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Abstract. Measurement of nitric oxide in exhaled air in primary school children in RuZomberok. Czubaj-
Kowal M., Friediger T., Hudakova Z., Sokolowski M., Walczak-Kapotka E., AStaryova l., Lesiiakova A.
Nowadays, there are a number of respiratory illnesses that directly affect children. Exhaled nitric oxide measurement
(FeNO) is one of the modern methods of investigation used for diagnosing and controlling allergic eosinophilic airway
inflammation. It is a simple, painless and time-saving method for the patient. Because of its non-invasiveness and
simplicity, it is a valuable diagnostic method, especially in younger children. Measurement of FeNO is a recognized
biomarker and an accurate quantitative indicator in the detection, assessment and monitoring of airway inflammation,
including asthma. However, only a few studies assess the relationship between FeNO and level of air pollution. The aim
of our study is to determine the relationship between FeNO in third-grade students of primary schools and the level of
air pollution in Ruzomberok. 146 children aged 8-10 years were included in the research. This is the first stage of a
wider research project involving FeNO measurements in children at different times of the year. The goal of the research
is to determine the concentration of FeNO in the studied group of children in the autumn when air pollution is lower
than in second stage which is observed in winter. The study showed elevated values of FeNO>20 ppb in 11% of the
tested children and correct values <20 ppb in 89% of them. Level of average air pollution in survey days for PM10
ranged from 23 to 40 ug/m’ and for NO2 — from 28 to 44 ug/m’. The study shows that the significant majority of
children have normal levels of nitric oxide in the exhaled air when air pollution is low. Analysis of the second phase of
FeNO measurements in winter, when air pollution was higher, will allow to compare the results and assess the
correlation between the FeNO value and air pollution.

Pedepar. BumipioBanas okcuay a30Ty B HOBITPi, III0 BUANXAETHCS, y iTell MOYaTKOBOI Ko B Py:xom0Oepomi.
Yyoaii-Koaab M., ®pinirep T., Xynaxosa 3., CoxoJoBcskmii M., Baabuyak-Kanoaska E., Acrapbosal.,
JlemakoBa A. V naw yac icnye Huska pecnipamopHux 3axeopro6ans, ki besnocepeduso ypadicaroms oimeu. Bumipio-
sants okcudy asomy (FeNO) - o0un i3 cyuacHux memooie 00CiONHCeHHs, AKUL 3ACMOCO8YEMbCA Ol OIACHOCMUKU Mad
KOHMPOJIIO ANep2iuH020 3analeHHs e03UHOMIIbHUX OuXanbHux uiiaxis. Lle npocmuil, 6e3601icHuil i eKOHOMHULL 011 4acy
nayienma memoo. Yepes c6010 HeiHBA3UBHICIb MA NPOCMOMY 8IH € YIHHUM MemOo0oM OideHOCMUKU, 0coOU80 8 dimeli
Mmonoouozo 6ixy. Bumiprtosanus FeNO € eusHanum Oiomapkepom i MOYHUM KiTbKICHUM NOKA3HUKOM NpU BUABILEHHI,
OYinyi ma MOHIMOPUHZY 3aNANIeHHA OUXANbHUX WIAXie, exmouarouu acmmy. OOHar auwe O0esaKi O00CHiOHNCeHHs
oyintoloms 83aemo38'a30k mioe FeNO ma pienem 3a6pyoHenns nosimps. Memoio Hauio2o 00CniONHCeHHs € BUHAYEHHS
63aem0368’a3ky misic FeNO y Oimeil mpembo2o Kuacy ROYAmMKOBUX WKL MaA pigHeM 3a0pYOHeHHs NoGimps 6
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Pyowcombepoky. V Oocnidocenni 63anu yuacmo 146 Oimeii gikom 8-10 poxie. Lle nepwwuil eman 06inbul wupoxozo
00CiIOHUYbKO20 npoekmy, wo nepedbauac sumiprtoganus FeNO y Oimeii y pizuuii yac poxy. Memorw oocniodxcenHs €
suznauenns xkouyenmpayii FeNO y oocnidxcysaniii epyni oimeli 80ceHuU, Koau 3a0pyOHeHHs NOGIMpsA HUdiCYe, HidC HA
opyeiti cmaodii, wo 3abesneuyemvcs 3umky. Jocniodcenns noxasano niosuweni 3uauenns FeNO>20ppb ¢ 11%
mecmosanux Oimeti ma npasuivbhi 3navennss <20 ppb y 89% 3 nux. Pisenv cepeonvboeo 3a0pyOHeHHs nosimpsi 34
cnocmepecysani Oni 01 PM10 xonusascs 6id 23 0o 40 mxe/m’, a ona NO; — 6i0 28 0o 44 mxe/m’. Jocnioxcenns
NOKA3YE, WO 3HAYHA YACMUHA Oimell Ma€e HOPMATbHULL Pi6eHb OKCUOY A30MY 8 NOGIMPI, WO BUOUXAEMbCS, KO 3A0pYO-
HeHHs nosimps Huzvke. Ananiz opyeoi gazu eumiprosans FeNO 3uMKy, Koau 3a06pyOHeHHs nosimps 0y10 GuuuM,
003601UMb NOPIGHAMU pe3yTbmamu ma oyiHumu cniegioHoutenns mixc snavenusam FeNO ma 3a0pyouennam nosimpsi.

Exhaled nitric oxide measurement (FeNO) is one
of the modern, simple and noninvasive method of
investigation used for diagnosing and controlling
eosinophilic inflammation. Measurement of bron-
chial FeNO is a recognized biomarker and an ac-
curate quantitative indicator in the detection, asses-
sment and monitoring of airway inflammation,
including bronchial asthma [9, 10, 11, 12, 13]. In
connection with asthma, FeNO is currently the most
sensitive method for the determination of eosi-
nophilic airway inflammation [1]. Nitric oxide is a
molecule with high biological activity and plays an
important role in physiology and human pathology
as well. Its effect on the body depends on its con-
centration. Low concentration regulates homeostasis
of the circulatory, respiratory, immune and nervous
systems. High concentration is pro-inflammatory
and cytotoxic directly or via active metabolites. The
first presence of NO in the exhaled air was con-
firmed by Gustafsson in 1991 and the first gui-
delines principles for the measurement of nitric
oxide in exhaled air were published by the American
Thoracic Society in 1999. FeNO is able to determine
the presence and amount of nitric oxide in an
exhaled air stream, which the lungs of a healthy
person excrete only in a minimal amount [4, 5]. In
recent years, the measurement of FeNO has been
increasingly used in the diagnosis of respiratory
diseases in children. A lot of scientific publications
show a good correlation between FeNO and the
results of other diagnostic tests. In children, FeNO is
a specific indicator of asthma exacerbation and
treatment response. It can be repeated for each
cooperating child. In patients with eosinophilic
inflammation, the amount of FeNO increases, which
is caused by activated airway epithelial cells in
inflammation of the airways. It is used for evaluation
of the activity of the airway inflammatory process.
FeNO values respond quickly to the treatment or
worsening of the disease. The result is immediately
visible and treatment is adjusted accordingly [2].
FeNO measurement can help us with diagnosis of
bronchial asthma, along with other diagnostic
methods such as spirometry, bronchoprovocation
tests, and monitoring the effectiveness of the treat-
ment. FeNO allows to determine the lowest effective
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dose of inhaled corticosteroids that sufficiently
controls inflammation in the airways. This method is
possible since the age of 4 years [3]. Other functio-
nal diagnostic tests also help diagnose bronchial
asthma early, in addition to a thorough medical
history and physical examination. FeNO is preferred
to other methods such as bronchial mucosal biopsy
or bronchial lavage that are invasive, time-con-
suming, and uncomfortable [6]. Many studies
confirm the usefulness of this method in the
diagnosis of respiratory diseases in children. Howe-
ver, only a few studies assess the relationship bet-
ween FeNO and level of air pollution, which is the
aim of our study.

The aim of the study is to determine the rela-
tionship between the concentration of nitric oxide in
exhaled air in children of the third grade of primary
school and the level of air pollution in Ruzomberok.
The whole project includes two stages: Stage 1 Sep-
tember 19", October 8" and Stage 2 February 4™ and
5™ The study presents the results of the first stage of
the measurement performed on September 19", 2018
and October 8", 2018. There is a large company
producing paper and cellulose pulp in Ruzomberok,
but at the same time, there are variables that have a
large impact on the level of air pollution in
Ruzomberok, which are not related to the paper and
pulp production. In addition, there is long-distance
international transport near the city, which also
causes air pollution. According to modelling and
analysis results, it contributes to average annual
PM10 and NO, concentrations in ambient air [7].

MATERIALS AND METHODS OF RESEARCH

Our study examined all third-grade children who
were in school on the days of the research. The aim
of the research is to determine the concentration of
nitric oxide in the exhaled air in the studied group of
children in autumn, when the air pollution is lower
than in winter. This is the first stage of a wider
research project involving FeNO measurements in
children at different times of the year. The research
of the first phase of the project included children of
the third grade of elementary schools at the age of 8-
9 years, several children were at the age of 10 years,
whose parents gave their written consent prior to this
measurement. Including the invitation to the
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research parents received information regarding the
type, purpose and methodology of the test. Our
study examined all third-grade primary school
children who were at school on the days when the
measurements were taken on September 19th and
October 8th, 2018.

Pre-Examination Preparation: Children should be
rested 15 minutes prior to examination and should not
eat, drink or exercise for 2 hours prior to examination.

Measurement method: The study was carried out
by measuring the concentration of nitric oxide in the
exhaled air using Nitric oxide analyser MediSoft
Belgium. The examination consisted of slow inha-
lation and exhalation through a mouthpiece with an
antibacterial filter. The safety of the examination
was ensured by non-invasiveness, simplicity of the
test and absence of side effects. The examination
was painless and lasted 1-2 minutes. The child holds
the device with his/her hands and exhales as much as
possible outside the device. Through a special
mouthpiece with filter, the child breathes outside the
device as much as possible, holds its breath briefly
and exhales into the device for 6 seconds with
moderate effort. The correct exhalation intensity is
seen on the computer screen or is audibly controlled.
The result of the examination is available within 2
minutes. The measurement of nitric oxide in exhaled
air was performed twice in each child. Before the
test, children were instructed by the doctor who
performed the test and the way in which the test was
performed was shown.

According to the generally accepted methodo-
logy for this type of research, the determination of

nitric oxide concentration in exhaled air is given in
dimensionless quantities ppb (parts per billion, 10).
The limit value of FeNO measurement result in
children was 20 ppb, as assumed in most studies.
In our study we divided the increased FeNO
values into three groups:
Group I — NO concentration range 21-50 ppb
Group II — NO concentration range 51-99 ppb
Group III — NO concentration range > 99 ppb

RESULTS AND DISCUSSION

146 children aged 8-10 years from elementary
schools in Ruzomberok participated in the first
phase of the research. The measurement of nitric
oxide concentration in the exhaled air was perfor-
med in each child according to the planned research
methodology. The range of FeNO values in the
whole studied population ranged from 2 to 55 ppb.
The increased values ranged from 22 to 55 ppb
(Table). Measurement values of exhaled nitric oxide
concentration in 130 examined children (89.0%)
were normal FeNO<20 ppb and in 16 examined chil-
dren (11.0%) FeNO were increased >20 ppb (Fig. 1).
Among 16 children (11%) with increased FeNO
>20 ppb, 15 of them were in group I (FeNO 21-
50 ppb) and 1 child was in group II (FeNO 51-
99 ppb), which was 6.25% of the group of children
with increased results. There was no child in Group
III (Fig. 2). Average values of air pollution (smog)
in Ruzomberok during the FeNO measure in
children for PM10 ranged from 23 to 40 pg/m’ and
for NO, from 28 to 44 ug/m’ and were below the
WHO and EU standard 50 pg/m’.

Elevated FeNO values

Elevated FeNO values

21 -50 ppb

51-99 ppb >99 ppb

22,22,22,24,24,26,27,217,28, 29, 29, 31, 36, 46, 48

55 no results

The 1-hour and 3-hour maximum values for NO,
levels in Ruzomberok during the FeNO measure in
children were:

September 19", 2018

mlh — maximum 1-hour average
of NO,: 44 [ug/m’]

m3h — maximum 3-hour average
of NO,: 39 [ug/m’]

October 8", 2018

mlh — maximum 1-hour average
of NO,: 29 [ug/m’]
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m3h — maximum 3-hour average
of NO,: 28 [ug/m’].

NO; in 2018 did not exceed the hourly limit
value at any monitoring station. Exceeding the limit
value for the protection of human health for hourly
concentrations did not occur at any monitoring sta-
tion. In 2018, no case of exceeding the alert thres-
hold was discovered. The critical level for vegeta-
tion protection (30 pg/m’ per calendar year expres-
sed as NO,) was not exceeded at any of the EMEOP
stations in 2018. The values were way below the
lower limit for ASHM vegetation protection [8].
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O< 20 ppb

0= 20 pphb

Fig. 1. Range of FeNO values in all examined children

- 6,25%

021-50

051-99

W99

Fig. 2. Range of FeNO in children with increased values

CONCLUSIONS

1. The first stage of FeNO measurements in chil-
dren in the autumn of 2018, when air pollution was
low, showed that most children (89%) had normal
FeNO values.

2. Analysis of the second phase of FeNO measu-
rements in the winter of 2019, when air pollution
was higher, will allow to compare the results and
assess the correlation between the FeNO value and
air pollution.
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3. Children with elevated FeNO values are
recommended for control tests and diagnostics for
respiratory diseases, including asthma.

4. The second phase of the measurements and
their comparative analysis will be presented in the
next study.
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