mixed infection,
n025

PSIa 3 [2–3] 3 [2–3] NSc 3 [3–4] 4 [3–4]

CURB-65b 0.7 [0.3–1.8] 1.4 [1.4–
1.7]

0.02 1.2 [0.9–
1.4]

1.7 [1.2–2.2]

Shock 0 8 (18 %) 0.04 3 (8 %) 1 (4 %)

Empyema 0 5 (11 %) NSc 1 (3 %) 0

Death 0 2(4 %) NSc 2 (5 %) 3 (12 %)

Mechanical
ventilation

1 (5 %) 2 (4 %) NSc 3 (8 %) 1 (4 %)

ICU admission 3 (15 %) 8 (18 %) NSc 6 (15 %) 1 (4 %)
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clinical implications, as they could help to guide empirical
therapy in the absence of modern molecular diagnostics.
PCT levels can be useful as a guide to shorter courses of
antimicrobial therapy or even to avoid the use of antimicro-
bial therapy in low-risk patients [29, 30]. Nevertheless, the
exact role of PCT in the management of pneumonia is still
the subject of ongoing discussion and debate [31].

No clear consensus has been reached about whether
patients diagnosed as having viral CAP need to be treated
with antibiotics [25]. Some experts recommend that all
patients with pneumonia should receive antibiotic treatment,
because exclusion of the presence of bacterial co-infection is
very difficult, if not impossible. More studies are needed in
order to validate these results.

Our study has both strengths and limitations. Very few data
are available trying to correlate viral aetiology with clinical,
radiological and laboratory features in CAP. The strengths of
our study are its prospective nature, the thorough collection of
clinical and laboratory data from a cohort of consecutive
patients who had been admitted to a single institution and
the systematic use of modern molecular methods of diagnosis.

There are also several limitations of the study. First and
foremost, despite our best efforts and a detailed study pro-
tocol, a number of convalescent serum specimens were
missed, thereby, potentially underestimating the number of
cases of BP and potentially underestimating the number of
co-infections. Second, we excluded patients without sputum
because not obtaining specimens for conducting PCR tests
was a study protocol violation. Third, we used a qualitative
instead of quantitative PCR test. Finally, strictly speaking, a
study on ‘confirmed’ VP would require lung tissue samples
from all of the enrolled patients. However, while it may be a
selection bias in the groups, VP and BP had distinctive
clinical and laboratory features concordant with the aetio-
logic diagnosis, as to allow us to suspect a bacterial versus a
viral cause.

To sum up, multiplex PCR testing in CAP patients
increases the number of microbiological diagnoses and
allows the identification of a viral infection in more than
one-third of cases. However, S. pneumoniae still remains the
leading cause of CAP. Clinical presentation, severity and
CRP and PCT values are different between VP and BP, and
should help the clinician to guide empirical therapy.
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