
1,000 people [10]. Indeed, hospital admissions for drainage of
dental abscesses showed the greatest increase in socially
disadvantaged areas [11].

We would suggest that poor access to dental care, particularly in
deprived areas of the UK where other risk factors for
community acquired pneumonia coexist, is likely to increase
the burden of pneumonia and place further pressure on limited
healthcare resources. In addition, dental services within
hospitals and long-term care institutions need to improve as
they are woefully inadequate in their current form and provide
little more than a service to extract loose or severely decayed
teeth. Investment in General Dental Services in the UK amounts
to ,2% of the NHS budget, even in our own institution the
funds for the entire Dental School is less than the Critical Care
Unit. Oral health needs to be established as a priority not only in
the community but also for hospital patients or institutionalised
adults in much the same way as deep-vein thrombosis
prophylaxis. Investment in promotion of oral hygiene is likely
to prove an extremely cost-effective long-term measure.
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Reproducibility of exhaled breath condensate markers
To the Editors:

The letter by ROSIAS et al. [1] highlights that individual
biomarkers in exhaled breath condensate (EBC) require
specific methods for optimal collection. Denominators need
to be determined (such as time, total breath collection, protein,
electrolytes, conductivity or other more stable markers) and,
critically, researchers should consider collecting whole or
global EBC, which may enhance reproducibility.

To determine the reproducibility of simple ions and more
complex molecules, such as proteins and eicosanoids in
different disease categories, we used the EcoScreen1 (Erich
Jaeger GmbH, Hochberg, Germany) to study the within-day
variability of EBC biomarkers from 11 subjects with asbestosis,
14 with pulmonary fibrosis (PF) and 22 healthy normal subjects
(tables 1 and 2).

Two EBC samples, obtained over exactly 10 min, were
collected on the same day from each subject at 09:00 h and
13:00 h. The mean¡SD EBC volumes collected at 09:00 h and
13:00 h were similar (1,831¡498 versus 1,831¡586 mL). The
coefficient of variation (CV) for within-day EBC volume for all
subjects was 14.8%. The mean CV for within-day EBC volume
was increased at 23.0% in subjects with PF, possibly due to
their more severe, restrictive lung function. Patients with PF
had significantly reduced forced expiratory volume in one
second (% predicted) and forced vital capacity (% pred)
compared with normal subjects (73.2¡17.7 versus 97.1¡14.7
and 72.9¡17.5 versus 98.7¡13.1 at 09:00 h and 13:00 h,
respectively; both p,0.0001, ANOVA and multiple compari-
son post hoc tests) and those with asbestosis (73.2¡17.7 versus
83.2¡14.2 (p50.14) and 72.9¡17.5 versus 85.3¡16.8 (p50.09),
respectively).

1124 VOLUME 32 NUMBER 4 EUROPEAN RESPIRATORY JOURNAL



As demonstrated in previous studies [2, 3], EBC pH was the
most reproducible marker with the best overall CV for within-
day variability, whether measuring the pH at the time of
collection (3.4%) or after 8 weeks when stored at -80uC (1.8%).
Moreover, there was no significant difference between the
mean CVs (within-day) of these three groups of subjects.

Total nitrogen oxides (NOx) showed an overall mean (range)
within-day CV of 38.0 (2.4–111.2)%, while the mean CV for
duplicates was 4.9%. Hydrogen peroxide demonstrated a
within-day CV of .40% for all groups. A previous study [2]
demonstrated that siliconised glass tubes might be better for
monitoring EBC NOx and H2O2 than other collecting media,
such as glass, the EcoScreen1 or the RTube1 (Respiratory
Research Inc., Charlottesville, VA, USA).

In addition, we estimated the within-day CV for more complex
molecules including eicosanoids (leukotriene B4 (LTB4) and
8-isoprostane) and proteins (total protein, endothelin-1 (ET-1),
interleukin (IL)-8, 3-nitrotyrosine (3-NT) and transforming
growth factor-b1). Excluding ET-1, all CVs for within-day
variability were, in general, .40% which suggests that the
EcoScreen1 is not a satisfactory method of collection for these
biomarkers; further refinements are required. As ROSIAS et al.
[4] suggested, a condenser system with a silicon or glass
coating is more efficient for the measurement of 8-isoprostane
or albumin in EBC. However, the variation in ET-1, IL-8 and
3-NT is also likely to have been a result of technical limitations
of the ELISA analysis as, although the duplicates for the
standard curves showed excellent agreement, the mean CVs
for the EBC duplicates in ET-1, IL-8 and 3-NT assays were as
high as 19.2, 30.9 and 31.7%, respectively (data not shown), and
levels were close to the detection limit of the assays. Using an
ELISA Signal Amplifier (Vicgene Biotechnology, Mountain
View, CA, USA) for the 3-NT assay did not improve the
sensitivity (unpublished data). Apart from 8-isoprostane, there
was no significant difference between the mean CVs for
normal controls and patients with asbestosis or PF.

Overall, we found that reproducibility was poor and varied
according to the biomarker studied when the EcoScreen1 was
used, but different disease groups had similar reproducibility,
except for 8-isoprostane. Where samples lay well within the
linear range of assays, results were more likely to be reliable.
Improving the standardisation of breathing (e.g. by monitoring
tidal or minute volume) and perhaps collecting total or global
breath [1] may assist in both reproducibility and reliability.
Therefore, an optimal device should be selected for each
particular biomarker so as to maximise the volume of exhaled
breath condensate to be collected and to analyse the mediators
of interest within the linear range of each assay, which may
require concentrating the sample or using signal amplification.

TABLE 1 Demographics of normal controls and patients
with asbestosis and pulmonary fibrosis

Normal controls Asbestosis Pulmonary fibrosis

Patients n 22 11 14

Age yrs 46.4¡17.3 71.5¡5.8 60.0¡11.9

Male/female 11 (50)/11 (50) 11 (100)/0 (0) 8 (57)/6 (43)

Lung function

FEV1 pred % 97.1¡14.7 83.2¡14.2 73.2¡17.7#

FVC pred % 98.7¡13.1 85.3¡16.8 72.9¡17.5#

FEV1/FVC % 99.5¡14.5 90.0¡10.4 85.3¡10.7***

Data are presented as mean¡SD or n (%), unless otherwise stated. Statistical

significant difference between subjects with pulmonary fibrosis and normal

individuals was observed. #: p,0.0001; ***: p,0.001 (ANOVA and multiple

comparison post hoc tests).

TABLE 2 Within-day variability of exhaled breath condensate

Normal controls Asbestosis Pulmonary fibrosis Overall Subjects n

Volume mL 10.9 12.7 23.0 14.8 (0–112.2) 45

pH

Bedside 2.1 4.7 4.3 3.4 (0–14.3) 47

Laboratory 2.1 1.6 1.5 1.8 (0–8.2) 46

ET-1 fmol?mL-1 43.6 23.9 34.8 36.1 (2.9–86.5) 46

NOx mM 39.5 33.9 39.5 38.0 (2.4–111.2) 38

LTB4 pg?mL-1 54.8 30.9 47.8 46.6 (1.3–132.8) 43

H2O2 mM 50.5 40.5 64.2 51.5 (3.4–120.0) 40

8-isoprostane ng?mL-1 66.0 31.4* 56.4 54.8 (4.6–132.7) 45

Protein mg?mL-1 78.6 68.5 67.5 72.9 (0–140.8) 45

IL-8 pg?mL-1 83.7 70.9 59.6 73.2 (0–141.3) 41

3-nitrotyrosine ng?mL-1 84.9 81.9 82.0 83.1 (0–141.3) 36

TGF-b1 pg?mL-1 116.7 63.5 90.5 96.4 (1.1–141.4) 47

Data are presented as coefficient of variation % or mean (range), unless otherwise stated. Exhaled breath condensate samples were collected at two sampling times:

09:00 h and 13:00 h. ET: endothelin; NOx: nitrogen oxides; LTB4: leukotriene B4; IL: interleukin; TGF: transforming growth factor. *: p,0.05 was considered significantly

different between subjects with asbestosis and normal subjects (ANOVA and multiple comparison post hoc tests). c
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Exhaled breath condensate is not suitable

to detect EGFR somatic mutations
To the Editors:

Somatic mutations in the tyrosine kinase domain of the
epidermal growth factor receptor (EGFR) are molecular targets
of great clinical interest in lung cancer. In particular, its ability to
permit clinical efficacy of specific therapies with tyrosine kinase
inhibitors (i.e. gefitinib or erlotinib) has been stressed [1, 2].

Interestingly, our group has already shown that the exhaled
breath condensate (EBC) can be a useful and noninvasive way
to collect biological samples derived from high up and deep
within the airways [3, 4]. EBC has been demonstrated to be
informative on molecular alterations of nonsmall cell lung
cancer (NSCLC) and to characterise the oxidative and
inflammatory process in the airways/lung [5, 6]. In particular,
we recently demonstrated an overlapping microsatellite
signature from EBC and tumour tissue of the same patient
showing that it already contained genetic markers potentially
useful for early lung cancer diagnosis [4].

Our aim was to verify the possibility to research EGFR
mutations in EBC and, therefore, to use them again as a
noninvasive diagnostic tool for lung cancer. For this reason, 23
patients with histological evidence of NSCLC were enrolled in
the study. As several reports have shown that the most
frequent mutations are in-frame deletions in exon 19, point
mutation in exon 21 (L858R) or amino acid substitution in exon
20 (T790M) which are implicated in the tyrosine kinase
inhibitors sensitivity [2], exons 18–21 of EGFR were sequenced
on DNA extracted from paraffin tissues of all cases and from
EBC of 10 patients.

EGFR mutations in tumour tissues were analysed first. Only
one patient presented with a pathological deletion in exon 19,
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FIGURE 1. Sequencing of epidermal growth factor receptor exon 19 in DNA

from a) exhaled breath condensate and b) tumour tissue of the same patient. The

pathological deletion 745_750del is clearly evident in the tissue but not in the

exhaled breath condensate.
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