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ABSTRACT

last Authors.
Asthma is the most common chronic respiratory disease in children. However, dis-

tinguishing asthma from other respiratory complaints in preschool age remains a
diagnostic challenge. Secondary electrospray ionization high resolution mass spec-
trometry (SESI-HRMS) together with a remote breath sample collecting method
is a promising tool to overcome this diagnostic problem. This study investigated
whether previously identified asthma-specific volatile organic compounds (VOCs)
can be reidentified in preschool children by SESI-HRMS using an offline breath
collection device.

A total of 30 patients presenting with chronic respiratory symptoms (CRS) and
referred for the investigation of preschool asthma as well as 32 healthy controls
between 3 and 6 years of age were recruited from the outpatient clinic at the Uni-
versity Children’s Hospital in Zurich, Switzerland. Participants were instructed to

This work has been presented as a

exhale into an offline breath collection device entailing a Nalophan bag. Breath )
poster at the European Respiratory

samples were transferred to SESI-HRMS in a heated box at body temperature. Socisly Gongress Sapismber 2024,
Samples were pumped into SESI-HRMS using a pressurized box. Detection of
previously identified asthma-specific markers (mass-to-charge ratio (m/z) toler-
ance of 0.002 Da) and statistical analysis were performed.

Of 375 previously identified, asthma-specific m/z features, 125 were detected again
in preschool children with the remote breath collection method. 16 detected m/z
features showed statistically significant differences between patients with CRS
and healthy controls (Wilcoxon rank-sum test, adjusted p-value <0.05). Eight of
those 16 significant m/z features had been identified chemically as representa-
tives of monosaccharide and fatty acid metabolism, lysine degradation and alde-
hydes in a previous study. Predictive performance of confirmed markers for distin-

guishing patients with CRS from healthy patients, using random forest algorithm KEY WORDS

in a repeated cross-validation, resulted in an AUC of 0.77 (95% CI: 0.60-0.93). Preschool; asthma; breath analysis.
This is the first study to successfully reidentify asthma-specific VOCs in preschool

children by SESI-HRMS using a breath collection device that entails Nalophan.

Despite loss of m/z features, significant asthma-specific VOCs were identified,

emphasizing the potential of this remote breath collection method for diagnosing

asthma in preschool children.
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What is already known about this topic? In the past few decades, different

breath markers for asthma in the form of VOCs have been identified but results
could not be replicated in preschool children. What does this article add to our
knowledge? This is the first study to successfully reidentify asthma-specific breath

markers in preschool children by SESI-HRMS using a remote breath collection

device. Our findings emphasize the potential for targeted breath analysis in pre-

school children. How does this study impact current management guidelines?

Current asthma diagnosis guidelines request objective tests, but these are chal-

lenging in preschool children. This study lays another foundation to develop an

easy to perform and reliable breath test for asthma diagnosis in younger children.

INTRODUCTION

Asthma is the most common chronic respiratory disease
in children, affecting over 5 million children in Europe
(1). The diagnosis remains challenging and there is no
single diagnostic gold standard to diagnose asthma in
children (2-4). In children aged 5-16 years, the diag-
nosis is usually based on a diagnostic algorithm that
entails different tests, i.e. spirometry, bronchodilator
responsiveness (BDR) testing and the measurement of
exhaled nitric oxide (FeNO) (3). In preschool children,
the proper diagnosis of asthma is generally not possi-
ble, since cognitively demanding breathing maneuvers
necessary for spirometry and BDR testing are usually
too complex to perform in this age group (5, 6). There-
fore, children with a high suspicion of asthma, that are
not able to perform pulmonary function testing accord-
ing to current standards are usually referred as children
with CRS (3). There is a need for alternative methods
that are non-invasive, easy to apply and do not require
complex cooperation to diagnose asthma in preschool
children. A growing number of studies were published
suggesting that breath analysis may offer such a pos-
sibility (2, 7).

Several different breath collecting methods for remote
analysis have been developed in the last two decades
(2). Some studies successfully detected asthma-specific
breath markers in children using Tedlar sampling bags
together with different exhalation maneuvers and anal-
ysis techniques (2). More recently, Decrue et al. suc-
cessfully deployed a remote collection method using
Nalophan bags and SESI-HRMS for breath analysis in
infants (8). Nalophan proved itself as a reliable com-

ponent of breath collecting devices in previous studies
(9, 10), even if the breath sample was stored at room
temperature over a longer period of time prior to mea-
surement (9). Therefore, Nalophan is a reliable part of
breath collecting devices for remote analysis.

In the past few decades, different breath markers for
asthma in the form of volatile organic compounds (VOCs)
have been identified (2, 11, 12). Typically, VOCs asso-
ciated with oxidative stress, e.g. aldehydes, polysatu-
rated fatty acids, ethane and pentane were identified in
breath samples of asthma patients due to the inflamma-
tory nature of the disease (13-22). Our research group
more specifically demonstrated upregulated metabo-
lisms of lysine, tyrosine, fatty acids, 2-oxocarboxylic
acid and monosaccharides as well as downregulated
metabolisms of arginine, proline, linoleic acid, palmi-
toylethanolamide (PEA) and aldehydes in school-aged
children with allergic asthma (7). Thus, the above-men-
tioned VOCs are promising targets of asthma-related
research using SESI-HRMS.

The aim of this study was to investigate whether 1) a
remote breath collecting method entailing Nalophan is
feasible to be used in SESI-HRMS analytics and 2) pre-
viously identified asthma-specific VOCs can be reidenti-
fied in preschool children with CRS distinguishing them
from healthy controls (7).

METHODS

Study population

The EXPEDIA study (EXhalomics in PEDIlatric Asthma)
is a cross-sectional observational study that aims to
assess the possibility of using exhaled volatile organic
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compounds to diagnose asthma in children using online
mass spectrometry.

For this study, 30 patients referred for the investiga-
tion of preschool asthma and presenting with CRS, i.e.
wheezing and/or dry cough, as well as 32 healthy con-
trols (HC) between 3 and 6 years of age were recruited
from the outpatient clinic at the University Children’s
Hospital in Zurich, Switzerland. Children who had acute
respiratory infections within the last 6 weeks, with other
chronic respiratory or cardiac diseases or any condition
restricting the proper execution of the breath sampling
were excluded from the study.

Breath collection and transportation

Remote breath collection was conducted using a cus-
tom-made offline breath collecting device (Figure 1) con-
sisting of a 0.7-liter Nalophan bag (Kalle GmbH, Wies-
baden, Germany) attached to a sealable valve piece
(Swagelok Company, Ohio, OH, USA) with zip ties, a
custom-made connecting tube and a mouthpiece (Quin-
Tron Instrument Company Inc., Milwaukee, WI, USA).
Children were instructed to take deep inspirations and
exhale directly into the Nalophan bag through the mouth-
piece until the bag was fully inflated. Whole breath sam-
ples were collected without filtering or fractioning the
exhalation. A VOC filter was not used, as it was deemed
impractical for preschool children (23). Participants were
not strictly restricted from medication usage or eating,
and physical activity was naturally limited by the hos-
pital setting of the doctor’s visit. The filled bags were
sealed and transferred to SESI-HRMS in a heated box

Figure 1. Offline breath collecting device. The device consists of a Nalo-
phan bag (1) attached to a sealable valve piece (3) with zip ties (2), a
connecting tube (4) and a mouthpiece (5). The collected breath air is
trapped inside the bag after closing the valve piece.

at body temperature (37 °C) within 15 minutes (Fig-
ure 2) to prevent condensation of the sample (24, 25).

Breath analysis

Breath analysis was conducted using a SESI source
(SuperSES], FIT FossilionTech, Madrid, Spain) combined
with a high-resolution time-of-flight mass spectrometer
(TripleTOF 5600+, AB Sciex, Concord, ON, Canada).
Instrumental settings were previously published by our
group (7, 26). In short, the sampling line (SL) temperature
of the ion source was set at 130 °C, with temperatures of
the ionization chambers 1 and 2 (IC1 and IC2) both at 100
°C. lon spray voltage floating (ISVF) was set at +4500 V
in positive mode and -4500 V in negative mode, respec-
tively. For electrospray generation, Sharp Singularity™
nanoESI emitters (FIT FossilionTech, Madrid, Spain) with
20 um inner diameter were used. The electrospray solu-
tion was 0.1% formic acid in water. During each measure-
ment, the contents of the Nalophan bags were continu-
ously infused into the SESI using a custom-made pressur-
ized box (Figure 2) at a flow rate of 0.3 I/min for a stan-
dardized duration of 30 seconds. Data acquisition was
performed in full scan mode in both positive and negative
ionization mode. The mass range scanned was from 50
to 500 Da, with a scan time of 0.5 seconds per spectrum.

Data preprocessing

The recorded raw mass spectra were aligned using
PeakView 2.2 (AB Sciex, Concord, ON, Canada) and
converted into the mzXML file format using MSConvert
(ProteoWizard v3.0.2) (27). The processing of the con-
verted mass spectral data was performed in R (version

Figure 2. Remote breath collection, transportation and measurement.
Breath collection was conducted remotely using a breath collecting
device (Figure 1). The contents were then transferred to SESI-HRMS
within 15 minutes in a heated box at body temperature. Each sample
was pumped into SESI using a pressurized box.
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4.2.1, R Foundation for Statistical Computing, Vienna,
Austria) following the methodology outlined in detail else-
where (7, 26). To summarize, the mass spectra was fit-
ted onto a linearly spaced mass-to-charge ratio (m/z)
axis (step size: 0.0005, 900’000 data points, 50-500 m/z
range) through piecewise cubic Hermite interpolation.
For each measurement, the interpolated mass spectra
associated with the infusion maneuvers into the instru-
ment were averaged. Peak picking was then performed
on the averaged mass spectra using a height filter of 10
counts per second, followed by centroiding via trape-
zoidal integration to determine the signal intensities of
m/z features. Subsequently, for further analysis, the m/z
feature intensities were normalized to the total ion cur-
rent (TIC), log2-transformed and organized into a data
matrix representing breath profiles.

Statistical analysis

Markers previously linked to allergic asthma from our
study (7) were used to filter the features within the
remotely collected breath profiles of preschool chil-
dren. An m/z tolerance of 0.002 Da was set for accurate
mass matching. The Wilcoxon rank-sum test was used
to assess the differential abundance of these features
between the CRS and control groups (28). To account for
multiple hypothesis testing, p-values were corrected using
Storey’s procedure (29). A significance level of adjusted
p-value <0.05 was applied. Furthermore, to assess the
predictive ability of the detected features in classifying
the preschool children as healthy or with CRS, random
forest algorithm was trained and tested in a 5 times
repeated 10-fold cross-validation (30). To avoid training
the classifiers on all detected signals, feature selection
was performed in each cross-validation iteration using
Meinshausen and Bihlmann stability selection as previ-
ously applied in our SESI-HRMS study (31, 32). In short,
within each cross-validation loop, stability selection was
performed using random 80% training data subsamples,
Wilcoxon rank-sum p-values for feature ranking, and a
threshold of the 20" percentile (0.2-quantile) of p-val-
ues across 100 repetitions. To retain the most import-
ant features, only those features with p-values below the
0.2-quantile threshold in at least 90 out of 100 repeti-
tions were selected. More detailed information on statis-
tical analysis is provided in the supplementary material.
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Ethics

This study was approved by the Ethics Committee of the
Canton of Zurich (KEK-ZH-Nr. 2018-00441) and written
informed parental consent and oral assent of the partici-
pants were obtained prior to study participation.

RESULTS

Remotely collected exhaled breath samples of 30 chil-
dren with CRS and 32 healthy controls were included
in this study. The two groups had comparable age and
sex distributions. Demographic and clinical character-
istics of the two study cohorts are shown in Table 1.

In our previous exploratory SESI-HRMS study, 375 m/z
features were found to be potentially associated with aller-
gic asthma in school-aged children (7). From those fea-
tures, 125 were detected again (<0.002 Da) in remotely
collected breath samples of preschool children (Table
S$1). Among the detected features, 16 showed statis-
tically significant differences between the control and
CRS group (Wilcoxon rank-sum test, adjusted p-value
<0.05, Figure 3), replicating the significance observed
in the previous study between healthy and asthmatic
children. Additionally, eight of the 16 significant features
were chemically identified in our earlier work (7). These
identified compounds belong to various metabolic path-
ways and chemical families, including monosaccharides
and metabolites (glucuronate, glucarate), aldehydes
(4-hydroxy-2-octenal, 4-hydroxy-2-hexenal), fatty acid
metabolism (6-hydroxyhexanoic acid), and lysine deg-
radation (glutarate). A complete list of all 16 significant
features is provided in Table 2. Boxplots for the eight
chemically identified markers are presented in Figure
4 for further visualization.

The assessment of the confirmed markers in classifying
samples as HC or CRS, using random forest algorithm
in a 5-fold repeated 10-fold cross-validation, resulted
in an area under the ROC curve (AUC) of 0.77 (95%
Cl: 0.60-0.93) (Figure 5A). The average classification
accuracy reached 72.6% (Cl: 59.2%-85%) with sensitiv-
ity of 72.9% (Cl: 51.7%-94.6%) and specificity of 72.3%
(Cl: 52.7%-90.9%). On average, 14 + 1.1 markers were
selected in each cross-validation training data set. Mark-
ers and their selection frequencies used for classifier
training are shown in Figure 5B and Table S1.
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Table 1. Demographic and clinical characteristics of the participants.

Parameter CRS group HC group Significance
(n=30) (n=32)
Age [y] 55+11 5+1.2 n.s.
Female [n] 10 (33.3%) 11 (34.4%) n.s.
Height [cm] 1M1.727 109.2 £ 9.1 n.s.
Height z-score -0.22 £ 0.98 -0.02 +1.08 n.s.
Weight [kg] 19.8+4.1 18.8+3.3 n.s.
Weight z-score -0.02+1.33 0.11 £ 0.95 n.s.
BMI [kg/m?] 15.7+2.23 15.7+14 n.s.
BMI z-score 0.09 £ 1.45 0.17 £1.03 n.s.
Diagnosis
Allergic asthma [n] 12 (30%) - -
Suspected allergic asthma [n] 5 (16.7%) - -
Non-allergic asthma [n] 3 (10%) - -
Suspected non-allergic asthma [n] 3 (10%) - -
Recurrent obstructive episodes [n] 7 (23.3%) - -
Allergy [n] 20 (66.7%) 4 (12.5%)
Food allergy [n] 6 (20%) 4 (12.5%) n.s.
Allergy to aeroallergens [n] 18 (60%) 2 (6.3%)
Hay fever [n] 11 (36.7%) 2 (6.3%)
GINA management Step
Step 1 [n] 17 (56.7%) - -
Step 2 [n] 5(16.7%) - -
Step 3 [n] 5(16.7%) - -
No treatment [n] 3 (10%)
Inhaled corticosteroid (ICS) therapy [n] 11 (36.7%) - -
Bronchodilator use
Salbutamol (100 pg/dose, prn) [n] 25 (83.3%) - -

Continuous variables are presented as mean * standard deviation (SD) and categorical variables as counts (%). The group differences were
tested with a two-sample t-test for continuous variables and a Fisher’s exact test for the categorical variables. Significance levels: n.s.: >0.05, *:
<0.05, **: <0.01, ***: <0.001.

. _ B o o0 o
2.0
@0 @
20 4 = @
>
2 151
> -
% 15 - T S e |
[
= | >
2 :
3 o O
T 10 01 ©)
i 10 B 1.0
B %Q)
= i
5 < ) o
0.5 D@ Elevated in CRS
© Elevated in HC
0- O Not significant
00 01 02 03 04 05 06 07 08 09 1.0 05 0.0 05 1.0
p-value Fold change (logy)

Figure 3. Statistical analysis of detected metabolites between CRS and HC groups. (A) Distribution of p-values according to the Wilcoxon rank-sum
test of all 125 detected m/z features; (B) Volcano plot for all detected m/z features. X-axis: log2 fold change (CRS vs. HC). Y-axis: -log10 of adjusted
p-value. Markers are colored according to significance and fold change: red (elevated in CRS, adj. p-value <0.05), blue (elevated in HC, adj. p-value
<0.05), and white (not significant).
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Table 2. Significant asthma-associated markers from our previous study (7) detected in preschool children via remote breath collection.

m/z Charge Elevated in log2FC p-value Adj. Compound Metabolic
p-value (mol. formula) pathway/chemical
family

193.0355 neg CRS 0.83 0.0003 0.0081 Glucuronate Monosaccharides
C6H1007 and metabolites

194.0305 neg CRS 0.57  0.0006 0.0081 -

209.0305 neg CRS 1.07 0.0006 0.0081 Glucarate Monosaccharides
C6H1008 and metabolites

227.041 neg CRS 1.35  0.0002 0.0081 -

83.0335 pos HC -0.49  0.0005 0.0081 -

136.021 pos HC -0.72  0.0008 0.0088 Benzothiazole Heterocyclic
C7H5NS compounds

115.075 pos HC -0.50 0.0015 0.0111 4-Hydroxy-2-hexenal Aldehydes
C6H1002

135.101 pos HC -0.63  0.0013 0.0111 -

143.106 pos HC -0.49 0.0014 0.0111 4-Hydroxy-2-octenal Aldehydes
C8H1402

196.0465 neg CRS 0.77  0.0022 0.0134 -

226.033 neg CRS 0.89  0.0022 0.0134 -

167.068 pos CRS 0.69 0.0024 0.0135 3-Ethoxybenzoate Aromatic compound
C9H1003

183.051 neg CRS 0.81 0.0035 0.0179 -

151.096 pos HC -0.48 0.0050 0.0238 6-Hydroxyhexanoic acid Fatty acid metabolism
C6H1203

131.035 neg CRS 0.37 0.0083 0.0347 Glutarate Lysine degradation

(pentanedioic acid)

C5H804

191.164 pos HC -0.50 0.0079 0.0347 -

Ordered by significance in the current study (adj. p-value). m/z: mass-to-charge ratio, charge: ionization mode, log2FC: log2-fold-change, Adj.
p-value: adjusted p-value (28), Compound and metabolic pathway/chemical family: putatively identified compound in our previous work (7) with
the associated metabolic pathway or chemical family. Dash “-” was used in case of unknown compounds.
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Figure 4. Boxplots of breath molecules with significant differences between HC preschool children and those with CRS. These molecules correspond to
the previously chemically identified compounds in our study using SESI-HRMS, which were associated with allergic asthma in school-aged children (7).
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Figure 5. Classification performance. (A). Average receiver operating characteristic (ROC) curve for classifying CRS and HC control samples, aver-
aged over all cross-validation iterations (33). The diagonal red dashed line represents the line of no discrimination, the blue line represents the aver-
age ROC curve, and the gray shaded area indicates the AUC; (B) selection frequencies of the markers used for classification in each cross-vali-
dation iteration. The markers are ordered from top to bottom by their selection frequency. Selection frequency represents how often a marker was
selected during cross-validation. Compound names were used, when possible, while unidentified markers were represented by their m/z values with

the corresponding ionization mode (+/-).

DISCUSSION

This study validates that an offline breath collecting
device entailing Nalophan can be used in SESI-HRMS
analytics to detect VOCs in preschool children. Further-
more, for the first time, we were able to reidentify asth-
ma-specific VOCs in preschool children presenting with
CRS, distinguishing them from healthy controls.

In a previous online breath analysis study, our research
group identified 375 m/z features potentially associated
with asthma in school-aged children (7). In the present
study, we detected 125 of those m/z features againin a
cohort of preschool children using our remote breath col-
lection method. Of these, 16 m/z features showed statis-
tically significant differences between children referred
for the investigation of preschool asthma, presenting with
wheezing and/or dry cough (CRS) and healthy control
children, and 8 m/z features had previously been iden-
tified chemically (7).

Among the 8 significant, chemically reidentified mark-
ers were glucuronate and glucarate, which are both part
of monosaccharide metabolism. It has been previously
described that due to inflammation, airway hyperres-
ponsiveness, hypoxia and increased breathing effort
there is an increased energy demand in asthma patients
leading to an altered energy metabolism (34).Depicting
this alteration, an affected carbohydrate metabolism has
been demonstrated both in the lungs of murine models

and sera of human asthma patients (35, 36). Therefore,
altered levels of glucuronate and glucarate in our pre-
school cohort correspond to previous findings.

Two other significant, chemically reidentified markers
were 4-hydroxy-2-octenal and 4-hydroxy-2-hexenal,
which both belong to the chemical group of aldehydes.
Aldehydes were described as a product of lipid peroxi-
dation in environments of oxidative stress (37), similarly
observed in asthma patients. Remarkably, demonstrat-
ing the same trend as the asthma group in our study
with school-aged children (7), the CRS group of the pre-
school cohort showed decreased instead of increased
intensities for both 4-hydroxy-2-octenal and 4-hydroxy-
2-hexenal. These contradictory results fall in line with the
varying results of previous studies that observed both
increased and decreased or even unchanged levels of
aldehydes in patients with chronic respiratory symptoms
compared to healthy controls (38-44).

With 6-hydroxyhexanoic acid, a representative of fatty
acid metabolism was significantly different between chil-
dren with CRS and healthy controls. Similar to aldehydes,
the presence of fatty acid metabolites is an expression
of oxidative stress (19), as observed in patients with
chronic respiratory inflammation. A previous study ana-
lyzed breath profiles in patients with COPD exacerbations
that showed decreased levels of fatty acids, indicating
an upregulation of w-oxidation-pathways (45). Similarly
in our study population, a decreased signal intensity of
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6-hydroxyhexanoic acid in CRS patients compared to
healthy controls was observed, potentially explained by
oxidative stress present in CRS patients.

Another significant, chemically reidentified marker was
glutarate which is part of lysine degradation. Although
the role of lysine degradation in the pathophysiology of
asthma is not fully understood, it has been hypothesized
that lysine degradation and thus accumulation of gluta-
rate reflect the generation of energy due to increased
breathing efforts in asthma patients (35). Supporting
this hypothesis, elevated levels of glutarate in the sera,
urine and breath of children were associated with pedi-
atric asthma in previous studies (35, 46, 47). Therefore,
elevated levels of glutarate in CRS patients of our study
population correspond to preliminary findings.

Finally, two other significant, chemically reidentified m/z
features were 3-Ethoxybenzoate and Benzothiazole. We
interpreted these features as environmental contami-
nants since these substances do not occur naturally in
any human metabolic pathway (48, 49). The reason for
the statistically significant intensity difference for these
substances between the CRS children and healthy con-
trols is unclear. A potential reason for this difference may
be differences in metabolization and elimination of envi-
ronmental substances between children suffering from
CRS and health controls due to an altered metabolic
state underlying the chronic respiratory disease, anal-
ogous to the principles mentioned above. This hypoth-
esis, however, should be subject of further research.
Among the remaining 109 non-significant features (p
> 0.05), the majority were linked to endogenous path-
ways, such as fatty acid metabolism, lysine degrada-
tion, and aldehyde formation (Table S2). However,
we also found three exogenous markers within this
set: ortho-Toluidine (m/z 108.08), 4-Methyl-2-nitrophe-
nol (m/z 152.0335), and a Nitrophenol derivative (m/z
166.0475). While these features did not show statisti-
cally significant differences between groups, their rede-
tection aligns with previous observations, reflecting the
complexity of breath profiles and potential environmen-
tal influences (7).

Assessment of classification performance based on
machine learning resulted in an average AUC of 0.77
and an average classification accuracy of approximately
70%. Among the fourteen markers selected at least once
during cross-validation, some chemically identified mark-
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ers were consistently or very frequently selected (Figure
5B, Table S1). These included the endogenous com-
pounds associated with energy metabolism (glucuro-
nate and glucarate), aldehydes (4-hydroxy-2-hexenal
and 4-hydroxy-2-octenal), and lysine degradation (glu-
tarate), highlighting their potential contribution in clas-
sifying patients with wheezing and dry cough (CRS).
However, the results indicate moderate discriminative
power of the identified breath markers for differentiat-
ing between healthy controls and individuals with CRS.
It is important to note that the machine learning pipe-
line employed in this study relied on internal validation
through repeated cross-validation. External validation
with an independent dataset is needed to confirm the
model’s performance in future studies.

Of 375 asthma-specific m/z features found in school-
aged children (7), 250 were not detected again in our
preschool cohort. In contrast to the previous study, that
included allergic asthmatic school-aged children (7), here
we present data from preschool children referred for
the investigation of preschool asthma, presenting with
chronic or recurrent respiratory symptoms, i.e. wheez-
ing and/or dry cough, which is, a mixed population of
children with confirmed and non-confirmed allergic or
non-allergic asthma or recurrent obstructive bronchitis.
These population differences may have contributed to
differences in detected breath markers. Another poten-
tial reason may be overall metabolic changes over the
course of childhood (50), leading to partially different
breath patterns between preschool and school-aged chil-
dren. To investigate these changes of breath patterns in
children, longitudinal studies are needed.

Additional limitations to the comparability between the
preschool and school-aged group were differences in
quality and quantity of the exhalations. Samples from
school-aged children were exhaled directly into SESI-
HRMS minimizing the potential loss or alteration of vol-
atile compounds between exhalation and detection (7).
On the other hand, samples of the younger preschool
children were collected using our breath collecting device
and were analyzed with minimal delay. Although exha-
lation into our device was easier to understand and per-
form by preschool children compared to online breath
analysis, the collection of a sample of comparable size
and effort turned out to be difficult in some cases. Fur-
thermore, the study aimed to reflect realistic condi-
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tions by not strictly controlling potential confounders
such as medication use, food intake or physical activ-
ity. This approach may introduce variability in VOC pro-
files. However, imposing such restrictions would have
been impractical and ethically challenging, potentially
limiting participation and compromising data collection.
Further loss of asthma-specific markers may have
occurred in the bag system itself. Although Nalophan
showed less adsorption of VOCs compared to other mate-
rials in a previous study (10), it is likely that the inten-
sity of a substantial number of markers was reduced
due to their adhesion properties, as observed in other
work (8, 9, 24). In the specific case of aldehydes, it has
been shown that the functional group has an influence
on the adhesion properties of the aldehyde to Nalo-
phan (8). Furthermore, storage time between breath
collection and measurement potentially facilitates oxi-
dation processes of VOCs lowering their signal inten-
sities (51). Finally, chemical modification of VOCs may
also have occurred due to temperature changes, e.g.
during transfer from the patient to the heated box, and
humidity changes as a result of diffusion of water through
Nalophan, as these processes were described in previ-
ous studies (9, 52, 53).

Despite the above-mentioned limiting factors, we were
still able to detect 125 asthma-specific m/z features
again in preschool children using our breath collecting
device in arealistic clinical scenario. Our findings empha-
size the potential of remote breath collection methods
together with SESI-HRMS for targeted breath analysis
in preschool children.

CONCLUSIONS

This is the first study to successfully reidentify asth-
ma-specific breath markers in preschool children by
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