Collection devices influence the constituents of
exhaled breath condensate

To the Editors:

The recent paper by RosIAS ef al. [1] reported that silicone and
glass inner coatings were superior to the EcoScreen® system
(Erich Jaeger GmbH, Hochberg, Germany), aluminium, poly-
propylene and Teflon when measuring 8-isoprostane and
albumin levels in exhaled breath condensate (EBC) [1-3]. This
raises important issues in the ongoing debate about the
optimal collection method for sampling airway biomarkers.
We have complemented these important data by comparing
the efficiency and reproducibility of EBC biomarkers collected
by different devices in six healthy subjects.

Four collection systems were compared in a randomised order:
glass, siliconised glass, EcoScreen® and RTuber (Respiratory
Research Inc., Charlottesville, VA, USA). Oxides of nitrogen
(NOy), total protein, mucin and pH were measured and
assessed for reproducibility over 3 days [4, 5].

The mean +sp EBC NOy level after a 10-min collection period
was significantly higher using the EcoScreen® (25.7 4+ 9.1 nmol)
than either siliconised glass (3.0+£0.7 nmol) or RTubes
(3.74+0.7 nmol; p<0.001; fig. la). Total protein per 10-min
collection was significantly higher using the EcoScreens
(18.6+7.3 pg) than either glass (6.6+3.3 ug) or RTubes
(7.04+2.9 pg; p=0.017; fig. 1b). Siliconised glass tubes showed

a trend in their ability to collect more total protein in EBC
compared with glass tubes; a larger sample size may have
shown a significant difference (n=107, «=0.05, 1-B=0.8).
Mucin levels in EBC were not significantly different between
the four devices (p=0.52). No significant difference was
found in pH in EBC between the four devices (p=0.34,
Friedman test). EBC collection was more efficient in the
EcoScreenw (21.8+2.4 puL-L! of breath) than the siliconised
glass tubes (12.84+1.9 pL-L! of breath; p<0.05) or RTubes
(12.9+ 1.1 uL-L™ of breath; p<0.05; fig. 1c).

NOy levels were poorly reproducible and the median
coefficient of variation for NOx concentrations was lowest in
the EBC collected by the siliconised glass tube (16.1%),
although there was a large range (0.0-67.4%). It has been
demonstrated that NO, stability is associated with tempera-
ture, which may explain the relatively large coefficient of
variation of NOy using the RTubewr [6], in which the
temperature gradually increases from -15°C to room or body
temperature. The RTubes might be better used for monitoring
markers not affected by collecting temperature. The
EcoScreenw seemed to have better reproducibility in terms of
total protein levels in EBC, although there was no significant
difference when compared with glass, siliconised glass or the
RTubewr. pH was the most reproducible marker in all devices.
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FIGURE 1. a) The total amount of oxides of nitrogen (NO,) and b) the total protein levels in exhaled breath condensate (EBC) during a 10-min collection. c) The EBC
volume per total breath volume. a) Total of NO, was significantly higher in the samples collected using the EcoScreens system (Erich Jaeger GmbH, Hochberg, Germany)

when compared with either siliconised glass tubes or the RTubews (Respiratory Research Inc., Charlottesville, VA, USA) but did not differ significantly from the amounts
collected by the glass tube apparatus. b) The total protein levels in EBC during 10-min EBC collection were significantly higher in the samples collected using EcoScreen
when compared with either glass tubes or RTubew (p=0.017). ¢) The mean EBC volume per total breath volume collected using EcoScreens was significantly higher than

those collected by either siliconised tube or RTube® (p=0.010). *: p<<0.05.
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To determine whether the devices could contaminate samples
with NO, or H' ions, distilled water, tap water and normal
saline were incubated in each device. Baseline median (range)
NO, levels were 1.2 (1.0-2.2) uM, 10.9 (10.1-11.4) uM and 1.2
(0.5-1.7) uM in distilled water, tap water and normal saline,
respectively. NOy levels were significantly increased in the
EcoScreens system (5.4 (2.2-7.3) uM in distilled water, 14.9
(14.3-19.8) uM in tap water and 4.4 (2.4-5.9) pM in normal
saline (p=0.006)) and in the RTubes (2.7 (1.4-4.3) uM in
distilled water, 11.5 (11.1-11.8) uM in tap water and 2.6 (1.2-
3.9) uM in normal saline (p=0.006)) after a 10-min incubation;
there was no significant change in NO, levels in either glass
tubes or siliconised glass tubes. No significant change was
found in pH levels after 10 min of incubation in any device.

This study has confirmed that EBC collection devices influence
the efficiency of collection but can also introduce errors in the
measurement of markers. The EBC collected using the
EcoScreenw system had the largest amount of NO, but also
demonstrated poor inter-day and intra-day reproducibility.
The higher efficiency of the EcoScreen® system in trapping the
NO degradation product, NO,, confirms our previous study
[7], but is factitious and represents a contribution of NO, from
the device to aqueous media.

The EcoScreenw system had the highest amount of total protein
levels in EBC compared with either the glass tube or the RTubex
and it also showed superior inter-day repeatability in total
protein in this study. Higher protein levels in EBC collected by
the most efficient device will aid identification quantification of
EBC proteins, which may be near the lower limit of detection.

Mean total mucin levels in EBC were not significantly different
between the four devices. In addition, glass and siliconised
tubes had a trend to better reproducibility compared with the
other two types of apparatus. An explanation may be that like
other proteins, mucin is negatively charged and repulsed by
glass, which also has a negative net charge [8].

In conclusion, collection devices significantly affect exhaled
breath condensate biomarker levels and absolute values from
different devices are not directly comparable. Siliconised glass
showed the least variability in oxides of nitrogen levels, whilst
the EcoScreen®n was more consistent and efficient for protein
collection, and also in terms of total exhaled breath condensate
volume. This efficiency may in part be related to the lower
temperature used in this device. We conclude that no single
device is ideal for all applications. In future studies, each
marker may need to be tested in a variety of devices to
determine the optimal collection apparatus.
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