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Is NMR-based metabolomic analysis of exhaled breath

condensate accurate?
To the Editors:

The metabolomic analysis of exhaled breath condensate (EBC)
is a simple noninvasive approach for the study of respiratory
system diseases. Previous studies introduced nuclear magnetic
resonance (NMR)-based metabolomics as a method allowing a
definite separation between healthy patients and patients with
airway disease [1, 2]. In these studies, the influence of external
contaminants was also considered. DE LAURENTIIS et al. [1]
reported that the removal of interfering residual external
contaminants was crucial for correct EBC analysis and they
proposed a cleaning protocol for the ‘‘complete removal of the
disinfectant signals’’ from the reusable parts of the condensers.

In order to verify the influence of the disinfectant signals we
have compared the EBC 1H-NMR spectra of a healthy subject
obtained after the standard cleaning protocol (disinfected for
15 min using a 1.5% DescogenTM solution and flushed for
15 min with water) recommended by the manufacturer’s
guidelines and the International Consensus on EBC (fig. 1a)
[3]; one that was obtained after the cleaning protocol proposed
by DE LAURENTIIS et al. [1] (fig. 1b); and one obtained using a
device without reusable condenser parts (fig. 1c). EBCs have
been collected using an Anacon condenser (Biostec, Valencia,
Spain). Sample collection and concentration (.99% water)

were similar to those obtained in the procedure described by
DE LAURENTIIS et al. [1] and a similar spectrum (fig. 1f) to the
spectrum published by DE LAURENTIIS et al. [1] was obtained
(fig. 1f, insert). Figure 1 shows that although many of the
disinfectant signals present in the EBC spectrum have been
removed by the DE LAURENTIIS et al. [1] cleaning protocol, there
are some resistant peaks that are not observed in the spectrum
in figure 1c. Furthermore, an EBC 1H-NMR spectrum of a
healthy subject acquired using the device without reusable
parts (fig. 1d) was compared with another control test (fig. 1e),
collected in the same time scale using the condensation of
room air pushed into the system by a continuous air spam
device using flow and volumes similar to those typical of
normal human respiratory function. In this case, it showed
similar blank spectra with only two signals (lactate and an
unidentified signal).

In our opinion, this comparison indicates that previous studies
were not able to remove all disinfectant signals via the cleaning
protocols. In addition, when the use of disinfectants was
circumvented using a non-reusable device, we obtained blank
spectra without metabolic information. We are persuaded to
conclude that within the normal time periods used for EBC
collection (10 min), NMR-based metabolomics does not have
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the degree of sensitivity needed to detect the lung metabolic
fingerprint present in these samples. For this reason, we
propose a mass spectrometry (MS) approach for the metabo-
lomic analysis of EBC.

MS-based metabolomics, here using ultra-performance liquid
chromatography coupled to a time-of-flight mass spectrometer
(UPLC-TOF-MS) requires similar sample preparation with a
high degree of sensitivity. Through this technique, we can
detect the metabolic fingerprint of the EBC not detected by
1H-NMR spectroscopy. Figure 2 shows the UPLC-TOF mass
matrix of an EBC from a healthy subject acquired using the
non-reusable device. With the aim of validating the MS-based
metabolomics as a discriminatory method between healthy

patients and patients with airway disease, preliminary data of
a chronic obstructive pulmonary disease (COPD) metabolomic
study are presented. A total of 28 EBC samples, 18 COPD and
10 healthy subjects were collected using the non-reusable
device and the Anacon condenser. Lyophilised samples were
diluted with 200 mL of water and transferred into 96-well
plates and maintained at 4uC prior to injection of 5 mL onto the
column. Chromatographic separations were performed on a
Acquity UPLC system (Waters Corp, Milford, MA, USA) using
a 10 min gradient with mobile phase A of 0.1% formic acid
(FA) in water and mobile phase B, 0.1% FA in acetonitrile.
Electrospray (ESI) mass spectrometry experiments were
performed on a Micromass LCT Premier (Waters) operated
in positive ionisation mode. The raw data were processed
using the open-source freeware XCMS (Scripps Center for
Mass Spectrometry, La Jolla, CA, USA), which is able to detect
and align metabolite peaks. Spectral differences between
COPD and healthy subjects were verified by principal
components analysis and partial least squares analysis as
shown in figure 3.

In conclusion, the present study demonstrates that the cleaning
protocols of the reusable condenser parts produce an artificial
metabolic fingerprint not related to the endogenous metabolic
pathway of the lungs. In addition, although NMR-based
metabolomics have been successfully applied in the study of
numerous biosamples (e.g. urine [4–6] and tissues [7]), this
technique cannot be used to analyse EBC samples because
the spectroscopic techniques do not have the sensitivity
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FIGURE 1. 1H-nuclear magnetic resonance (NMR) spectra of exhaled breath

condensate (EBC) from a healthy subject after a) the standard cleaning protocol

recommended by manufacturer’s guidelines and the International Consensus on

EBC; b) the cleaning protocol proposed by DE LAURENTIIS et al. [1]; c) and d) using a

device without reusable condenser parts; and e) 1H-NMR spectra of the

condensation of the room air pushed into the system by a continuous air spam

device. EBC spectra a), b) and c) were collected from the same healthy subject and

spectra c) and d) were collected in the same time scale. f) 1H-NMR spectrum of

EBC with similar sample collection and disinfection to 1H-NMR spectrum of EBC

published by DE LAURENTIIS et al. [1] (insert; reproduced from [1] with permission

from the publisher). f1: first frequency dimension.
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FIGURE 2. An ultra-performance liquid chromatography coupled to a time-of-

flight mass spectrometer three-dimensional mass matrix of an exhaled breath

condensate from a) a healthy subject and b) a subject with chronic obstructive

pulmonary disease, acquired using the non-reusable device. m/z: mass to charge.
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required to observe the endogenous metabolites presented in
the EBC. Finally, we propose UPLC-MS and the use of non-
reusable devices as a standard metabolomic approach in the
analysis of EBC.
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Hypercalcaemia in asymptomatic sarcoidosis

unmasked by a vitamin D loading dose
To the Editors:

The risk of occurrence of hypercalcaemia induced by vitamin
D in certain conditions has recently been summarised by
KALLAS et al. [1]. Despite the high prevalence of vitamin D
deficiency among the healthy population and observational
associations with cardiovascular disease, autoimmune dis-
eases, some types of cancer, tuberculosis and mortality [2, 3],

there are currently no data to justify widespread use of vitamin
D supplementation, taking into account the lack of large
prospective randomised controlled trials.

We would like to share our experience with calcitriol-mediated
hypercalcaemia in an apparently healthy individual. A 26-yr-
old obese female with a body mass index of 48.4 kg?m-2 was
transferred to the endocrinology outpatient clinic of the
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FIGURE 3. Multivariate analysis using ultra-performance liquid chromatogra-

phy coupled to a time-of-flight mass spectrometer spectra of exhaled breath

condensate from healthy and chronic obstructive pulmonary disease (COPD)

subjects. a) Principal components analysis (PCA) score plot shows a separation

between groups, which is clearly confirmed by b) partial least squares (PLS)

analysis. #: control; $: COPD. PC1 and 2 are the first two principal components;

PLS1 and 2 are the first two partial least squares.
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