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for overall respiratory viral infections. We noted significant 
heterogeneity in incidence estimates for the incidence of vi-
ral infections (Cochran’s χ 2  = 269.9, p < 0.0001, I 2  = 91.8%). 
The combined incidence of viral infections was 22.4% (95% 
CI = 19.0–25.7). Incidences of viral coinfections with other 
pathogens ranged from 3 to 28%. A high level of heteroge-
neity was identified as well during the estimates for inci-
dences of coinfections (χ 2  = 200.9, p < 0.0001, I 2  = 91.5%). The 
combined incidence of viral coinfections with other patho-
gens was 12.4% (95% CI = 9.7–15.0). Our heterogeneity anal-
yses suggested that a lower respiratory tract sample was as-
sociated with higher overall viral incidence. Moreover, the 
influenza virus, rhinovirus and coronavirus were the 3 most 
frequently detected viral pathogens in adult patients with 
CAP according to our study.  Conclusions:  Respiratory virus-
es are probably crucial pathogens of adult patients with CAP, 
with the influenza virus being the most frequent viral patho-
gen identified. More than half of the viral infections are char-
acterized as mixed infections with other pathogens. 

 © 2015 S. Karger AG, Basel 
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 Abstract 

  Background:  With the development of more rapid and sen-
sitive detection methods based on PCR techniques, the con-
tributions of respiratory viral infections to community-ac-
quired pneumonia (CAP) in adult patients are being more 
and more recognized. Yet, up to now, there has been a lack 
of synthetic data that clearly demonstrates the incidence of 
respiratory viral infections in adult patients with CAP.  Objec-

tives:  We intended to demonstrate the incidence of respira-
tory viral infections detected by PCR and real-time PCR in 
adult patients with CAP.  Methods:  We searched PubMed 
and Embase for studies providing the incidence of respira-
tory viral infections in adult patients with CAP. We investi-
gated potential sources of heterogeneity by a univariant 
metaregression analysis and calculated the combined inci-
dence of viral infections, viral infections mixed with other 
pathogens and individual respiratory virus species.  Results:  
We eventually identified 23 eligible reports with a total num-
ber of 6,404 patients. Incidences ranged from 8.6 to 56.2% 
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 Introduction 

 Community-acquired pneumonia (CAP) as the most 
common cause of death due to infection in adults brings 
a great clinical and economic burden to the health care 
systems worldwide  [1, 2] . The definition of the etiology 
directly affects the decision concerning the clinical treat-
ment of patients with CAP, which will finally influence 
the outcome for patients with CAP  [3, 4] . The bacterial 
causes of CAP have been well characterized, with  Strep-
tococcus pneumoniae  being the most important bacterial 
pathogen  [5, 6] . In contrast to bacterial agents, the in-
volvement of respiratory viral infections in adult patients 
with CAP has yet not been well defined.

  With the development of virological diagnostic tech-
niques, an increasing number of studies evaluating the 
incidence of respiratory viral infections in adult patients 
with CAP indicates the important contributions of respi-
ratory viruses to CAP  [7, 8] . However, up to now, no syn-
thetic data has clearly demonstrated the incidence of 
overall respiratory viral infections in adult patients with 
CAP and the discrepancy in the contributions to the 
pathogenesis of CAP across respiratory viral species.

  The aim of this meta-analysis is to determine the inci-
dence of viral infections in adult patients with CAP and 
demonstrate the incidence discrepancy among respira-
tory viral species according to previous epidemiology re-
searches based on PCR-related techniques.

  Methods 

 Search Strategy 
 In July 2013, we conducted a systematic search utilizing 

PubMed and Embase search engines for citations published from 
January 1, 2000 to July 19, 2013. The initial search was undertaken 
using free-word, keyword and MeSH searches for ‘community-
acquired pneumonia’, ‘virus’, ‘adult’ and ‘PCR’. Two researchers 
(X.W. and Q.W.) independently searched the titles and abstracts 
identified initially on screen for the selection of the potential stud-
ies. We also searched the reference lists of the included studies. 
When needed, we contacted the authors to obtain missing or ad-
ditional information. We settled any discrepancies through dis-
cussion with a third researcher (M.W.).

  Inclusion/Exclusion Criteria 
 Studies had to meet the following criteria for inclusion: (1) pa-

tients were  ≥ 16 years old; (2) studies clearly stated the definition 
of CAP; (3) studies provided the incidence of respiratory viral in-
fections in CAP patients; (4) respiratory viruses were detected by 
highly sensitive techniques (PCR and real-time PCR); (5) at least 
90% of the samples collected were used for viral detection; (6) the 
full paper was available in the English literature.

  Studies were excluded if they focused on patients in an immu-
nosuppressed state, such as in the case of patients with solid organ 
or bone marrow transplantations, AIDS or receiving chemothera-
py or taking other immunosuppressive drugs etc.

  Quality Assessment and Data Extraction 
 Two reviewers independently assessed the quality of all includ-

ed studies using score quality criteria based on the principles of the 
quality assessment of observational studies (as shown in online 
suppl. table 1; see www.karger.com/doi/10.1159/000369561 for all 
online suppl. material). The relevant trail characteristics were in-
dependently extracted by 2 reviewers (X.W. and Q.W.), and any 
discrepancies were solved with complete agreement through re-
checking the source papers and discussion. Data extraction for 
each study was done according to a standardized form designed by 
us to capture and record all relevant information required for anal-
ysis. For each study, 2 reviewers extracted the data independently, 
cross-checked with each other and resolved disagreements through 
discussion. For all included studies, the following information was 
recorded: author, year of publication, country, number of patients, 
number of respiratory virus species detected, viral detection meth-
od, specimen collected for viral detection, number of patients with 
viral infections and number of patients with mixed infections by 
viruses and other pathogens.

  Statistical Analysis 
 According to the expected heterogeneity across studies, the 

combined incidence of respiratory viral infections with 95% was 
calculated with a DerSimonian-Laird random-effects model  [9] . 
Statistical heterogeneity was tested with Cochran’s χ 2  and quanti-
fied with the I 2  statistic (30–60% for moderate heterogeneity; 50–
90% for substantial heterogeneity; 75–100% for considerable het-
erogeneity)  [10] . In order to reduce the heterogeneity across stud-
ies and perform further analysis, a subgroup analysis was required. 
We further investigated potential sources of heterogeneity by 
metaregression analysis. Factors examined individually in univari-
able models were the sample type used for viral detection (by com-
paring a lower respiratory tract specimen with an upper respira-
tory tract specimen), time span of patient enrollment, geographical 
region, number of viral species detected and number of viral detec-
tion methods. We did all analyses in Stata (version 12.1, StataCorp 
LP, College Station, Tex., USA) with the commands ‘metan’ (for 
random-effects meta-analysis), ‘metareg’ (for metaregression) and 
‘metainf’ (for sensitivity analysis).

  Results 

 A total of 768 records were returned during our search-
es. After initial screening and removal of duplicates, we 
reviewed 76 papers in full text. Finally, 23 studies (n = 
6,404) published between February 2001 and July 19, 
2013 were included as eligible reports for our further 
analysis ( fig. 1 ,  table 1 ). The quality score of those 23 re-
ports is listed in  table 1 . Ten of the 23 reports achieved a 
score  ≥ 7, and the other 13 reports scored between 4 and 
6. Of the 23 reports, 2 were conducted in adult outpatients 
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 Table 1.  Summarized characteristics of the studies included in the meta-analysis

Author Year of
publication

Viral identification method Specimens Viral
species, n

Patients,
n

Quality
score1

Takahashi et al. [15] 2013 PCR Nasopharyngeal swabs 13 167 9
Luchsinger et al. [31] 2013 Culture, IFA, serology, PCR Serum, sputum, nasopharyngeal aspirate 10 356 6
Wiemken et al. [13] 2013 PCR Nasopharyngeal swabs 12 393 7
Viasus et al. [14] 2013 RT-PCR Nasopharyngeal swabs or BALF 13 747 8
Musher et al. [16] 2013 PCR Nasopharyngeal swabs 7 259 6
Huijskens et al. [17] 2013 RT-PCR Throat swabs, sputum 14 408 8
Yin et al. [11] 2012 RT-PCR Throat swabs, sputum 13 215 5
Sangil et al. [18] 2012 PCR Nasopharyngeal swabs, sputum 12 131 6
Choi et al. [19] 2012 RT-PCR Nasopharyngeal aspirates, BALF 16 64 6
Johansson et al. [7] 2010 RT-PCR Nasopharyngeal samples 16 184 5
Cilloniz et al. [20] 2011 PCR, serology Nasopharyngeal swabs, serum 14 362 4
Shibli et al. [21] 2010 PCR, serology Nasopharyngeal swabs, serum 8 126 5
Mermond et al. [22] 2010 serology, PCR, IFA Serum, nasopharyngeal swabs, TBA, 

BALF or PSB samples
7 137 5

Lieberman et al. [23] 2010 RT-PCR Oropharyngeal swabs, nasopharyngeal
swabs and nasopharyngeal washing

12 183 9

Cao et al. [12] 2010 RT-PCR Sputum and throat swabs 16 197 6
Diederen et al. [24] 2009 PCR, serology Throat swabs, sputum 10 242 5
Johnstone et al. [25] 2008 direct fluorescent antigen tests, RT-PCR Nasopharyngeal swabs 13 193 7
Jennings et al. [26] 2008 PCR, serology, IFA, culture Nasopharyngeal swabs, serum 11 304 9
Charles et al. [27] 2008 PCR Nose and throat swabs 8 885 5
Saito et al. [32] 2006 PCR, serology Sputum and serum 5 232 7
Angeles et al. [28] 2006 RT-PCR, IFA, culture Nasopharyngeal swabs 12 198 6
Templeton et al. [29] 2005 RT-PCR Throat washes and throat swab specimens 12 105 8
Macfarlane et al. [30] 2001 PCR, serology, culture Throat swabs, serum 7 316 7

 BALF = Bronchial alveolar lavage fluid; IFA = indirect immunofluorescence assay; PSB = protected specimen brush; RT-PCR = real-time polymerase 
chain reaction; TBA = tracheobronchial aspirate.

1 Maximum score = 9.

Citations excluded (n = 553)
Not relevant, case reports, review,
non-English literature or editorial

Duplicate citations removed (n = 139)

Online search (n = 768)
PubMed (n = 275)
Embase (n = 493)

Citations screened by title and
abstract review (n = 629)

Full-text studies examined in
detail (n = 76)

Studies included in qualitative
synthesis (n = 23)

Excluded:
Repeated reports of the same result (n = 14)
Studies limited to children or HIV(+)
patients (n = 16)
Studies using conventional methods for
viral detection (n = 23)

  Fig. 1.  Flowchart of the selection of the 
studies. 
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with CAP  [11, 12] , 17 in adult inpatients with CAP  [7, 
13–28]  and 4 in both outpatients and inpatients with CAP 
 [29–32] . Nine reports were carried out in Europe (4 in 
Spain, 3 in the Netherlands, 1 in the UK and 1 in Sweden) 
 [7, 14, 17, 18, 20, 24, 28–30] , 5 in Southeast Asia (2 in 
China, 1 in Japan, 1 in Korea and 1 in Vietnam)  [11, 12, 
15, 19, 32] , 3 in Australia  [22, 26, 27] , 4 in America (2 in 
the USA, 1 in Canada and 1 in Chile)  [13, 16, 25, 31]  and 
2 in Israel  [21, 23] . Moreover, respiratory viral detection 
in 12 studies was solely based on PRC/real-time PCR  [7, 
11–19, 23, 27, 29] , and viral detection in the other studies 
was based on a combination of PCR/real-time PCR and 
conventional methods  [20–22, 24–26, 28, 30–32] .

  Incidence estimates of respiratory viruses in patients 
with CAP ranged from 8.6 to 56.2% ( fig. 2 ); heterogene-
ity was considerable (χ 2  = 269.9, p < 0.0001, I 2  = 91.8%). 
The random-effects combined incidence was 22.4% 
(95% CI = 19.0–25.7, I 2  = 91.8%). Considering the high 
level of heterogeneity, we further conducted a subgroup 
analysis for the separate calculation of combined inci-
dences according to the types of patients (inpatients, 
outpatients and mixed patients), time span of patient 
enrollment (1 year vs. >1 year), economic level of the 
countries (developed vs. developing countries), PCR 
methods (routine PCR vs. real-time PCR) or according 
to the region where each report was conducted (Europe, 

0 0.657

Study Year Country Incidence estimate 
and 95% CI

Weight, 
%

Both outpatients and inpatients
Macfarlane et al. [30] 2001 UK 0.19 (0.15 – 0.24) 4.58
Templeton et al. [29] 2005 The Netherlands 0.56 (0.47 – 0.66) 3.56
Saito et al. [32] 2006 Japan 0.16 (0.12 – 0.21) 4.52
Luchsinger et al. [31] 2013 Chile 0.22 (0.18 – 0.27) 4.59
Subtotal (I2 = 94.7%, p = 0.000) 0.28 (0.16 – 0.39) 17.25

Inpatients
Angeles et al. [28] 2006 Spain 0.13 (0.08 – 0.18) 4.53
Jennings et al. [26] 2008 New Zealand 0.29 (0.24 – 0.34) 4.64
Charles et al. [27] 2008 Australia 0.15 (0.13 – 0.17) 4.85
Johnstone et al. [25] 2008 Canada 0.19 (0.14 – 0.25) 4.37
Diederen et al. [24] 2009 The Netherlands 0.21 (0.16 – 0.27) 4.44
Lieberman et al. [23] 2010 Israel 0.32 (0.25 – 0.38) 4.14
Mermond et al. [22] 2010 New Caledonia 0.21 (0.14 – 0.28) 4.12
Shibli et al. [21] 2010 Israel 0.33 (0.25 – 0.42) 3.83
Johansson et al. [7] 2010 Sweden 0.29 (0.23 – 0.36) 4.17
Cilloniz et al. [20] 2011 Spain 0.09 (0.06 – 0.11) 4.79
Choi et al. [19] 2012 Korea 0.41 (0.29 – 0.53) 3.04
Sangil et al. [18] 2012 Spain 0.36 (0.28 – 0.44) 3.83
Musher et al. [16] 2013 USA 0.16 (0.12 – 0.21) 4.56
Viasus et al. [14] 2013 Spain 0.17 (0.14 – 0.19) 4.81
Huijskens et al. [17] 2013 The Netherlands 0.29 (0.24 – 0.33) 4.58
Wiemken et al. [13] 2013 USA 0.23 (0.19 – 0.28) 4.61
Takahashi et al. [15] 2013 Vietnam 0.16 (0.11 – 0.22) 4.37
Subtotal (I2 = 90.8%, p = 0.000) 0.23 (0.19 – 0.26) 73.51

Outpatients
Cao et al. [12] 2010 China 0.10 (0.06 – 0.14) 4.62
Yin et al. [11] 2012 China 0.11 (0.07 – 0.15) 4.62
Subtotal (I2 = 0.0%, p = 0.724) 0.10 (0.07 – 0.13) 9.24

Overall (I2 = 91.8%, p = 0.000) 0.22 (0.19 – 0.26) 100.0

Weights are from random-effects analysis.

  Fig. 2.  The combined incidence of viral infections in adult patients with CAP. 
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Southeast Asia, Australia, America and the Middle East), 
as shown in  table 2 . The combined incidence of respira-
tory viruses was 10.2% (95% CI = 7.3–13.1, I 2  = 0%) in 
outpatients  [11, 12] , 22.7% (95% = 19.0–26.4, I 2  = 90.8%) 
in inpatients  [7, 13–28, 31, 32]  and 27.7% (95% = 16.4–
39.0, I 2  = 94.7%) in mixed patients  [29, 30] . In the sub-
group analysis according to regions, the combined inci-
dence was highest in the Middle East (32%, 95% CI = 
27–38, I 2  = 0%)  [21, 23]  and lowest in Southeast Asia 
(16.6%, 95% CI = 10.5–22.8, I 2  = 85.1%)  [11, 12, 15, 19, 
32] . The combined incidence was 24.3% (95% CI = 20.3–
28.3, I 2  = 92.7%) and 15.8% (95% CI = 10.4–21.3, I 2  = 
84.2%) in developed countries and developing coun-
tries, respectively. In the subgroup analysis stratified by 
the time span of the studies, the combined incidence of 
respiratory viruses in the studies covering 1 year and >1 
year was 23.6% (95% CI = 22.1–25.1, I 2  = 92.6%) and 
24.3% (95% CI = 22.5–26.2, I 2  = 96.9%), respectively. In 
addition, considering that real-time PCR is more sensi-
tive than routine PCR, which might lead to the signifi-
cant heterogeneity in our study, we further performed a 

subgroup analysis stratified by PCR methods (routine 
PCR vs. real-time PCR). The combined incidence of re-
spiratory viruses was 20.9% (95% CI = 17.1–24.6, I 2  = 
89.2%) in studies using routine PCR and 24.7% (95% 
CI = 18.1–31.3, I 2  = 94.3%) in studies using real-time 
PCR.

  Considering that the subgroup analysis cannot explain 
all sources of heterogeneity among the incidence of respi-
ratory viruses in patients with CAP, we further carried 
out a univariate metaregression analysis ( table  3 ) and 
found that the viral incidence was higher in studies in 
which lower respiratory tract specimens were collected 
for viral detection (p = 0.048) than in those in which only 
upper respiratory tract specimens were collected for viral 
detection. Additionally, we did a sensitivity analysis and 
found that the study by Cilloniz et al.  [20]  might have 
contributed to the heterogeneity. However, the recom-
bined incidence of respiratory viruses after omission of 
that study was 23.0% (95% CI = 19.7–26.3, I 2  = 90.5%), 
which was similar to the combined incidence before 
omission.

Region Incidence of 
respiratory viral
infections, %

95% CI I2,
%

χ2 p

Europe 24.7 18.0 – 31.5 95.1 162.6 0.000
Southeast Asia 16.6 10.5 – 22.8 85.1 26.9 0.000
Australia 21.5 12.2 – 30.8 91.9 24.6 0.000
America 20.4 17.1 – 23.8 52.9 6.4 0.095
Middle East 32.4 27.1 – 37.6 0.0 0.1 0.763

Metaregression
coefficient

95% CI p

Incidence of respiratory viral infections in patients with CAP
LRI specimens 0.091 0.001 to 0.18 0.048
Region 0.002 –0.04 to 0.04 0.904
Number of viral species detected 0.008 –0.01 to 0.02 0.273
Number of viral detection methods –0.019 –0.10 to 0.06 0.620
  Time span –0.017 –0.05 to 0.02 0.350

Incidence of respiratory viral coinfections with other pathogens in patients with CAP
LRI specimens 0.049 –0.03 to 0.13 0.198
Region –0.0004 –0.03 to 0.03 0.975
Viral species detected, n 0.006 –0.01 to 0.02 0.314
Viral detection methods, n –0.004 –0.05 to 0.04 0.843
Time span, year 0.0008 –0.10 to 0.10 0.986

 LRI specimens, i.e. lower respiratory tract specimens, were collected for viral detection.

 Table 3.  Univariate metaregression for the 
incidence of viral infections and viral 
infections mixed with other pathogens in 
adult patients with CAP

 Table 2.  Combined incidence estimates of 
viral infections in adult patients with CAP 
by geographical region
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  Of the 23 reports, 18 studies  [7, 12, 14–22, 24, 26–32]  
provided data for the calculation of the coinfection inci-
dences of respiratory viruses with other pathogens (n = 
5,058). As shown in  figure 3 , the incidence estimates of 
coinfections ranged from 3 to 28%; heterogeneity was 
considerable (χ 2  = 200.9, p < 0.0001, I 2  = 91.5%). The 
combined overall incidence of coinfections of respira-
tory viruses with other pathogens (mainly bacteria) was 
12.4% (95% CI = 9.7–15.0, I 2  = 91.5%). Due to the high 
level of heterogeneity, the subgroup analysis was per-
formed according to the patient types, economic level of 
the countries and regions where the studies were per-
formed, as mentioned above. The combined incidence of 
coinfections was 12.9% (95% CI = 9.7–16.1, I 2  = 91.3%) 
in inpatients with CAP  [7, 14–19, 21, 22, 24, 26–28]  and 
13.7% (95% CI = 7.1–20.3, I 2  = 90.6%) in mixed patients 
with CAP  [29–32] . Since only 1 study provided the inci-

dence of coinfections in outpatients with CAP  [12] , a 
combined estimate was not performed. In the subgroup 
analysis stratified by the time span of the studies, the 
combined incidence of respiratory viruses in the studies 
covering 1 year and >1 year was 12.5% (95% CI = 9.2–
15.7, I 2  = 91.3%) and 12.4% (95% CI = 9.7–15.0, I 2  = 
94.1%), respectively. Additionally, the combined inci-
dence of coinfections was 12.3% (95% CI = 9.3–15.3, I 2  = 
91.1%) and 12.4% (95% CI = 9.7–15.0, I 2  = 93.6%) in de-
veloped countries and developing countries, respective-
ly. Moreover, the combined incidence of coinfections 
was similar between Europe  [7, 14, 17, 18, 24, 28–30] , 
Southeast Asia  [12, 15, 19, 32]  and Australia  [22, 26, 27]  
(12.9, 11.4 and 10.6%, respectively) as shown in  table 4 . 
In the individual variable metaregression analysis, none 
of the factors we explored further was significantly asso-
ciated with heterogeneity ( table 3 ). Moreover, in the sen-

Study Year Country Incidence estimate, 
95% CI

Weight, 
%

Both outpatients and inpatients
Macfarlane et al. [30] 2001 UK 0.09 (0.05 – 0.12) 6.19
Templeton et al. [29] 2005 The Netherlands 0.27 (0.18 – 0.35) 4.04
Saito et al. [32] 2006 Japan 0.06 (0.03 – 0.10) 6.16
Luchsinger et al. [31] 2013 Chile 0.17 (0.13 – 0.21) 5.90
Subtotal (I2 = 90.6%, p = 0.000) 0.14 (0.07 – 0.20) 22.29

Inpatients
Angeles et al. [28] 2006 Spain 0.10 (0.06 – 0.14) 5.79
Jennings et al. [26] 2008 New Zealand 0.14 (0.10 – 0.18) 5.89
Charles et al. [27] 2008 Australia 0.05 (0.04 – 0.07) 6.60
Diederen et al. [24] 2009 The Netherlands 0.06 (0.03 – 0.09) 6.20
Shibli et al. [21] 2010 Israel 0.28 (0.20 – 0.36) 4.29
Mermond et al. [22] 2010 New Caledonia 0.13 (0.07 – 0.19) 5.19
Johansson et al. [7] 2010 Sweden 0.19 (0.13 – 0.25) 5.18
Sangil et al. [18] 2012 Spain 0.19 (0.12 – 0.26) 4.73
Choi et al. [19] 2012 Korea 0.28 (0.17 – 0.39) 3.16
Viasus et al. [14] 2013 Spain 0.05 (0.03 – 0.06) 6.59
Musher et al. [16] 2013 USA 0.05 (0.02 – 0.07) 6.35
Huijskens et al. [17] 2013 The Netherlands 0.16 (0.12 – 0.19) 6.03
Takahashi et al. [15] 2013 Vietnam 0.16 (0.10 – 0.21) 5.25
Subtotal (I2 = 91.3%, p = 0.000) 0.13 (0.10 – 0.16) 71.26

Outpatients
Cao et al. [12] 2010 China 0.03 (0.00 – 0.05) 6.45

Overall (I2 = 91.5%, p = 0.000) 0.12 (0.10 – 0.15) 100.0

Weights are from random-effects analysis.

  Fig. 3.  The combined incidence of viral infections mixed with other pathogens in adult patients with CAP. 

0 0.391
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sitivity analysis, none of the studies were identified as 
contributing to the heterogeneity.

  Taking into account the discrepancy of incidence 
among respiratory virus species, we extracted the inci-
dence of the 7 most common respiratory viral species for 
an individual combined incidence estimate. As shown in 
 figure 4  and  table 5 , the 3 most frequently detected vi-
ruses were the influenza virus (8.9%, 95% CI = 7–11, I 2  = 
79.7%), rhinovirus (6.0%, 95% CI = 4–8, I 2  = 87.4%) and 
coronavirus (4.7%, 95% CI = 3–7, I 2  = 77.4%). However, 
the respiratory syncytial virus, metapneumovirus and ad-
enovirus were less commonly detected.

  Discussion 

 Our meta-analysis of the incidence of respiratory viral 
infections in adult patients with CAP identified 23 studies 
of 6,404 individuals. At present, there is a lack of quantita-
tive syntheses of studies regarding the incidence of respira-
tory viral infections in adult patients with CAP worldwide. 
Our main finding is that respiratory viruses contribute to 
approximately 1/5 infections in adult patients presenting 
with CAP, highlighting their role in the pathogenesis of 
CAP. Furthermore, the influenza virus is the most frequent 
respiratory viral etiology in adult patients with CAP.

  The incidence of viral infections in adult outpatients 
with CAP is lower than that in adult inpatients (10 vs. 
22%) as demonstrated in the subgroup analysis, implying 

that viral infections could aggravate the condition of pa-
tients presenting with pneumonia. Moreover, the com-
bined incidence of viral infections mixed with other 
pathogens (mainly bacteria) is 12% in our study, consti-
tuting more than half of the total viral infections in adult 
patients with CAP. Evidence from several studies illus-
trated that viral infections made hosts susceptible to sec-
ondary bacterial infections because mucosal barriers in 
the respiratory tracts were impaired during previous viral 
infections  [33, 34] , which led to the bacterial invasions 
becoming more facile. There is evidence as well, although 
sparse, suggesting that mixed viral-bacterial infections 
would generate a severer inflammatory status and clinical 
presentation than individual bacterial or viral infections 
 [24, 26, 35] . Severe fatal pneumonia can be caused by con-
comitant infection with the influenza virus and  Staphylo-
coccus aureus  in both children and adults  [36–38] . More-
over, in 1 pneumonia study focused on adults, rhinovi-
rus-pneumococcal coinfections correlated with severe 
pneumonia and raised mortality  [24, 26, 35] . Therefore, 
our results would be helpful for clinicians to better recog-
nize the burden of viral infections and mixed viral-bacte-
rial infections on adult patients presenting with CAP.
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 Table 4. Combined incidence estimates of viral infections mixed 
with other pathogens in adult patients with CAP by geographical 
region

Region Incidence of viral 
infections mixed with
other pathogens, %

95% CI I2, % χ2 p

Europe 12.9 8.6 – 17.3 91.4 81.7 0.000
Southeast Asia 11.4 4.2 – 18.6 91.0 22.2 0.000
Australia 10.6 3.8 – 17.3 91.0 22.2 0.000
America 10.7 0.0 – 22.6 96.2 26.5 0.000
Middle East 27.8 20.0 – 35.6 – – –

 Table 5.  Discrepancies of the combined incidence across the com-
mon respiratory viral species

Viral species Incidence,
%

95% CI I2,
%

  χ2 p

Influenza virus 8.9 7.1 – 10.6 79.7 83.6 0.000
Rhinovirus 6.0 4.3 – 7.7 87.4 111.2 0.000
Coronavirus 4.7 2.9 – 6.6 77.4 39.8 0.000
Parainfluenza virus 2.4 1.4 – 3.4 75.9 49.7 0.000
RSV 2.0 1.3 – 2.7 74.4 62.4 0.000
Metapneumovirus 1.9 1.0 – 2.8 48.5 15.5 0.049
Adenovirus 1.6 0.9 – 2.4 65.9 29.4 0.001

 RSV = Respiratory syncytial virus.

  Fig. 4.  Discrepancies of the combined incidence across the com-
mon respiratory viral species. RSV = Respiratory syncytial virus. 

http://dx.doi.org/10.1159%2F000369561


 Wu   /Wang   /Wang   /Su   /Xing   /Zhang   /Shi     Respiration 2015;89:343–352 
DOI: 10.1159/000369561

350

  The influenza virus is the most frequent viral pathogen 
detected in adult patients with CAP as our study demon-
strates, which is inconsistent with the fact that the respi-
ratory syncytial virus is the leading viral pathogen in pe-
diatric patients with CAP  [39–42] . Influenza vaccination 
has been previously proven to be efficient in preventing 
influenza viral infections especially during a pandemic 
influenza period  [43] . Furthermore, several studies which 
enrolled patients with a chronic lung disease indicated 
that an influenza vaccination significantly reduced the in-
cidence of pneumonia or acute exacerbations in those pa-
tients  [44] . Therefore, a regular and routine influenza 
vaccination of patients with chronic lung disease would 
be needed to lower the burden of pneumonia caused by 
the influenza virus. Moreover, newly developed anti-in-
fluenza virus drugs (neuraminidase inhibitors, such as os-
eltamivir and zanamivir), which have established roles in 
the early treatment of influenza infections through reduc-
ing the median time to the resolution of the symptoms 
and the risk of pneumonia  [45] , provided an efficient 
weapon for clinicians to manage patients with viral pneu-
monia caused by the influenza virus.

  Respiratory viruses have been realized as a common 
etiology in patients with CAP, especially children with 
CAP. However, conventional virological diagnostic tech-
niques such as serology, immunofluorescence and cul-
ture have been underestimating the contribution of vi-
ruses to the pathogenesis of CAP  [46, 47] , especially in 
adult patients, due to their low sensitivity and narrow ap-
plication. Owing to the development of more rapid and 
sensitive detection methods (PCR and real-time PCR), 
the viral diagnosis is largely improved, particularly 
through the combined application of these methods with 
conventional detection techniques  [7] . Lots of previous 
studies evaluating the role of respiratory viruses in adult 
patients with CAP have been reported; nevertheless, there 
are discrepancies in the detection methods used for viral 
diagnosis across those studies. Therefore, we only includ-
ed studies applying sensitive detection techniques (PCR 
and real-time PCR) for viral diagnosis in our further 
 meta-analysis to reduce possible heterogeneity along 
with obtaining quantitative syntheses of original data.

  Nevertheless, significant heterogeneity was still found 
during the meta-analysis and subgroup analysis. Our fol-
lowing heterogeneity analyses generated 1 potentially im-
portant finding, namely that lower respiratory tract spec-
imens were associated with higher overall viral incidence. 
This may be because the molecular detection of the virus 
in lower respiratory tract specimens was more sensitive 
than the one in upper respiratory tract specimens. The 

potential implication of this result is that the presence of 
viral nucleic acids, detected by PCR of lower respiratory 
tract samples, implies stronger evidence of the infection 
by virus. However, no relation was identified between the 
incidence of coinfection and the lower respiratory tract 
specimens, which might be explainable. As we could 
speculate, discrepancies of both bacterial diagnostic and 
viral detection would lead to a significant heterogeneity 
of the incidence of coinfection. Caution is necessary when 
combined incidence estimates are used due to the signif-
icant heterogeneity, and further surveys are required for 
the standardization of the specimen collection, specimen 
quality, PCR primers and PCR reaction conditions dur-
ing respiratory viral etiology diagnosis.

  Our study had several limitations. First, we excluded 
many studies in the non-English literature and thus lost 
the raw data of those reports. Second, studies included 
in our meta-analysis were predominantly performed 
in high-income and middle-income regions. Therefore, 
fundamental incidence data for low-income countries are 
missing. Third, due to the lack of associated original data 
we were unable to explore the relationship between clini-
cal severity of pneumonia and causative viral pathogens.

  Thus, our study suggests that approximately one fifth 
of adult patients with CAP are infected by respiratory vi-
ruses, more than half of those viral infections are charac-
terized as mixed infections with other pathogens, and 
 influenza virus is the leading viral pathogen in adult 
 patients with CAP, although there is significant heteroge-
neity during the quantitative synthesis of the raw data. 
Further surveys are required to establish a standardiza-
tion of specimen management and detection processes 
for viral diagnostics.
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