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ABSTRACT
Background: In adults, viral causes of communityacquired pneumonia (CAP) are poorly characterised. The
aims of this study were to characterise the viral aetiology
of CAP in adults by using an extensive array of viral
diagnostic tests and to compare the characteristics of
viral pneumonia with those of pneumococcal pneumonia.
Methods: Adults admitted to Christchurch Hospital over
a 1-year period with CAP were included in the study.
Microbiological testing methods included blood and
sputum cultures, urinary antigen testing for Streptococcus
pneumoniae and Legionella pneumophila, antibody
detection in paired sera and detection of respiratory
viruses in nasopharyngeal swabs by immunofluorescence,
culture and PCR.
Results: Of 304 patients with CAP, a viral diagnosis was
made in 88 (29%), with rhinoviruses and influenza A being
the most common. Two or more pathogens were
detected in 49 (16%) patients, 45 of whom had mixed
viral and bacterial infections. There were no reliable
clinical predictors of viral pneumonia, although several
variables were independently associated with some
aetiologies. The presence of myalgia was associated with
pneumonia caused by any respiratory virus (OR 3.62, 95%
CI 1.29 to 10.12) and influenza pneumonia (OR 190.72,
95% CI 3.68 to 9891.91). Mixed rhinovirus/pneumococcal
infection was associated with severe disease.
Conclusions: Virus-associated CAP is common in adults.
Polymicrobial infections involving bacterial and viral
pathogens are frequent and may be associated with
severe pneumonia.

Community-acquired pneumonia (CAP) is an
important cause of morbidity and mortality
throughout the world in all age groups. A clear
understanding of likely pathogens is essential for the
management of patients with CAP.1 The principal
bacterial causes of CAP are well described, with
Streptococcus pneumoniae being the most important
pathogen in all age groups. Viruses—especially
respiratory syncytial virus (RSV), influenza A and
B viruses, parainfluenza viruses and adenoviruses—
are also recognised as important causes of CAP in
children.2 3 In adults, however, viral causes of CAP
are less well characterised, and specific recommendations about the assessment and management of viral
CAP are sparse.1 4 5 Most studies that have focused
on viral CAP in adults have used a relatively limited
range of viral diagnostic tools such as antibody
detection only, thereby compromising the ability to
determine the importance of viruses as pneumonia
pathogens in adults.6
For several reasons, there has been renewed
interest in viral lower respiratory tract infection in
42

adults. The recent outbreaks of severe acute
respiratory syndrome (SARS)7 and human cases
of H5N1 influenza infection8 have focused attention on severe viral pneumonias. The discovery of
human metapneumovirus has led to numerous
studies seeking to clarify the role of this virus in
human respiratory tract infections.9 Human bocavirus10 and human coronavirus NL6311 are more
recently described viruses associated with respiratory tract infection in children. Mounting evidence
now indicates that rhinovirus, previously considered to cause little more than the common cold,
may frequently be associated with lower respiratory tract infections in children and adults.12
Developments in diagnostic tests (particularly
nucleic acid amplification tests) have improved
the ability to detect viruses in clinical samples and
to characterise the epidemiology of respiratory
virus infections.13–15 Importantly, these tests have
highlighted how the role of viruses in CAP has been
previously underestimated.
The primary aim of this study was to better
characterise the viral aetiology of CAP in adults by
using an extensive array of viral diagnostic tests,
including PCR assays, for all common respiratory
viruses. We also sought to compare the characteristics of viral pneumonia with those of pneumococcal pneumonia.

METHODS
Subjects
All patients aged >18 years admitted to
Christchurch Hospital (Christchurch, New
Zealand) from July 1999 to July 2000 with a
diagnosis of CAP were screened for inclusion in the
study. Pneumonia was defined as an acute illness
with radiographic pulmonary shadowing which
was at least segmental or present in one lobe, and
was neither pre-existing nor of other known cause.
Patients were excluded when pneumonia was not
the main reason for admission or was an expected
terminal event or when the pneumonia was distal
due to bronchial obstruction, bronchiectasis or
known tuberculosis. Patients meeting the case
definition were enrolled, and their characteristics
and other clinical information were recorded in the
study database as previously described.16 The study
was approved by the Canterbury ethics committee
and all subjects gave written informed consent.

Samples
At the time of enrolment, blood, urine, sputum
and nasopharyngeal swab samples were collected.
Convalescent sera were also collected 6 weeks after
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Respiratory infection
as previously described.17 In-house conventional PCR assays
were performed using a reaction mixture containing 16 PCR
buffer without MgCl2 (Roche Diagnostics), 1.5–2.0 mM MgCl2,
a 100 mM concentration of each deoxynucleoside triphosphate,
a 0.5 mM concentration of each primer and 1.25 U Taq DNA
polymerase (FastStart, Roche Diagnostics). Amplification was
performed on the Mastercycler Gradient thermocycler
(Eppendorf AG, Hamburg, Germany). PCR products were
visualised by 2% agarose gel electrophoresis and ultraviolet
illumination after ethidium bromide staining.

Immunofluorescence
Each nasopharyngeal specimen was centrifuged at 700g for
10 min at 4uC to sediment epithelial cells which were then
spotted onto multiwell microscope slides, fixed and stained
using Imagen reagents (DakoCytomation, UK).

Viral culture
Nasopharyngeal specimens were inoculated onto cell cultures of
MDCK (Madin-Darby Canine Kidney), LLC-MK2 (Rhesus
Monkey Kidney), Hep-2 (Human Epidermoid Carcinoma),
A549 (Human Lung Carcinoma) and Hel (Human Epithelial
Lung) in 48-well multiwell plates (Nunc) using enhanced cell
culture with fluorescent antibody detection (ECCFA-48). Plates
were incubated at 37uC in 5% CO2 and observed for the
presence of a cytopathic effect at 48 and 72 h. All cultures were
screened after 72 h by direct immunofluorescence using Imagen
reagents.

Serology
Acute and convalescent serum samples were analysed in
parallel. Complement fixation tests (in-house) were performed
to detect antibodies to influenza A and B viruses, adenovirus,
RSV and parainfluenza viruses 1, 2 and 3; particle agglutination
(Serodia Myco II, Fujirebio, Tokyo, Japan) for antibodies to
Mycoplasma
pneumoniae,
immunofluorescence
(MRL
Diagnostics, Cypress, California, USA) for antibodies to
Chlamydia pneumoniae and indirect immunofluorescence
(MarDx Diagnostics, Scotch Plains, New Jersey, USA) for
antibodies to Legionella spp.

PCR
Viral RNA was extracted from each nasopharyngeal swab
specimen using the QIAamp Viral RNA kit (Qiagen, Hilden,
Germany) following the manufacturer’s instructions. The
resultant RNA was eluted with 60 ml elution buffer and stored
at 280uC until testing. A negative control consisting of
molecular grade water was included in every extraction run
and PCR assay. Positive virus controls were obtained from
known isolates cultured in the laboratory. Synthesis of cDNA
was carried out at 37uC for 0.5 h using 5 ml RNA template and
an RT mixture (5 ml) containing first strand buffer (250 mM
Tris-HCl (pH 8.3), 375 mM KCl, 15 mM MgCl2) (Invitrogen,
Grand Island, NY, USA), 420 U M-MLV (Moloney-Murine
Leukemia Virus) reverse transcriptase (Invitrogen), 2 U RNAse
OUT Recombinant Ribonuclease Inhibitor (Invitrogen),
150 mM (each) dATP, dCTP, dGTP, and dTTP (Roche
Diagnostics GmbH, Mannheim, Germany) and 2.5 mM random
hexamer primers (Gibco BRL, Grand Island, NY, USA).
Eleven sets of oligonucleotide primers were selected for the
amplification of highly conserved genetic sequences of RSV,
influenza A and B, parainfluenza viruses 1, 2 and 3, adenovirus,
rhinovirus, coronavirus 229E and OC43 and metapneumovirus.14 Human metapneumovirus real-time PCR was performed
Thorax 2008;63:42–48. doi:10.1136/thx.2006.075077
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Blood cultures were incubated aerobically and anaerobically
using the BacT/ALERT blood culture system (bioMérieux,
Durham, North Carolina, USA). Sputum was examined by
Gram stain microscopy and cultured on sheep blood agar,
chocolate agar, buffered charcoal yeast extract agar supplemented with a-ketoglutarate and modified Wadowsky-Yee medium.
Urine was tested for Legionella pneumophila serogroup 1 and S
pneumoniae antigens by the NOW Legionella and NOW
Streptococcus pneumoniae urinary antigen tests (Binax, Portland,
Maine, USA).18

Definitions
Viral infection was diagnosed when a respiratory virus was
detected in nasopharyngeal samples by immunofluorescence,
culture and/or PCR, and/or detection of a fourfold or greater
rise in reciprocal antibody titres to a respiratory virus when
testing paired serum samples. Pneumococcal infection was
diagnosed when S pneumoniae was isolated from blood and/or
good quality purulent sputum (.25 leucocytes and (10
squamous epithelial cells/6100 field) samples, and/or detection
of pneumococcal antigen in urine. Legionella infection was
diagnosed by sputum culture, detection of Legionella antigen in
urine and/or detection of a fourfold or greater rise in reciprocal
antibody titres. Mycoplasma pneumoniae infection was diagnosed
with reciprocal IgM antibody titres >160, and Chlamydia
pneumoniae infection was diagnosed with reciprocal antibody
titres >512. Infections with other bacterial pathogens were
diagnosed by isolation from blood or good quality purulent
sputum samples.
Disease severity was assessed by two methods: the CURBage
score,19 with severe disease defined as a score .2; and the
Pneumonia Severity Index (PSI),20 with severe disease defined as
risk class IV and V.

Statistical analysis
Data were entered into a Microsoft Access database and
analysed using Stata Version 8.2 (StataCorp, College Station,
Texas, USA). Detailed analysis was performed on a restricted
sample of 199 subjects who had a full battery of viral study
results (immunofluorescence, culture, serology and PCR for all
respiratory viruses) and who had blood cultures and pneumococcal urinary antigen testing results. Dichotomous variables
were analysed with the x2 test and continuous variables with
the Wilcoxon rank sum test.
Logistic regression analysis was used to examine whether
certain characteristics on admission were associated with
specific microbial aetiologies. We were particularly interested
to know whether any characteristics could be used as clinical
markers of viral pneumonia. For this analysis, the presence or
absence of specific infections (ie, any viral infection, influenza
infection, rhinovirus infection and pneumococcal infection)
43
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admission. Nasopharyngeal swabs (Medical Wire and
Equipment, Corsham, UK) were placed in 3 ml virus transport
medium, forwarded to the laboratory and processed immediately or, if received outside working hours, stored at 4uC for up
to 24 h before processing. These samples were vortexed and a
200 ml aliquot was removed and frozen at –70uC for future PCR
testing. The remainder was used for direct antigen detection by
immunofluorescence and enhanced cell culture. All serum
samples were stored at –20uC until serological testing.

Respiratory infection
Table 1 Viral pathogens identified in adults with community-acquired
pneumonia
Subjects with full array
of viral diagnostic tests*
(n = 225)

Rhinovirus
Influenza A
Influenza B
RSV
Adenovirus
Parainfluenza
Coronavirus 229E
Coronavirus OC43
Metapneumovirus
Total

31 (10)
23 (8)
6 (2)
12 (4)
11 (4)
6 (2)
4 (1)
2 (1)
0 (0)
95

30 (13)
22 (10)
5 (2)
8 (4)
10 (4)
2 (1)
3 (1)
2 (1)
0 (0)
82

Data shown as number (%).
*More than one virus was detected in some patients.
RSV, respiratory syncytial virus.

were the binary outcome variables in separate models. The
models all included the following explanatory variables: age (in
years), duration of symptoms (in days), influenza season
(defined as May–October), presence of myalgia, presence of
rigors, influenza vaccination within the past year, current
smoking status (smoker vs non-smoker) and the presence of
neutrophilia (defined as .86106/l).
Logistic regression analysis was also used to assess independent associations with severe disease. Two models were
constructed: the first model had severe disease as defined by
the CURBage score as the outcome variable, while the second
model had severe disease as defined by the PSI risk class as the
outcome variable. The other variables included in both models
were: age (years), male sex, presence of any comorbidity,
current smoking status, radiographic presence of multilobe
disease, presence of rhinovirus infection, presence of influenza
infection, presence of pneumococcal infection, and influenza
vaccination within the past year.
For all logistic regression analysis, likelihood ratio tests were
used to compare models with and without interaction terms.

RESULTS
Of 304 patients (median age 70 years (range 18–99), 158 (52%)
men) admitted with CAP, an aetiological diagnosis could be
established in 177 (58%). A viral diagnosis was made in 88 (29%)
patients (table 1).
The most commonly identified non-viral pathogens were S
pneumoniae (93 (31%)); Haemophilus influenzae (34 (11%));
Legionella pneumophila (11 (4%)); Mycoplasma pneumoniae (8
(3%)); and Staphylococcus aureus (7 (2%)). Two or more
pathogens were detected in 49 patients, 45 of whom had mixed
viral and bacterial infections (table 2).
Of the different viral diagnostic tests, immunofluorescence
detected 11 viruses, culture detected 32 viruses, serology
detected 44 viruses and PCR detected 52 viruses. Interestingly,
for influenza A and B viruses, adenovirus, parainfluenza virus
and RSV, PCR contributed little extra to the diagnostic yield,
with only 2 cases detected by PCR alone. On the other hand,
PCR was the sole positive testing method for detection of
rhinovirus and the coronaviruses. Owing to concerns about
whether rhinovirus PCR positivity represented true infection or
coincidental carriage, we tested a control group of patients who
did not have respiratory or infectious diseases. These control
patients were admitted to Christchurch Hospital at the same
time as a subgroup of the cases with CAP, to whom they were
44

Pathogens

Subjects (n)

Mixed viral and bacterial pathogens:
Influenza A plus:
Streptococcus pneumoniae
Streptococcus pneumoniae and Chlamydia pneumoniae
Haemophilus influenzae
Legionella pneumophila
Pseudomonas aeruginosa
Influenza B plus:
Staphylococcus aureus
Streptococcus pneumoniae
Legionella pneumophila
Rhinovirus plus:
Streptococcus pneumoniae
Haemophilus influenzae
Respiratory syncytial virus plus:
Streptococcus pneumoniae
Haemophilus influenzae
Moraxella catarrhalis
Pseudomonas aeruginosa
Adenovirus plus:
Haemophilus influenzae
Streptococcus pneumoniae
Parainfluenza virus plus:
Streptococcus pneumoniae
Haemophilus influenzae
Coronavirus plus:
Streptococcus pneumoniae
Multiple viral pathogens:
Influenza A and adenovirus
Influenza A and coronavirus 229E
Influenza A and rhinovirus and Haemophilus influenzae
Influenza A and rhinovirus and Streptococcus pneumoniae
Rhinovirus and respiratory syncytial virus
Respiratory syncytial virus and coronavirus 229E and
Haemophilus influenzae
Adenovirus and coronavirus 229E
Total

5
1
1
1
1
2
1
1
11
2
4
1
1
1
2
1
3
1
2
1
1
1
1
1
1
1
49

matched for age and sex. Unfortunately, nasopharyngeal swabs
had not been collected from the control patients. However,
throat swabs had been collected from both cases and control
patients. We therefore tested throat swabs from 50 cases and
from their matched controls by the rhinovirus PCR assay
described previously. The cases were consecutive enrolments
during a time of rhinovirus transmission. Throat swabs from 12
cases (24%) tested positive for rhinovirus (including 10 of 13
who had positive nasopharyngeal swab samples), while only 1
(2%) control throat swab sample tested positive for rhinovirus
(p = 0.003, McNemar’s test).
Figure 1 shows the monthly distribution of viral infections;
the influenza season in New Zealand usually occurs in May to
October. Characteristics of pneumonia associated with specific
respiratory viruses are shown in table 3.
Of the 88 patients with documented viral infections, 4 were
admitted to the intensive care unit, 5 died during hospital
admission and 1 died between discharge and 6-week follow-up.
Detailed analysis was performed on 199 subjects who had the
full battery of results for all viral studies, blood cultures and
pneumococcal urinary antigen testing. The median age of this
group was 68 years (range 19–95) and 103 (52%) were men. Of
these patients, 67 (34%) had a viral infection. The following
Thorax 2008;63:42–48. doi:10.1136/thx.2006.075077
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Virus

All subjects*
(n = 304)

Table 2 Polymicrobial infections in 304 adults with communityacquired pneumonia

Respiratory infection
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Figure 1

Monthly distribution of cases of virus-associated community-acquired pneumonia. RSV, respiratory syncytial virus.

Table 3 Characteristics of patients with community-acquired pneumonia associated with specific respiratory viruses
Aetiological agent

Male
Age (years)
(median (IQR))
Duration symptoms (days)
(median (IQR))
Symptoms
Cough
Sputum
Pleuritic pain
Rigors
Lethargy
Anorexia
Diarrhoea
Headache
Myalgia
Any comorbidity
COPD
Asthma
Cardiac failure
Diabetes
Cerebrovascular disease
Renal disease
Current smoker
Influenza vaccine within
1 year
CURBage .2
PSI class IV and V
Multilobe disease
Neutrophils .86106/l
Died during admission
Died by 6 weeks
ICU admission

Rhinovirus
(n = 31)

Influenza A
(n = 23)

Influenza B
(n = 6)

RSV
(n = 12)

Adenovirus
(n = 11)

Parainfluenza virus
(n = 6)

Coronavirus
(n = 6)

15 (48)
66 (42–78)

15 (65)
66 (55–76)

2 (33)
72 (68–83)

8 (67)
79 (70–81)

6 (55)
51 (30–71)

3 (50)
81 (73–86)

4 (67)
71 (55–78)

7 (3–7)

7 (3–21)

6 (4–14)

6 (4–18)

3 (2–7)

6 (4–7)

6 (4–14)

29/31 (94)
23/31 (74)
18/31 (58)
14/29 (48)
26/30 (87)
23/30 (77)
5/30 (17)
12/29 (41)
7/27 (26)
18/31 (58)
6/31 (19)
8/31 (26)
2/31 (7)
3/31 (10)
4/31 (13)
1/31 (3)
7/31 (23)
16/31 (52)

21/22 (96)
16/22 (73)
8/23 (35)
5/11 (46)
15/15 (100)
13/14 (93)
5/12 (42)
5/9 (56)
5/10 (50)
13/23 (57)
8/23 (35)
3/23 (13)
3/23 (13)
3/23 (13)
3/23 (13)
1/23 (4)
7/23 (30)
7/23 (30)

5/6
4/6
3/6
1/3
4/4
3/3
3/4
1/2
2/2
3/6
1/6
0/6
1/6
1/6
0/6
1/6
1/6
2/5

(83)
(67)
(50)
(33)
(100)
(100)
(75)
(50)
(100)
(50)
(17)
(0)
(17)
(17)
(0)
(17)
(17)
(40)

12/12 (100)
10/12 (83)
4/12 (33)
2/8 (25)
7/9 (78)
6/9 (67)
4/8 (50)
1/7 (14)
2/7 (29)
10/12 (83)
4/12 (33)
1/12 (8)
5/12 (42)
6/12 (50)
5/12 (42)
1/12 (8)
1/12 (8)
8/12 (67)

9/11 (82)
8/11 (73)
6/10 (60)
1/4 (25)
5/6 (83)
6/6 (100)
2/6 (33)
1/4 (25)
2/5 (40)
7/11 (64)
3/11 (27)
3/11 (27)
3/11 (27)
1/11 (9)
1/11 (9)
1/11 (9)
4/11 (36)
5/11 (46)

6/6
2/5
2/5
2/3
2/2
0/2
0/2
0/2
0/2
3/6
2/6
0/6
2/6
0/6
2/6
0/6
1/6
5/6

(100)
(40)
(40)
(67)
(100)
(0)
(0)
(0)
(0)
(50)
(33)
(0)
(33)
(0)
(33)
(0)
(17)
(83)

6/6/(100)
4/6 (67)
4/6 (67)
2/2 (100)
3/3 (100)
2/2 (100)
–
–
–
4/6 (67)
3/6 (50)
1/6 (17)
0/6 (0)
1/6 (17)
0/6 (0)
0/6 (0)
0/6 (0)
2/6 (33)

7/31 (23)
12/31 (39)
13/31 (42)
29/31 (94)
3/31 (10)
3/31 (10)
1/31 (3)

2/23 (9)
15/23 (65)
13/23 (57)
17/23 (74)
2/23 (9)
2/23 (9)
2/23 (9)

1/6
3/6
4/6
5/6
0/6
0/6
0/6

(17)
(50)
(67)
(83)
(0)
(0)
(0)

4/12
9/12
2/12
8/12
0/12
1/12
0/12

3/11 (27)
4/11 (36)
3/11 (27)
10/11 (91)
0/11 (0)
0/11 (0)
1/11 (9)

3/6
5/6
4/6
6/6
1/6
1/6
0/6

(50)
(83)
(67)
(100)
(17)
(17)
(0)

2/6
3/6
2/6
5/6
0/6
0/6
0/6

(33)
(75)
(17)
(67)
(0)
(8)
(0)

(33)
(50)
(33)
(83)
(0)
(0)
(0)

Data are shown as number (%) unless otherwise specified.
COPD, chronic obstructive pulmonary disease; PSI, Pneumonia Severity Index.
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Table 4 Associations with viral and pneumococcal pneumonia on multivariate analysis
Infection with any virus

Influenza infection

Rhinovirus infection
Pneumococcal infection

Variable
Myalgia
Influenza vaccine (May–October)
Influenza vaccine (November–April)
Age (per 1 year increase)
Infection in May–October
Influenza vaccine
Myalgia
Neutrophilia
Infection in May–October
Neutrophilia
Rigors
Current smoking

were statistically significant differences between monomicrobial
viral and monomicrobial pneumococcal pneumonia on univariable analysis. Compared with patients with pneumococcal
pneumonia, diabetes was more common (11% vs 0%, p = 0.02),
severe disease (CURBage score .2) was less common (9% vs
28%, p = 0.02) and duration of symptoms before admission was
longer (median 7 vs 4 days, p = 0.04) in patients with
pneumonia associated with any respiratory virus. Myalgia
(80% vs 27%, p = 0.02) and diabetes (13% vs 0%, p = 0.02)
were more common and neutrophilia (neutrophil count
.86106/l) (60% vs 85%, p = 0.04) and severe disease
(CURBage score .2) (0% vs 28%, p = 0.02) were less common
in patients with influenza than in those with pneumococcal
pneumonia.
Table 4 shows the significant associations with viral and
pneumococcal pneumonia on multivariate analysis. The inclusion of an interaction term between influenza season and
influenza vaccination significantly improved the model for
pneumonia associated with any viral infection. Of particular
note are the associations of myalgia with influenza infection,
neutrophilia with rhinovirus infection, and rigors and smoking
with pneumococcal infection.
Table 5 shows the significant independent associations with
disease severity as assessed by both CURBage score and PSI
risk class. The inclusion of interaction terms between rhinovirus
infection and pneumococcal infection significantly improved
both models. Increasing age, male sex and mixed rhinovirus/
pneumococcal infection were independently associated with
severe disease as assessed with both severity assessment tools.

OR (95% CI)

p Value

3.62 (1.29 to 10.12)
0.11 (0.02 to 0.61)
1.21 (0.25 to 5.95)
1.20 (1.04 to 1.38)
57.40 (1.03 to 3209.38)
0.001 (,0.0001 to 0.33)
190.72 (3.68 to 9891.91)
0.03 (0.001 to 0.60)
0.39 (0.14 to 1.07)
9.93 (1.19 to 82.83)
2.61 (1.06 to 6.44)
4.04 (1.33 to 12.28)

0.01
0.01
0.81
0.01
0.05
0.02
0.009
0.02
0.07
0.03
0.04
0.01

DISCUSSION
This is one of few studies to use such a comprehensive battery
of viral diagnostic tests in order to detect respiratory virus
infection in adults with CAP. Our findings indicate that about
one-third of adults admitted to hospital with CAP (at least half
of those with an identifiable pathogen) have evidence of
infection with one or more respiratory viruses. Other studies
that have not used nucleic acid amplification assays have
typically reported that 5–20% of adult cases of CAP have a viral
aetiology.21 In a similar study to our own, respiratory virus
infections were detected in 15 (14%) of 105 adults with CAP by
conventional diagnostic methods, but this increased to 59 (56%)
when real-time PCR was used.15 Similarly, in another study of
198 adults with CAP, respiratory viruses were identified in 46
patients (23%).22 In that study, serology detected 6 viruses,
immunofluorescence 8 viruses, culture detected 12 viruses and
PCR detected 45 viruses.
Although rhinoviruses were the most commonly identified
virus in our patients, their role in pneumonia is controversial.
Despite optimal replication occurring at 33–35uC, thereby
restricting growth at core body temperature, increasing evidence
links rhinoviruses to infection of the lower respiratory tract.
Rhinovirus infection has been associated with pneumonia and
bronchiolitis in young children and exacerbations of pre-existing
airways diseases such as asthma, chronic obstructive pulmonary
disease and cystic fibrosis.12 Outbreaks of severe respiratory
disease (including pneumonia) in elderly nursing home residents
have been associated with rhinovirus.23 24 We detected rhinoviruses in samples from .10% of adults in our study. This

Table 5 Independent associations with disease severity
Outcome
Severe disease
(CURBage score)

Severe disease
(PSI risk class)

Variable
Age (per 1 year increase)
Male sex
Rhinovirus infection (with
concomitant pneumococcal infection)
Rhinovirus infection (without
concomitant pneumococcal infection)
Age (per 1 year increase)
Male sex
Current smoker
Rhinovirus infection (with
concomitant pneumococcal infection)
Rhinovirus infection (without
concomitant pneumococcal infection)

OR (95% CI)

p Value

1.09 (1.05 to 1.14)
3.26 (1.36 to 7.82)
9.95 (1.31 to 75.34)

,0.001
0.008
0.03

0.18 (0.02 to 1.81)

0.15

1.17 (1.11 to 1.23)
2.50 (1.04 to 5.98)
3.28 (1.03 to 10.45)
11.52 (1.09 to 121.89)
0.18 (0.04 to 0.87)

,0.001
0.04
0.05
0.04
0.03

PSI, Pneumonia Severity Index.
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proportion is smaller than many previous studies because of the
use of improved diagnostics, we are undoubtedly still underestimating the prevalence of many aetiologies including the
respiratory viruses. It is likely that the importance of both viral
pneumonia and mixed viral/bacterial pneumonia is greater than
we have estimated. This will only be confirmed with further
improvement in diagnostic testing methods.
The management of CAP in adults has traditionally focused
little on potential viral causes. This situation is largely due to
the lack of specific antiviral agents and the impression that viral
pathogens play a relatively minor role in adult pneumonia.
Increasing awareness that adult CAP is commonly associated
with viral infections, the potential impact of viral vaccines and
the increasing availability of antiviral chemotherapeutic agents
should direct researchers and clinicians to focus more on the role
of respiratory viruses in adult CAP. Several anti-influenza
agents, including oseltamivir and zanamivir, are now available,37
and agents against other viruses (such as pleconaril against
rhinoviruses) are undergoing clinical evaluation.38 39
In summary, our findings add further evidence that viralassociated CAP is common in adults. Furthermore, polymicrobial infections involving bacterial and viral pathogens were
common, and mixed rhinovirus/pneumococcal infection
appears to be associated with severe pneumonia. Despite recent
improvements in diagnostic tests, no aetiological agent can be
identified in a large proportion of adults admitted to hospital
with CAP, and it is likely that the prevalence of both viral and
mixed bacterial-viral infection is even higher than currently
estimated. Further research should focus on better characterising the viral burden in adult CAP and the interaction between
bacterial and viral pathogens.
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compares with a detection rate of 17% in adults admitted to
hospital with CAP in the Netherlands,15 4% in adults
hospitalised with CAP in Spain22 and 33% in adults presenting
to primary care in the UK with lower respiratory tract
infections.25 A limitation of other studies is the lack of a control
group and the uncertainty about the prevalence of asymptomatic rhinovirus infection. For example, rhinovirus RNA has
been detected in upper respiratory samples from 3% of
asymptomatic elderly adults.26 Although our control group
was suboptimal because nasopharyngeal swabs had not been
collected from them, we believe the concordance of rhinovirus
PCR results between throat and nasopharyngeal swabs for the
patients with CAP and the lack of positive results in throat
swabs from controls provides circumstantial evidence that
detection of rhinovirus represents true infection in our sample.
Interestingly, a recent longitudinal study in healthy children
showed that picornavirus infections (diagnosed by PCR) were
usually associated with clinical illness.27
It remains unclear whether viruses alone cause pneumonia, or
whether they act in conjunction with other respiratory
pathogens. Mounting evidence suggests that many respiratory
viruses are capable of invading and replicating in the lower
respiratory tract mucosa.28 29 Respiratory viruses are also now
recognised as important causes of severe lower respiratory tract
infections in immunocompromised patients.30 Alternatively,
respiratory viral infection may predispose to bacterial pneumonia.31 Bacterial pneumonia is a well recognised complication of
influenza,32 and pneumococcal vaccination has been associated
with reduced virus-associated pneumonia in children.33
Adherence of S pneumoniae to human tracheal epithelial cells is
higher in the presence of rhinovirus,34 and there is ample
evidence that influenza virus infection predisposes to adherence,
invasion and induction of disease by pneumococcus.32
Consistent with the coinfection model, there was a relatively
high rate of documented polymicrobial infection in our study,
and this finding has been described by others.6 15 22 35 36
Approximately half of the patients in our study with viral
infections also had a documented infection with at least one
bacterial pathogen. Interestingly, mixed rhinovirus/pneumococcal infection was independently associated with both measures
of severe disease. An association between polymicrobial infection involving viruses and severe pneumonia has been noted by
others15 but, to our knowledge, the association between mixed
rhinovirus/pneumococcal infection and severe pneumonia has
not been previously reported. This observation needs to be
confirmed by other studies.
We identified no reliable clinical predictors of viral pneumonia, although several variables were associated with some
aetiologies on multivariate analysis. Influenza vaccination was
associated with reduced odds of influenza pneumonia and of
any viral pneumonia during May–October. The presence of
myalgia was associated with viral pneumonia and, in particular,
influenza pneumonia. Interestingly, neutrophilia was associated
with reduced odds of influenza pneumonia but increased odds
of having rhinovirus infection. The reason for the latter
association is unclear, although it is possible that this is a result
of infection with a bacterial co-pathogen such as S pneumoniae.
One-third of subjects with rhinovirus infections also had
documented S pneumoniae infection. In comparison with the
viral-associated pneumonias, the presence of rigors and current
smoking were associated with pneumococcal pneumonia.
An important limitation of this study, as with all similar
studies, is the sizeable minority of patients for whom a
microbiological aetiology cannot be determined. Although this
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Lung alert
Passive smoking exposure is associated with an
increased risk of COPD
More than 15% of patients with chronic obstructive pulmonary disease (COPD) are never
smokers. This study attempted to correlate passive smoking exposure with the risk of developing
COPD in a South Chinese population.
Participants were drawn from the Biobank cohort of over 100 000 Guangzhou residents. The
study group comprised 6497 never smokers aged over 50 with valid recently recorded spirometric
parameters; those with chronic diseases were excluded. Passive smoking was self-reported as
exposure during childhood, in the home and in the workplace. Further categorisation included
density (eg, number of smokers in a household) and duration of exposure.
More than half of the never smokers reported exposure to passive smoking; 28% reported
exposure of .5 years either at home or at work. COPD (defined according to GOLD guidelines)
was associated with duration (but not density) of exposure. It was more common among those
with .5 years’ exposure at home and at work than those who had ,2 years’ exposure. COPD
was more common among men, who formed only 10.4% of the study group (men are underrepresented in the Biobank cohort for cultural reasons).
The study concludes that there is a significant but small association between passive smoking
exposure and the risk of developing COPD, with approximately 11.6% of all deaths in China
among never smokers attributable to COPD. It has been estimated that only one-third of people
in China believe that passive smoking is harmful to health.
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