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ANALYSIS OF EXHALED BREATH CONDENSATE
WITH ASTHMA AND RECURRENT WHEEZING

IN PATIENTS

Viktoriia Kolisnyk, Yuriiy Odinets

Wheezing is the most common clinical symptom of bronchial obstructive syndrome. The functions of pulmonary
surfactant (PS) depend directly on the level of total phospholipids (TP). This can be used to assess the integrity
of the cell membrane structure.

Obijective. To determine the level of total phospholipids and calcium in exhaled breath condensate in young chil-
dren with recurrent wheezing and asthma.

Materials and methods. The study included 77 patients divided into 3 groups. Group 1 included 30 patients
(20 girls and 10 boys) with no more than 2 episodes of recurrent wheezing in their lifetime; Group 2 —
10 patients (6 boys and 4 girls) with more than 3 episodes of recurrent wheezing, and 37 patients (15 girls,
22 boys) with asthma. The control group consisted of 20 conditionally healthy children (11 girls, 9 boys). All pa-
tients were aged from 3 months to 6 years. The determination of phospholipid levels and calcium (Ca) in the ex-
haled breath condensate was performed in dynamics — during the period of clinical manifestations and remis-
sion.

Results. The level of phospholipids in the exhaled breath condensate was the highest in patients of all groups at
the stage of clinical manifestations compared with the period of remission, while its lowest level was noted in the
control group. During the peak of the disease, the level of Ca in the exhaled breath condensate was significantly
lower compared to the period of remission. The control group had the highest level.

Conclusions. The exhaled breath condensate's high level of phospholipids in the first days of the disease con-
firms cell damage in the presence of inflammation. Additionally, the exhaled breath condensate's Ca level is

lowest during this period, possibly indicating its involvement in cell damage
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1. Introduction

Bronchoobstructive diseases continue to be a press-
ing issue among paediatric patients. This condition is char-
acterised by symptoms such as shortness of breath and
wheezing, which can lead to complications, particularly in
young children. Wheezing can present itself in various
pathologies, including non-respiratory diseases [1, 2]. It
should be noted that this syndrome is most commonly
associated with asthma. This pathology is widespread
globally and significantly impacts patients' quality of life.
In Ukraine, for example, the prevalence of asthma in chil-
dren can range from 5 % to 22 %, according to the results
of uniform studies (ISAAC) [3]. We need to look at asth-
ma in a broader context because of its high prevalence, the
complexity of diagnosis in young children and the variety
of triggers. For example, research has shown that there is
an inverse correlation between serum vitamin D
(25(0OH)D3) deficiency and an increased risk of develop-
ing asthma [4, 5]. These changes are frequently accompa-
nied by electrolyte metabolism disorders, particularly
phosphorus-calcium metabolism. It is well known that
bone development, metabolism and diet can affect blood

4

calcium and 25(0OH)D3 levels [6, 7]. The use of glucocor-
ticosteroids can also reduce these levels. However, some
studies suggest that recurrent and chronic bronchopulmo-
nary diseases may result in increased levels of total and
ionised calcium in the blood [8]. Although the develop-
ment of wheezing involves multiple mechanisms, it can be
argued that inflammation and damage to pulmonary sur-
factants form the basis of this pathological condition [9,
10]. Pulmonary surfactant regulates the surface tension of
the alveoli, and its functionality depends on the lipid com-
position [11]. The diagnostic significance of the levels of
total phospholipids should be noted. Phospholipid levels
can be used to judge the integrity of the cell membrane
structure [9, 12]. The determination of such indicators is
performed by analysing exhaled breath condensate. This
method is non-invasive and widespread in pediatric prac-
tice. Expired breath condensate is a biological medium that
can be used to assess the functional state of the bronchi-
orespiratory tract. Studies have focused on detecting the
amino acid composition, primary and secondary lipid
peroxidation products, and the activity of antioxidant de-
fence enzymes in the exhaled breath condensate [9, 13].
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There is not much data in the literature on deter-
mining the level of phospholipid and calcium in the ex-
haled breath condensate and assessing their relationship
with indicators of phosphorus-calcium metabolism in the
peripheral blood of young children with asthma and
wheezing, which prompted us to conduct this study.

The aim of the study: to determine the levels of
total phospholipids and calcium in exhaled breath con-
densate of young children with asthma and wheezing
over time.

2. Materials and methods

A cohort prospective study was conducted on the
basis of the pulmonology department at Municipal Clini-
cal Children’s Hospital No. 16 Kharkiv City Council in
the period from September 2021 to February 2022. The
clinical data of 77 patients, who were divided into groups
depending on the nosological form, were evaluated.
Group 1 included 30 patients (20 girls and 10 boys) with
no more than two episodes of asthma in their lifetime;
group 2 included 10 patients (6 boys and
4 girls) with more than 3 episodes of asthma in their
lifetime and 37 patients (15 girls, 22 boys) with an al-
ready established diagnosis of mild to moderate persis-
tent asthma. The control group consisted of 20 condition-
ally healthy children (11 girls, 9 boys) who did not have
any manifestations of upper respiratory tract disease and
other acute pathology during the last month. All patients
were aged from 3 months to 6 years.

The study included patients who met the follow-
ing inclusion criteria: informed consent signed by the
patient's parents; patient's age from 3 months to 6 years;
diagnosis of recurrent wheezing and asthma. The diagno-
ses were made by a pediatric respiratory specialist and a
pulmonologist in accordance with the protocol for the
treatment of children with recurrent wheezing No. 18 of
January 13, 2005, the protocol for the treatment of chil-
dren with asthma No. 2856 of December 23, 2021, and
GINA 2020-2022 recommendations.

All patients were diagnosed based on the presence
of shortness of breath, dry rales, and cough. The analysis
included the number of obstructions in the patient's med-
ical history, acute respiratory diseases, the presence of
allergic diseases and asthma in the patient and their first-
degree relatives, as well as clinical and laboratory mani-
festations of bronchial obstruction. Specific therapy re-
sponses and clinical improvement within three months
were also evaluated in detail. Patients were treated ac-
cording to the protocols and global GINA 2020-2022
guidelines.

In addition to standardised protocols for the exam-
ination of children, the levels of total blood Ca were
studied by the complexometric titration method and inor-
ganic phosphorus (P) — by the molybdenum acid method
(A. A. Pokrovsky, 1974).

The study of vitamin D (25(OH)D3) levels in
blood serum was performed by enzyme-linked immuno-
sorbent assay (ELISA), according to the instructions for
the use of reagent kits. Serum vitamin D levels below 10
ng/ml were considered deficient, 10 to 29 ng/ml were
considered insufficient, and 30-100 ng/ml were consid-
ered normal, according to the World Health Organization
(WHO) recommendations.

The determination of phospholipids and Ca in
exhaled breath condensate was performed spectropho-
tometrically by thin-layer chromatography using a spec-
trophotometer SF-46. The sampling of exhaled breath
condensate was performed using a modified device
based on the Department of Pediatrics No. 2 of Kharkiv
National Medical University (utility model patent No.
108795). This device consists of a portable U-shaped
glass tube and a cooling mechanism using refrigerants
that maintain a temperature of —10 °C. Exhaled breath
was collected using a mouthpiece connected to a one-
way exhalation valve to prevent inhalation of conden-
sate. The exhaled breath was then converted to droplets
in a glass tube and collected after disconnection from
the device. The collected material was immediately
stored at a temperature of —70 °C. The collection meth-
od is non-invasive, and depending on the temperature
set in the device and the age of the patients, condensate
was collected up to 0.5-1.0 ml in 10-15 minutes. The
indicators were measured at the onset of recurrent
wheezing and asthma and when clinical symptoms
subsided, including cough, shortness of breath, and
physical manifestations such as prolonged exhalation
and wheezing in the lungs.

Statistical processing was performed using the
package program EXEL FOR WINDOWS, StatSoft
STATISTICA version 8.0 (Tulsa, Oklahoma) and the
statistical software MedCalc version 17.2. The Shapiro-
Wilk test was used, and the histogram and g-q plot were
examined to assess the normality of the distribution. If
the distribution of the sample was different from normal,
the median (Me) and interquartile range (Lq — lower
quartile; Ug — upper quartile) were determined. The non-
parametric Wilcoxon test (T) was used to compare two
dependent samples. The nonparametric Mann-Whitney U
test (MW) was used to compare two samples. The differ-
ence in parameters compared by two points was consid-
ered statistically significant at p<0.05. When comparing
indicators characterised by a comparison of more than 2
points, the Kruskal-Wallis (KW) test of analysis of vari-
ance was used, and differences were considered signifi-
cant with the Bonferroni correction. The relationship
between the series of indicators was assessed using
Spearman's rank correlation (r).

All clinical examinations were approved by the
Medical Ethics Committee of Kharkiv National Medical
University (protocol No. 5 of October 7, 2020) and were
conducted in accordance with the principles of the Decla-
ration of Helsinki. All parents of children participating in
the study gave written informed consent to participate in
the study.

3. Results of the study

The statistical analysis of the patient groups
showed that Group 1 had a predominance of girls in
terms of gender, and the patients' age was Me 2.10 (0.80;
3.00) years. In patients Group 2 and Group 3, boys pre-
dominated in terms of gender, and the patients' age was
Me 3.50 (1.10; 5.00) and Me 5.11 (4.00; 6.00) years,
respectively.

The analysis of the anamnestic data showed that in
patients Group 1, 9/30 had a history of allergies, and in
6 children, at least one parent had asthma. Allergic rhinitis
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(AR) was diagnosed in 3/30 patients, including 1 patient
with a seasonal (intermittent) course and 2 patients with a
year-round (persistent) course. 6/30 patients had frequent
cases of acute respiratory diseases (ARD) (more than
5 cases per year).Among the patients in Group 2, 4/10 had a
history of allergies, and in 5/10 children, at least one parent
had asthma. One patient was diagnosed with intermittent
allergic rhinitis, and 3 patients in this group experienced
frequent cases of acute respiratory infections.

Analysis of Group 3 patients revealed that 26/37
had a history of allergies, and 19 children had parents
diagnosed with asthma. Allergic rhinitis was diagnosed
in 13/37 children, of whom 6/13 had an intermittent

course, and 5 had a persistent course. Frequent cases of
acute respiratory infections were noted in 11 patients.
No statistically significant difference was found
when comparing the anamnestic data between the
groups. However, patients in group 1 and group 2 dif-
fered in body weight. Additionally, a statistically signifi-
cant difference was found between the following parame-
ters in patients of group 1 and group 3: age, body weight,
height, breathing rate, body temperature, and peripheral
oxygen saturation levels. A statistically significant dif-
ference was found between the following parameters in
patients of group 2 and group 3: age, height, breathing
rate, peripheral oxygen saturation, and serum P (Table 1).

Table 1
Clinical and laboratory characteristics of patients with recurrent wheezing and asthma
Group 1 Group 2 Group 3
Sian (2 episodes of recur- | (3 or more episodes of | (mild and moder-
g rent wheezing) recurrent wheezing) ate asthma) P
(n=30) (n=10) (n=37)
Gender, male/female 10/20 6/4 22/15 p>0.05
Ages (years) p1-2>0.05,
Mg y. ' 2.10 (0.80; 3.00) 3.50 (1.10; 5.00) 5.11 (4.00; 6.00) p1-3<0.01,
e (Lg; Ua)
P2-3 <0.05

. 2<0.05
Weight (kg), . _ 18.04 P12 :
Me (Lq; Ug) 12.75 (8.60; 14.50) 15.20 (11.00; 19.00) (16.90; 19.00) p13<0.01,

P2-3 >0.05
Height (cm), . p1-2>0.05,
; . 100.00 (77.00; 109.75
Me (Lg; Uq) 87.00 (70.00; 96.00) 110.00) (107.00; 114.00) p1-3<0.01,
P2-3 <0.05
Heart rate (per min.), 108.00 112.00 102.91 pl-z:(()).gg,
Me (Lg; Uq) (96.00;120.00) (100.00;128.00) (100.00; 106.00) P1370.59,
P2-3 >0.05
. P12 >0.05,
Breathing rate (per . . 23.67
min.), Me (Lq: Ug) 26.00 (24.00; 32.00) | 27.00 (26.00; 30.00) (22.00; 26.00) p13<0.01,
P2-3 <0.05
P12 >0.05,
Body temperature ¢C), . . 36.75
Me (Lg: Ug) 37.00 (36.60; 37.50) | 36.75 (36.60; 38.20) (36.60;37.00) p1-3<0.05,
P2-3 >0.05
P_osmve family allergic 9/30 4110 26/37 0>0.05
history
Eosn!ve allergic rhinitis 3/30 1/10 13/37 0>0.05
in children
Intermittent allergic 13 11 6/13 0>0.05
rhinitis
Persistent allergic rhinitis 2/3 - 7/13 p>0.05
Frequent acute respiratory 6/30 3/10 11/37 0>0.05
diseases (more 5 per year)

. 2>0.05
Peripheral oxygen satu- _ _ 96.83 P12 :
ration (SpO2).(%) 98.00 (97.00; 98.00) | 98.00 (97.00; 98.00) (96.00; 98.00) p1-3<0.05,

P2-3 <0.05

. 2>0.05
Ca in blood serum _ _ _ P12 20,09,
(mmol/L). Me (Lg; Ug) 2.10 (1.90; 2.30) 2.22 (2.00; 2.30) 2.10 (2.00; 2.25) p13>0.05,

P2-3 >0.05
P in blood serum p12>0.05,
(mmol/L), Me (Lg; Ug) 1.40 (1.10; 1.70) 1.61 (1.40;1.80) 1.28 (1.20;1.40) p13>0.05,
P2-3 <0.05
25(0H) D3 in blood 9739 p1-2>0.05,
serum (ng/ml), Me (Lq; 28.00 (26.62; 30.00) | 27.50 (25.10; 29.00) : p13>0.01,
(26.00; 29.00)
Uag) p2.3>0.05
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Statistical analysis of the level of total phospho-
lipids and Ca in exhaled breath condensate. The statis-
tical analysis of exhaled breath condensate showed that
the level of phospholipids was highest in patients of all
groups during the stage of clinical manifestations com-
pared to the period of elimination of clinical manifesta-
tions of the disease. The lowest level of phospholipids
was observed in the control group.

The statistical evaluation of Ca levels in exhaled
breath condensate showed a significant decrease during
the onset of the disease compared to the elimination of
clinical manifestations. The control group had the highest
level. A pairwise comparison indicated a significant
difference between the indicators (Table 2).

Multiple comparisons revealed that the Kruskal-
Wallis H criterion was highly significant for the phos

pholipids index both during the acute phase of the dis-
ease (H=72.309, p=0.000) and during the period of
clinical ~ manifestations  elimination  (H=58.722,
p=0.000), and the level of this parameter depends on the
patient's belonging to one group or another. When com-
paring independent groups, it was found that there was
no statistically significant difference between the levels
of phospholipids in patients of Group 1 and Group 2
both during the period of clinical manifestations (pi-
»=0.573) and during the period of elimination of clinical
manifestations of the disease (p1..=0.254). The highest
level of this indicator was noted in patients of Group 3,
both during the period of clinical manifestations and
during the period of elimination of clinical manifesta-
tions of the disease, while its lowest level was noted in
children of the control group (Fig. 1).

Table 2
Statistical characteristics of exhaled breath condensate in patients with bronchial obstructive syndrome in dynamics,
Me (Lq; Uq)
Group 1 Group 2 Group 3 Control
(2 episodes of recurrent wheez- | (3 or more episodes of recurrent| (mild and moderate asthma) (n=20)
ing) (n=30) wheezing) (n=10) (n=37)
Sign The period of Period of elimi- The period of Period of elimi- The period of Period of elimi-
L .| nation of clini- | .. .| nation of clini- | . . .| nation of clini-
clinical mani- . clinical mani- . clinical mani- .
. cal manifesta- . cal manifesta- . cal manifesta- | 81.59
festations . festations - festations . )
tions tions tions (79.07;
112.64 98.155 95,65 157,48 119,60 86.05)
PTiosiggo' (100.15; (90.03; | g 1112_5%3 2| CLI (146.92; (110.55;
mr?qoui_ 133.49) 119.88) oo 106,15) 170,17) 129,12)
p=0.000 p=0.004 p=0.000
. 0.49 0.22 0,43 0,25 (0,21; . 0.59
m%l’/l_ 023(019020)  h43.054) | (019,025) | (0.41;0,51) 0,28) 049 (047:051) - 'se.
p=0.000 p=0.004 p=0.000 0.61)
20 H=72,309, = H=58,722,
p=0,000 p=0,000
150
180 = T
140 -
160 . ‘
g $ 130
£ E
; E
§ 140 T L g 120 0
g §
£ 5 . £ 110 —I— ‘
100 o L
100 0
=S : T T
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Fig. 1. Levels of phospholipids in the exhaled breath condensation of patients of all groups and children of the control
group during the period of clinical manifestations and during the period of elimination of clinical manifestations of the
disease

For the Ca indicator, the H criterion was significant-
ly high both during the period of the disease (H=47.995,

p=0.000) and during the period of elimination of clinical
manifestations of the disease (H=30.466, p=0.000), and the
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level of this parameter depends on the patient's belonging to
one group or another. When comparing independent groups,
it was found that there was no statistically significant differ-
ence between the levels of Ca both during the period of
clinical manifestations (p1-2=0.814, p1.3=0.426, p»-3=0.258)
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and during the period of elimination of clinical manifesta-
tions of the disease (p12=0.472, p1.5=0.668, p,.3=0.135). A
statistically significant difference was found when compar-
ing the index in patients from all groups and children from
the control group (Fig. 2).
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Fig. 2. Ca levels in the exhaled breath condensation in patients of all groups and children of the control group during the
period of clinical manifestations and during the period of elimination of clinical manifestations of the disease

Correlation relationships

Significant correlations were found in patients in
Group 1 and Group 2 with phospholipids of the exhaled
breath condensation and patients' age (r=—0.45), height
(r=-0.46), body weight (r=-0.45), heart rate (r=-0.47),
breath rate (r=0.55), and Ca level in the exhaled breath
condensation (-0.52). In patients of Group 3, correlations
were established between phospholipids and age
(r=0.45), height (r=0.53); Ca in the exhaled breath con-
densation and serum potassium (r=-0.46), serum 25(0OH)
D3 (r=-0.52). In the control group, there was a correla-
tion between phospholipids of the exhaled breath con-
densation and serum potassium (r=-0.59), Ca of the
exhaled breath condensation and serum phosphorus level
(r=-0.69).

4. Discussion of the study results

The study of exhaled breath condensation is in-
creasingly used in paediatric practice due to the non-
invasive method of sampling. By analysing the data ob-
tained, it is possible to predict the course of certain lung
pathologies and the results of their treatment. In our
study, we focused on determining the levels of phospho-
lipids and Ca in exhaled breath condensate as markers of
cell wall damage and possible apoptosis and sought their
relationship with phosphorus-calcium metabolism [9, 12,
14]. As one of the structural elements of the cell wall,
phospholipids play an important role in its repair. In our
study, phospholipids levels were significantly increased
in all groups, both during the period of clinical manifes-
tations and during the period of resolution of clinical
manifestations of the disease, compared with the control
group. The highest levels of this indicator were observed
in all groups during the peak of the clinical manifesta-
tions of the disease, which is obviously associated with
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damage to the membranes of the cells of the bron-
chopulmonary system.

The inflammatory process and the presence of hy-
perventilation contribute to the damage of the bilipid
layer of cells, which leads to an increase in the level of
phospholipids in the exhaled breath condensation both
during the acute clinical manifestations and during the
elimination of clinical manifestations of the disease. The
highest levels of the index were in the group of children
with the greatest number of obstructions. In our opinion,
it indicates the formation of a chronic inflammatory
process affecting the bilipid cell layer of the bron-
chopulmonary system. Our study confirms the fact that
the level of phospholipids in the exhaled breath conden-
sation depends on the age of the child and physical pa-
rameters (height, weight), as shown by direct and indirect
correlations.

The analysis of Ca levels in the exhaled breath
condensation shows that its level is significantly lower in
the period of clinical manifestations than in the period of
elimination of clinical manifestations of the disease. In
our opinion, this is due to its possible accumulation in the
cytoplasmic membrane of the cell during hypoventilation
and inflammation in the tissues of the bronchopulmonary
system, which probably leads to cell apoptosis. Obvious-
ly, when the bilipid layer is disrupted, extracellular calci-
um ions accumulate in the cell, disrupting electrolyte
metabolism and affecting its further functional capacity.
The existing indirect correlation between the level of
phospholipids and Ca in the exhaled breath condensation
supports this view. A decrease in Ca in the exhaled
breath condensation during the first days of the disease
may also play a role not only in the development of
inflammation and obstruction but also in the remodel-
ling of the bronchial muscles. The existence of a proba-
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ble indirect correlation between the levels of Ca in the
exhaled breath condensation and the levels of potassi-
um, 25(OH)D3 and P in the blood serum is essential for
the metabolic function of the body's cells.

Practical significance. Our study showed that the
level of total phospholipids in exhaled breath condensate
is higher at the stage of clinical manifestations of the
disease than at the stage of their elimination, and a steady
increase in the index compared to patients in the control
group. The obtained result allows us to determine the
degree of damage to the cells of the bronchopulmonary
system against the background of chronic and recurrent
inflammation.

Limitations of the study: the small sample size is
another limitation of this study, as it may make it diffi-
cult to determine the accuracy of the study findings.

The impact of martial law conditions: military
actions prevented the involvement of more patients in the
study.

Prospects for further research. The data ob-
tained can be used to assess damage to the bronchopul-
monary system in patients with frequent obstructions.

5. Conclusions

A high level of phospholipids in the exhaled
breath condensation in the early days of the disease con-
firms the fact of cell damage against the background of
their inflammation. An elevated level of the index when
clinical manifestations of the disease are eliminated may
indicate the presence of cell wall damage. A high fre-
quency of bronchial obstruction leads to a constant in-
crease in the level of phospholipids in the exhaled breath

condensation both during the period of clinical manifes-
tations and during the period of elimination of clinical
manifestations of the disease, which may indicate the
formation of chronic inflammation. The level of Ca in
the exhaled breath condensation is lowest in the first days
of the disease, possibly confirming its involvement in
cell damage.
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