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Abstract: bronchial asthma is a chronic condition that is considerably prevalent among children.
According to scientific evidence, cat allergens are most frequently responsible for the onset of asth-
ma manifestations in children. Children are more likely to develop atopic asthma with eosinophilic
inflammation. Under these circumstances, specific biomarkers are used as indicators of this inflam-
mation. Fractional exhaled nitric oxide has been identified as a marker of eosinophilic airway in-
flammation in asthma. The aim of the research was to determine the fractional exhaled nitric oxide
concentrations in school-age children with bronchial asthma and sensitization to cat allergens in
order to predict asthma control status and assess therapeutic response. A total of 430 children aged
between 6 and 17 years with asthma and sensitization to cat allergens participated in the study.
The sensitization profile was investigated using a multicomponent molecular allergy diagnostic test
(ALEX? Austria). The fractional exhaled nitric oxide levels were evaluated (NIOX VERO, Sweden).
A total of 302 patients were enrolled in a retrospective study to find out how likely they were to gain
bronchial asthma control over the course of therapy. As a result, a one-factor logistic regression
analysis was conducted. A total of 128 children were included in the 12-month prospective research.
All patients had a rise in fractional exhaled nitric oxide of > 20 ppb, with children with severe asthma
having levels of 35 ppb or higher. The study discovered that changes in the fractional exhaled nitric
oxide concentrations at the end of a three-month therapy could be linked to the maintenance of bron-
chial asthma control after a 12-month treatment period (r = 0.619; p <0.001). After a year of thera-
py, increasing baseline fractional exhaled nitric oxide levels reduced the probability of establishing
bronchial asthma control in children (OR <I; p <0.001). The dynamics of fractional exhaled nitric
oxide reduction increased the probability of achieving bronchial asthma control after completion of a
three-month therapy (OR> 1; p <0.001). The effect of allergen-specific immunotherapy on the spec-
ified indicator of eosinophilic inflammation was demonstrated by a statistically significant difference
in the mean values of fractional exhaled nitric oxide after a 12-month treatment period in the group of
patients who received allergen-specific immunotherapy in combination with controller therapy ver-
sus the group of patients who received only controller therapy (p = 0.012). Thus, among school-age
children with asthma and sensitization to cat allergens, the levels of fractional exhaled nitric oxide
increased, especially in severe asthma. Not only the baseline fractional exhaled nitric oxide levels but
also their dynamics after a three-month therapy should be considered when predicting the probability
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of establishing asthma control in these children. The inclusion of allergen-specific immunotherapy in
the complex treatment of bronchial asthma in school-age children with sensitization to cat allergens
has been shown to have a favourable therapeutic effect on the fractional exhaled nitric oxide levels.

Keywords: allergens, asthma, children, nitric oxide, therapy.

Introduction

Bronchial asthma is a chronic condition with
a rising incidence and prevalence among children
(Ramratnam SK, et al., 2017; Global Initiative
for Asthma, 2022). There is considerable evi-
dence that cat allergens are triggers of childhood
asthma, and cat allergen sensitivity is common,
especially among children with respiratory aller-
gies (Davila I, et al., 2018; Dharmage SC, et al.,
2019; Sparkes AH., 2022).

In general, children are more likely to devel-
op atopic asthma with eosinophilic inflammation.
Under these circumstances, specific biomarkers
are used as indicators of this inflammation. These
include the count of eosinophils in blood and
sputum, fractional exhaled nitric oxide (FeNO)
and the study of T2 cytokine gene expression
(Arnold RJ, et al., 2018; Peters MC and Wenzel
SE., 2020). Nitric oxide (NO) is known to be a
signalling molecule synthesized from L-arginine
in response to inflammatory cytokines in airway
epithelial cells and is present in exhaled breath
(Rao DR, et al., 2016).

FeNO is well-known as a marker of eosino-
philic airway inflammation, and its application
as a diagnostic tool for asthma treatment is being
debated (Arnold R.J.G., et al., 2018; Laura Chen,
et al.,, 2022). The measurement of FeNO and
forced expiratory flow (FEF 25-75%) has been
found to increase asthma diagnosis accuracy in
children aged 8-16 years (Eom SY, et al., 2020).

FeNO should be used not only for asthma
diagnosis but also for inhaled corticosteroid ad-
ministration and therapeutic response assessment
(Wang K, et al., 2020; Rupani H and Kent BD.,
2022). The focus is on dynamic monitoring of
FeNO values, which has been found to be bene-
ficial in therapy management and treatment fail-
ure reduction (Wang X, et al., 2019). This prob-
lem is being investigated in terms of different
age groups, particularly schoolchildren, and the
impact of various individual characteristics on
FeNO levels (Czubaj-Kowal M, et al., 2022).

Aim

The aim of the research was to determine the
fractional exhaled nitric oxide concentrations in
school-age children with asthma and sensitiza-
tion to cat allergens in order to predict asthma
control status and assess therapeutic response.

Materials and methods

430 patients were selected to participate in the
study. The presence of bronchial asthma, children
of both sexes, age 6-17 years, sensitization to at
least one of the cat allergens (Fel d 1, Fel d 2, Fel
d 4, Fel d 7) and availability of informed consent
were determined as the inclusion criteria. Severe
asthma criteria were met by 26 (6.05%) patients;
intermittent asthma was observed in 124 (28.84%)
patients; mild persistent — 192 (44.65%) patients;
moderate persistent - 88 (20.47%) patients.

The patients underwent clinical examination,
a skin-prick test, spirometry (BTL-08 SPIRO,
UK), and total IgE testing. The sensitization pro-
file was studied using the ALEX? test (Austria).
The FeNO concentration was measured in ppb
(parts per billion) (NIOX VERO, Sweden).

187 boys (61.92%) and 115 girls (38.08%)
were enrolled in a retrospective study to deter-
mine the probability of achieving bronchial asth-
ma control. A one-factor logistic regression anal-
ysis was conducted.

The 12-month prospective study included 128
children - 69 boys (53.91%) and 59 girls (46.09%).
The patients were divided into 3 groups. A total of
96 children were assigned to Group Nol, which
received only basic therapy without allergen-spe-
cific immunotherapy (AIT). Group No2 consist-
ed of 32 children who were prescribed both basic
therapy and AIT, while Group No3 consisted of
40 children who got only basic therapy without
AIT and were clinically comparable to Group
No2. 13 children received AIT using Alxoid (po-
lymerized allergen extract) (Inmunotek, S.L.,
Spain) as a suspension for subcutaneous adminis-
tration (2000 TO/mL and 10,000 TO/mL), which
contains cat hair allergenic extract. 19 children
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received AIT using Oraltek (monoallergen) (In-
munotek, S.L., Spain) in the form of a sublingual
spray (30,000 TO/mL), which contains cat hair
allergenic extract.

The IBM SPSS Statistics Base (version 22)
was used to conduct the statistical analysis. Sta-
tistical significance was defined as a value of
p<0.05. The geometric mean and the 95% confi-
dence interval (CI) were reported for each group.
The Commission on Bioethical Expertise and
Scientific Research Ethics of Bogomolets Na-
tional Medical University approved the design of
this research.

Results

All patients had a rise in fractional exhaled ni-
tric oxide of > 20 ppb, with children with severe
asthma having levels of 35 ppb or higher. FeNO
values were 30.47 (95% CI 30.10 - 30.84) ppb
in patients with intermittent and mild persistent
asthma, 33.67 (95% CI 32.32 - 35.02) ppb in pa-
tients with moderate asthma, and 39.65 (95% CI
37.21 - 42.10) ppb in patients with severe asthma.
There was a statistically significant difference in
FeNO values for severe and moderate asthma
(p = 0.009), for severe and intermittent or mild
persistent asthma (p <0.001), for moderate and
intermittent or mild persistent asthma (p =0.007).

After a 12-month treatment period, the find-
ings demonstrated a correlation between bronchi-
al asthma control and baseline FeNO (r=-0.172;
p <0.001), as well as a correlation between bron-
chial asthma control and FeNO dynamics after a
three-month therapy (r = 0.619; p <0.001). The
study revealed a correlation between FeNO dy-
namics and sensitization to three or more cat al-
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lergens (r=-0.384; p<0.001), as well as a correla-
tion between FeNO dynamics and the elimination
of exposure to cats - r =-0.333; p <0.001.

One-factor logistic regression analysis was
carried out to predict bronchial asthma control
status in these children after a 12-month treat-
ment period. The findings are described in Ta-
ble 1. Baseline FeNO and FeNO dynamics were
among the identified factor characteristics. The
clinical observations of 302 patients who met the
criteria for inclusion were assessed. The ultimate
result was identified as the establishment of bron-
chial asthma control in school-age children with
sensitization to cat allergens after a 12- month
treatment period, with Y = 0 if bronchial asthma
control was not established, and Y = 1 if bron-
chial asthma control was established. Among 302
patients, clinical asthma control status was im-
proved in 185 (61.3%) children, while it was not
better in 117 (38.7%) patients after a 12-month
treatment period.

Increasing baseline FeNO levels reduced the
probability of establishing bronchial asthma
control in these children after a year of therapy
(OR <1; p <0.001). The dynamics of FeNO re-
duction increased the probability of achieving
bronchial asthma control after a three-month
therapy (OR> 1; p <0.001).

In a prospective study with a 12-month dy-
namic follow-up, therapeutic parameters were
evaluated in 128 patients who met the inclusion
criteria. In general, the study revealed a statistical-
ly significant difference between baseline FeNO
values and FeNO dynamics after a 12-month
treatment period (p <0.001), with the dynamics

Table 1. One-factor logistic regression analysis for predicting bronchial asthma control status in
school-age children with sensitization to cat allergens after a 12-month treatment period

The value Significance level Area under Odds Significance
of the of the difference the ROC ratio, level of the
Factor model between the curve model, OR difference
coefficient, | correlation coefficient AUC 95% between OR
b+mb and 0, p 95% CI) CI) and 0, p
. 0,89
Bagehne FeNO, 1 4,12£0,03 <0,001 0 53’63 - (0,84 <0,001
PP (0.540.67) 1" o4y
FeNO dynamics 0.90 1,30
after a three- 0,26+0,03 <0,001 © 86970 04) (1,24— <0,001
month therapy, % ’ ’ 1,37)
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Group Before treatment | After a 12-month treatment period p
Nol, n=96 32,59 +4,95 26,59 +£4,27 p <0,001
No2, n=32 30,50 2,92 22,97+1,56 p <0,001

_ 31,18 £4,36 24,80 £ 3,72
No3, n=40 p=0,703 * p=0,012 * p <0,001

* p between groups No2 and No3

Table 2. FeNO value dynamics in school-age children with bronchial asthma and sensitization to
cat allergens after treatment

of FeNO reduction. However, after a year of ther-
apy, FeNO values of > 20 ppb were observed in
127 children (99.22%), while in one patient, the
FeNO level was 20 ppb.

Group No2, which received AIT in combina-
tion with controller therapy, and the comparison
Group No3, which received only controller ther-
apy without AIT, had no statistically significant
difference (p = 0.703) in baseline FeNO values,
with 30.50 (95 % CI 29.45 - 31.55) ppb and
31.18 (95% CI 29.78 - 32.57) ppb, respectively.
A 12-month dynamic observation showed a de-
crease in FeNO values to 22.97 (95% CI 22.41 -
23.53) ppb and 24.80 (95% CI 23.61 - 25.99)
ppb, respectively (p <0.001 for both groups com-
pared to the baseline FeNO measurement). After
a 12-month treatment period, mean FeNO val-
ues in Group Nol were 26.59 (95% CI 25.73 -
27.46)% compared to 32.59 (95% CI 31.59 -
33.60)% p <0.001) at baseline. At the 12-month
visit, the difference between mean FeNO values in
groups No2 and No3 was statistically significant
(p=0.012) (Table 2).

Discussion

Increased baseline FeNO values are a marker
of eosinophilic airway inflammation in children
and are consistent with data from other studies
(Loewenthal L and Menzies-Gow A., 2022). The
dynamics of FeNO values, not just baseline FeNO
values, have been demonstrated to be crucial for
improving asthma control after a 12-month treat-
ment period. FeNO should not be considered a
diagnostic criterion for asthma, but it is useful for
monitoring and tracking the progression of atopic
diseases, particularly the response to therapy in
asthma patients.

Using the method of construction and analy-
sis of one-factor logistic regression models, we
found a correlation (p <0.05) between the prob-
ability of establishing bronchial asthma control

in school-age children with sensitization to cat
allergens after a year of therapy and the values
of both baseline FeNO and FeNO dynamics after
a three-month therapy. This is important for pre-
dicting the clinical course of asthma in children
and improving asthma control. FeNO dynamics
should be continuously monitored because they
indicate a decrease in the severity of eosinophil-
ic airway inflammation, which is associated with
the therapeutic response. Anti-inflammatory ther-
apy 1is primarily prescribed.

However, a personalized approach to the treat-
ment of children with asthma should evaluate the
potential impact on causative allergens as well
as elimination methods. Allergen-specific immu-
notherapy provides beneficial effects because it
influences the course of allergic disease by induc-
ing immune tolerance (Lee S, et al., 2022). The
effect of AIT on FeNO values is demonstrated
by a statistically significant difference in mean
FeNO values after a 12-month treatment period
in the group of patients receiving AIT in combi-
nation with controller therapy versus the group
of patients receiving only controller therapy (p =
0.012). This effect of allergen-specific immuno-
therapy on fractional exhaled nitric oxide values
in asthmatic children is consistent with the results
of other studies (Ai T, et al., 2020), but they spec-
ify them for the age group of 6-17 years and ex-
isting sensitization to cat allergens.

Conclusions
1. In school-age children with asthma and sen-

sitization to cat allergens, fractional exhaled

nitric oxide levels are elevated, particularly in
severe asthma, as a reflection of existing eo-
sinophilic airway inflammation.

2. Increasing baseline FeNO values reduce the
probability of establishing bronchial asthma
control in these children after a 12-month
treatment period.
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Hocaigxenns ppakuiiHOro OKCHIy a30Ty B MOBITPi, 10 BUANXAETHCSA
y AiTell IIKIJIBHOTO BiKy 3 OpOHXiaJIbHOI aCTMOIO
Ta CeHCHOiTI3aliclo 10 ajiepreHiB KOTiB
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AHoTanis: OpoHXiajgbHa acTMa € OJIHUM 13 HAWMOIIMPEHIINX XPOHIYHUX 3aXBOPIOBAaHb B JTUTSI-
qyomy Bili. /loBeneHo, o aneprenu, KOTpi NPOAYKYIOThCSI KOTaMH, € TPUTEpaMu acTMU y aiteit. s
JiTel OLIbII MpUTaMaHHA aToMiuHa OpOHXiaJlbHA aCTMa 3 €03MHO(UIBHUM 3alaJIeHHSIM, NP [IbOMY
BHBYAIOTHCS O10MapKepy 3a3HaueHoro 3ananeHHs. O@pakuiiHuil OKkCUa a30Ty B MOBITPI, 1[0 BUMXA-
€THCS BIZIOMUH SIK TIOKa3HUK €03WHO(IIIFHOTO 3aMajieHHs UXaJbHUX IUIAXIB. MeTa AOCIiKEHHS —
BUBYCHHS 3HAYCHHS (PPaKLifHOTO OKCHIY a30Ty B MOBITPi, 0 BUAUXAETHCS y JITEH MKITFHOTO BIKY
3 OPOHX1aJIFHOIO aCTMOIO Ta CEHCHOLTI3aIli€l0 10 ajJepreHiB KOTiB JJIsl IPOrHO3YBaHHS JOCATHEHHS
KOHTPOJIIO aCTMH Ta OIIIHKH Teparrii, o mpoBoauThes. Jlo mocmimkenHs Oyno BkmodeHo 430 mi-
Tel BikoM 6-17 pokiB 3 OpOHXIaTBHOK aCTMOIO Ta CEHCHOUTI3AIlIEI0 10 ajJepreHiB KoTiB. BuBuas-
cst mpodinb ceHcuOiTizalii 3a JOIOMOT0I0 0araTOKOMIIOHEHTHOT MOJIEKYJISIPHOT aleprofiarHoCTUKA
(ALEX?, ABctpisi). AHanmizyBanu piBeHb (pakLiiHOTO OKCHIy a30Ty B IMOBITPI, 110 BUIUXAETHCS
(NIOX VERO, IIsemis). [{ns ananizy iMOBIPHOCTI JOCSITHEHHS KOHTPOJIFO aCTMHU OYJIO PETPOCIICK-
TUBHO MpoaHaiizoBaHo 302 maIrieHTa Ta BAKOPUCTAHO METO]T MMOOYI0OBH Ta aHaIi3y OMHO(DAKTOPHUX
JOTiICTUYHUX Mozeneil perpecii. /1o MpoCIeKTUBHOTO TOCIHIIKEHHS TpUBANiCTIO 12 MicsiiB Oyno
BKJtoueHo 128 mitell. Cnoctepiranocs miJBUIIEHHS (PpaKIiifHOr0 OKCHAY a30Ty B HMOBITpi, 1110 BU-
nuxaeTbesi > 20 ppb y BCIX MaI€HTIB, MPUYOMY JIITH 3 BAYKKOIO aCTMOIO MaJIA piBeHB 35 ppb Ta BuIIIE.
[TokazaHuil KOpENALINHUN 3B’ 130K MK JTOCATHEHHSIM KOHTPOJIIO acTMU depe3 12 MicsiiB JiKyBaH-
HSl Ta JUHAMIKOIO Yepe3 3 Mmicsus piBHs (ppakiiifHOro OKCHAY a30Ty B MOBITPI, IO BUIUXAETHCS
(r=0,619; p <0,001). Cocrepiraerbcst 3HMKEHHS KMOBIPHOCTI JOCATHEHHS! KOHTPOJIIO aCTMU Y JIi-
Tel MIKiJTLHOTO BiKY 3 CEHCHOLTI3AIIEI0 10 aJIEPTeHIB KOTa uepe3 12 MicsIiB Mpy 3poCTaHH] MOYaTKO-
BOT'O piBHA (hpakLifHOTO OKCUAY a30Ty B MOBITPI, 10 BuauxaeTses (B < 1; p <0,001). Takox mae
MicIie 301TbIIeHHS WMOBIPHOCTI TOCSATHEHHS IIbOTO KOHTPOJIIO MPH 3POCTAaHHI MOKAa3HUKA THUHAMIKH
yepes 3 MicaLs ppakLifHOro OKCHLy @30Ty B MOBITPI, 1110 BUAUXAETHCS y O1K 3MEHIIIEHHS HOTo piBHS
(BII>1; p<0,001). CrarucTuHO 3HaYyIIa Pi3HULA MiXK CepeaHIM 3HAUCHHSIM MTOKa3HUKY (DpaKIliii-
HOT'O OKCHJTy @30Ty B IOBITPI, 1110 BUIUXA€ETHCA yepe3 12 MicA1liB B TPyIIi NAIlEHTIB, KOTP1 OTpUMYBa-
1M anepre’-crenudiuny iMyHoTeparito Ha T 0a3uCHOI Tepartii Ta B TpyIIi AiTel, KOTpi OTPUMYBaIN
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e 6a3ucHy Tepamito (p = 0,012) nemMoHCTpye BIUIMB anepreH-crenudiunoi imyHoreparii Ha 3a-
3HAYECHHI MTOKa3HUK €03WHO(UIHHOTO 3anaieHHs. TakiuM 4nHOM, PiBEeHb (PPAKIIIITHOTO OKCHIY a30TY
B TOBITPI, 110 BUAMXAETHCS Y IITeH IIKUIBHOTO BiKY 3 OpOHXiaJdbHOI aCTMOIO Ta CEHCHOLTI3alli€r0
710 ajJepreHiB KOTIB MiJBUIEHUN, 0COOIMBO MpHU Baxkiil actmi. [t mporHo3yBaHHsS WMOBIPHOCTI
JOCATHEHHSI KOHTPOJIIO aCTMM y IIMX AITeH CIIiJ] BpaxOByBaTW He JIMIIE MOYATKOBUHM piBEHb (hpak-
IHOTO OKCHJTy a30Ty B MOBITPi, [0 BUJUXAETHCS, alie i HOro TuHAMIKy uepe3 3 MicALs JTIKyBaHHS.
JloBeieHUI MO3UTUBHUM T€paneBTUYHUN BIUIMB BKJIIOYEHHS aepreH-crenudiuHoi iMyHoTepanii 10
KOMIUIEKCHOTO JIIKyBaHHSI aCTMH y JITE€H IIKUIBHOTO BiKY 3 CEHCHOUTI3aIEI0 IO alepreHiB KOTiB Ha
piBeHb (paKLifHOTO OKCUAY a30Ty B MOBITPI, 1110 BUINXAETHCA.

KurouoBi ciioBa: aneprenu, actMa, JiTH, OKCHJT a30TY, TE€paITis.
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