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ABSTRACT The advent of PCR has improved the identification of viruses in patients with community-
acquired pneumonia (CAP). Several studies have used PCR to establish the importance of viruses in the
aetiology of CAP.

We performed a systematic review and meta-analysis of the studies that reported the proportion of
viral infection detected via PCR in patients with CAP. We excluded studies with paediatric populations.
The primary outcome was the proportion of patients with viral infection. The secondary outcome was
short-term mortality.

Our review included 31 studies. Most obtained PCR via nasopharyngeal or oropharyngeal swab. The
pooled proportion of patients with viral infection was 24.5% (95% CI 21.5–27.5%). In studies that obtained
lower respiratory samples in >50% of patients, the proportion was 44.2% (95% CI 35.1–53.3%). The odds of
death were higher in patients with dual bacterial and viral infection (OR 2.1, 95% CI 1.32–3.31).

Viral infection is present in a high proportion of patients with CAP. The true proportion of viral
infection is probably underestimated because of negative test results from nasopharyngeal or oropharyngeal
swab PCR. There is increased mortality in patients with dual bacterial and viral infection.
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Introduction
Establishing the aetiological diagnosis of community-acquired pneumonia (CAP) is important for different
reasons. From a public health perspective, it allows the monitoring of trends in CAP aetiology and the
development of guidelines for treatment. From a patient perspective, it allows the choice of correct and
narrowed antimicrobial therapy. New diagnostic techniques have shed a light on the role of viruses as a cause
of CAP. The advent of PCR has greatly improved the identification of viruses in patients with CAP [1]. Over
the last decade, several studies have used PCR to establish the importance of viruses in the aetiology of CAP
[1–12]. An updated and objective literature review that quantitatively summarises and critically appraises the
results of these studies is warranted.

The aim of this study was to synthesise the results of studies that evaluated viral infection in patients with
CAP. More specifically, we aimed to establish the most common viral pathogens, the proportion of viral
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infection and risk of death with viral infection in patients with CAP. For that, we carried out a systematic
review of the literature and meta-analysis.

Methods
Eligibility criteria
Studies that included patients with diagnosis of CAP, performed PCR for the investigation of viral
pathogens in a systematic way, and reported the proportion of viral infection in this patient population
were eligible to be included in this review.

Exclusion criteria
We excluded studies that included a paediatric population, systematically selected an immunosuppressed
population, were not restricted to pneumonia (e.g. included lower respiratory tract infection) or
deliberately selected a patient population whose microbiological results would not be representative of all
patients with CAP (e.g. patients with bilateral pneumonia). We also excluded studies that investigated only
one virus, as the focus of these studies was, in general, the assessment of outbreaks or pandemic.

Measurements
The primary outcome was the proportion of patients with viral infection. The secondary outcome was
the short-term (in-hospital or <30-day) mortality. We also provide meta-analysis of the proportion of the
most common viruses. We evaluated the odds of death in those with viral infection compared with the
odds in those without it.

For the primary outcome, we planned the following subgroup analyses a priori: inpatient versus outpatient,
intensive care unit (ICU; most patients) versus non-ICU, and lower respiratory tract sample (most
patients) versus no lower respiratory tract sample. Sensitivity analyses were carried out based on the
reporting quality of studies.

Search strategy
Two investigators (M. Burk and R. Cavallazzi) independently searched PubMed and Embase up to August
2015. The search strategy in PubMed included the following: “pneumonia” (Medical Subject Headings
(MeSH)) AND (virus OR viral) AND (polymerase chain reaction* OR pcr). In Embase, we used the
following terms: “community-acquired pneumonia” AND pcr.

Risk of bias
Risk of bias was assessed by the use of items listed in the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement [13]. We evaluated whether each individual study reported
the following items: objectives, study design, setting, eligibility criteria, participants (description of numbers
eligible and enrolled) and descriptive data (description of number of patients with PCR performed).

Data extraction
Using a structured data collection form, two authors (M. Burk and R. Cavallazzi) independently collected
data from the primary studies. Discrepancies were resolved by discussion amongst all authors. Study
characteristics extracted included country where the study was conducted, date of enrolment, study design,
study setting, patient population features, tests employed to detect virus, quality items and aim of the
study. Numerical data extracted included number of patients in each study, number of patients with viral
infection, mortality in the study population, mortality in patients with viral infection, mortality in patients
without viral infection and number of infections by each specific virus.

Statistical analysis
For meta-analysis of proportion, we computed a summary proportion with corresponding 95% confidence
interval (CI) for each individual study. Subsequently, we performed meta-analysis by means of a
random-effects (DerSimonian and Laird) method, which assumes some degree of heterogeneity among the
studies, and present a pooled estimate with 95% CI [14]. For meta-analysis of mortality, we computed a
summary odds ratio (OR) and corresponding 95% CI for each individual study. The odds of death was
placed on the numerator for patients with viral infection, and on the denominator for those without viral
infection. Again, we performed meta-analysis by means of a random-effects (DerSimonian and Laird)
method and present a pooled OR with 95% CI. We assessed heterogeneity with a Chi-squared test and the
I2. Evidence of heterogeneity included I2 >30%. For all analyses, a p-value <0.05 indicated statistical
significance. The meta-analyses were carried out with the statistical software package Stata 10 (StataCorp
LP, College Station, TX, USA). We used the commands “metaprop” for meta-analysis of proportion, and
“metan” for meta-analysis of mortality [15, 16].
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Results
Our searches retrieved a total of 1441 citations (PubMed n=893, Embase n=548) up to August 9, 2015.
After reading the title and abstract (when available) of these citations, we selected 94 articles for full text
review. After removing 21 duplicate articles, a total of 73 articles were fully reviewed. Of these, 42 were
excluded for a number of reasons (see online supplementary material). Figure 1 shows the flow diagram of
our literature search.

We were left with 31 studies [1–3, 5–12, 17–36], which included 10762 patients (table 1). Of these, 29
studies were prospective. They were observational cohort studies except for one case–control study [34].
They were published between 2005 and 2015 and carried out in Europe (n=14) [1, 3, 5, 18–24, 26, 28, 33,
35], Asia (n=9) [2, 6, 10, 29–32, 34, 36], North America (n=4) [11, 12, 25, 27], Oceania (n=3) [7, 8, 17]
and South America (n=1) [9]. These studies enrolled a predominantly adult population although two of
them used a cut-off of age >14 years for inclusion [3, 31]. Our original protocol anticipated the exclusion
of studies with paediatric populations. We felt that our systematic review would still be representative of an
adult population with the inclusion of the latter two studies, given the mean/median age of their sample.
The patient population consisted of inpatients in 25 studies [1–3, 5–12, 17, 18, 20, 21, 23–28, 30, 33–35],
outpatients in one study [36], and both inpatients and outpatients in five studies [19, 22, 29, 31, 32].

Six studies reported that bronchoalveolar lavage was one of the diagnostic tools used to obtain a
microbiological diagnosis [2, 7, 18, 25, 28, 35]. However, only four of them reported the number of
patients who had lower respiratory tract sampling [2, 18, 25, 28]. In two of them, >50% of the patients had
lower respiratory tract sampling [2, 28]. Table 1 gives details of these studies.

The risk of bias assessment revealed reporting of the following items by the studies: objectives (100%),
design (94%), setting (100%), eligibility (87%), description of numbers eligible and enrolled (45%), and
description of number of patients who had PCR performed (81%).

Primary outcome
The pooled proportion of patients with viral infection was 24.5% (95% CI 21.5–27.5%; I2=92.9%) (figure 2).
Among the individual studies, it ranged from 8.6% to 56.2%. The pooled proportion of viral infection was
25.5% (95% CI 22–29%; I2=93.6%) in studies with an inpatient population [1–3, 5–12, 17, 18, 20, 21, 23–28,
30, 33–35], 12.1% (95% CI 7.7–16.5%; I2=0.0%) in a study with an outpatient population [36] and 22.4%
(95% CI 16.8–28.1%; I2=83.2%) in studies with mixed inpatients and outpatients [19, 22, 29, 31, 32].
In the two studies that obtained lower respiratory samples in >50% of the patients [2, 28], it was 44.2%

42 articles excluded:

  4 immunosuppressed population

  5 not restricted to pneumonia

  1 selection of patients with COPD

  7 analysis restricted to only one virus

  1 no report of viral aetiology

  4 no consistent performance of PCR

  5 inclusion of children

  1 inclusion of bilateral pneumonia only

  1 exclusion of patients with bacterial infection

  1 restricted to those aged ≥65 years

  2 review article

  2 Chinese language

  1 evaluation of microbiota

  7 cohort fully or partially included in

    other studies

21 relevant duplicate articles removed1445 articles screened

893 articles identified 

through PubMed,

548 articles identified 

through Embase

4 additional articles 

identified through 

references cited in 

other studies

73 full-length articles reviewed

31 articles included in the 

qualitative review

31 articles included in the 

prevalence meta-analysis, 

13 articles included in the 

mortality meta-analysis

FIGURE 1 Flow diagram of our literature search for studies. COPD: chronic obstructive pulmonary disease.
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TABLE 1 Characteristics of the studies

First author [ref.] Study setting Study design Patient population Patients
n

Viral tests Age
years

Male
%

Aims Mortality
%

ANGELES MARCOS [3] Spain, 2003–2004,
inpatient

Prospective
cohort

Patients aged
>14 years admitted to
the hospital with CAP

198 PCR, IFA,
culture,
serology

70 (median) 58 Incidence and
characteristics of viral
CAP, and yield of tests

for viral infection

2.5

VAN GAGELDONK-LAFEBER [5] The Netherlands,
2007–2010, inpatient

Prospective
cohort

Patients aged
>18 years with CAP in

the ED

339 PCR 66 (median) 62.5 Aetiology of CAP Not
reported

HARA [6] Thailand, 2006–2008,
inpatient

Prospective
cohort

Patients aged
>16 years admitted to
the hospital with CAP

119 PCR 55 (mean) 71.4 Aetiology of CAP 18.5

HOLM [22] Denmark, 2002–2003,
inpatient and outpatient

Prospective
cohort

Patients aged
>18 years with

suspected CAP seen in
outpatient clinic

48 PCR 50 (median) 49 Aetiology of CAP and
outcomes

0

MERMOND [7] New Caledonia,
2006–2007, inpatient

Prospective
cohort

Patients aged
>16 years admitted to
the hospital with CAP

137 PCR, IFA 58 (median) 58.4 Aetiology of CAP,
performance of tests,
and assessment of

vaccination-preventable
proportion of causative

organisms

5.8

JENNINGS [8] New Zealand,
1999–2000, inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

304 PCR, IFA, culture,
serology

70 (median) 52 Aetiology of CAP and
characteristics of viral

pneumonia

6.8 (only
reported for
viral subset)

LUCHSINGER [9] Chile, 2005–2007, inpatient
and outpatient

Prospective
cohort

Patients aged
>18 years presenting

with CAP

356 PCR, IFA, culture,
serology

61 (median) 53.6 Aetiology of CAP and
relationship between
severity and pathogen

7.8

TAKAHASHI [10] Vietnam, 2009–2010,
inpatient

Prospective
cohort

Patients aged
>15 years admitted to
the hospital with CAP

174 PCR 42 (median) 52 Incidence, aetiology and
clinical features of CAP

9.8

WIEMKEN [11] USA, 2008–2011,
inpatient ICU

Prospective
cohort

Patients aged
>18 years with CAP
admitted to the ICU

393 PCR 52 (mean)# 56# Incidence of respiratory
viruses in CAP patients

in ICU

Not
reported

CHOI [2] Republic of Korea,
2010–2011, inpatient

Retrospective
analysis of a
prospective

cohort

Patients aged
>18 years admitted to

the hospital with
severe CAP

64 PCR, culture 49 (mean) 76.6 Role of viral infection in
patients with severe CAP

32.8

TEMPLETON [1] The Netherlands,
2000–2002,

inpatient and outpatient

Prospective
cohort

Patients aged
>18 years with CAP

105 PCR, culture, IFA,
complement

fixation

>60 (50% of
patients)

71 Aetiology of CAP 3.8
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TABLE 1 Continued

First author [ref.] Study setting Study design Patient population Patients
n

Viral tests Age
years

Male
%

Aims Mortality
%

MUSHER [12] USA, 2011–2012, inpatient Prospective
cohort

Patients admitted to a
Veteran Affairs

hospital

259 PCR 70 (mean) 95.7 Yield of traditional and
new diagnostic tests

Not
reported

SHIBLI [34] Israel, 2006–2007,
inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

126 PCR, DNA/RNA
genomic
extraction,
serology

58.3 (mean) 57.9 Identify common
pathogens causing CAP
in hospitalised patients
and evaluate correlation
of aetiology and disease

severity

3.96

SANGIL [33] Spain, 2009–2010,
inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

131 Multiplex PCR,
serology

64.4 (mean) 68.7 Determine aetiology of
CAP by adding PCR to
conventional methods

and describe clinical and
laboratory features

between patients with
bacterial and viral CAP

5.3

JOHANSSON [26] Sweden, 2004–2005,
inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

184 PCR, serology,
viral culture

61.3 (mean) 51 Determine aetiology of
CAP among adults using
new PCR platform and
conventional methods

3.8

HUIJSKENS [24] The Netherlands,
2008–2009, inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

408 PCR, serology 68 (median) 61.3 Evaluate potential for
targeted diagnostics and

directed treatment

39

SAITO [32] Japan, 1999–2000,
outpatient and inpatient

Prospective
cohort

Patients aged
>17 years admitted to
the hospital with CAP

232 PCR, antigen
immunoassay,

serology

60 (mean) 57.8 Identify aetiology of CAP 1.7

YIN [36] China, 2008–2009,
infectious disease
outpatient clinic

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

215 PCR 36.1 (mean of
those reported)

47.1 (of
those with
aetiologies)

Evaluate Japanese
Respiratory Society

guidelines for
identification of

Mycoplasma pneumoniae

0

DIEDEREN [20] The Netherlands,
1998–2000, inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

242 PCR,
immunoassay/
ELISA, serology

Not reported Not
reported

Detection of respiratory
viruses and Legionella by

PCR in CAP patients

9.5

HOHENTHAL [21] Finland, 1999–2004,
inpatient

Prospective
cohort

Patients aged
>16 years admitted to
the hospital with CAP

384 PCR,
immunoassay/IFA,

serology

49.8 (mean) 52.3 Assess utility of rapid
micro tests in different
disease severities of

CAP

Not
reported

LIEBERMAN [30] Israel, Nov 2004–March
2005 and Nov 2005–April

2006, inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

183 PCR 59.5 (mean) 57 Identify viruses in CAP
versus control versus
lower respiratory

infections

Not
reported
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TABLE 1 Continued

First author [ref.] Study setting Study design Patient population Patients
n

Viral tests Age
years

Male
%

Aims Mortality
%

KIM [29] Republic of Korea,
2010–2013,

inpatient and outpatient

Retrospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

327 PCR, immunoassay
for influenza

antigen

67 (mean) in
viral

pneumonia;
70 (mean) in
nonviral

pneumonia

72% in
viral CAP;
78% in
nonviral
CAP

Investigate predictors of
viral CAP

18.9

KARHU [28] Finland, 2008–2013,
inpatient ICU

Prospective
cohort

Patients aged
>18 years admitted to

the hospital with
severe CAP

49 PCR 54 (median) 42.9 Evaluate presence and
course of viral infections
in ventilated patients

using PCR

12.2

HOLTER [23] Norway, 2008–2011,
inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

264 PCR, serology 66 (mean) 52 Describe aetiology and
evaluate diagnostic

results

3.7

QU [31] China, 2010–2012,
inpatient and outpatient

Prospective
cohort

Patients aged
>14 years admitted to
the hospital with CAP

954 PCR 45.2 (mean) 56.6 Investigate respiratory
virus aetiology in

adolescents and adults
with CAP, by age and

PSI

0.4

CHARLES [17] Australia, 2004–2006,
inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

865 PCR, serology for
influenza

65.1 (mean) 60.7 Evaluate aetiology,
severity assessment
tools and outcomes of

CAP

5.6

VIASUS [35] Spain, 2010–2011,
inpatient

Prospective
cohort

Adults admitted to the
hospital with CAP

747 PCR 65 (median) 56.8 Evaluate aetiology,
clinical features and
prognosis of CAP

8.2

DAS [19] France, 2011–1012, ED Prospective
cohort

Patients aged
>18 years presenting
to the ED with CAP

125 PCR 65 (mean)# 49# Evaluate aetiology of
CAP

Not
reported

JAIN [25] USA, 2010–2012, inpatient Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

2259 PCR, serology 57 (median) Not
reported

Population-based
surveillance study of

CAP aetiology

2

JOHNSTONE [27] Canada, 2004–2006,
inpatient

Prospective
cohort

Patients aged
>18 years admitted to
the hospital with CAP

193 NAT, IFA 71 (median) 51 Describe the pathogens,
clinical presentation
and outcomes of
patients with CAP

3

CILLÓNIZ [18] Spain, 2003–2010,
inpatient ICU

Prospective
cohort

Patients aged
>18 years admitted to
the ICU with CAP

362 PCR, IFA 63 (mean) 64 Study the prevalence,
clinical characteristics
and outcomes of severe

CAP in the ICU

10

CAP: community-acquired pneumonia; IFA: immunofluorescence assay; ED: emergency department; ICU: intensive care unit; PSI: pneumonia severity index; NAT: nucleic acid
amplification tests. #: for all patients, including some not included in our analysis.
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(95% CI 35.1–53.3%; I2=0%), compared with 23.5% (95% CI 20.5–26.6%; I2=93%) in the other studies. The
proportion was 29% (95% CI 14.5–43.4%; I2=96%) in studies that included only patients requiring ICU
admission [2, 11, 18, 28], compared with 24.1% (95% CI 21.1–27.1%; I2=91.9%) in other studies.

Data from 25 studies revealed a pooled proportion of dual bacterial and viral infection of 10% (95% CI 8–11%;
I2=93.1%) [2, 3, 5–9, 12, 17, 19–21, 23–29, 31–36].

Individual viruses
The number of viruses tested across all studies ranged from four to 11 (median=7). The most commonly
identified viruses were influenza in 18 studies [3, 6, 7, 10, 11, 17–19, 21, 23, 26, 27, 29, 31, 32, 34–36],
rhinovirus in eight studies [1, 5, 8, 12, 22, 24, 25, 28], respiratory syncytial virus in three studies [2, 9, 33]
and coronavirus in two studies [20, 30]. Meta-analyses revealed that the proportion of infection by
influenza (31 studies) was 8% (95% CI 6.3–9.6%; I2=91.9%), by rhinovirus (25 studies) was 5.7% (95% CI
4.3–7.1%; I2=90.3%), by respiratory syncytial virus (29 studies) was 2.2% (95% CI 1.6–2.8%; I2=80%) and
by coronavirus (18 studies) was 3.3% (95% CI 2.3–4.2%; I2=80.2%).

Short-term mortality
For the outcome short-term mortality, we pooled data from 13 studies [2, 3, 6, 7, 24, 26, 28, 29, 31–35].
The odds of death were higher in patients with viral infection, but there was no statistical significance
(OR 1.3, 95% CI 0.8–2.16; p=0.283; I2=44.1%) (figure 3). In patients with dual bacterial and viral infection
(10 studies), the odds of death were significantly higher compared with patients without dual infection
(OR 2.1, 95% CI 1.32–3.31; p=0.002; I2=0%) [2, 3, 24, 26, 28, 31–35].

TEMPLETON [1]

ANGELES MARCOS [3]

SAITO [32]

HOLM [22]

JENNINGS [8]

HOHENTHAL [21]

CHARLES [17]

JOHNSTONE [27]

DIEDEREN [20]

MERMOND [7]

SHIBLI [34]

JOHANSSON [26]

LIEBERMAN [30]

HARA [6]

CILLÓNIZ [18]

CHOI [2]

SANGIL [33]

YIN [36]

VAN GAGELDONK-LAFEBER [5]

LUCHSINGER [9]

TAKAHASHI [10]

WIEMKEN [11]

MUSHER [12]

VIASUS [35]

HUIJSKENS [24]

KIM [29]

KARHU [28]

HOLTER [23]

QU [31]

DAS [19]

JAIN [25]

Overall (I2=92.9%, p=0.001)

0.56 (0.47–0.65)

0.23 (0.18–0.30)

0.16 (0.12–0.22)

0.13 (0.06–0.25)

0.29 (0.24–0.34)

0.11 (0.08–0.14)

0.16 (0.13–0.18)

0.19 (0.14–0.25)

0.23 (0.18–0.28)

0.22 (0.16–0.30)

0.33 (0.26–0.42)

0.29 (0.23–0.36)

0.32 (0.25–0.39)

0.09 (0.05–0.16)

0.09 (0.06–0.12)

0.41 (0.29–0.53)

0.36 (0.28–0.44)

0.12 (0.08–0.17)

0.23 (0.19–0.27)

0.39 (0.34–0.44)

0.16 (0.11–0.23)

0.23 (0.19–0.28)

0.16 (0.12–0.21)

0.22 (0.19–0.25)

0.29 (0.25–0.33)

0.24 (0.19–0.28)

0.49 (0.36–0.63)

0.34 (0.29–0.40)

0.27 (0.25–0.30)

0.30 (0.23–0.39)

0.23 (0.22–0.25)

0.24 (0.21–0.27)

2.71

3.25

3.39

2.73

3.35

3.56

3.62

3.29

3.33

3.10

2.90

3.15

3.13

3.34

3.58

2.33

2.91

3.44

3.43

3.35

3.29

3.46

3.42

3.58

3.44

3.41

2.06

3.27

3.59

2.93

3.66

100.00

First author [ref.]
Proportion

(95% CI)

Weight 

%

0.50.250

FIGURE 2 Forest plot displaying meta-analysis of the proportion of viral infection in patients with
community-acquired pneumonia. Weights are from random-effects analysis.
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Sensitivity analyses
After exclusion of the study with largest sample [25], the pooled proportion of viral infection remained
similar (24.6%, 95% CI 21.2–27.9%; I2=93%). Studies that met all the reporting criteria set in our risk of
bias assessment were considered of low risk of bias. Analysis of these studies showed a proportion of viral
infection of 22.6% (95% CI 18.7–26.5%; I2=92.6%) [2, 3, 7, 10, 12, 17, 18, 22, 23, 25, 28, 29, 31, 35].

Discussion
Our analysis showed a high proportion of viral infection in patients with CAP. The proportion was higher
in studies of inpatients compared with studies of outpatients. It was not significantly increased in studies
performed in the ICU setting. However, the proportion was significantly increased in studies that obtained
lower respiratory tract samples in most patients. There was no significant increase in mortality for patients
with viral infection. However, patients with dual bacterial and viral infection had twice the risk of death
compared with patients without dual infection.

While it is well established that early diagnosis of influenza in CAP has substantial therapeutic
implications, this is less so with non-influenza viruses. Historically, antiviral therapy for non-influenza
pneumonia had been evaluated mostly in immunosuppressed patients and infants. More recently, there
has been interest in the use of antivirals or immunomodulating agents for other populations [37]. An
example is a recent case series demonstrating good outcomes with early administration of cidofovir for
non-immunocompromised patients with severe CAP [38]. Additionally, there are a number of new
antivirals being developed [39–41]. The prospect of new therapeutic options for viral infection in CAP
highlights the increasing role that diagnostic tests for viral infection are likely to have in the near future.

An important and controversial consideration is whether the viruses detected in the nasopharynx
represent only colonisation in some patients. In support of this notion, approximately one-third of
subjects who are experimentally infected with wild-type influenza virus remain asymptomatic [42].
Furthermore, even when viruses are detected by lower respiratory tract sampling, contamination from the
upper airways may have occurred. Conversely, a study using PCR found that asymptomatic
nasopharyngeal carriage in adults was common for Staphylococcus aureus (9.1%) and Streptococcus
pneumoniae (6.8%), but absent for the four viruses tested: influenza virus A, influenza virus B, respiratory
syncytial virus A and respiratory syncytial virus B [43].

Perhaps a more misleading factor is that nasopharyngeal swab PCR may provide negative test results in
cases of lower respiratory tract viral infection. This is highlighted by two studies that obtained both
nasopharyngeal swab and lower respiratory tract samples in some patients [2, 28]. In one of these studies,
of the 21 viruses detected by lower respiratory tract sample, only seven were detected by nasopharyngeal
swab [28]. In the other study, of the 23 patients that had both a nasopharyngeal swab and bronchoalveolar
lavage PCR test, five had positive virus in the bronchoalveolar lavage but negative in the nasopharyngeal
swab [2]. In fact, a subgroup analysis including these two studies revealed a pooled proportion of viral
infection that was almost twice as high as that of other studies.
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FIGURE 3 Forest plot displaying the odds ratio (OR) of death in the presence of viral infection in patients with
community-acquired pneumonia. Weights are from random-effects analysis.
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Analysis of the individual viruses showed that influenza and rhinovirus were the most commonly detected
viruses. Respiratory syncytial virus, coronavirus, parainfluenza, adenovirus and human metapneumovirus
have a lesser yet prominent role in CAP, being detected in 1–4% of this patient population. Viruses that
have been detected in <1% of the CAP population include enterovirus, polyomavirus, varicella-zoster virus
and herpes simplex virus. As expected, studies did not consistently examine the same set of viruses.

We did not find a significant association between viral infection and increased mortality. However, because
of the relatively small sample size (most studies did not contribute to the mortality meta-analysis) and wide
confidence interval, we cannot conclusively exclude that the presence of viral infection confers a higher risk
of death. Indirect evidence that viral infection confers higher morbidity would be that inpatients had a
higher proportion of viral infection compared with outpatients. However, studies with ICU populations did
not demonstrate a significantly higher proportion of viral infection compared with other studies.

In the presence of bacterial and viral co-infection, the data are less equivocal and point to an interaction
leading to worse outcomes. For instance, some (but not all) studies included in our meta-analysis showed
higher severity of pneumonia with bacterial and viral co-infection [1, 20]. The interaction seems
particularly relevant with rhinovirus [1, 8] and influenza [44]. In a comprehensive analysis of both
literature and tissue specimens from the 1918 influenza pandemic, MORENS et al. [44] showed the
facilitating effect that influenza has upon upper respiratory tract bacteria, which were ultimately the
probable cause of most deaths related to that pandemic. While our analysis does not allow us to evaluate
the prognostic impact of individual viruses, it clearly shows an increased mortality in the presence of dual
viral and bacterial infection.

Another common occurrence, which was not fully scrutinised by our analysis, is the presence of secondary
bacterial infection after a viral infection. This is distinct from concomitant viral/bacterial infection and is
usually caused by S. pneumoniae infection preceded by influenza [45]. There is typically a lag time of
2–4 weeks between the two infections, and a study indicates that 12–20% of seasonal cases of invasive
pneumococcal disease can be attributed to prior influenza infection [46]. Data from the 2009 influenza A
(H1N1) pandemic indicate that other bacterial pathogens associated with influenza A infection include
S. aureus, Gram-negative rods and group A streptococcus [47].

Two meta-analyses evaluating the proportion of viral infection in CAP have been published [48, 49]. The
study by WANG et al. [48] addressed childhood CAP and found a pooled proportion of viral infection of
57.4% in that patient population. The study by WU et al. [49] included adults with CAP and found a
pooled proportion of viral infection of 22.4%. However, the latter analysis included fewer studies and did
not evaluate mortality [49].

Our study has a number of limitations. We did not restrict our search to any language; however, we were
unable to include some articles in languages other than English. We deliberately excluded abstracts because
often they represent preliminary findings and do not provide enough information for data extraction. This
focus on quality comes at the expense of excluding some studies from our review. In some instances, we were
unable to obtain data from authors of the original studies despite attempting contact via e-mail. There was
significant heterogeneity among the studies, which could not be fully explained by the subgroup analyses.

Future research should focus on practical applications of viral PCR tests. A potential area for research is
the evaluation of whether the use of PCR tests in a clinical pathway would allow a faster de-escalation of
antimicrobials. Further research on the importance of viral colonisation of the nasopharynx and the
impact of false-negative nasopharyngeal tests is warranted. The relevance of viruses that have not been
tested in most studies should be clarified. Finally, the pathogenic role of the viral infections is not clear
from the included studies. In what proportion do these viral infections represent only upper respiratory
tract infection? In the presence of mixed viral and bacterial infection, what is the mechanistic role
underlying the worse outcomes? Does viral infection act as a facilitator to the entry and invasiveness of
bacteria, or does it have a direct pathogenic effect? Could some of the cases of dual bacterial and viral
infection actually represent secondary bacterial infection? It is known that PCR may remain positive for
2–5 weeks after an acute infection by some of the respiratory viruses [50]. Thus, in the group classified as
having dual bacterial and viral infection, active viral replication may not always occur at the time of the
diagnosis. These are points that need to be further explored in future investigations.

We conclude that viral infection is present in a high proportion of patients with CAP. While upper airway
colonisation by viruses could lead to overestimation of their role in CAP, we believe that it is far more
likely that the true proportion of viral infection in CAP is underestimated because of negative test results
from nasopharyngeal swab PCR in some cases of lower respiratory infection, failure to evaluate potentially
relevant viruses, and inability to test all patients for PCR in some studies. Furthermore, the analysis of the
evidence shows a significant increase in mortality in CAP patients with dual bacterial and viral infection.
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