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Abstract Objectives: We aimed to
characterise and quantify the inci-
dence of common infectious agents
in acute exacerbations of chronic ob-
structive pulmonary disease (COPD)
requiring ventilation, with a focus
on respiratory viruses. Design: An
epidemiological study conducted
over 3 years. Setting: A 12-bed in-
tensive care unit (ICU). Participants:
ICU patients over 45 years of age
with a primary diagnosis of COPD
exacerbation requiring non-invasive
ventilation (NIV) or ventilation
via endotracheal tube (ETT). Mate-
rials and methods: Nasopharyngeal
aspirates (NPA) and posterior pha-
ryngeal swabs (PS) were tested for
viruses with immunofluorescence

assay (IFA), virus culture (VC) and
polymerase chain reaction (PCR).
Paired virus and atypical pneumonia
serology assays were taken. Blood,
sputum and endotracheal aspirates
were cultured for bacteria. Results:
107 episodes in 105 patients were
recorded. Twenty-three (21%) died
within 28 days. A probable infectious
aetiology was found in 69 patient
episodes (64%). A virus was iden-
tified in 46 cases (43%), being the
sole organism in 35 cases (33%) and
part of a mixed infection in 11 cases
(10%). A probable bacterial aetiol-
ogy was found in 25 cases (23%).
There was no statistically significant
difference in clinical characteristics
or outcomes between the group with
virus infections and that without.
Conclusion: Forty-six (43%) of the
patients with COPD exacerbation
requiring mechanical ventilation had
a probable viral pathogen. Prodromal,
clinical and outcome parameters did
not distinguish virus from non-virus
illness. PCR was the most sensitive
whilst virus culture was the least of
virus assays.

Keywords COPD exacerbation ·
Ventilation · Infection · Virus



1023

Introduction

Chronic obstructive pulmonary disease (COPD) is defined
as the presence of progressive, incompletely reversible
obstructive lung disease from diffuse causes, including
chronic bronchitis, emphysema and small airways disease.
Some 3–5% of approximately 1000 patients presenting
annually with exacerbations of COPD are admitted to our
intensive care unit (ICU) for ventilatory assistance with
either bilevel non-invasive positive pressure ventilation
(NIV) or ventilation via an endotracheal tube (ETT). De-
spite several studies in the unventilated population [1, 2,
3, 4, 5, 6], and two studies in ventilated COPD patients [7,
8], the viral aetiology of many COPD exacerbations
remains unclear. Over 200 respiratory viruses [9] have
been shown to cause upper and lower respiratory tract
infections via inflammatory and neural mediators [10]. Of
these, influenza types A and B (Inf A, B), parainfluenza
types 1, 2 and 3 (Para 1, 2, 3), rhinovirus (RV), adenovirus
(AV), respiratory syncytial virus (RSV), coronavirus
(CoV) [11, 12] and, less commonly, human metapneu-
movirus (hMPV) [13], and enterovirus (EV) [14, 15] have
been shown to play significant roles in airway infections.

We hypothesised that viral infections may be asso-
ciated with a significant disease burden in patients with
exacerbations of COPD admitted to ICU for ventilatory
support. We aimed to investigate the incidence of these
viruses. We also sought other known biological and
atypical pathogens responsible for COPD exacerbations to
build up as complete a microbiological profile as possible.

Materials and methods

Patient population

Any patient over the age of 45 years requiring mechanical
ventilation for an exacerbation of COPD within 48 h of
admission to hospital was considered for the study. These
patients were admitted to the ICU for ventilatory support.
We defined COPD as baseline FEV1 < 70% predicted
with incompletely reversible obstructive spirometry as
per American Thoracic Society/ European Respiratory
(ATS/ERS) COPD consensus guidelines [16]. In the
absence of prior spirometry, we assessed a smoking
history of at least 20 pack years, physical examination,
review of previous hospital records, chest radiograph
changes suggestive of COPD, exclusion of other major
co-morbidities as a primary cause of chronic breathless-
ness and chronic reduction in exercise tolerance to make
the diagnosis of COPD. ICU admission for ventilatory
support was considered when, despite optimal medical
therapy and oxygen administration, there was acidosis (pH
< 7.35), hypercapnia (PaCO2 > 45 mmHg), increasing
respiratory distress and/or worsening fatigue or reduced
consciousness [16].

The decision to mechanically ventilate was made
by the attending ICU specialist based upon past history
and current clinical and radiological information. Each
patient was assessed for either NIV or endotracheal
intubation using the guidelines of the British Thoracic
Society [17]. Patients were excluded from the study
who themselves elected not to have mechanical ventila-
tion, or who were not mechanically ventilated because
they were not expected to survive due to the severity
of their underlying COPD or concurrent illnesses, af-
ter consultation with either themselves, if capable and
conscious, or with their relatives/care givers. Patients
with asthma completely reversible with bronchodila-
tors, those less than 45 years old, those with restrictive
lung disease or surgery or trauma within the previous
4 weeks and those admitted to general wards before
ICU admission for more than 48 h (and therefore at
risk of a hospital-acquired infection) were excluded.
The presence of clinical pneumonia or the finding of
chest radiograph changes did not exclude patients, as
virus infections are well recognised to cause pneumonic
changes [17].

Methods

The study was conducted between July 2000 and Novem-
ber 2003. Approval for the study was obtained from our
hospital ethics committee and consent obtained from
patients or their next-of-kin. The duration of prodromal
symptoms of increased cough, worsening dyspnoea, in-
creased quantity or discolouration of sputum or increased
wheeze was estimated from the start of their symptomatic
deterioration. Prior smoking history, exercise tolerance,
baseline functional capability and the presence of other
co-morbidities were recorded. Treatment prior to hospital
admission was listed, including home oxygen, cortico-
steroid therapy and antibiotics in the previous 3 days.
Baseline clinical parameters, blood results, APACHE II
score and arterial blood gas prior to commencement of
mechanical ventilation were noted.

Every effort was made to exclude other causes of
respiratory failure, such as respiratory depressants, uncon-
trolled oxygen therapy, pulmonary embolism, increased
atmospheric pollution, acute left ventricular failure and
pneumothorax by using careful history taking, clinical
acumen, radiology, angiography and echocardiography
where appropriate.

Full blood count, chemistry, blood cultures and chest
radiography were performed on admission to hospital.
Sputum specimens were collected on admission, if possi-
ble, or within 48 h of hospital admission, and viral nasal
and pharyngeal specimens were taken after patient stabil-
isation and enrolment in the study. Sputum for bacterial
analysis was collected via endotracheal tube suction in
intubated patients and by spontaneous or voluntary cough
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from patients who received NIV. All other specimen
collection was identical.

Nasopharyngeal aspirate (NPA) and posterior pharyn-
geal swab (PS) (Copan Venturi Transystem, Italy) were
collected from all patients. Immunofluorescence assay
(IFA), either direct (Merifluor Bioscience, Cincinnati,
Ohio) or indirect (Chemicon International, Temecula,
CA), and virus culture (VC) were performed on the
NPA. Virus culture only was performed on the PS and
polymerase chain reaction (PCR) on both specimens. All
patients were routinely treated with bronchodilators and
empirical antibiotics for at least 5 days, changed or ceased
according to the subsequent microbiological profile. All
patients received physiotherapy when clinically stable.

New chest radiograph changes on admission implied
pneumonic change or collapse which was not present on
previous chest films (if available) or which was clearly
abnormal and had the hallmarks of a primary pulmonary
pathological process. Whether changes were new or
chronic was agreed by consensus between a thoracic
physician and an intensivist.

Microbiological interpretation

We have defined a probable pathogen as “the most likely
biological agent(s) to have caused the exacerbation of
COPD”. Acute serological titres for Inf A and B, Para 1, 2
and 3, RSV, AV, Chlamydia, Legionella and Mycoplasma
antibodies were followed 3 weeks later with a paired
convalescent titre. A fourfold rise in titre signified a prob-
able causative agent. Virus nucleic acid extraction with
or without reverse transcriptase and amplification was
performed on NPA and PS samples. PCR detection was
performed for Inf A and B, Para 1, 2 and 3 and RSV types
A and B (Hexaplex assay) and human EV, hMPV, CoV,
RV and AV (real-time PCR). Appendix 1 in the Electronic
Supplementary Material (ESM) contains further details.
A positive PCR viral assay was considered evidence for
a probable virus pathogen.

A screening genus-specific Chlamydia assay (both
IgG and IgA) was initially performed. For the purpose
of this study, seroconversion of either or both IgG and
IgA between acute and convalescent sera was considered
evidence of acute Chlamydia genus infection. A single
acute or convalescent specimen with either IgA, or IgA
and IgG present was indicative of probable recent infec-
tion with Chlamydia. A positive IgG without IgA was not
considered evidence of recent Chlamydia infection.

Sputum processing was performed using standard lab-
oratory media. Microscopy of Gram stain smears as well
as identification of all significant isolates was reported.
Sputum samples were considered non-representative of
a lower respiratory tract specimen if there were fewer
than 20 neutrophils per high-power field or more than
25 squamous epithelial cells per low-power field. The

significance of a culture result was based on the quality
of the sputum and whether the culture matched the smear
result [18]. Identified bacteria were defined as probable
pathogens if the predominant growth of a potential respira-
tory pathogen was obtained in the presence of Gram stain
microscopy showing profuse organisms with a consistent
morphotype. Other bacterial isolates were considered as
commensals or improbable pathogens.

Statistical analysis

Statistical analysis was performed using R (version 2.0.1)
(www.r-project.org). Categorical variables were analysed
using the chi-squared test or Fisher’s exact test as appropri-
ate, depending on whether numbers in the contingency ta-
bles satisfied the chi-squared test assumptions. Continuous
variables were analysed using the Mann–Whitney U-test
for non-normally distributed variables or the unpaired t-
test for normally distributed variables. A p value of < 0.05
was considered significant.

Results

Of 118 potential participants (120 potential episodes),
a total of 13 were not entered in the study for the following
reasons: participation was declined (4); death before
inclusion (6); enrolment more than 48 h after hospital ad-
mission (2); or failure to meet the criteria for the diagnosis
of COPD (1). Two patients were admitted twice with sep-
arate episodes. Three patients were included in this study
without hypercarbia > 45 mmHg. The indications for
NIV in these cases were a combination of hypoxia (PO2
< 55) in spite of adequate oxygen therapy, pH < 7.35 and
symptomatic relief. Of the 105 patients (107 episodes),
23 (21%) died within 28 days of admission. The mean
APACHE II score was 20 (range 9–40) (Table 1). Less
than 40% of the patients had recent or any pre-morbid
spirometry values, and these data were therefore omitted
in reporting. Convalescent serological follow-up of initial
viral and atypical titres was 52%. We were unable to
obtain a sputum specimen suitable for bacterial analysis in
27/107 patient episodes (25%). All these patients received
NIV.

A probable infectious aetiology was found in
69 episodes (64%). A virus was the probable pathogen
in 46 cases (43%), being the sole organism in 35 cases
(33%) (Table 2) and part of a mixed infection in 11 cases
(10%) (Table 3). Virus cultures for herpes simplex virus
type 1 (HSV1) were positive in 8 cases (7%). Six HSV1
cases also had another probable pathogen identified and
the remaining two had no distinguishable clinical or
radiological features that identified HSV as a probable
pathogen. These eight HSV1 results were therefore not
included as probable pathogens.
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Table 1 Demographics of 105 patients (107 episodes) with exacer-
bation of COPD requiring mechanical ventilation

Mean age, years (SD) 68 (10.9)
Male/female, n (%) 52 (49) / 55 (51)
Home oxygen, n (%) 33 (31)
Current smokers, n (%) 53 (50)
>1 prior comorbidity present, n (%) 64 (60)
Median APACHE II score (SD) 20 (6)
Mean NYHA classification 3
NIV alone, n (%) 61 (57)
ETT alone, n (%) 29 (27)
NIV and ETT, n (%) 17 (16)
Mean length of ICU stay, days (SD) 5.2 (5.3)
Mean length of hospital stay, days (SD) 14.1 (14.6)
Mortality, n (%) 23 (21)

Only two other viral cultures were positive, one for Inf
A and one for RV, both of which correlated with a positive
PCR. Inf A was the most common organism in 14 cases
(13%) with 7 (8%) RV, 3 (3%) CoV, 3 (3%) hMPV and
2 (2%) EV. Twenty-four (22%) of 107 episodes occurred
in the Australian summer and autumn months from De-
cember to May, whilst the bulk of exacerbations, 83/107
(78%), occurred in the winter and spring months between
June and November (p = 0.0000007). Figure 1 shows the
seasonal breakdown.

There were two discrete clusters of influenza A that oc-
curred each within a 3-week period, both in early spring
and separated by 3 years, and comprising 9/14 (65%) of the

Fig. 1 Seasonal incidence of viral infections in severe acute exacer-
bations of COPD requiring mechanical ventilation

influenza A-positive cases. There was no pattern of cluster-
ing in any of the other infection types.

A probable bacterial aetiology was found in 25 cases
(23%) (Table 2), being a sole agent in 16 cases (15%)
and in a mixed infection in a further 9 (8%) (Table 3).
Haemophilus influenzae was the most common bacterium
in10/107 cases (11%). Chlamydia species were the only
atypical organisms found, being the sole aetiology in
3 cases (3%) and in 3 mixed infections (3%). Mixed
infections constituted 13 (12%) of all cases (Table 3).

There was no statistically significant difference be-
tween the group with probable viral aetiology and those
without a viral aetiology in length of prodrome, initial

Table 2 Breakdown of 87 probable pathogens in 107 episodes of
COPD exacerbations requiring mechanical ventilation

Virus n Bacteria n Atypical n

InfA 14 Haemophilus 10 Chlamydia 6
influenzae

Para3 8 Streptococcus 6
pneumoniae

RV 7 Moraxella 4
catarrhalis

RSV 7 Staphylococcus 3
aureus

InfB 6 Pseudomonas 2
aeruginosa

HMPV 3 Proteus spp. 2
CoV 3 Stenotrophomonas 1

maltophilia
Para2 2
EV 2
Para1 1
Total 53 28 6

Inf, Influenza; Para, parainfluenza; RV, rhinovirus; RSV, respiratory
syncytial virus; CoV, coronavirus; hMPV, human metapneumovirus;
EV, enterovirus

Table 3 Mixed infections: 13/76 infective episodes (29%)

Virus Bacteria Atypical

1 EV/RSV
2 Inf A/InfB
3 Inf A/Para2
4 Inf A/Para3 Streptococcus
5 Inf B/Para2 Moraxella
6 Para3 Haemophilus
7 RV Haemophilus
8 InfA Moraxella
9 InfA Streptococcus
10 RSV Staphylococcus/Proteus
11 RV Chlamydia
12 Streptococcus Chlamydia
13 Pseudomonas Chlamydia
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Table 4 Comparison of characteristics in 107 episodes of virus-positive and virus-negative COPD exacerbations

Virus-positive Virus-negative
n = 46 (43%) n = 61 (57%) CI95% ∆ proportion p value

Parameter n (%) n (%)

Current smoker 24 (52.2) 29 (47.5) –0.14–0.29 0.58
Systemic steroids prior to admission 15 20 –0.18–0.19 0.92
New chest radiograph changes 15 (32.6) 30 (49.2) –0.37–0.04 0.13
Died 10 (21.7) 13 (21.3) –0.16–0.17 0.85

Mean (SD) Mean (SD) CI95% ∆ mean
Prodrome, days 4.5 (4.3) 4.7 (4.3) –1.00–1.00 0.69
Leucocyte count, × 109/l 12.9 (4.8) 15.4 (7.8) –0.70–3.40 0.22
Temperature on admission, ◦C 36.6 (1.0) 36.6 (0.7) –0.30–0.30 0.87
PaCO2 prior to ventilation, mmHg 72.3 (26.1) 76.7 (23.6) –3.6–14.0 0.29
APACHE II score 18.8 (6.5) 20.7 (5.5) –5.0–0.0002 0.11
NIV, hours 26.6 (28.3) 26.7 (28.8) –8.0–7.0 0.93
ETT, hours 107.2 (132.0) 99.5 (90.5) –36.0–61.0 0.58
ICU stay, days 5.1 (5.2) 5.2 (5.5) –1.17–0.92 0.77
Hospital stay, days 14.7 (17.0) 13.6 (12.6) –1.83–3.16 0.63

clinical parameters, APACHE II score, changes on chest
radiograph, length of stay or mortality (Table 4).

Discussion

There are only two other published series of infective
agents in ventilated COPD patients [7, 8]. A subsequent
study also examined the outcomes of treatment in one
of these initial series [19]. All 50 patients in the Soler
study [7] and all 54 in the Fagon study [8] were intubated,
facilitating protected brush and bronchoalveolar lavage
specimens. No bronchoscopic specimen collection was
performed on the smaller subset of intubated patients in
our study, where 61 patients (57%) received NIV alone,
with 17 (16%) receiving both NIV and ETT and only 29
(27%) being intubated without NIV. The collection of
appropriate respiratory samples has been complicated by
the introduction of NIV as an accepted modality for the
treatment of severe COPD exacerbations, as NIV patients
may not produce suitable sputum. Fibre-optic bron-
choscopy may not be easily tolerated by these patients, in
spite of the use of modified face masks [20]. Inducement
of sputum specimens with hypertonic saline, although
an effective method of sample collection in unintubated
patients [21, 22], may induce or worsen bronchospasm
and was not considered a practicable option in our cohort
with initial respiratory instability.

Bacteria grown from sputum or endotracheal aspirate
may not be representative of the pathogenic organism
that is causing the exacerbation [23, 24, 25], with up to
half of stable COPD patients colonised by a potential
bacterial pathogen [26, 27]. To reduce this possibility,
we examined our sputum specimens for the presence of
neutrophils and correlated the Gram stain with culture
in an effort to determine whether the organism was

a commensal or a probable pathogen [18]. Twenty-five
(24%) of the 105 patients received antibiotics within the
3 days prior to ICU admission. Of these 25, 3 (12%)
had a positive bacterial culture (all H. influenzae). The
possibility that recent antibiotic therapy may have reduced
the bacterial yield in the other 22 episodes must be
considered.

Both Soler [7] and Fagon [8] focused primarily on
the bacterial yield. Fagon did not investigate for viruses.
Soler obtained serology for Chlamydia, Mycoplasma,
Legionella, Inf, Para, RSV and HSV. AV, hMPV, CoV, EV
and RV were not sought. Soler found potential pathogens
in 72% of cases, compared with 64% in our study, and
community-acquired bacteria in 56% of cases in his
cohort, against 23% in our study. Fagon found bacteria in
27/54 (50%) of protected brush specimens, predominantly
Haemophilus and Streptococcus species. Soler did not
find significant clinical or outcome differences between
the bacteria-positive and -negative groups, whilst Fagon
noted significantly greater pyrexia on presentation in the
bacteria-positive group, but in no other parameters.

Protected brush specimens may well increase the over-
all yield of bacteria, whilst ensuring the false-positive rate
is minimised.

The limited range of viruses sought and the lack of
PCR assay may well have underrepresented virus inci-
dence (16%) in Soler’s study, compared with 43% in ours.
He found atypical organisms in 18% of cases, compared
with our 5%. With adequate follow-up serology in only
67% of the survivors in our study, this may account for the
paucity of proven atypical organisms. Some 33% of cases
were polymicrobial in Soler’s study, compared with 13%
in ours.

The mechanisms for viral upper respiratory tract
infections (URTIs) causing lower respiratory tract infec-
tion (LRTI) symptoms include cytokine and paracrine
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release, altered cell-mediated immunity and lymphocyte
recruitment [28], neurohormonal reflexes and direct
epithelial damage of the lower respiratory tract [10, 29,
30, 31]. We may therefore assume that the recovery of
common viruses from the upper respiratory tract samples
(NPA and PS) reflects a probable viral aetiology for lower
respiratory tract symptoms. A lower sensitivity for viral
diagnosis than for direct bronchoscopic sampling of lower
respiratory tract specimens is possible [22, 32, 33].

A virus aetiology has been implicated in non-ventilated
COPD exacerbations in between 29 and 64% of cases [6,
32, 34, 35], with the most common virus detected in each
series varying due to seasonal variation, method of virus
detection and influenza vaccination status. InfA [6, 36],
RSV [32, 33, 36], CoV [37] and RV [5, 22, 32, 33] were
the most frequently detected viral pathogens in more re-
cent studies of COPD exacerbations. In our study, Inf A,
Para 3, RSV and RV were most often detected (Table 2).
One study suggests that patients with evidence of virus in-
fection during COPD exacerbations have greater symptom
severity at onset than those with non-virus exacerbations,
and a significantly longer median time to symptom recov-
ery [32]. We did not find this in our study, with no signif-
icant differences in prodromal symptoms, length of ICU
and hospital stay or mortality observed between virus and
non-virus exacerbations.

Our study is the first to use PCR to detect viruses in
ventilated COPD patients. PCR was the most sensitive
method for virus detection, with virus culture the least
sensitive. Garbino reports a 10% virus culture positivity
from bronchoalveolar lavage (BAL) specimens in a group
of hospitalised patients with LRTIs, whilst reverse tran-
scriptase PCR (RT-PCR) identified a virus in 29% of the
same specimens [33]. This may be because the presence
of only small quantities of virus is not detectable by
culture. Most viral pathogens are more difficult to culture
after more than 72 h of illness and PCR is able to detect
infection for a longer period due to its high sensitivity.
PCR is consistently associated with high detection rates in
other studies of the COPD exacerbation population, with
a 40–64% virus yield [5, 6, 32]. A rising antibody titre
over 3 weeks is considered strong evidence for a probable
virus or atypical pathogen, but is obviously not possible
in deceased patients or those lost to follow-up. Whilst
a useful epidemiological tool, it provides a retrospective
diagnosis and therefore cannot affect clinical decisions in
the critically unwell.

We used new genetic techniques to enhance the diag-
nostic yield and provide a more accurate picture of the role
of viral infection (see Appendix 1, ESM). However, most
cases were diagnosed by RT-PCR alone. This heavy re-

liance on RT-PCR to establish a diagnosis of viral infection
may be too sensitive, detecting small amounts of residual
viral nucleic acid without other clinical evidence of viral
infection. Extensive precautions were taken against con-
tamination in our study, and negative PCR controls showed
no evidence of false positivity.

Respiratory viruses may be commensal in stable COPD
patients. Seemungal found respiratory viruses more often
in the sputum and nasal lavage of patients with exacerba-
tions of COPD (56%) than of patients with stable COPD
(19%) [6, 32]. Latent sequences of common respiratory
viruses such as adenovirus [5, 37] have been detected by
PCR. It has been well demonstrated that COPD patients
may excrete RSV for extended periods of time [19], so
one cannot be absolutely certain that the RSV demon-
strated in our study was necessarily pathogenic. For other
viruses, persistent colonisation is not well described and
it is reasonable to assume that they played a pathogenic
role.

Quantitative real-time PCR may allow differentiation
between latent or former infection and current infection.
Advances in the availability and rapidity of molecular
sequencing may also allow changes in infectious agent
serotype or antibiotic resistance to be discerned [33, 38].

There is no evidence to date to suggest that treatment
with antiviral agents in this subset of COPD patients with
virus exacerbations requiring ventilatory support will sig-
nificantly alter the course of their acute illness. It is nev-
ertheless important to have a better understanding of the
pattern of disease in order to target more efficiently any
potential treatments. The early detection of virus infection
by PCR is in its infancy, but the development of more so-
phisticated anti-viral agents may allow early targeting of
virus pathogens.

Conclusions
A probable virus pathogen was found in 46 cases (43%)
and a probable bacterial aetiology was found in 25 cases
(23%) in this study of ventilated COPD exacerbation
patients. No prodromal or initial clinical parameters
distinguished viral from non-viral illness in our study.
There were no significant differences between virus and
non-virus exacerbations in ventilation time/length of
stay or 28-day mortality. NIV made protected specimen
collection more difficult than in intubated patients, which
may have decreased the bacterial and viral yield. PCR
offered a more detailed view of the spectrum of virus
illness in this group of patients, including previously
unsought viruses such as EV and hMPV.
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