important by patients, not by experts, it entails the risk that
experts will not submit research proposals on these topics. This
shows once more, the importance to consider patient participation in research agenda setting as a mutual learning process
for patients, experts and policymakers.
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Viral infections trigger exacerbations of cystic fibrosis in
adults and children
To the Editors:
Cystic fibrosis (CF) is the most common autosomal recessive
condition causing disease in western societies, and despite
important advances in understanding the disease, patients with
CF develop progressive lung disease with recurrent endobronchial infection, eventually becoming chronically colonised with
resistant organisms such as Pseudomonas aeruginosa. The clinical
course is punctuated by periods of acute worsening of CF lung
disease that increase with age and declining lung function,
while the frequency of exacerbations is also an independent
predictor for decline in lung function and mortality [1]. How
and why exacerbations of CF occur is poorly understood. Recent
data suggest that exacerbations are not associated with an
acquisition of new strains of bacteria, but rather clonal
expansion of existing strains [2]. The factors that lead to this
imbalance between chronic bacterial infection and host immune
response, which then results in CF exacerbations, are unclear.
Viral infection may be an important factor that triggers these
events. In children with CF, viral respiratory tract infections are
associated with exacerbations [3, 4]. In CF a respiratory virus
infection superimposed upon chronic bacterial infection potentially could enhance inflammation and shift the balance to
favour infection with chronic bacterial pathogens.
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The aims of this study were to assess the prevalence and
aetiology of viral respiratory tract infection in an adult population
with CF, compare this to a group of children with CF and assess
the impact of this on acute exacerbations of lung disease.
We recruited 17 adults (age greater than 17 yrs) and nine
children (6–17 yrs) from the CF clinic at John Hunter Hospital,
New Lambton, Australia with CF diagnosed by a positive sweat
test and CF genotyping. Participants were assessed at baseline
and reviewed every 3 months for 1 yr, from 2007 to 2009.
Participants were advised to contact investigators as soon as
they developed symptoms of a cold or a worsening of their chest
disease and reviewed in 48 h. Acute exacerbations were defined
when any four of the 12 items of the Fuchs’ criteria were present
[5]. At each visit, spontaneous sputum was sent for quantitative
microbiology [6] and two throat swabs were performed using a
semi-nested PCR for influenza A and B, respiratory syncytial
virus (RSV), rhinovirus (RV), coronavirus, human metapneumovirus, parainfluenza 1, 2 and 3, and adenovirus [7] and RV
were sequenced [8]. When data were normally distributed,
differences were analysed using a non-paired t-test and, when
not normally distributed, a non-parametric equivalent.
Multivariate linear regression analysis was performed to
determine risk for acute exacerbation, risk for exacerbation
EUROPEAN RESPIRATORY JOURNAL

requiring hospitalisation and change in forced expiratory
volume in 1 s (FEV1) over the time of the study.
In the 17 adults, 11 out of 17 were male, with mean age 27.5 yrs.
They had moderate airflow obstruction, with mean (range)
FEV1 62.5% predicted (38–98% pred). All had chronic bacterial
infection on sputum culture, 13 out of 17 with P. aeruginosa, one
out of 17 Burkholderia cenocepacia, and five out of 17 with
Staphylococcus aureus (methicillin sensitive). Regular azithromycin was used in 13 out of 17 and nebulised tobramycin in four
out of 17; 11 out of 17 had received influenza vaccination that
year. All were pancreatic insufficient, mean¡SD body mass
index (BMI) 22.3¡2.9; seven out of 17 had diabetes.
The nine children had a mean¡SD age of 10.2¡3.9 yrs; they had
normal or only mild airflow obstruction, with mean (range) FEV1
89.0% pred (74–105% pred). Only three out of nine had chronic
colonisation with P. aeruginosa, and two out of nine with S. aureus
(methicillin sensitive). Regular azithromycin was used in two
out of nine, regular flucloxacillin in two out of nine and
nebulised tobramycin one out of nine; seven out of nine had been
vaccinated for influenza. There were 11 out of 17 (64%) adults
who received influenza vaccination that year. All were pancreatic insufficient, mean¡SD BMI 19.6¡2.4; none had diabetes.
In adults, 14 out of 17 participants reported an increase in chest
symptoms or colds resulting in 38 episodes, only three
participants had no episodes. Of the 38 reported episodes,
25 (66%) met the definition of an exacerbation; 15 did not meet
the criteria and did not require a change in treatment, though
one re-presented and was treated. Of the adult exacerbations,
seven out of 25 (28%) required hospitalisation and were treated
with intravenous antibiotics; two out of 38 had i.v. antibiotics
commenced as an outpatient, 15 out of 25 were treated with
oral and nebulised antibiotics.
In adults a virus was isolated by PCR in 20 out of 38 (52%)
presentations and was associated with 17 out of 25 (68%)

exacerbations. The predominant viruses detected were RV (12
episodes, nine exacerbations), the most prevalent belonging to the
RV-A clade (exacerbations; RV-A seven, RV-B one, RV-C one).
The other viruses detected were all associated with exacerbations;
influenza three, RSV one and coronavirus with four.
There were seven children who reported an increase in chest
symptoms or colds resulting in 18 episodes of increased
symptoms. Of the 18 episodes, five were exacerbations. The
exacerbations were treated as follows: two out of five required
treatment with i.v. antibiotics in hospital and three out of five
were treated with oral antibiotics.
In the children, virus detection was associated with 13 out of 18
(72%) episodes with increased respiratory symptoms or colds
(more frequently seen than in the adults; p50.02) and all five
exacerbations. RVs again were predominant (11 episodes;
RV-A nine, RV-B two), RV-A was associated with four
exacerbations, while RSV was associated with one. There were
no viruses detected in samples that were taken at baseline or
when participants were stable.
A regression analysis was performed to determine which
variables were associated with an increased risk of exacerbation.
This was assessed in the presence of diabetes, lung function
(FEV1 % pred), age, sex, BMI, the presence of bacterial infection
on sputum culture at baseline, and virus detected at presentation.
We determined that lower BMI (p50.04), diabetes (p50.009), the
presence of P. aeruginosa at baseline (p50.004), lower FEV1
(p50.02) and the presence of virus (p50.04) all predicted an
exacerbation occurring, accounting for 62% of the variation in
exacerbation frequency (adjusted R250.62; p50.017).
In those who did exacerbate, virus infection was not associated
with a greater fall in lung function (fig. 1a) at presentation. Virus
infection was associated with an increase in P. aeruginosa
CFU?mL-1 (fig. 1b). There were no subjects who acquired a new
bacterial pathogen in their sputum during the course of the study.
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The graphs depict box and whisker plots representing the medians, interquartile ranges, and 5–95th centiles. Shaded boxes: those with no virus detected. a)

Change in forced expiratory volume in 1 s (FEV1) at the time of presentation compared to the initial baseline FEV1 of subjects when stable. There was no difference in change
in FEV1 in exacerbations associated with virus infection and those without (fall in median FEV1 -0.14 L in those with virus, compared to a median fall of -0.23 L in those
without; p50.5). b) Change in quantitative Pseudomonas aeruginosa colony forming unit (CFU) g?mL-1, comparing counts at baseline and presentation with an acute
exacerbation. There was significantly higher bacterial load present in exacerbations associated with virus infection (median change 0.98610 CFU?mL-1 in those with virus
infection, versus 0.12610 CFU?mL-1 in those without; p50.01). The analysis was limited to adult subjects only.
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Viral respiratory tract infections were associated with 65% of
CF exacerbations in children and adults, with RV A the most
frequently isolated. Virus infection was also associated with an
acute increase in CFU?mL-1 of P. aeruginosa in those with
chronic infection. This is intriguing as virus infection may also
influence the status quo in the CF airway between chronic
infection with P. aeruginosa and the host. In vitro RV infection
has been shown to liberate Pseudomonas from biofilms, planktonic bacteria that are then more pro-inflammatory [9]. This observation would suggest this proposed mechanism is important in
the pathogenesis of acute CF exacerbations.
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In conclusion, virus infections are important precipitants of CF
exacerbations, though the risk that they will trigger an
exacerbation is determined in the context of the severity of preexisting pulmonary and comorbid disease. Given the importance
of exacerbations in worsening CF, further work needs to be done
to examine the role of virus infection and how this influences
airway inflammation and chronic infection. Consideration
should also be given to clinical interventions that may reduce
the effect of viruses in CF, this includes the role and effectiveness
of influenza vaccination, but should also consider the effectiveness of infection control practices for families and individuals to
reduce virus acquisition.
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