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PE3IOME

AkTyanbHicTb. [MobanbHa npobnema Tyb6epkynbo3y 3anuIIaeTbCa akTyanbHOK
i HA CbOroAHILHIN AeHb. OQHMM i3 OCHOBHWMX KPUTEPIiB NO3UTMBHOI AUHAMIKM Mg Yac
nikyBaHHA TyGepKynbo3y 3anuLIacTbCa 3aKpUTTS MOPOXHWUH po3nagy. JocnifkeHHs,
CNpsIMOBaHi Ha BU3HAYEHHS MPOrHOCTUYHWUX PaKTOPIB YCMILLHOCTI 3aKPUTTS MOPOXHWH
po3naay, Ta po3pobKy MeToAiB NPOrHO3yBaHHSA €(PEKTUBHOCTI MiKyBaHHS € aKTyanbHUMMU.
Meta po60OTM — BUSBMEHHS KMiHiKO-NabopaTopHMX NpeauKTopiB Ta pPoO3pobneHHs
cnocoby nporHo3yBaHHSA ePeKTUBHOCTI Tepanii y XBOpUX Ha BMNepLue AiarHoCTOBaHWN
iHpinsTpaTMBHUIA TyBepkynbo3 nerexb (IBOTHBN).

Marepianu Tta Metogm. 3anydyeHo 80 nauieHtiB 3 IBOTBJ, yytnMBMM [0 aHTU-
MmikobakTepianbHux npenapartis (AMBIT). 36epexeHHa AeCTPYKTUBHMX 3MiH 3a AaHUMK
KOHTPONbHOI peHTreHorpadpii micna 3akiH4eHHst iHTeHcuBHOI da3n (IP) nikyBaHHS
Oyno KkputepieM OUIHKW AWHaMIKM fiKyBaHHsi, BIOHOCHO SIKOroO naui€HTM OCHOBHOI
KoropTu poasnogineHi Ha agi rpynu. o rpynu fectp— (n = 37) ysinwnm XxBopi, SKi
Manu OEeCTPYKTUBHI 3MiHM Y NereHsx Ha nodvatky nikyBaHHS, Ta Micns ABOX MicsLiB
Tepanii Ha KOHTPOMbHIN peHTreHorpadii 03HaK AeCTpyKuii He BusBunock. [lo rpynu
Hectp+ (n = 43) Hanexanu nauieHTn, B SKMX 3anuanuca AeCTPYKTUBHI 3MiHN nere-
HeBOI TKaHWHM nicns |P nikyBaHHS.

Pe3synbratn Ta iXx OOroBopeHHs. 3a O3HAKOK 3aNULIKOBUX AECTPYKTUBHUX 3MiH
y nereHsax nicna 1 nikyBaHHa Oyno BusBneHo, WO nauieHTn rpynu [ecTtp+ manu
OOCTOBipHO 6Ginblue BuMagkiB MIKOOGAKTEPIOBMAINEHHS Ta HasIBHOCTI iHTOKCWMKaUin-
Horo cuHgpomy (p < 0,05). MauieHTn, y skux 6ynu BUSBNEHI 3anNuLLIKOBI AECTPYKTUBHI
3MiHW, MOPIBHAHO 3 XBOpUMU rpynun [lecTp—, XapakTepusyBanucb AOCTOBIPHO BULLUMU
PiBHAMW MOKA3HWKIB CUCTEMHOr0 3ananieHHss Ta BWCHAXEHHsSIM | AucdyHKuieto
arounTapHoi naHkun imyHHoro 3axucty (p < 0,05).

Mpy ouiHUi HesanexHUx ¢akTopiB NPOrHO3yBaHHA 3anWLUKOBUX [ECTPYKTUBHUX
SIBWLL, HA KOHTPONbHi peHTreHorpadii nicnsa [P nikyBaHHS BU3HaAYeHO, WO TakUMu
npeaukTopaMn € MoYaTKoBi PiBHI ranTormobiHy, y-iHTepdepoHy, KinbKiCTb AiNAHOK
aecTpykuin (n Jectp) Ta cepeaHin UMTOXiMiYHMIA KoedpiuieHT cnoHTanHun CLIK(cm).
CTBOpeHa MpOrHOCTU4Ha MOAEMb, sKa Mae HeobXigHi napameTpy 3HavyLocCTi,
i Moxe OyTu BuKopuCTaHa ANS OLHKU WMMOBIPHOCTI 3aruLLIKOBUX [ECTPYKTUBHUX
3MiH 3a AaHNMKN KOHTPOMbHOI peHTreHorpadii nicns P nikysaHHS y Yonosikis 3 IBOTBJ1.
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ABSTRACT

Background. The global problem of tuberculosis is still relevant today. One of the
main criteria for positive dynamics in the treatment of tuberculosis is the closure
of decay cavities. Studies aimed at identifying prognostic factors for the success
of cavity closure and developing methods for predicting the effectiveness of treat-
ment are relevant.

Purpose — to identify clinical and laboratory predictors and to develop a method
for predicting treatment efficacy in patients with newly diagnosed infiltrative pulmonary
tuberculosis (NDIPTB).

Materials and Methods. We included 80 patients with newly diagnosed infiltrative
drug-sensitive TB. Preservation of destructive changes on control radiography at the
end of intensive phase (IP) of treatment was a criterion for assessing treatment
dynamics, according to which patients in the main cohort were divided into two groups.
The Destr— group (n = 37) included patients who had destructive changes in the lung
at the start of treatment and had no evidence of destruction on control radiography
after two months of therapy. The Destr+ group (n = 43) included patients who had
destructive changes in lung tissue after intensive phase of treatment.

Results. In the groups of patients based on residual destructive changes in the lung
after IP of treatment, it was found that patients in the Destr+ group had significantly
more cases of mycobacterial shedding and the presence of intoxication syndrome
(p < 0.05). In addition, patients with residual destructive changes were characterised
by significantly higher levels of systemic inflammation and depletion and dysfunction
of the phagocytic component of the immune defence compared to the Destr— group
(p < 0.05). After assessing independent factors for predicting residual destructive
phenomena on control radiographs after IP of treatment, it was determined that
such predictors are initial levels of haptoglobin, y-interferon, number of destruction
sites (n Destr) and ACC (sp). A prognostic model was created that has the necessary
parameters of significance and can be used to assess the likelihood of residual
destructive changes according to control radiography after IP of treatment in men
with NDIPTB.

Conclusions. Predictors of the efficacy of treatment of men with NDIPTB in the
conditions of standard therapy are the number of destruction sites before treatment,
baseline values of haptoglobin, y-interferon and spontaneous average cytochemical
coefficient (ACC(sp)) (p < 0.05). The proposed prediction model has the necessary
parameters of significance and can be used to assess the likelihood of an unfavourable
outcome of IP of treatment in men with newly diagnosed infiltrative pulmonary
tuberculosis in terms of the presence of residual destructive changes in the lung.

Kushnir VB, Hrek IlI, Dorosh DM, Kozlov OP, Ohnivenko OV, Pavlikova KV, Vinnikova NV. Predicting the
dynamics of radiological changes in patients with infiltrative pulmonary tuberculosis. Karazin Journal of Immunology.
2024;7(1(13)):8-17. DOI: https://doi.org/10.26565/3083-5615-2024-13-01

BCTYN

mobanbHa npobnema TybGepkynbo3y, sika TpuBae

INTRODUCTION

The global problem of tuberculosis, which has

BXE He OfHe TUCAYOMITTH, 3anuIAaeTbCs aKTyarbHO
i Ha cborofHiLWHIN aeHb. CyyacHi TeHaeHUiT B giarHocTuui
TybepKynbo3y nereHb MOoKa3yloTb 3POCTaHHSI KiNbKOCTI
iHpinbTpaTMBHUX  opM, SKi  CTaHOBNATL  BinbLicTb
HoBMx Bunagkie. Lla dopma Ty6epkynbo3y nereHb

existed for more than a millennium, is still relevant
today. Current trends in the diagnosis of pulmonary
tuberculosis show an increase in the number of
infiltrative forms, which account for the majority of
new cases. This form of pulmonary tuberculosis often
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4acTo NpU3BOAMTL [0 YTBOPEHHSI MOPOXHWH po3nany,
Lo, B CBOK 4epry, 36inbLUye KinbKiCTb BUNaAKiB 3 Miko-
GakTepioBMAINEHHAM Ta HeoOXigHicTio y XipypriyHomy
nikyBaHHi [1-3].

TpuBane nepebyBaHHSA y CTauioHapax, coLianbHa
CTUrMaTm3aLlisi XBopux, 3MOBXMBAHHS ankororieM Ta Hap-
KOTUKaMu, ManiHHSA, BiACYTHICTb couianbHOi Ta iHaH-
coBOi NiATPUMKM, NOGIYHI edekT BiA MeauKaMeHTO3-
HOro MiKyBaHHs, TpMBanuMM iHTOKCUKAUINHWA CUHAPOM
BigirpaloTb BaXXNMBY POfb Y 3aroCTPEHHi NaTonori4yHoro
npouecy. Y BuNagky MOBIMbHOMO KMiHIYHOMO Ta PEHT-
reHonoriYHoro noninweHHs, TpuBanoro MikobaktepioBu-
fOineHHs abo HasiIBHOCTI ceplo3HUX NobivyHMX peakuin Ha
eTioTponHy Tepanito, TpuBanicTb iHTeHcuBHOI dasn (IP)
nikyBaHHs Moxe OyTn nogosxeHa. Lle npusBoauTb
[0 [00OaTKOBMX EKOHOMIYHMX BUTpaT ANs AepXaBu Ta
NCUXOMOriYHOro TMCKY Ha nauieHTiB [4—6].

OAHMM 3 OCHOBHUX KpUTEPIiB MO3UTUBHOI AUHAMIKK
nig Yac nikyBaHHs Ty6epKynbo3y 3anvLuaeTbCs 3aKpUTTS
NOpPOXHUH po3nagy. MauieHTn, y skux He BiabyBaeTbcs
CBOEYaCHE 3aKpUTTA MOPOXHWH, Hanexatb [0 rpynu
pU3uKy HecnpuaTnMBoro nepebiry xsopobu, TpuBanoro
MikoOaKTepIOBUAINEHHSI, PO3BUTKY PE3NCTEHTHOCTI Ta
GinbLOi BiporigHOCTi peunamBy y MamnbyTHbomy [7-9].
Bpaxosytoun PO3MNOBCIOAXEHICTb iHgiNsTpaTUBHOI
dopmu TyGepkynbo3y cepef 3aranbHOT nonynsiuii XBopux
Ta 3Ha4YHWA EKOHOMIYHUWM Tsdrap, SKMM BOHa € Ans
CMUCTEMM OXOPOHW 300POB’sl, OOCNIMKEHHS, CMPSIMOBaHI
Ha BW3HAYeHHA MPOrHOCTUYHUX (DAKTOPIB YCMILUHOCTI
Tepanii Ta po3pobKy MeTofiB NPOrHo3yBaHHS edeKTUB-
HOCTI NiKyBaHHS, € aKTyanbHUMMU.

MeTa po6GOTM — BUSIBNEHHSI KriHiko-nabopaTopHux
npeaukTopiB Ta po3pobreHHst cnocoby nporHo3yBaHHSA
edeKTUBHOCTI Tepanii y XBOpUX Ha BnepLue AiarHocTo-
BaHWI iHpinsTpaTMBHMI Ty6epkynbo3 nereHb (IBOTHI).

MATEPIAAU TA METOAU AOCAIAXEHHSA

HocnigxeHHs npoBegeHo B 2018-2021 pp. Ha 6a3ax:
KomyHanbHOro HekomepLuiiHoro nignpuemctea Xapkis-
cbkoi obnacHoi pagu «Ob6nacHuii NpoTUTYGEPKYNbO3-
HUA aucnaHcep Nel», KomyHanbHOro HekomepuiiHOro
nignpuemcTtea XapkiBcbkoi obnacHoi pagu «O6nacHa
npoTuTyGepkynbo3Ha nikapHs Ne 1», [epxaBHoro
3aKknagy OXOpoHW 340poB’s «O6nacHuin npoTuTybepky-
nbo3Hun gucnaHcep Ne 3», KomyHanbHOro Hekomepuiin-
Horo nignpuemMcTea XapkiBcbkoi obnacHoi pagn «Obnac-
HWUIA KNiHIYHWIA NPOTUTYBEpPKYNbO3HUIA aucnaHcep Ne 7».

[o pocnigxeHHsa 3anydeHo 133 nauieHtn 3 IBOTBJ,
YyTAMBMM [0  aHTuMikobakTepianbHUX  npenaparis
(AMBI). Cepen pocnimkeHnx nauieHtisB 80 oci6 manu
03HaKM [OECTPYKTMBHMX 3MiH FereHeBoi TKaHWHU 3a
OaHUMWN PEHTIEHONOrNYHOro AOCNIOXEHHsST (PeHTreHono-
rivHoro a6o KT) Ta 6ynu 3any4yeHi 4o HacTynHoro erany
pocnigkeHHsi.  36epexeHHs OeCTPYKTUBHMX 3MiH 3a
0AaHUMM KOHTPOSNbHOI peHTreHorpadii nicna 3akiH4eHHS
I® nikyBaHHA Oyno KpuTEPIEM OUIHKM OWHAMIKM TiKy-
BaHHS, BIAHOCHO $KOro Naui€HTXU OCHOBHOI KOropTu
po3nogineHi Ha Asi rpynu. o rpynu Oectp— (n = 37)
YBIALWLNW XBOPI, SKi Manu AeCTPYKTUBHI 3MiHW y fereHsx
Ha noyaTtky nikyBaHHSA, a nicns ABOX MicauiB Tepanil
O3HaK [OecTpyKuii Ha KOHTPOMbHIN peHTreHorpadil
He BusiBunocb. o rpynu fOectp+ (n = 43) Hanexanu

leads to the formation of cavities, which in turn increases
the number of cases with mycobacterial excretion and
the need for surgical treatment. [1-3].

Prolonged hospitalization, social stigmatization
of patients, alcohol and drug abuse, smoking, lack
of social and financial support, side effects of drug
treatment and prolonged intoxication syndrome play
an important role in exacerbating the pathological
process. In the case of slow clinical and radiological
improvement, prolonged mycobacterial excretion or
serious adverse reactions to etiotropic therapy, the
duration of the intensive phase (IP) of treatment may be
extended. This results in additional economic costs for
the state and psychological pressure on patients [4—6].

One of the main criteria for positive dynamics in TB
treatment is the closure of cavities. Patients who do not
have their cavities closed in time are at risk of unfavor-
able disease progression, prolonged mycobacterial
shedding, development of resistance and increased
likelihood of future relapse [7-9]. Given the prevalence
of infiltrative TB in the general population and the
significant economic burden it places on healthcare
systems, research to identify prognostic factors for
treatment success and to develop methods to predict
treatment efficacy is relevant.

Objective — was to identify clinical and laboratory
predictors and develop a method for predicting the
effectiveness of therapy in patients with newly diagnosed
infiltrative pulmonary tuberculosis (NDIPTB).

MATERIALS AND METHODS

The study was performed in 2018-2021 on the bases
of: Municipal Non-Profit Enterprise of Kharkiv Regional
Council «Regional Anti-TB Dispensary No. 1», Municipal
Non-Profit Enterprise of Kharkiv Regional Council
«Regional Anti-TB Hospital No. 1», State Health Care
Institution «Regional Anti-TB Dispensary No. 3», Muni-
cipal Non-Profit Enterprise of Kharkiv Regional Council
«Regional Clinical Anti-TB Dispensary No. 7».

133 patients with infiltrative susceptible TB were
enrolled. Among the patients studied, 80 had signs of
destructive changes in lung tissue according to X-ray
or CT scan and were included in the next stage of the
study. Preservation of destructive changes on control
radiography at the end of IP of treatment was a criterion
used to assess treatment dynamics, according to which
patients in the main cohort were divided into two groups.
The Destr— group (n = 37) included patients who had
destructive changes in the lung at the start of treatment
and had no evidence of destruction on control radio-
graphy after two months of therapy. The Destr+ group
(n = 43) included patients with destructive changes
in lung tissue after IP of treatment.

All  patients underwent clinical and laboratory
investigations in accordance with current tuberculosis
care guidelines [10, 11]. In addition, blood immunolo-
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nauieHTn, y $KWX 3anuuanucs AeCTPYKTUBHI  3MiHU
nereHeBoi TkaHWHW nicns 1P nikyBaHHS.

YciMm nauieHTaM npoBedeHo kniHiko-nabopaTtopHe
06CTEXEHHS BiAMNOBIAHO A0 YMHHOMO MOPSAKY HadaHHS
MeaMYHOI JOMOMOrM XBopuM Ha Ty6epkynso3 [10, 11].
[opatkoBo AocCnigKyBanucCb iMyHOMOriYHI  MOKa3HUKM
KpoOBi, nmpoBoamnacsa ouiHka darouMtapHoi aKTUBHOCTI
HelTpodinis, BM3HaYanucb piBHi LuTOKiHIB (IL-4, IL-10,
IFN-y) y cupoBaTui KpoBi, piBeHb Lepynonnaamidy (L)
Ta ranTorno6iny.

[Ons  BU3HAYEHHS MPEAUKTOPHOrO 3HAYeHHs [O0-
cnigxyBaHux pakTopiB (kniHiYHMX Ta nabopaTopHUX)
B oOUuiHUi edeKTMBHOCTI nikyBaHHA BUKOPUCTOBYBanu
MeToa norictuyHoi perpecii Ta ROC-aHani3 3 ouiHKowo
nokasHnka AUC (Area Under Curve — nnowa nig
ROC-kpuBoto). 3HaveHHss AUC B mexax 0,5-0,6 Bigno-
Bijae He3agoBiNbHMM MPOrHOCTUYHUM  MOXIMBOCTSM
mogeni, 0,6-0,7 — 3apgosinbHum, 0,7-0,8 — Oobpum,
0,8-0,9 - pyxe pobpum, Ginbwe 0,9 — BiAMIHHUM.
Mig yac nobynoBu piBHAHL perpecii BUKOpUCTOBYBaNu
METOZ, MOKPOKOBOTO BKIMKOYEHHS MPEOUKTOPIB,  SIKWUIA
paHXyBaB O3HaKM BIiANOBIAHO [0 iXHbLOrO BHECKY
B Mogenb. Ona BCiX BMAIB aHanisy KpUTUYHUIN piBEHb
3HauywocTi ctaHosuB 0,05.

[ocnigxeHHss npoBegeHo BIgNoOBIQHO [0 BUMOT
HanexHoi KniHiYHOI npakTukn, KoHBeHuii Pagn €sponun
npo npaBa nwauHWM Ta OGiomeauuuHy, [enbciHcbkol
peknapauii BcecBiTHbOi MegmyHoi acouiauii. Bci naui-
€HTUM nignucanu iHdOpMOBaHy 3rogy Ha ydacTb
Y KMiHIYHOMY AOCRIDKEHHI.

PE3YABTATU TA IX OBrOBOPEHHS

Cepen nauientiB rpynn [ecTp— He BuUSIBNANOCA
MikobaKkTepioBUAINEHHA 32 KOHTPOMbHUM Ma3KoM nicris
I® nikyBaHHSA, ogHaK cepef, XBOPUX 3 HAABHICTIO 3amnuLu-
KOBMX [OECTPYKTUMBHUX 3MiH, MikobakTepii Tybepky-
NbO3y 3a KOHTPOMbHOK MIKPOCKOMIED BU3Ha4Yanucs
y 7 (16,3%) ocib (p < 0,01).

AHani3a xapakTtepy ckapr Ta CUMMMTOMIB Yy rpynax
NMOPIBHSAHHSA MiCNSA ABOX MICALIB MiKyBaHHS MokKasanu, o
nuTOoMa Bara MauieHTiB, y AKX 3anuwanucs ckapru B
rpyni Aectp—, 6yna B 2,51 pa3n MeHLO0, NOPIBHAHO A0
rpynn Oectp+ (p = 0,008). 3okpema nauieHTiB 3 Kalunem
y rpyni 6e3 gecTpykTMBHUX 3MiH Byno y 3,5 pasu MeHLue,
3 3aguwkoto — y 3,6 pasn, a BUAINEHHST MOKPOTUHHS
BigMivanocsa gocToBipHo pigwe: y 3,25 pasu (p < 0,01).
HasaBHiCTb  iHTOKCMKALIAHOIO  CMHAPOMY  BigMidanu
8 (21,6%) nauienTiB rpynu OecTtp—, wo 6yno 4OCToBipHO
MeHLLEe MopiBHAHO Ao rpynu dectp+ (29 (67,4%)) (p < 0,01).

OujiHka 3ananbHWX MOKa3HWKIB Y rpynax MopiBHAHHS
nicna 1P nikyBaHHA noka3ana MO3UTUBHY AWHAMIKY
y nauieHTiB o6ox rpyn. XBopi rpynu [ecTp— 3a Bcima
OCHOBHVMMM NapameTpamMmu 3ananeHHs manu AOCTOBIPHO
Kpawi piBHi, nopiBHaHO 3 rpynoto Hectp+ (p < 0,05).
CepepHin  piBeHb LWBMAKOCTI OCiAaHHA €pUTPOLMTIB
(LUOE) y rpyni 3 3anuwkoBMMK AecTpyKuismu 6yB BuLle
3a pedepeHTHi 3HayeHHs, Ta y 1,79 pa3u nepesaxaB
uew nokasHuk y rpyni fectp— (p < 0,05). PiBHi 3ananbHux
6inkis (CPB, rantornobiH, uepynonnasmMiH) y nauieHTiB
roynn [ectp+ micns nikyBaHHA Takox Oynu BuLMMM
3a HopMmarbHi 3HayeHHs Ta BignosigHo y 1,51, 1,29
i 1,22 pasu nepeBaxanu aHamnoriyHi MOKa3HWKW rpynu
Oectp— (p < 0,01). CepeaHi 3Ha4eHHa unTokKiHIB IJ1-4 Ta

gical parameters were studied, neutrophil phagocytic
activity was assessed, serum cytokine levels (IL-4,
IL-10, IFN-y), ceruloplasmin (CP) and haptoglobin
levels were determined.

The method of logistic regression and ROC analysis
with the estimation of the AUC (area under the curve)
was used to determine the predictive value of the
studied factors (clinical and laboratory) in assessing
the effectiveness of treatment. The AUC value in the
range of 0.5-0.6 corresponds to unsatisfactory
predictive ability of the model, 0.6-0.7 — satisfactory,
0.7-0.8 — good, 0.8-0.9 — very good, and more than 0.9 —
excellent. When constructing the regression equations,
we used the method of stepwise inclusion of predictors,
which ranks the features according to their contribution
to the model. The critical significance level for all types
of analyses was 0.05.

The study was conducted in accordance with the
requirements of good clinical practice, the Convention
of the Council of Europe on Human Rights and Bio-
medicine, and the Declaration of Helsinki of the World
Medical Association. All patients signed an informed
consent to participate in the clinical trial.

RESULTS AND DISCUSSION

In the Destr— group, no mycobacterial excretion
was detected in the control smear after IP of treatment,
but in the patients with residual destructive changes,
Mycobacterium tuberculosis was detected in the control
microscopy in 7 (16.3%) patients (p < 0.01).

Analysis of the type of complaints and symptoms in
the comparison groups after two months of treatment
showed that the proportion of patients with complaints
in the Destr— group was 2.51 times lower than in the
Destr+ group (p=0.008). In particular, there were 3.5 times
fewer patients with cough in the group without destruc-
tive changes, 3.6 times fewer patients with dyspnea,
and sputum production was significantly less frequent:
3.25 times (p < 0.01). The presence of intoxication
syndrome was noted in 8 (21.6%) patients in the
Destr— group, which was significantly less compared
to the Destr+ group (29 (67.4%)) (p < 0.01).

Evaluation of inflammatory parameters in the com-
parison groups after IP of treatment showed positive
dynamics in patients of both groups. Patients in the
Destr— group had significantly better levels of all major
inflammatory parameters compared to the Destr+ group
(p < 0.05). The mean ESR level in the Destr— group
was higher than the reference values and 1.79 times
higher than in the Destr— group (p < 0.05). The levels
of inflammatory proteins (CRP, haptoglobin, cerulo-
plasmin) in the Destr+ group after treatment were also
higher than normal values and 1.51, 1.29 and 1.22 times
higher than those in the Destr— group, respectively
(p < 0.01). The average levels of IL-4 and IL-10 cyto-
kines during therapy reached the reference limits in
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IJ1-10 y npoueci Tepanii B 06ox rpynax gocsirnu pede-
PEHTHMX MEX, NMPOTe HaBiTb Y TaKMX YMOBaX iX 3HaYeH-
Hs1y rpyni ectp+ 6ynu ctatucTnyHo Hmkuumum (p < 0,01).
MokasHukn y-iHTepdepoHy cepen nauieHTiB 6e3 3anuLu-
KOBUX AECTPYKTUBHUX 3MiH Oynu B Mexax HopmarbHOro
cepeHboro piBH4A, npote y rpyni lectp+ anHamika Lboro
UMUTOKIHY B NpoLeci NikyBaHHA Oyna He3Ha4YHO i piBEHb
nicns nikyBaHHst MaB JOCUTb HU3bKI Lndbpu (Tabn. 1).

both groups, but their levels were statistically lower in
the Destr+ group (p < 0.01). y-Interferon levels in patients
without residual destructive changes were within the
normal average level, but in the Destr+ group the
dynamics of this cytokine during treatment was
insignificant and the level after treatment was quite
low (Table 1).

Ta6nuus 1. MNopiBHANBHWI aHani3 napameTpiB 3ananeHHs y rpynax
BiJHOCHO HasIBHOCTI 3anULIKOBUX AECTPYKTUBHMX 3MiH nicns 1P nikyBaHHs (X + STD)
Table 1. Comparative analysis of inflammation parameters in the groups
regarding the presence of residual destructive changes after IP of treatment (X £ STD)

MokasHuk / Indicators ,D,eczrp:—:/ 3D7€)>str— ﬂeCIE:/‘g)astH 0
EJSORE, ’ML"” 8,87£542 15,86 £ 6,9 0,029
SE,E; mgﬂ 6,17 £ 3,1 9,32 + 4,26 <0,01
Li”pﬁ;"@gﬁj ;//T 1,9140,56 2,47 £ 0,64 <0,01
Convopiaamin, mgh 396,65 + 83,34 482,1469,94 <001
:Jlj-_j,’ Sgr]//“:nrll 3,41+0,52 4,06 +1,03 < 0,01
:Ejg,' Sg;//hrﬂnj? 21,62 3,07 26,5+ 5,26 <0,01
X:EE ;gm 6,31£2,2 2,71+1,93 <0,01

[MpoBeaeHe nikyBaHHA NPOTArOM ABOX MicAUiB Mano
NO3UTMBHUIA BMANB HA MOKA3HUKN €HAOreHHOI iHTOKCU-
Kauii Ta KNiTUHHOI NaHKM iMyHHOI BignoBigi B 060X
rpynax nadieHTis. PisHi LIIK Ta MCMM y nauieHTiB rpynu
Oectp+ He pocaArnu pedepeHTHUX 3HaveHb Ta OGynu
B/WMMK BignosigHo y 1,43 Ta 1,2 pasu, HiX y nauieHTis
rpynn Oectp— (p < 0,01). MNokasHukn daroumTapHoro
iHoekcy (®l) ta daroyutapHoro uucna (PY) B obox
rpynax nicng |9 nikysaHHA NOBEPHYNMUCb A0 HOPMarbHUX
piBHIB, Npy UbOMY Yy Tpyni MauieHTiB 6e3 3anuLIKOBKX
OECTPYKTUBHUX 3MiH X 3HayeHHA Oynu [OCTOBIpHO
BuwmMmn (p < 0,05). IHgekc 3aBeplueHoCTi harounTosy
(I8®) y rpyni 3 3anMWKOBUMU OECTPYKTUBHUMMU
3MiHamu OyB OOCTOBIpPHO HWX4YMM, HiX Yy rpyni JecTtp—,
Ta nicna ABOX MicsUiB NiKyBaHHA He MOBEpHYyBCA A0
HOpManbHUX 3HaveHb. Taky cuTyauio y rpyni [dectp+
MOXHa MOSAACHUTUM HWU3bKMM PIBHEM OKUCHIOBANbHO-
BiJHOBNIOBarNbHOI aKTUBHOCTI rPaHyrnoumMTapHuUX HENTPO-
diniB, ska BuaABMMIAach y 2,15 pasu HMKYOM, HiX y rpyni
[ecTp—, Ta rpaHNYHO HU3BbKOK aKTUBHICTHO CMOHTAHHMX
depMeHTaTUBHMX NPOLECIB, cepefHi PiBHI SKMX nicns
nikyBaHHs 6ynn y 1,18 pasu OOCTOBIPHO HWDKYUMMU, HiK
cepep nauieHTiB Jectp— (p < 0,01) (puc. 1) [12].

OTxe, y rpynax nauieHTiB 3a O3HaKow 3anuil-
KOBUX [OECTPYKTUBHMX 3MiH Yy nereHax nicna | niky-
BaHHA Oyno BWsIBNEHO, WO nauieHTn rpynu [ecTp+
Manu [OoCToBipHO Oinblle Bunagkie MikobakTepioBuai-
NEeHHA Ta HasiBHOCTI  iHTOKCMKAUINHOrO  CUMHOPOMY.
Takox nauieHTn, y sakux Oynum BUABMEHi 3amnuLLKOBI
OECTPYKTMBHI  3MiHW, nopiBHAHO 3 rpynoto [Hectp—,
XapakTepusyBanucb  [OCTOBIPHO  BULLMMW  PIBHAMM
MOKa3HMKIB CUCTEMHOrO 3ananeHHs1 Ta BUCHaXEHHSIM
i AncdyHKuUieo daroumMTapHOl faHKM iMyHHOTO 3axuCTy
(p < 0,05), wo cBig4YMNO NpPo NPUCYTHICTb E€HOOreHHOI

Treatment for two months had a positive effect
on indicators of endogenous intoxication and cellular
component of immune response in both groups of
patients. The levels of circulating immune complexes
and peptides of medium molecular weight in the
Destr+ group did not reach the reference values and
were 1.43 and 1.2 times higher, respectively, than
in the Destr— group (p < 0.01). Phagocytosis index (PI)
and phagocyte count (PC) back to normal levels in
both groups after IP of treatment, with significantly
higher values in the group of patients without residual
destructive changes (p < 0.05). The phagocytosis
completion index (PCl) in the group with residual
destructive changes was significantly lower than in the
Destr— group and did not return to normal values
after two months of treatment. This situation in the
Destr+ group can be explained by the low level of
redox activity of granulocytic neutrophils, which was
2.15 times lower than in the Destr— group, and the
extremely low activity of spontaneous enzymatic
processes, the average level of which after treatment
was 1.18 times significantly lower than in the
Destr— patients (p < 0.01) (Fig. 1) [12].

Thus, in the groups of patients based on residual
destructive changes in the lung after IP of treatment,
it was found that patients in the Destr+ group had
significantly more cases of mycobacterial shedding and
intoxication syndrome. Also, patients with residual
destructive changes were characterized by signifi-
cantly higher levels of systemic inflammation and
dysfunction of the phagocytic branch of immune defense
compared to the Destr— group (p < 0.05), indicating
the presence of endogenous intoxication, including
autolysis products, preservation of inflammatory activity
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iHTOKCMKaUii, y TOMy 4ucni npogyktamu ayTtonisy, 36e-
PEXEHHST aKTUBHOCTI 3amnanbHOro NpoLecy Ta MopyLleH-
HS IMYHOMOrYHOI PeaKTUBHOCTI, @ TaKOX NPO MOXMMUBUIA
HegocTaTHIM  obcar npoBedeHUX 3axodiB  CTOCOBHO
JesiHTokcukauivHoi Tepanii y rpyni dectp+ [13].
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and impaired immunological reactivity, as well as
a possible insufficient amount of detoxification therapy
in the Destr+ group [13].
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Puc. 1. lMokasHunku harountapHOi akTMBHOCTI HEUTPOMINIB y rpynax NopiBHSAHHS nicns [P nikyBaHHA:
*no3HayeHi napameTpu, 3a SKUMK criocTepiranyicb AOCTOBIPHI BiAMIHHOCTI Mix rpynamu, p < 0,05;
HCT (CI, CT) — TecT 3 HITPOCUHIM TeTpa3sonieM (CMOHTaHHUIA, CTUMYIbOBaHWI);
CLK(cn) — cepeHii LUTOXiMiuHMI kKoedilieHT (CMOHTaHHWNR).

Fig. 1. Indicators of neutrophil phagocytic activity in the comparison groups after IP of treatment:
*Indicates parameters for which significant differences between groups were observed; p < 0.05;
NTT (sp, st) — nitroblue tetrazolium test (spontaneous,stimulated);
ACC (sp) — average cytochemical coefficient (spontaneous).

HactynHum etanom JocnimxkeHHs Oyrno BU3HAYEHHs!
He3anexHux pakTopiB, BUXIAHI PIBHI AKMX MOXYTb
BidirpaBaTM ponb y MPOrHO3yBaHHi HasBHOCTI 3anuiu-
KOBWX OECTPYKTUBHMX SBULL HA KOHTPOIbHIA PEHTrEeHO-
rpadii nicna IP nikyBaHHA i CTBOPEHHI Mogerni nporHo-
3yBaHHSA PEHTreHONOoriYHOI AMHamiku. lMicns npoBegeHHs
MYInbTMBaPIiaTUBHOIO Ta MOKPOKOBOMO FOMCTUYHOIO YHi-
BapiaTMBHOrO aHanisiB BM3HAYEHO, L0 TaKMMU Npeauk-
TOpamMun € NoYaTKOBi PiBHI ranTtornobiHy, y-iHTepdepoHy,
KiNbKiCTb AinsHok gectpykuin (n Oectp) Ta CLUK(cn).

Ona Bu3Ha4YeHHA AKOCTI UMX MpeaukTopiB  3a
NOKa3HMKaMK1 YyTNMBOCTI i cneyundiyHOCTi Ta NOPOroBoro
3HAYEHHs, L0 PO3ainse XBOPUX Ha rpynu 3 BUCOKOK Ta
HW3bKOK  IMOBIPHICTIO  3aNWLWIKOBUX  [AECTPYKTUBHUX
3MiH nicna 1P nikyBaHHA, OyB BUKOPWCTaHW aHani3
ROC-kpuBux 3 ouiHkoto AUC. Y pesynbrati npoBegeHHS
ROC-aHanisy posepeHa poctoBipHa (p < 0,01) npe-
OVIKTOPHA LiHHICTb YCiX YMHHMKIB. Mpn 3a3HayYeHHi TOYKn
po3noginy > 2 AingHok AecTpykuii (n [JecTtp) 4yTnusicTb
napametpa cknagana 51,2%, a cneuudivHicte — 94,6%,
AUC mana 3HayeHHs 0,729 (95% posipumn iHTepsan —
0,618-0,822). PosginbHuii  piBeHb  y-iHTEepdEepoHy
< 2,1 nr/mn maB 4dytnuBicTb 79,1%, cneunivHicTb —
81,1%, AUC wmana 3HauyeHHs 0,834 (95% posipuun
iHTepsan — 0,734-0,908). MNpw piBHi posnoainy ranto-
rmobivy > 2,76 ym. of. 4yTnuBICTb nNpegmkTopa ckrana
74,4%, cneumndivHicte — 89,2%, AUC mana 3HayeHHs
0,865 (95% poBipumn iHTepean - 0,771-0,932).
IpaHnyHnin posnoginbHun nokasHuk CLIK(cn) Ha piBHi
< 1,54 ym. og. otpumaB uyTtnueicTb 95,3% Ta
crneuundpivHicte — 51,4%, AUC popiBHioBana 0,728
(95% posipuui iHTepsan) — 0,617-0,821 (pwuc. 2).

The next stage of the study was to determine the
independent factors, the initial levels of which can play
a role in predicting the presence of residual destructive
findings on control X-rays after IF treatment, and
to create a model for predicting radiological dynamics.
After performing multivariate and stepwise logistic
univariate analyses, it was determined that such pre-
dictors are the initial levels of haptoglobin, y-interferon,
the number of destruction sites (n Destr) and ACC (sp).

ROC curve analysis with AUC estimation was used
to determine the quality of these predictors in terms
of sensitivity and specificity, as well as the threshold
separating patients into groups with high and low
probability of residual destructive changes after IP
of treatment. The ROC analysis showed a significant
(p = 0.01) predictive value of all factors. When indi-
cating the distribution point of > 2 destruction sites
(n Destr), the sensitivity of the parameter was 51.2%,
the specificity was 94.6%, and the AUC was 0.729
(95% confidence interval: 0.618 — 0.822). At the cutoff
level of y-interferon < 2.1 pg/mL, the sensitivity
was 79.1%, specificity — 81.1%, AUC was 0.834
(95% confidence interval — 0.734 — 0.908). At the level
of haptoglobin distribution > 2.76 units, the predictor
sensitivity was 74.4%, specificity was 89.2% and
AUC was 0.865 (95% confidence interval —0.771 — 0.932).
The cut-off value of ACC (sp) at the level of < 1.54
units had a sensitivity of 95.3% and a specificity
of 51.4%, AUC was 0.728 with a 95% confidence
interval of 0.617-0.821 (Figure 2).
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Puc. 2. ®dparmeHTn npotokony pesynsratisB ROC-aHanisy npeaukTopiB 3anmLwKOBUX 4ECTPYKTUBHUX 3MiH B NEreHsx
Fig. 2. Fragments of the protocol of the results of the ROC analysis of predictors of residual destructive changes in the lung

Mopgenb, 3a KO MOXITMBO MPOrHO3yBaTu HasIBHICTb
3aNULWKOBUX LECTPYKTUBHUX 3MiH Y JlereHsx XBOpuX
Ha IBOTBJ1 nicns 1P nikyBaHHA Mana Takui BUrMaA;

The model capable of predicting the presence of
residual destructive changes in the lungs of patients
with NDIPTB after IP of treatment was as follows:

exp(—4,56 —2,82CIIK (cn)+1,60T, — 0,64 y-INF + 2,77n Jlectp)

T+ exp(—4,56 —2,82CIIK (cn)+1,60T, — 0,64 y-INF +2,77n [lectp)’

exp(—4,56—2,82ACC(sp)+ 1,60H, —0,64 y-INF +2,77n Destr)

* 1+exp(—4,56—2,82ACC(sp) +1,60H, — 0,64 y-INF +2,77n Destr)’

ae I — rantornoGiH.

BuwesasHayeHa mMopenb BUKOPWUCTOBYETLCS TakuM
YMHOM: Y XBOPUX, SKi MaloTb 3a pesynsratamv po3paxyH-
kiB mokasHuk (Y) > 0,5 nicna gBox micAuiB niKyBaHHA
BipOriAHICTb HAsABHOCTI 3anuULLIKOBUX OECTPYKUIn y nere-
HaAx Oyae Hu3bKow, a nauieHTn 3 pesynsratoMm (Y) < 0,5
MaTUMyTb BMCOKY BIipOrigHICTb 36epexxeHHs 03HaK AecT-
PYKLii nereHeBoi TKaHNHW. 3ridHO 3 po3paxyHKaMm Lis Mo-
Aernb npaBunbHO knacudikye nauieHTis y 87,5% Bunaakis.

OTpuMaHi pe3ynsTatv NiATBEPAXYTb NPOrHOCTUYHY
3HaYyLWiCTb BMXIOHOI KiNbKOCTI OiNsiHOK AeCTpyKuii nere-
HEeBOi TKaHWHW, PIiBHIB ranTornobiHy, y-iHTepdepoHy Ta
CUK(cn). Perpeciina mogenb Mae HeoOxiaHi mapameTpu
3HAYyLWOCTi i MoXe OyTU BUKOpPUCTAHA ANs OUiHKK
WMOBIPHOCTi 3anuLWKOBUX AECTPYKTUBHUX 3MiH 3a AaHu-
MW KOHTPONbHOI peHTreHorpadii nicna P nikyBaHHA
y vyonosikis 3 IBOTBJ1.

OTXe, Ha edeKT Big NikyBaHHA CTOCOBHO HasiBHOCTI
3anuUWKOBUX AEeCTPYKLUi, neployeproBo Mae BB

where H — haptoglobin.

The above model is used as follows: patients with
(Y) > 0.5 after 2 months of treatment have a low proba-
bility of having residual lung destruction, and patients
with (Y)<0.5 have a high probability of having preser-
ved signs of lung tissue destruction. According to the
calculations, this model correctly classifies patients
in 87.5% of cases.

The results confirm the prognostic significance
of the initial number of lung tissue destruction sites,
haptoglobin, y-interferon and ACC(sp) levels. The reg-
ression model has the necessary parameters of
significance and can be used to assess the likelihood
of residual destructive changes according to control
radiography after IP of treatment in men with NDIPTB.

Thus, the effect of treatment on the presence of
residual destruction is primarily determined by the
number of destruction sites prior to treatment. The effect
of the baseline level of y-interferon can be explained
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KINbKICTb  OiNAHOK AecTpykuii 40 no4vaTKy niKyBaHHS.
Bnnue BuxigHOro piBHA y-iHTEPEpPOHy UinKoM MOXHa
MOSICHUTM MOro yyacTio B akTuBauii Makpodparis Ta
3naTtHicTio  30inbliyBaTh  (pyHKUiOHANbHY aKTUBHICTb
AHTUIEHNPE3EHTYUMX KMiITUH Ta UMUTOTOKCUYHY aKTUB-
HICTb MOHOUMTIB, LUO HE B OCTaHHIO Yepry BMfvMBaE Ha
BMPaXXEHICTb NPOTUTYDEPKYNbO3HOro iMyHITETY Ta hop-
MYyBaHHs1 cneumdivyHoi Ty6epkynbo3Hoi rpaHynsomu [14].
Lle ogHUMM MPOrHOCTUYHUM YMHHUKOM CTaB MOKa3HMK
cepedHboro UMTOXIMIYHOrO KoediuieHTa daroumnTyoumnx
HelTpodinie, Wo Bigobpaxae akTUBHICTb FAPOMITUYHMX
nisocomanbHUX PepMeHTIB Ta, AK pe3ynbraT, eeKkTuB-
HiCTb cparounTosy y CTpMMyBaHHI TyOepKynbO3HOI iH-
dekuii [15, 16]. OcTaHHIM npeguKkTOpoM, Sk ByB
3any4yeHnii y NPOrHOCTUYHY MoAenb AN BU3HAYEHHSI
iMOBIpHOCTi  3anULUKOBUX AECTPYKTUBHUX 3MiH, CTaB
rantornoGiH, SKUiA 3a AaHWUMK YUCMEHHUX OOCNioKEHb
€ OOHWM 3 HaluvyTnMBilWMX cepen OiNkiB «rocTpoi»
da3n, KOHLEeHTpaLiss SKOro B KpOBi 3Ha4HO NigBuLLY-
€TbCSl Y XBOpUX Ha aKTUBHWI TyBepKynbo3 npu HasiB-
HOCTi 4eCTPYKTUBHMX 3MiH Y nereHsix [17].

BUCHOBKHU

MpeavkTopamn  edeKTUBHOCTI  NiKyBaHHA  XBOPWX
yonoeikis Ha IBATBJ1 B ymoBax craHgapTHoOI Tepanii
€ KiNbKiCTb AINAHOK AEeCTPyKuii A0 noyaTKy nikyBaHHS,
BMXiOHI BENWYMHW piBHIB ranTornobiHy, y-iHTepdepoHy
Ta CLK(cn) (p < 0,05). 3anponoHoBHa Mogenb NporHo3y-
BaHHA Mae HeoOXiaHi napameTpy 3HaudyLwoCTi i Moxe
OyT BMKOpUCTaHa ANS OLiHKA WMOBIPHOCTI HecnpusaT-
nuBoro pesynestaty |® nikyBaHHA 4onoBikiB i3 BnepLue
[iarHOCTOBaHWM iHPINsTpaTVBHUM Ty6epKynbo3oMm rne-
reHb LWOAO HAasBHOCTI  3anvLWKOBMX AECTPYKTUBHUX
3MiH y nereHsix.
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by its involvement in macrophage activation and its
ability to increase the functional activity of antigen-
presenting cells and the cytotoxic activity of monocytes,
which, not least, influences the strength of anti-TB i
mmunity and the formation of a specific tuberculous
granuloma [14]. Another prognostic factor was the
average cytochemical coefficient of phagocytic
neutrophils, which reflects the activity of hydrolytic
lysosomal enzymes and, as a result, the effectiveness
of phagocytosis in containing the tuberculosis infec-
tion [15, 16]. The last predictor included in the prog-
nostic model to determine the probability of residual
destructive changes was haptoglobin, which, according
to numerous studies, is one of the most sensitive
proteins of the «acute» phase, the concentration of
which in the blood significantly increases in patients
with active tuberculosis in the presence of destructive
changes in the lungs [17].

CONCLUSIONS

Predictors of the effectiveness of treatment of men
with NDIPTB with standard therapy are the number of
destructive sites before treatment, baseline values
of haptoglobin, y-interferon and ACC (sp) (p < 0.05).
The proposed prediction model has the necessary para-
meters of significance and can be used to assess the
likelihood of an unfavorable outcome of IF treatment
in men with newly diagnosed infiltrative pulmonary
tuberculosis in terms of the presence of residual destruc-
tive changes in the lungs.
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MepcnekTUBU NOAAABLUMX AOCAIAXEHD

Y npoueci oCnigKeHHs HaM BAANoCs BUSIBUTU MEBHi KMiHIKO-
nabopaTtopHi npeauKkTopu edekTUBHOCTI Tepanii y XBOPMX
YOMOBIKIB Ha BnepLUe AiarHOCTOBaHUM iH(pinsTpaTuBHUIA Tybep-
Kynbo3 fnereHb Ta, Ha NigcTaBi OTpPUMaHWX AaHux, po3pobne-
HUA MEeTo[ MPOrHO3yBaHHA eMEeKTUBHOCTI iHTEHCMBHOI chasu
Tepanii y uiei koropTM nauieHTiB. [lpoTe nepcnekTnsolo
noganblumMx JAOChifKeHb € npoBedeHHsA nodibHux pgocnia-
XKeHb i3 3aryyYeHHsM pPi3HUX KOropT XBOPUX Ta MOLUYK YHiBep-
canbHVWX NPEeauKTOpiB i3 pO3pOobMneHHAM MeToAiB MPOrHo3y-
BaHHSA edeKTMBHOCTI Tepanii, fki 6 Oynu peneBaHTHi Ans
BinbLIOCTi XBOPKX Ha Tybepkynbo3.
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Prospects for further research

During the course of the study, we were able to identify certain
clinical and laboratory predictors of treatment response in men
with newly diagnosed infiltrative pulmonary tuberculosis and,
based on the data obtained, to develop a method for predicting
the effectiveness of the intensive phase of treatment in this
cohort of patients. However, the prospect of further research
is to carry out similar studies with different cohorts of patients
and to search for universal predictors by developing methods
for predicting the effectiveness of therapy that would be
relevant for most patients with tuberculosis.
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PE3IOME

AkTyanbHicTb. OfHi€lo i3 akTyanbHUX Npobnem cyvacHoi oTonapuHronorii € iHeKUinHi
3aXBOPIOBaHHSA MOPOXHMHWM HOca, SKi HanyacTiwe acouiioBaHi 3 GakTepianbHUMM
areHTamu. Cepeq HMX HanbinbLl po3noBCloXKeHWN ypyHKynbo3 Hoca (PH), sakui e
HanbinbL 4YacTol NaTonoriel, WO 3YCTPIYAETbCA B OTOMAPWHIOMONIYHIA NpakTuLj,
npu siKii 3 BUCOKOK BIpOTiAHICTIO MOXIMBWIA PO3BUTOK THIHUX ycknagHeHb. B oci6
3 iMyHOOENpeCcMBHUMIN CTaHaMW, eHOOKPUHHOIO NaTomnorielo Ta ManeHbkux giten ®H
MOXEe MaTu TSXKKWA nepebir 3 ycknagHEHHsMU, WO MOXYTb NPU3BECTW OO CTaHiB,
WO 3arpoxyoTb XWUTT. OCKiNbKM TEHOEHUii [0 3HWKEHHSI PiBHSI 3aXBOPKOBaHOCTI
Ha ®H He cnocTtepiraeTbcs, Le BU3HA4YaE akTyanbHICTb AOCHiAXYyBaHOI npobnemu,
Moro coujanbHy 3HaJyLiCTb Ta BUBYEHHS OcobBnMBOCTEN iMyHOMaToreHesy Ta Heob-
XiQHICTb NOLUYKIB eheKTUBHOI paLioHanbHOI Tepanii.

MeTta po6oTM — BMBYEHHSI OCODGNMUBOCTEN FyMOpasribHOrO iMyHITETY Yy XBOPUX Ha
DYPYHKYNbO3 HOCOBOI NOPOXHUHW.

Martepianu Ta meToau. IMyHonoriyHe docnigxeHHs 6yno npoBedeHo y 42 xBopux
Ha PypyHKYNb0O3 HOCOBOT NOPOXHMHYM Bikom 22—68 pokis. Cepen, Hux 25 xiHok (59,5%),
yonosikiB — 17 (40,5%). CepegHin Bik nauieHTiB cknas (34,3 + 12,2) poku. Y nepuly
rpyny pocnigxeHHs Byno BknoyeHo 22 ocobu 3 yactoTow peumamsis ®PH ogmH-gBa
pa3u Ha pik, apyra rpyna — 20 oci6 i3 yactototo peumausie ®H yotnpu Ta Ginblue
pasiB Ha pik. KoHTponbHy rpyny cknanu 25 3gopoBux ocib 6e3 o03Hak SIBHOI rocTpoi
Ta XPOHIYHOI oToNapuHronoriyHoi natonorii. CTaH MicLEBOro iMyHITETY OLiHIOBaBCS 3a
BMIiCTOM Y CNWHi Ni3oLMMy, MOHOMEPHOTO Ta AMMEpPHOro iMyHornobyniHis IgA, IgM, 1gG.
CrtaH cucTemHoOi iMyHHOI BignoBiai OyB ouUiHEHWA 3a nokasHuWkamu darounTapHoi
MOXIUBOCTI  NIEMKOUMTIB  KPOBi, BMICTYy OCHOBHMX KnaciB iMyHornobyniHis Ta
KOMMNIeMeHTY B cupoBaTLi KpoBi. [locnigkeHHs Byno npoBeaeHo y roctpomy nepiogi.
CratnctuyHy o6pobKy AaHuX MpOBOAMMM 3 BUKOPUCTAHHSIM MpOrpamMHOro nakerta
«Statistica 10.0 for Windows». [ns KoxHOro BapiauiiHOro psigy po3paxoByBanu
cepegHio apudmetnyHy (M), cepefHe kBagpaTwdHe BiOXWNeHHst (o), cepegHio
NoMUIIKY cepefHboi apudMeTuyHoi (m). Ons BUABNEHHS BIipOrigHWX BiAMIHHOCTEN
BMKOpUCTOBYBanu t-kputepin CTblogeHTa. BigMiHHOCTI BBaxanwu BiporigHUMU Mpu
piBHi 3Ha4eHb p < 0,05.

PesynbTraTu Ta ix obroBopeHHs. [MpoBeaeHi gocnigxeHHs gosenu, wo ®H y xBo-
pux 1-i Ta 2-i rpynn mae nepebir Ha OHi 3HMXKEHOTO BMICTY i aKTMBHOCTI MicLEBUX
akTopiB rymopansHoro imyHitety — nidouumy Ta slgA. MNpu focnimkeHHi 3aransHoro
BMIiCTy iMyHOrnoOGyniHiB Ta KOMMNEMEeHTY Yy cupoBaTui KpoBi xBopux Ha ®H 6yno
BCTAHOBIEHO, L0 MOKa3HUKU BCiX KnaciB iMyHorrmobyniHiB BiporigHO nepeBuLLy-
Banu MOKa3HUKU KOHTponbHOi rpynu (p < 0,05), ogHak MiX rpynamu OOCHifKEHHS
He BigpisHanuca cratuctuyHoto BiporigHicTio (p > 0,05). [JocnigxeHHs NoKa3HWKIB
darouymnTapHOi NaHKM iMyHITETY y XBOpUX Ha ®H BCTaHOBWMO, WO MokasHukn OY, @I
Ta OGioumaHOCTI BIOPI3HANMCA CTATUCTUYHO BIPOriAHO, MOPIBHAHO 3 MOKa3HUKaMKU
KOHTPOMbHUX 3HayeHb (p<0,05).
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ABSTRACT

Background. One of the urgent problems of modern otolaryngology is infectious
diseases of the nasal cavity, which are most often associated with bacterial agents.
Among them, the most widespread is furunculosis of the nose, which is the most
frequent pathology encountered in otolaryngological practice, in which the development
of purulent complications is highly likely. In persons with immunosuppressive conditions,
endocrine pathology and young children, FN can have a severe course with compli-
cations that can lead to life-threatening conditions. Taking into account that there is no
tendency to decrease the incidence of FN, this determines the relevance of the inves-
tigated problem, its social significance and the study of the features of immuno-
pathogenesis and the need to search for effective rational therapy.

Purpose — to study the peculiarities of humoral immunity in patients with furunculosis
of the nasal cavity.

Materials and Methods. An immunological study was conducted in 42 patients with
furunculosis of the nasal cavity aged 22—68 years. Among them, 25 are women (59,5%),
17 are men (40,5%). The average age of the patients was 34.3+12.2 years.
The first group of the study included 22 people with a frequency of FN relapses
1-2 times a year, the 2™ group consisted of 20 people with a frequency of FN relapses
4 or more times a year. The control group consisted of 25 healthy individuals without
signs of obvious acute and chronic otolaryngological pathology.

The state of the systemic immune response was assessed by indicators of the
phagocytic ability of blood leukocytes, the content of the main classes of immuno-
globulins and complement in blood serum. The study was conducted in the acute
period. In patients, the content of lysozyme, immunoglobulins and saliva was
determined spectrometrically.

Statistical data processing was carried out using the software package «Statistica 10.0
for Windows». For each variation series, the arithmetic mean (M), the mean square
deviation (o), and the mean error of the arithmetic mean (m) were calculated. Student's
T-test was used to detect probable differences. Differences were considered probable
at the level of values p<0.05.

Results. The conducted studies proved that FN in patients of the 1%t and 2" groups
occurs against the background of reduced content and activity of local factors of
humoral immunity — lysozyme and sIgA. When studying the total content of immuno-
globulins and complement in the blood serum of patients with FN, it was established
that the indicators of all classes of immunoglobulins probably exceeded the indicators
of the control group (p<0.05), however, there was no statistical difference between
the study groups (p>0.05). The study of indicators of the phagocytic link of immunity
in patients with FN (Table 3) established that the indicators of PF, FI and biocidal
differed by statistical probability compared to the indicators of control values (p<0.05).
Conclusions. The study of the state of humoral immunity made it possible to establish
that the indicators of the immune status in patients with FN had probable differences
compared to the indicators of the control group of patients. The practical use of these
indicators can be applied in the practice of otolaryngologists and family physicians.

Samusenko DS, Popov MM. The state of humoral immunity in patients with purulent-inflammatory diseases of the nasal
cavity. Karazin Journal of Immunology. 2024;7(1(13)):18—24. DOI: https://doi.org/10.26565/3083-5615-2024-13-02

BCTYN

OpHieto 3 akTyanbHUX npobrnem cyvacHoi oTona-
PUHrOMOrii € iHeKLUiMHi 3aXBOPHOBaHHS NOPOXHUHM HOCA,
SKi HanvacTilwe acouiioBaHi 3 OGakTepianbHUMKM arex-
Tamu [1, 2]. Cepea HuX HanbinNbl pPO3MNOBCIOAXEHUM
€ ypyHKynbo3. ®ypyHKynbo3 Hoca (PH) € HambinbL

INTRODUCTION

One of the urgent problems of modern otolaryngology
is infectious diseases of the nasal cavity, which are most
often associated with bacterial agents [1, 2]. Among them,
furunculosis is the most common. Nasal furunculosis (FN)
is the most common pathology encountered in otola-

OpuwuriHanbHi 4oCnigpKeHHSs

19 Original research


mailto:mykola.m.popov@karazin.ua
https://doi.org/10.26565/3083-5615-2024-13-02
https://doi.org/10.26565/3083-5615-2024-13-02

KapasiHcbkui imyHomnoriyHui xxypHan. 2024. T. 7. Ne 1(13). C. 18-24

Karazin Journal of Immunology. 2024;7(1(13)):18-24

ISSN 3083-5615 (Online)

4YacTol NaTomnorietn, WO 3YCTPIYaETLCS B OTONMAPUHIO-
NOTiYHIA NpakTuLi, NpU sKiA 3 BUCOKOK BipOrigHICTIO
MOXITMBUA PO3BUTOK THIMHMX YCKNagHeHb Yy BUrMsAi
BHYTPILLUHbOYEPENHUX Ta BHYTPILWHbOOPGiTanbHUX abc-
uecis Ta cencucy. ®H — rocTtpe rHilHe 3ananeHHs
BOMOCSIHOrO ¢pofikyna i canbHOI 3ano3v 30BHIWHBOT
abo BHYTPILIHbLOI MOBEPXHI Kpuna Hoca, KiH4uMka Hoca,
LIKIPHOT 4aCTMHU neperopofkn Hoca. PypyHKynu Hau-
YyacTille po3TalloBYIOTbCA Ha KiHYMKY i Kpunax Hoca,
cnepeny, nobnuay neperopogku Hoca [1—4]. MpuunHoto
BVHUKHEHHSI TaKMX YCKnagHeHb € OCOGnMBOCTI KPOBO-
noctayaHHs LUMX aHaTOMIYHMX [OiNsHOK, NOB’sI3aHUX
i3 HasBHICTIO BENnWKOI KiNbKOCTi aHacTOMO3iB MiX Mo-
BEPXHEBMMM Ta rMMOOKUMWN BeHaMu obBnuy4ds Ta MO3KY.
Cnig 3a3HauuT, Wo B OcCi6 3 iMyHOOENPECMBHUMMU
CTaHaMU, EHOOKPVMHHOK NaToMOrield Ta ManeHbKuX giTen,
OH mMoxe mMath TSKKUA nepebir 3 ycknagHEHHsMU, siKi
MOXYTb MPU3BOAMTU OO CTaHIB, LU0 3arpoXylTb XUTTH).
Ockinbkn TeHOEHLUji 40 3HWKEHHS PIBHA 3aXBOPHOBAHOCTI
Ha ®H He cnocTepiraeTbCs, Le BU3HAYaE aKTyarnbHICTb
pocnigxkysaHoi npobnemu, Moro couiansHy 3HaYyLLiCTb,
BMBYEHHSI 0COGNMBOCTEW iIMyHONaToreHesy Ta Heobxia-
HICTb MOLUYKIB edpeKTUBHOI paLioHanbHOI Tepanii [5, 6].

Meta pobGotu — € BUBYEHHS 0COGNMBOCTEN
ryMopanbHOro iMyHiTETY y XBOPWUX Ha ypyHKYNbo3
HOCOBOI NMOPOXHUHW.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigkeHHs BMKOHAHO Ha KniHiYHiN Gasi kadegpwu
iHbeKUiHMX xBOpo6 Ta KMiHIYHOI iMyHONOrii MeguyHoro
hakyneTeTy XapKiBCbKOro HauioHanbHOro yHiBepcutety
imeHi B.H. KapasiHa KomyHanbHOro HekomepuinHoro
nignpyemcTea XapkiBcbkoi  Micbkoi pagum  «Micbka
KniHiYHa nikapHa Ne 30».

BkntoyeHHs1 nauieHTiB OO nporpamy  OBCTEeXEeHHs
Ta nikyBaHHA nposogunoca nicnsg  nigTBEpOXKEHHS
piarHozy ©®H. [Mig yac pocnigxeHHs [OTpUMyBanucs
nonoxeHb [enbciHCbKOI [eknapadii BcecBiTHbOi Me-
AundHoi Acouiauii [7].

ImyHornorivHe ~ pocnigkeHHss  6yno  mpoBedeHo
y 42 XBOpUX Ha QYPYHKYNbO3 HOCOBOI MOPOXHUHU
Bikom 22-68 pokiB. Cepes Hux 25 xiHok (59,5%),
yornogikiB — 17 (40,5%). CepepgHiii Bik nmauieHTiB cknas
(34,3 £ 12,2) pokn.

Y nepwy rpyny pJocnigkeHHss Oyno BKIHOYEHO
22 ocobu 3 vactoTtoro peumameie ®H oguH-gBa pasu
Ha pik, apyra rpyna — 20 oci6 3 yacTtoTot peunameis OPH
YyoTupm Ta OGinblwe pasiB Ha pik. KoHTponbHy rpyny
cknanu 25 3gopoBux oci6 6e3 o3Hak SABHOI rocTpoi
Ta XPOHIYHOI OTONAPUHIONOriYHOI NaTonoril.

CrtaH wmicueBOro iMyHiTETY OLjHIOBaBCA 3a BMICTOM
y CnuHi ni3ouumy, MOHOMEPHOro Ta OMMEPHOro iMyHO-
rno6yninis IgA, IgM, 1gG.

CrtaH cucteMHoi iMyHHOI BignoBigi 6yno ouiHeHo
3a harouMTapHOI MOXIMBOCTI FTENKOUMTIB KPOBIi, BMICTY
OCHOBHMX KnaciB iMyHOrnoOyniHiB Ta KOMMIEMEHTY
y cupoBartui Kposi. [ocnigkeHHss Oyno npoBegeHo Yy
roctpoMy nepiogi Ta yepesd 3 TWXHI Micna NiKyBaHHSA.
BmicT nisouMmy y cnuHi Bu3HavaBcsi MeToAoM Andysii
B arapi [8]. BmicT imyHornobyniHiB y cupoBartui KpoBi
Ta CNWHI BU3Ha4Yanucst cnekTpomMeTpuyHo [9].

darouutapHy akTMBHICTb HEWTPOQIniB OLiHOBanm
3a 3[aTHICTIO KMiTMH mornvHatn S. aureus (wTam 209)
[10, 11]. Busnavanu cdarountapHe yncno (P4 — umucno

ryngological practice, with a high probability of develo-
ping purulent complications in the form of intracranial
and intraorbital abscesses and sepsis. FN is an acute
purulent inflammation of the hair follicle and sebaceous
gland of the outer or inner surface of the wing of the nose,
the tip of the nose, and the skin of the nasal septum.
Furuncles are most often located on the tip and wings of
the nose, in front, near the nasal septum [1-4]. The cause
of such complications is contributed by the peculiarities
of the blood supply of these anatomical areas associ-
ated with the presence of a large number of anastomoses
between the superficial and deep veins of the face
and brain. It should be noted that in persons with
immunodepressive conditions, endocrine pathology and
young children, FN can have a severe course with com-
plications that can lead to life-threatening conditions.
Given that there is no trend towards a decrease in the
incidence of FN, this determines the relevance of the
investigated problem, its social significance and study
of features of immunopathogenesis and the need to
search for effective rational therapy [5, 6].

Objective — is to study the peculiarities of humoral
immunity in patients with furunculosis of the nasal cavity.

MATERIALS AND METHODS

The study was performed at the clinical base of t
he Department of Infectious Diseases and Clinical
Immunology of the Faculty of Medicine of V.N. Karazin
Kharkiv National University of the Communal Non-
Commercial Enterprise of the Kharkiv City Council
«City Clinical Hospital No. 30».

Patients were included in the examination and treat-
ment program after confirmation of the diagnosis of FN.
During the study, the provisions of the Helsinki Decla-
ration of the World Medical Association were followed [7].

An immunological study was conducted in 42 patients
with furunculosis of the nasal cavity aged 2268 years.
Among them, 25 are women (59.5%), 17 are men (40.5%).
The average age of the patients was 34.3+12.2 years.

The first group of the study included 22 people with
a frequency of FN relapses 1-2 times a year, the 2™ group
consisted of 20 people with a frequency of FN relapses
4 or more times a year. The control group consisted
of 25 healthy individuals without signs of obvious acute
and chronic otolaryngological pathology.

The state of local immunity was assessed by the
content of lysozyme, monomeric and dimeric IgA,
IgM, IgG in saliva.

The state of the systemic immune response was
assessed by the phagocytic ability of blood leukocytes,
the content of the main classes of immunoglobulins
and complement in blood serum. The research was
carried out in the acute period and 3 weeks after
treatment. The content of lysozyme in saliva was
determined by the diffusion method in agar [8]. The con-
tent of immunoglobulins in blood serum and saliva was
determined spectrometrically [9]. The phagocytic
activity of neutrophils was assessed by the ability of cells
to absorb S. aureus (strain 209) [10, 11]. The phagocytic
number (PF — the number of phagocytizing cells) and the
phagocytic index (FI — the number of bacteria absorbed
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daroumnTyroumx KnitTvH) Ta caroumtapHum iHgekc (Pl —
uncno  BGakTepin, MOrMWHEHUX OJHIED  KMITUHOM).
BioungHicte nerikounTiB (BHYTPILUHBOKNITUHHWUIA KifmiHr)
Bn3Ha4yasca 3a metogoM S.Nielsen [12]. KinbkicTb
MOIMMHEHMX, ane >XuBMX OakTepil, BM3HA4anu nicns
BUCIBY ni3aTy KNiTMUH 3a MeTtogoM [onbda Ha uvallku
MeTpi i3 m’AaconenToHHMM arapom. Jlisauc nemkouuTie
NpoBOAMMM LUMSIXOM [ofaBaHHS TpupasoBoro 06’emy
BOAW. AKTUBHICTb KOMMIIEMEHTY CMPOBATKM OLiHIOBanNm
3a 50% remonizom TecT-cuctemu [13]. CTatucTUdHy
06pobKy faHWMX MPOBOAMMU 3 BUKOPUCTAHHSIM Mporpam-
Horo naketa «Statistica 10.0 for Windows». Ona Kox-
HOro BapiauiHOro psigy po3paxoByBanu CepenHto
apucpmetnudy (M), cepegHe KBagpaTWuyHe  BiOXu-
neHHs (o), cepedH0 MOMWIKY cepenHbol apudmeTny-
Hoi (m). [Ona BWABMNEHHSA BIipOrigHUX BigMIHHOCTEWN
BukopuctoByBanu t-kputepin CrblogeHTa. BigmiHHOCTI
BBaXxanu BiporigHMMmM npu piBHi 3HaveHb p < 0,05.

PE3YABTATU TA iX OBFOBOPEHHS

Binomo, Lo cnuHa 3a BMIiCTOM Ig cxoxa 3 cekpeTom
roptaHi, Ta came ii pakTopu MOXyTb BigobpaxaTu
iIMYHHUA CTaH cnu3oBux OBONOHOK POTOBOI Ta HOCOBOI
MOPOXHWUHMN.

MpoBeneHi gocnimkeHHs gosenu, wo ®H y xsopux
1-i Ta 2-i rpynn mae nepebir Ha POHi 3HMXKEHOro BMICTY
i aKTMBHOCTI MicueBux akTopiB rymMopanbHOro imyHi-
TeTy — nisouumy Ta slgA (tTabn. 1).

by one cell) were determined. The biocide of leukocytes
(intracellular killing) was determined according to the
method of S. Nielsen [12]. The number of absorbed
but living bacteria was determined after seeding the
cell lysate using Gold's method on Petri dishes with
meat peptone agar. Leukocyte lysis was performed
by adding three times the volume of water. Serum com-
plement activity was assessed by 50% hemolysis of
the test system [13]. Statistical data processing was
carried out using the software package «Statistica 10.0
for Windows». For each variation series, the arithmetic
mean (M), the mean square deviation (o), and the mean
error of the arithmetic mean (m) were -calculated.
Student's t-test was used to detect probable differences.
Differences were considered probable at the level of
values p<0.05.

RESULTS AND DISCUSSION

It is known that the Ig content of saliva is similar
to the secretion of the larynx, and its factors can reflect
the immune state of the mucous membranes of the oral
and nasal cavities.

The conducted studies proved that FN in patients
of the 1st and 2nd groups occurs against the back-
ground of reduced content and activity of local factors
of humoral immunity — lysozyme and slgA (Table 1).

Ta6nuus 1. BwmicT pisHux knacis Ig Ta nisoummy y crnvHi xBopux Ha ®H npv HagxoaXXeHHi Ao cTauioHapy
Table 1. The content of different classes of Ig and lysozyme in the saliva of patients with FN when admitted to the hospital

I'pyna pocnimxeHHs / Research groups
[MokasHuk
., 1 rpyna / Group 1 2 rpyna / Group 2 KoHTponb / Control
(n=22) (n =20) (n=25)
SlgA, r/n 0,17 £ 0,02" 0,15+ 0,019' 0,24 +0,02
slgA, g/l
IgA, r/n 0,20+0,01 0,21+0,02 0,18 £0,02
IgA, g/l
IgG, r/n 0,093 + 0,009 0,096 + 0,008 0,073 0,008
1gG, g/l
Nisounm, mr/mn 18,0 + 1,41 19,5+ 1,5 26,3+1,8
Lysozyme, mg/ml

IMpumimku:

'BiporigHa BigMiHHICTb Mi>K MOKa3HMKAMM KOHTPOJIbHUX 3HA4YeHb Ta rpynamMu JOCHigKEeHHS;

2BiporigHa BiAMIHHICTb MiXk MOKa3HUKaMu rpyn AOCTiAKEHHS.

Notes:

'probable difference between indicators of control values and study groups;
2probable difference between the indicators of the research groups.

Tak, BmicT cekpetopHoro IgA (slgA) y xsopux 1-i Ta
2-i rpynn JocnimkeHHs OyB BipoOrigHO MeHWuM i Bia-
Pi3HABCS, NMOPIBHAHO 3 MOKa3HMKaMWN KOHTPOIBHOI rpynu,
y 1,4 1a 1,6 pasu BignosiaHo (p < 0,05). PiBHi IgA y xBOpUX
OocCnigKyBaHMX TPyn He Manu CTaTUCTUYHO 3HAaYyLLMX
BiAMIHHOCTEN MK MOKa3HUKaMu rpyn MOPiBHAHHS Ta
KOHTPOSbHUX 3Ha4yeHb. OgHak, piBHi IgG y crnvHi XBopuMX
Ha ®H manu BiporigHi BiAMIHHOCTI, MOPIBHAHO 3 MOKas-
HYKaMM KOHTPOMbHUX 3HAYEHb Yy XBOPUX 2-1 rpynu, nepe-
BULLYKOYM KOHTPOIbHI Nokasnukn y 1,3 pasu (p < 0,05).
BmicT nizoumMmy y pocnigkyBaHUX rpynax XBopux OyB
3HWXKEHMM, Ta MaB BIpOrigHi BiAMIHHOCTI, MOPIBHAHO
3 MOKa3HUKaMM KOHTPOMbHOI rpynu, SKi nepeBuLLyBanuv
y1,4Tay 1,3 pasm (p <0,05).

Thus, the content of secretory IgA (sIgA) in patients of
the 1tand 2" groups of the study was probably lower and
differed compared to the indicators of the control group
by 1.4 and 1.6 times, respectively (p<0.05). The levels of
IgA in patients of the studied groups did not have statis-
tically significant differences between the indicators of
the comparison groups and control values. However, the
levels of IgG in the saliva of patients with FN had signi-
ficant differences compared to the indicators of control
values in patients of the 2" group, exceeding the control
indicators by 1.3 times (p<0.05). The content of lysozyme
in the studied groups of patients was reduced and had pro-
bable differences compared to the indicators of the control
group, which were 1.4 and 1.3 times higher (p<0.05).
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Mig 4Yac pocnigxeHHsa 3aranbHOro BMICTY iMYHOrMO-
OyniHiB Ta KOMMNNEMEHTY Yy CMpOBaTLi KpOBi XBOpUX
Ha ®H Gyno BCTaAHOBMEHO, LIO MOKa3HWKU BCiX Knacis
iMyHOrnobyniHiB  BiporigHO nepeBuLLyBany MOKa3HWKN
KoHTponbHOi rpynn (p < 0,05), ogHak Mix rpynamu
OOCNIMKEHHS HEe BiOPI3HANUCA CTaTUCTUYHOK  BIipO-
rigHicTio (p > 0,05) (Tabn. 2).

When studying the total content of immunoglobulins
and complement in the blood serum of patients with FN,
it was established that the indicators of all classes of
immunoglobulins probably exceeded the indicators of the
control group (p<0.05), however, there was no statistical
difference between the study groups (p>0.05) ( table 2).

Ta6nuus 2. BmicT imyHorno6yniHiB Ta KOMMNNEMEHTY y cMpoBaTLi KpoBi XxBopux Ha PH nNpu HaaxomxeHHi 4o cTauioHapy
Table 2. The content of immunoglobulins and complement in the blood serum of patients with FN when admitted to the hospital

Ipyn pocnigxeHHs / Research groups
MokasHuk
Indexes 1-wa rpyna / 1 group 2-rarpyna / 2 group KoHTponb / Control
(n =22) (n = 20) (n = 25)
:gﬁ' g;? 1,91 £ 0,02" 2,13 £ 0,02' 1,2140,13
:gm g/’r 2,31+0,2" 2,42 10,21 1,8+0,1
l9G, rin 12,77 £ 0,58' 13,19 + 0,63 10,18 + 0,49
1gG, g/l
KomnnemeHT CH50
Complement CH50 68,21+5:84 67,82+3,7 61,4 3,83
lMpumimku:

"BiporigHa BiAMIHHICTb MiXX MOKa3HUKaMW KOHTPOMbHUX 3HAYeHb Ta rpynamMu AOCHISKEHHS;

2giporigHa BigMiHHICTb MiXK NOKa3HWUKaMKW rpyn AOCHIAKEHHS.

Notes:

"probable difference between indicators of control values and study groups;
2probable difference between the indicators of the research groups.

Tak, piBHi IgA nepesuLLyBany NOKasHUKM KOHTPOMb-
Hoil rpynn y 1,6 Ta 1,8 pa3u Ta cknaganu 1,91+0,02 Ta
2,1340,02 r/n npotun 1,21+0,13 r/n, BignosigHo (p<0,05).
Bmict IgM Takox nepesuLlyBaB MOKa3HWUKN KOHTPOMb-
Hux 3HaveHb y 0,8 Ta 1,3 pasu (p<0,05). OocnigkeHHs
3aranbHoro piBHa 1gG y xBopux Ha ®H possonuno
BCTAHOBMWTM iX BiporigHe 36inbLlUeHHsI, MOPIBHSAHO 3 NOKas-
HMKaMWM KOHTPOMNbHUX 3HayeHb. IgG y xBopux nepLuoi
rpynu cknagas 12,77 + 0,58 r/n, wo nepesullyBano
MOKa3HWKU KOHTpomnbHOI rpynu y 1,25 pasu, y XBopux
apyroi rpynu BmicT IgG cknagas 13,19 + 0,63 r/n, nepe-
BUMLLYIOUM MOKa3HMKM KOHTPOMbHMX 3HayeHb y 1,3 pasu.
Mix rpynamu OOCRiDKEHHS MOKa3HWKW He Manu
CTaTUCTUYHO 3HaYyLLMX BiamiHHOCTeN (p > 0,05).

Cnig 3a3HauMTH, WO NOKa3HWKU KOMMIEMEHTY Y [0-
CnigXyBaHuX rpynax manv TEeHAEeHUilo A0 NiaBULLEHHS,
He Bigpi3HAKYMCb CTAaTUCTUYHOLO BiPOrigHICTIO MidK NMOKas-
HYKaMW Trpyn [OCHIOKEHHS Ta KOHTPONbHUX 3Ha4YeHb
(p>0,05).

[ocnigXeHHsA nokasHWKiB charouuTapHoi NaHKK iMyHi-
TeTy y xBopux Ha ®H (Tabn. 3) BCTaHOBMUIO, IO MOKa3-
HUkM Y, @l Ta GioumaHOCTI BiAPI3HANMUCA CTAaTUCTUYHO
BipOrigHO, MOPIBHSHO 3 MOKa3HMKAMW KOHTPOSIbHUX 3Ha-
yeHb (p < 0,05).

Tak, nokasHukn OY Gynu BiporigHO HWXYKMMM, MO-
PiBHSIHO 3 KOHTPOJSIbHUMW MOKa3HMKaMK1, i cknaganu
y XBOpuX nepLuoi rpynu — 45,7 + 2,14%, gpyroi rpynu —
42,9 + 1,95% npotn 67,37 = 2,18% KOHTPONbHUX 3Ha-
yeHb (p < 0,05). MokasHuku Pl y xBOpMX JOCHiAXKYBaHWX
rpyn 6ynu BipoOrigiHO HWXYMMU, MOPIBHAHO 3 KOHTPOIb-
HUMMW 3HAYEHHAMM, i Manu BipOrigHi BiAMIHHOCTI, nopis-
HSHO 3 MOKa3HMKaMy KOHTPOSIbHUX 3HadYeHb BioumaHocCTi
(p < 0,05), ogHak MiX rpynamu MOPIBHSIHHA TakKoi
BiporigHocTi He 6yno BctaHoBneHo (p > 0,05). Moka3Hukn
GiounaHOCTI 3HAYHO MNEepeBULLYBanM KOHTPOMbHI 3Ha-
YeHHs y 3,3 pa3u y xBopux 1-1 Ta 2-i rpyn, cknagaroum
16,98 £ 1,53 Ta 16,94 + 1,62 BignosigHoO.

Thus, the levels of IgA exceeded the indicators of
the control group by 1.6 and 1.8 times and were 1.91+0.02
and 2.13+0.02 g/l versus 1.21+0.13 g/l, respectively
(p<0.05). The content of IgM also exceeded the control
values by 1.3 and 1.4 times (p<0.05). The study of the total
level of IgG in patients with FN allowed to establish
their probable increase compared to the indicators of
control values. IgG in patients of the 1st group was
12.774+0.58 g/l, which exceeded the indicators of the
control group by 1.25 times, in patients of the second
group, the IgG content was 13.19+0.63 g/l, exceeding
the indicators control values by 1.3 times. There were
no statistically significant differences between the study
groups (p>0.05).

It should be noted that the indicators of comple-
ment in the studied groups had a tendency to increase,
with no difference in statistical probability between the
indicators of the study groups and control values (p>0.05).

The study of indicators of the phagocytic link of
immunity in patients with FN (Table 3) established that
the indicators of PF, FI and biocidal differed by statis-
tical probability compared to the indicators of control
values (p<0.05).

Thus, the FH indicators were probably lower compa-
red to the control indicators and amounted to 45.7+2.14%
in the patients of the first group, 42.9+1.95% in the
second group against 67.37+2.18% of the control values
(p<0.05). The indicators of FI in the patients of the
studied groups were probably lower compared to the
control values and had probable differences compared
to the indicators of the control biocidal values (p<0.05),
however, such a probability was not established between
the comparison groups (p>0.05). Biocidal indicators
significantly exceeded control values by 3.3 times in
patients of the 1st group and 2nd group, being 16.98+1.53
and 16.94+1.62, respectively.
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Ta6nuus 3. MNokasHukn darouuTapHoi naHku xBopux Ha ®H npu HagxomkeHHi fo cTauioHapy
Table 3. Indicators of the phagocytic link of patients with FN when admitted to the hospital

I'pyna pocnimxeHHst / Research groups

MokasHuk
Indexes 1-wa rpyna/ 1 group | 2-rarpyna/ 2 group | KoHtponb/ Control
(n=22) (n = 20) (n = 25)
oY / FC, % 45,7 + 2,14’ 42,9 + 1,95 67,37 £2,18
Pl / Fl 3,03 £0,32° 3,3+0,29' 6,74 £ 0,27
BiounaHictb (% 6akTepin, Wo BvXMu nicnst paroumTosy) 16.98 + 1 531 16.94 + 1 621 51+058
Biocide (% of bacteria surviving after phagocytosis) e T e

lMpumimku:
'BiporigHa BigMIHHICTb Mi>X MOKa3HWKaMM KOHTPOSbHUX 3HAYeHb Ta rpynamMu AOCniaKeHHs;
2BiporigHa BiAMIHHICTb MiXk MOKa3HUKaMK rpyn OOCHIIXKEHHS.

Notes:

"probable difference between indicators of control values and study groups;
2probable difference between the indicators of the research groups.

BUCHOBKMU

JocnigxeHHsa cTaHy rymoparnbHOro iMyHiTeTy 4O3BO-

NNo BCTaAHOBWUTK, LLO MOKA3HUKM IMYHHOro cTaTycy
y XxBopux Ha ®H Manu BiporigHi BiAMIHHOCTI, NOPIBHAHO
3 MOKa3HWKaMM KOHTPOIbHOI Ipynu XBOPUX.

[MpakTMyYHe BWMKOPUCTAHHA AaHWUX MOKa3HMKIB MOXe

OyT 3acTOCOBaHO Yy AiANBHOCTI NiKapiB OTONapwHro-
NoriB Ta CiMEeNHNX nikapi..
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CONCLUSIONS

The study of the state of humoral immunity made it

possible to establish that the indicators of the immune
status in patients with FN had probable differences
compared to the indicators of the control group of patients.

The practical use of these indicators can be applied

in the practice of otolaryngologists and family physicians.
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I'IepcneK'rm;u NOAQABLUUX AOCAIAXKEHD

[MopyLeHHs, NoB’A3aHi 3i 3MiHOIO IMyHHOrO CTaTyCy XBOpPUX Ha
YpyHKYNb0O3 Hoca, NoTpebyloTb MoAanbLIoro BUBYEHHS Ans
nonepeskeHHss HeraTMBHWX HacnigkiB npy HeagekBaTHUX Mia-
xogax Ao Tepanii, Wo 3yMOBME HEODOXiAHICTb YAOCKOHANEHHS!
KniHiko-nabopaTopHoi AiarHoCTWKM Ta NiKyBaHHS LbOro 3axBo-
ptoBaHHSA. ToMy [AOCRIOXEHHS OO0 BUMBYEHHSI MPOrHO3YyBaHHS
nepebiry Ta npodinakTukn peumamsiB Ta ycKnagHeHb € Ayxe
aKTyanbHUMK Ta NepcnekTUBHUMM.

KoHAIKT iHTepecis

ABTOpKU pyKOMMCY CBIAOMO 3acCBiAYYlOTb BIiACYTHICTb (haKTu4-
HOMO YN MOTEHLINHOrO KOHMMIKTY iHTepeciB LWOAO pes3ynbraTiB
[aHoi poboTu.

IHdbopmalis Nnpo chiHAHCYBAHHS

diHaHcyBaHHs B1aaTkamu [Jep>kaBHoro BromkeTy YkpaiHu.
Pobota BrkoHaHa Ha Kadbeapi iHEKLiNHNX XBOPOD Ta KriHIYHOT
iMyHonorii MeanyHoro chakynbsTeTy XapKiBCbKOro HauioHarbHOro
yHiBepcuTeTy iMeHi B.H. KapasiHa MiHicTepcTtBa OCBiTM i Haykn
YkpaiHn Ta kniHivHin 6asi kadeapyn KomyHanbHOro HekomepLin-
HOro nianpuemcTBa XapkiBCbKoi MiCbkoi paan «Micbka KniHiYHa
nikapHa Ne 30» B pamkax HayKoBO-AOCHIAHOI Temu: «BuB4eHHs
poni iIMyHHUX, aBTOIMYHHUX Ta MeTaboniYHMX po3najis y naro-
reHesi Ta Hacnigkax iHeKUiMHOro npouecy, WO BUKITMKAHWIA
OakTepismu, Bipycamu, BipyCHO-6akTepianbHUMK acoLiauisMm
npy rocTpoMy, 3aTSPKHOMY Ta XPOHIYHOMY nepebiry xBopobu Ta
YOOCKOHAmNEHHs TaKTUKW FliKyBaHHSA», HOMEpP AEepPXaBHOI peecT-
pauii Ne0123U105022 dyHoameHTanbHa, TEPMiH BUKOHaHHS:
11.2023-11.2028 pp., KepiBHUK 3aBigyBayka Kadpenpu
iHpeKkLinHMX xBOPOO Ta KMiHiYHOI iMyHOMorii, KaHaugaT Meany-
HWX Hayk, aoueHT O.B. Bonobyesa.
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CamyceHko [mutpo CepriioBu4 — acnipaHT kadenpu
iHpekuinHMx  xBOopo6 Ta  KMiHiYHOI  iMyHOnorii  Megun4Horo
dakynbTeTy XapKiBCbKOrO HaLUiOHanbHOrO YHiBEpCUTETY iMeHi
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marigaH Ceoboaw, bya. 4, M. Xapkis, YkpaiHa, 61022;

e-mail: samusenko1213@gmail.com

Mo6.: +38 (063) 499-21-20

BHecok aemopa: opmyneaHHs Memu pobomu,
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ompumaHux 0aHux ma ix cmamucmuyHa obpobka.
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Prospects for further research

Disturbances associated with a change in the immune status
of patients with nasal furunculosis require further study to
prevent negative consequences in case of inadequate approa-
ches to therapy, which necessitates the improvement of clinical
and laboratory diagnostics and treatment of this disease.
Therefore, research on the study of predicting the course
and prevention of relapses and complications is very relevant
and promising.
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PE3IOME

AkTyanbHicTb. BbpoHxianbHa acTma 3aviMae ogHe 3 MPOBIAHWX MiCUb Y CTPYKTYpi
anepriyHMX 3axBOptoBaHb ceped [AiTen Pi3HMX BIKOBWUX Pyn, BiAPi3HSAIYUCH Pi3HO-
MaHITTSIM KMiHIYHUX NpOsiBiB, CKNaAHICTIO [AiarHOCTMKM, OCOGMMBO Ha MOYaTKOBUX
cTagisx ii opMyBaHHS.

MeTa po6OTM — BU3HAYUTM BMMAMB 3MiH MiNiQHOrO cnekTpa nnasMuM KpoBi Ha
eHgoTenianbHy perynsuilo CyAMHHOro TOHYCY Ta dparouuTapHy akTUBHICTb HEWTpOo-
ini y giten, xsopux Ha BpoHxianbHy acTMy.

Martepianu Ta metogm. OGctexeHo 115 pgiTel, xBopux Ha OGpoHXianbHy acTtmy,
Bikom Bin 5 o 14 pokiB (100 xBopux — OCHOBHa rpyna i 15 npakTW4HO 300pOBUX —
KOHTpoOmnbHa rpyna). YciM [giTsM nNpoBOAUNM  eneKTponneTuaMorpadivyHy OLiHKY
NO-cuHTETa3HOI aKTUBHOCTI eHAoTenito cyaMH Ha (oHi npoBedeHHs1 6asucHoi
Tepanii 3rigHO 3 Haka3om MiHicTepcTBa OXOpoHM 340poB’a YkpaiHu Ne 25856
B MyNbMOHOMOrYHOMY BigdineHHi [epxaBHOi ycTaHOBU «[uTa4Ya [OPOXKHA  Khi-
HiyHa nikapHs» (M. XapkiB). BuBYeHHs1 ninigHoro crnekTpa nnasmu BKYano BU3Ha-
YeHHs 3aranbHuUX ninigis, ninonpoTeiHiB Hi3koi winbHocTi (JIMHLL) (HDL-xonectepon),
ninonpoTeiHiB Bucokoi winbHocti (JIMNBL) (HDH-xonectepon), xonectepuHy (XC),
Tpurniuepuais (TI) 3 BMKOPUCTaHHAM [AiarHOCTUYHWMX HabopiB peakTuBiB ipMu
Termo-electron Corporation (PiHnsHAist) Ha aBToMaT4HOMy GioxiMiuHOMY aHanisaTopi
«KoHena6-30». PiBeHb cupoBaTkoBoro |PH, BipyciHoykoBaHy npogykuito |PH-a,
MITOreHCTUMYNbOBaHy npogykuito I®H-y BM3Hayanu meToaoM iMyHOepMeHTHOro
aHanizy. ®aroumTapHy akTUBHICTb HEMTPOINiB OuUiHIOBanNu 3a ix 34aTHICTIO NOrMMHaTH
iHaKTMBOBaHI KNiTUHW 0AHOOO60BOI KynbTypy cTadinokokiB. CroHTaHHy Ta iHAyKo-
BaHy 3MMO3aHOM aKTMBHICTb HEMTPOiniB BM3Ha4anu y peakuii xemintomiHecLeHUil
3a fONOMOrol xemintoMiHomeTpa Bio-Orbit (Pribiri-Oy).

Pesynbrat Ta ix o6roBopeHHA. [Mpu GpoHxianbHii acTmi y Aitei nicnsi npose-
OEHHs1 enekTponnetTuamorpadiyHoro gocnigkeHHst 3aMiH NO-cuHTeTasHOI aKTUBHOCTI
eHgoTenito cyauMH Oyno Big3HayeHo, wo y 80% pAited 3 GpoHxianbHOKW acTMmoro
BusiBneHo NO-CMHTETa3Hy aKTUBHICTb €HAOTEMIOUMTIB Ta AiarHOCTOBAHO AMCHYHKLiO
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AAS LUTYBAHHS:

enpotenito (p < 0,001), i Tinbkn y 20% pfiten NO-cuHTETa3Ha akTMBHICTb eHAOTENI0
cyouH 36epiranacsi Ha piBHi HOpMarnbHUX 3HadeHb. [iTn, xBopi Ha OpoHxianbHy
acTMy 3 03Hakow AMCdYHKLUIT eHOoTenito CyguH, MatoTb 3MiHW NinigHOro chekTpa
KpoBi — 3HWkeHHs1 JINBL, nigBuweHHa piBHa XC T1a TI, wo npuBoAMTb OO MOpPY-
LWEeHHS eeKTOPHMX KNITUH, NIABULLEHHS LIMTOTOKCUYHOCTI, rinepnpoayKuii LMTOKIHIB
Ta XemMoaTpaKTaHTIB.

BucHoBku. Y fitei, xBopux Ha GpoHxianbHy acTtMmy, Mae Micue 3HwkeHHst NO-cuH-
TeTa3HOi aKTMBHOCTI eHAoTenito cyauH. [MigBulLeHHa y nnasmi KpoBi XONecTepuHy,
Tpurniuepuaie Ta 3HwkeHHs JIMBLL npuBoguTe A0 3MiHM MRAMHHOCTI Mem6paH
eeKTOPHMX KMiTUH, MiABULWEHHSA Mpo3ananbHuX LMTOKIHIB, WO TakMM YMHOM MOCU-
oe TSKKICTb nepebiry 6poHxianbHoi acTMu y AiTen.

Jlaposa T.I., Bonobyesa O.B., YepHycbkuin B.I., Monos M.M., Jletaro B., Maenikoa K.B. Bnnue 3miH ninigHux
KOMMOHEHTIB Nnasmu Ha eHpoTenianbHy perynsuilo CyauHHOro TOHycy Ta dharouuTapHy akTUBHICTb HenTpodinis
y giTei, xBopux Ha GpoHxianbHy acTMmy. KapasiHcbkull imyHomoeidHul xypHan. 2024. T. 7, Ne 1 (13). C. 25-34.
DOI: https://doi.org/10.26565/3083-5615-2024-13-03
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ABSTRACT

Background. Bronchial asthma (BA) occupies one of the leading places in the
structure of allergic diseases among children of different age groups, distinguished
by the variety of clinical manifestations, the complexity of diagnosis, especially in
the initial stages of its formation.

Purpose is to determine the effect of changes in the lipid spectrum of blood plasma
on endothelial regulation of vascular tone and phagocytic activity of neutrophils in
children with asthma.

Materials and Methods. 115 children with asthma aged from 5 to 14 years old were
examined (100 patients — the main group and 15 practically healthy — the control group).
All children were subjected to electroplethysmographic evaluation of the NO-synthe-
tase activity of the vascular endothelium against the background of basic therapy
in accordance with the order of the Ministry of Health of Ukraine No. 25856 in the
pulmonology department of the «Children’s Road Clinical Hospital» (Kharkov).
The study of the plasma lipid spectrum included the determination of total lipids,
LDL (HDL-cholesterol), HDL (HDH-cholesterol), cholesterol, triglycerides (TG) using
diagnostic kits of reagents from Termo-electron Corporation (Finland) on an automatic
biochemical analyzer «Konelab-30». The level of serum IFN, virus-induced production
of IFN-a, mitogen-stimulated production of IFN-y was determined by enzyme
immunoassay (ELISA). The phagocytic activity of neutrophils was assessed by their
ability to absorb inactivated cells of a one-day culture of staphylococci. Spontaneous
and zymosan-induced activity of neutrophils was determined in the chemilumine-
scence reaction using the Vio-Orbit (Pribiri-Oy) chemiluminometer.

Results. In BA in children, after carrying out an electroplethysmographic study of
changes in NO-synthetase activity of the vascular endothelium, it was shown that
in 80% of children with BA, NO-synthetase activity of endotheliocytes was detected
and endothelial dysfunction was diagnosed (p<0.001), only 20% of children had
NO-synthetase activity of the endothelium vessels remained at the level of normal
values. Children with asthma with signs of vascular endothelium dysfunction have
changes in the lipid spectrum of the blood — a decrease in HDL, an increase in the
level of cholesterol and TG, which leads to a violation of effector cells, an increase
in cytotoxicity, hyperproduction of cytokines and chemoattractants.

Conclusions. In children with BA, there is a decrease in NO-synthetase activity of the
vascular endothelium. An increase in plasma cholesterol, triglycerides and a decrease
in HDL leads to a change in the fluidity of effector cell membranes, an increase in
pro-inflammatory cytokines, which thus increases the severity of AD in children.

Liadova TI, Volobueva OV, Chernusky VH, Popov MM, Letiaho HV, Pavlikova KV. Influence of changes in plasma lipid
components on endothelial regulation of vascular tone and phagocytic activity of neutrophils in children with bronchial
asthma. Karazin Journal of Immunology. 2024;7(1(13)):25-34. DOI: https://doi.org/10.26565/3083-5615-2024-13-03

BCTYN

Ha cborogHiwHin AeHb OGpoHxianbHa actma (BA),
He3BaXKal4ynm Ha NEBHi YCMiXM y BMBYEHHi natoreHesy
Ta NiKyBaHHI, 3anuWaeTbCs OOAHMM 3 Hanbinbl nowu-

INTRODUCTION

To date, bronchial asthma (BA), despite certain
successes in the study of pathogenesis and treatment,
remains one of the most common diseases in all age
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peHUX 3axBOplOBaHb Yy BCiX BIKOBMX rpynax. 3a AaHumu
BOO3, 3axBOplOBaHICTb i CMEPTHICTb Big LbOro 3axso-
plOBaHHs1 HeyxunbHo 3poctae. BA BigHocATbL A0 rpynu
3aXBOPIOBaHb, O MPU3BOASATbL [0 PaHHLOrO CTapiHHS
opraHiamy i nepegyacHoi iHBanigum3adii [1, 7]. Ha ganun
yac He BUKITMKaE CyMHiBiB Ton dakT, wo BA asnsie coboro
XPOHiYHEe 3ananeHHs B OGPOHXOMEreHeBilt CUCTEMI, sike
NEXUTb B OCHOBI KMiHIYHOI KapTMHM LbOro NaTonoriYHoro
CTaHy. Y MexaHiamax po3suTKky BA y giten icToTHe 3Ha-
YEHHS MaloTb anepriyHi, iMyHOIHMINLTPaTMBHI Ta reHe-
TUYHI  akTopW, BMMUB MNOAPA3HIOKYMX PEYOBUH Ta
iHcpekuiviHnx areHTiB. pouec anepriyHoro peuuaveyto-
Yoro 3anarneHHs BiaOyBaeTbCs 3a Yy4yacTi OnacucTux
KNiTMH 6a3odinis, WO BM3HAYalOTb paHHO dasy nepe-
6iry BA, a Takox makpodaris (MOHOUMTIB), €03MHOINIB,
nimcdouunTis, TPOMOOLMTIB, LLO 3YMOBIIOOTL Mi3HIO a3y
XPOHIYHOrO  peunavBylO4Oro  3ananeHHs B BPOHXO-
nereHeBi cuctemi [3, 6, 8, 9]. Bigomo, WO neBHWI
BHECOK Y MaToreHe3 3axBOPIOBAaHHA MOXYTb pooOuTh
M iHWi ¢pbakTopw, BigNOBIgaNbHI 3a aKTUBHICTb edeKkTop-
HUX KniTUH. Tak, MopyLleHHs KpoBoOGiry BNNuMBae Ha
hOpMyBaHHS BUpPaXeHNX MOPONOriYHNX 3MiH, a TaKox
YCKNagHEeHb CUCTEMHOIO XapakTepy npv [AaHin naro-
norii [2, 5, 10]. CTaH cMcTeMHOro KpoBOODLiry Ta Mikpo-
LUMPKYNALii BM3HAYaeTbCs CTaHOM €HAOTENit  CyaWH.
BuB4eHHss ocobnuBocTelr eHpoTeniansHoi - perynsuii
cyavHHoro ToHycy npu BA y pitenn pgossonsie nornubu-
TN YABMEHHA MNpPO naTtoreHeTudHi naHkn BA, a Takox
Ma€e BENuKe 3Ha4YeHHs Ans AiarHOCTUKW, NiKyBaHHS,
npodpinakTMkn ycknagHeHb Ta peUMauBYBaHHS 3aXBO-
ptoBaHHa. Jlinign y nnasmi KpoBi npegcTaBneHi B
OCHOBHOMY >XUpHUMK kucnotamm (XKK), Tpurniuepum-
Aamu (TT), xonectepuHoM (XC) i dpocdoninigamu (PI).
Binbwicte ninigis (XC, TI Ta iH.) € BaXNMBMMM KOMMO-
HeHTaMn MemOpaHHOI CTPYKTYpW, y TOMY 4uCHi iMyHO-
KOMMETEHTHUX KMiTWUH. Jlinign He po3ynHsAoTbCA Yy BOA|,
TOMY Yy nna3mi BOHW TPaHCMOPTYKTbLCA B KOMMMEKCI
3 Oinkamu, BigoMMMKM nig Ha3Bow  NinonpoTeiHw.
OcTaHHi KnacugikytoTbCA Ha OCHOBI LLNbHOCTI: XiNOMik-
POHU (HaWHWXYa LWiNbHICTb), MINONPOTEIHN AYXEe HU3LKOT
winbHocTi  (NMAHLL), npomixHoT winbHocTi  (JIMMLL),
HM3bKOI WinbHocTi (IMHL), Bucokoi winsHocTi (JITBLL).
Cnig 3a3HauvMTW, WO nereHi € nepwvm OpraHoM Ha
LWNAXy XiNOMIKPOHIB, YacTvHa SKUX 3aTPUMYETbCH
MeseHximanbHuMKn enemeHtamu. Lle Tak 3BaHa nino-
nekTu4Ha OYHKUIS NnereHb — BUKOHyBaTU pornb Oydepa,
WO perynoe HaOXOMKEHHS XUpy B apTepianbHy KpOB.
Mopsg 3 uMm y nereHax poswennoTecs TI, OKUCHIO-
toTbesa BuL XK Ta keToHoBi Tina. HagxomxeHHs Xxino-
MIKPOHIB Yy PYycno KpoBi MiCAs NPUAOMY >XUPHOI iXi
npu3BoAMTL A0 BWHUKHEHHA aniMeHTapHoi rinepnini-
gewmii. BoHa pocarae makcumymy 4yepes 3—4 roavHu
nicna ki, a Yyepes 6-9 roguH y 300pOBMX AiTEN KOH-
LUeHTpauisa ninigiB y KpoBi NoBepTaeTbCs A0 HOPMU.
Y piTen, xBopux Ha BA, XinoMikpoHV NPOHUKAIOTb Y KPOB
WwBKAWE BHACMNIAOK NiABULLEHOT NMPOHMKHOCTI KULLKOBOT
cTiHku. TpuBanicTb rinepninigemii 3anexuTs we n Big
BUXIAHOrO pPIiBHA ninigiB, SKOCTI Xupy, ¢yHKUiOHanb-
HOrO CTaHy LUMYHKOBO-KWLLUKOBOTO TPaKTy, >XOBYOBUj-
NEHHs, aKTUBHOCTI NINOMITUYHMX (PEPMEHTIB Ta iHLIMX
dakTopi. lNnepxonectepuHemiss Ta rinepTpurniuepuae-
Misi  CNpuslOTb  MiABULLEHHIO PIBHA  LIMTOTOKCUYHOI
aKTMBHOCTI €(EKTOPHUX KMiTMH, CUHTE3y Ta MpoAyKuii
LUMUTOKIHIB 3 OPOHXOKOHCTPMKTOPHUMU BMAaCTUBOCTSMM.
3asHaveHi 3MiHM MOXYTb BNNMBAaTW Ha eHAoTenianbHy
perynsiuito cyguHHoro ToHycy npu BA, Wo Ha cboroaHiLu-
Hi OeHb Y AiTel BUBYEHO HEAOCTaTHbLO.

groups. According to the WHO, morbidity and morta-
lity from this disease is steadily increasing. BA belongs
to the group of diseases that lead to early aging of the
body and premature disability [1, 7]. Currently, there is
no doubt that BA is a chronic inflammation in the bron-
chopulmonary system, which is the basis of the clinical
picture of this pathological condition. Allergic, immuno-
infiltrative and genetic factors, the influence of irritating
substances and infectious agents are of great impor-
tance in the mechanisms of BA development in children.
The process of allergic recurrent inflammation takes
place with the participation of mastoid cells of basophils,
which determine the early phase of the course of BA,
as well as macrophages (monocytes), eosinophils,
lymphocytes, platelets, which determine the late phase
of chronic recurrent inflammation in the bronchopulmo-
nary system [3, 6, 8, 9]. It is known that other factors
responsible for the activity of effector cells can make
a certain contribution to the pathogenesis of the disease.
Thus, impaired blood circulation affects the formation
of pronounced morphological changes, as well as com-
plications of a systemic nature in this pathology [2, 5, 10].
The state of systemic blood circulation and microcircu-
lation is determined by the state of the vascular endo-
thelium. The study of the features of endothelial regula-
tion of vascular tone in BA in children allows to deepen
the understanding of pathogenetic links of BA, and is also
of great importance for diagnosis, treatment, prevention
of complications and recurrence of the disease. Lipids
in the blood plasma are represented mainly by fatty
acids (FA), triglycerides (TG), cholesterol (HC) and
phospholipids (FL). Most lipids (HC, TG, etc.) are impor-
tant components of the membrane structure, including
those of immunocompetent cells. Lipids do not dissolve
in water, so they are transported in plasma in a complex
with proteins known as lipoproteins. The latter are
classified on the basis of density: chylomicrons (lowest
density), very low density lipoprotein (LDL), intermediate
density (LDL), low density (LDL), high density (HDL).
It should be noted that the lungs are the first organ on
the path of chylomicrons, part of which is retained by
mesenchymal elements. This is the so-called lipopectic
function of the lungs — to act as a buffer that regulates
the flow of fat into the arterial blood. Along with this,
TG is split in the lungs, higher fatty acids and ketone
bodies are oxidized. The entry of chylomicrons into the
bloodstream after eating fatty food leads to alimentary
hyperlipidemia. It reaches a maximum 3-4 hours after
eating, and after 6-9 hours in healthy children, the
concentration of lipids in the blood returns to normal.
In children with BA, chylomicrons penetrate into the
blood faster due to the increased permeability of the
intestinal wall. The duration of hyperlipidemia also
depends on the initial level of lipids, the quality of fat,
the functional state of the gastrointestinal tract, bile
secretion, the activity of lipolytic enzymes and other
factors. Hypercholesterolemia and hypertriglyceride-
mia contribute to an increase in the level of cytotoxic
activity of effector cells, synthesis and production of
cytokines with bronchoconstrictor properties. The speci-
fied changes can influence the endothelial regulation
of vascular tone in AD, which is currently insufficiently
studied in childhood.
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MeTta pob6oTM — BU3HAUMTU BMAAMB 3MiH NinigHoro
cnekTpa nnasMu KpoBi Ha eHpoTenianbHy perynsuito
CYOVHHOTO TOHYCY Ta hbarouutapHy akTUBHICTb HEWTpPO-
ginis y aiten, xeopux Ha BA.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Mig Harnggom 3Haxogunocs 115 giten, xsopux Ha BA,
B nepiogi 3aroctpeHHs, BikoMm Big 5 o 14 pokis (100 xBo-
pUX — OCHOBHa rpyna i 15 npakTM4yHO 34OPOBUX — KOHT-
pornbHa rpyna). 3rigHo 3 Haka3oM MiHicTepcTBa OXOPOHM
300poB’st YkpaiHm Ne 25856 y nyrnbMOHOMOrYHOMY
BigaineHHi [epkaBHOi ycTaHOBM «[uTA4a [AOpPOXHA
KniHiyHa nikapHa» (M. XapkiB), npoBoaunack 6asucHa
Tepanis, gka npu3Havanacbh y [o3ax 3rigHo 3i CTyneHem
TSKKOCTI nepebiry BA Ta 3 ypaxyBaHHAM BiKy XBOPWX
niten. Ycim gitam npoBoaunn enekTponnetTusmorpadiy-
Hy ouiHKy NO-CUHTeTa3HOi akTUBHOCTI €HAOTENi0 CyaANH.
3 uieto MeTo BUKOPUCTOBYBAaNM TECT 3 MOCTOKMHO3il-
HOIO peaKTUBHOMO rinepemielo, Lo XapaKkTepuaye CTymMiHb
BUPAXXEHOCTI 3anexHoi Bif eHaoTenito avnatauii cyanH
nepegnniyys. 3a CTyneHemM MpUrHiYeHHa eHJoTenin-
3anexHoi Basogunatauii gitm 3 BA Oynu posnogineHi
Ha aBi rpynu: nepwa — 20 piten i3 3bepexeHoto 3part-
HiCTIO 0O eHpoTeninsanexHoi BasoaunaTtauii, abo 6e3
ancdyHKUii eHgoTenito, apyra — 80 aiTen 3 matonoriyHo
HU3bKOKO 34aTHICTIO [0 eHaoTenin3anexHol gunartadii,
abo 3 aucdyHKuieto eHaoTenito. Enektponnetuamorpa-
iuHy ouiHky NO-CcMHTETa3HOI aKTUBHOCTI eHAoTenito
CyOMH nepeanniyys 34incHioBann 3a 3arafibHONPUNHA-
TOKO METOAMKOK B Moaudikauii Ha peoaHanisatopi
5A-05 (Ykpaina) [4]. NpoBoaunu TecT 3 NOCTOKMIO3iNHOK
peakTMBHOIO rinepemieto, Lo XxapaKkTepuaye CTyniHb BUpa-
YKEHOCTI eHAoTeNIN3anexHoi AnnaTauii cyanH nepeanniy-
ys B NepLui ABi XBUIMHW Nicnsi 4-XBUINMMHHOT OKIHO3ii KPO-
BOTOKY nrievoBoi apTepii. Oknto3is KpOBOTOKY Myie4oBOl
apTepii gocaranacs WNAXOM HakNafjaHHA Ha nnedve
MaHXeTn MaHOMeTpa AN BMMIPIOBaHHSA apTepianbHoro
TUCKY Ta nigsuweHHs Tucky go 180-200 mm pt. CT.
K KOHTpONb BMKOPUCTOBYBanu OLiHKY CTYMeHs npupoc-
Ty KPOBOTOKY B Mepegnniyya y Aiten y BignoBigdb Ha
npunom HitporniuepuHy (0,01 Mr/kr), Lo xapakTepusye
CcTaH eHpoTeninHo3anexHux abo MioreHHUX MexaHiamiB
BasoaunaTadii cyauH nepegnnivys. 36inbweHHs nynbco-
BOrO KPOBOTOKY B nepeanniyda nicns okmtosii Ha 10%
i MeHLLe TpakTyBanw sik 3HmkeHHss NO-crHTeTa3Hoi akTuB-
HOCTi eHpoTenito, a nicng MpUAOMY HITpOrniuepuHy
30inblweHHsA Ha 19% i Ginblie — 5K 30epexeHHs 3haT-
HOCTi MioUMTIB pearyBaTh Ha fil0 €K30reHHOro YMHHUKA,
afeKBaTHOro ryaHinauuknasHoro abo eHpoTteninsanex-
HOro MexaHi3amy aunarauii CyamH.

PiBeHb cupoBaTtkoBoro I®H, BipyciHaykoBaHy npoayk-
gito IPH-a, miToreHcTUMynboBaHy npogykuito IOH-y Bns-
Ha4anu metooMm iMyHodepmeHTHoro aHanisy (IPA) [4].
daroumTapHy aKkTUBHICTb HEMTPOQINIB OUiHIOBanNu 3a ix
30aTHICTIO MOrMMHaTKU iHaKTWUBOBAHI KMiTUHM OAaHOO000-
BOi KynbTypu cTadinokokiB. CnoHTaHHY Ta iHAYyKOBaHy
31MIMO3aHOM aKTMBHICTb HENTPOMINIB BU3HAYanu y peakuii
XeMintoMiHeCLieHUiT 3a [OMnoMOrol XemintomiHomeTpa
Bio-Orbit (Pribiri-Oy).

BuBYeHHsa ninigHOro cnekTpa nnasmu BKIKOYano
BM3Ha4eHHs 3aranbHux ninigig, JIMHLW, (a6o HDL-xo-
nectepon), JINBLW, (a6o HDH-xonectepon), Tl 3 Buko-
PUCTaHHAM [iarHOCTUYHMX HabopiB peakTuBiB ipMun
Termo-electron Corporation (®iHnsHgisa) Ha aBTOMa-

Objective is to determine the effect of changes in
the lipid spectrum of blood plasma on endothelial
regulation of vascular tone and phagocytic activity of
neutrophils in children with BA.

MATERIALS AND METHODS

115 children aged from 5 to 14 years old with BA
in the period of exacerbation were under supervision
(100 patients — the main group and 15 practically healthy —
the control group). Against the background of basic
therapy in accordance with the order of the Ministry of
Health of Ukraine No. 25856 in the pulmonology depart-
ment of the «Children’s Road Clinical Hospital» (Kharkiv),
which was prescribed in doses according to the degrees
of severity of the BA course and taking into account the
age of the sick children, all children were subjected to
an electroplethysmographic assessment of NO-synthe-
tase activity of vascular endothelium. For this purpose,
a test with postocclusion reactive hyperemia was used,
which characterizes the degree of severity of endothe-
lium-dependent dilatation of the vessels of the forearm.
According to the degree of inhibition of endothelium-
dependent vasodilatation, children with BA were divided
into two groups: the first — 20 children with a preserved
ability for endothelium-dependent vasodilation, or without
endothelial dysfunction, the second — 80 children with
a pathologically low ability for endothelium-dependent
dilation or with endothelial dysfunction. Electroplethysmo-
graphic evaluation of NO-synthetase activity of the
endothelium of the forearm vessels was carried out
according to the generally accepted method in a modifi-
cation on the 5A-05 reoanalyzer (Ukraine) [4]. A post-
occlusion reactive hyperemia test was performed, which
characterizes the severity of endothelium-dependent
dilatation of the forearm vessels in the first two minutes
after a 4-minute brachial artery blood flow occlusion.
Occlusion of the blood flow of the brachial artery was
achieved by placing a manometer cuff on the shoulder to
measure blood pressure and increasing the pressure to
180-200 mm Hg. Art. As a control, we used the assess-
ment of the degree of increase in blood flow in the
forearm in children in response to taking nitroglycerin
(0.01 mg/kg), which characterizes the state of endo-
thelium-dependent or myogenic mechanisms of vaso-
dilatation of the vessels of the forearm. An increase in
pulse blood flow in the forearm after occlusion by 10%
or less was interpreted as a decrease in NO-synthetase
activity of the endothelium, and after taking nitroglycerin
an increase by 19% or more — as preservation of the
ability of myocytes to respond to the action of an exo-
genous factor, an adequate guanylyl cyclase or endo-
thelium-dependent mechanism of vascular dilatation.

The level of serum IFN, virus-induced production of
IFN-a, and mitogen-stimulated production of IFN-y were
determined by enzyme-linked immunosorbent assay
(ELISA) [4]. The phagocytic activity of neutrophils was
assessed by their ability to absorb inactivated cells of
a one-day culture of staphylococci. Spontaneous and
zymosan-induced activity of neutrophils was determined
in the chemiluminescence reaction using the Vio-Orbit
(Pribiri-Oy) chemiluminometer.

The study of the plasma lipid spectrum included the
determination of total lipids, LDL (or HDL-cholesterol),
HDL (or HDH-cholesterol), TG using diagnostic kits of
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TUYHOMY GioxiMmiuHOMYy aHanisatopi «Konena6-30» [1].
JINHLW, € ronoBHuMKn nepeHocHukamu XC i perynioloTb
noro piseHb y nna3mi Kposi. [py HapoaXeHHi y AUTUHK
KoHueHTpauis XC y cupoBaTtui KpoBi AyXe Hu3bka —
mMeHwe 2,6 mmonb/n, XC-NIMNHLW — meHwe 1,0 mmons/n.
PiseHb XC nigBuwyeTbCs B NEPLUNA PIK XUTTA AUTUHU
i 3anNMLWaeTbCcst HE3MIHHMM [0 Mo4YaTKy CTaTeBOro [03pi-
BaHHA. PiBeHb 3aranbHOro xonecrtepuHy y pAiten, sk
npasuno, He nepesuwye 4,1 Mmonb/n. KoHueHTpauisa
JINHLL, pocsrae piBHA  gopocnux nicns  cTaTeBoro
[o3piBaHHA aiTen. 3HadeHHs, WO BignosigaTb isio-
NOriyHi HopMi, NpeacTaBneHi y Tabn. 1.

reagents from Termo-electron Corporation (Finland) on
the automatic biochemical analyzer «Konelab-30» [1].
LDL are the main carriers of cholesterol and regulate
its level in blood plasma. At birth, the concentration of

cholesterol in blood serum is very low — less than
2.6 mmol/l, cholesterol-LDL — less than 1.0 mmol/l.
The level of CH increases in the first year of a child’s life
and remains unchanged until the onset of puberty.
The level of total cholesterol in children, as a rule, does not
exceed 4.1 mmol/l. LDL concentrations reach adult levels
after children reach puberty. The values corresponding
to the physiological norm are presented in the table. 1.

Tabnuusa 1. KoHueHTpauis ninigie nnasmu kposi, MMornb/n
Table 1. Blood plasma lipid concentration, mmol/|

KoHueHTpauis / Concentration XCzar / Total cholesterol | XC-JIMHLY / LDL | XC-NMNBL, / HDL | TF / TG | ®J1 / FL
Baxana / Desired <52 < 3,36 >1,0 <20 <212
IpaHu4yHo Bucoka / Extremely high 5,2-6,5 3,36-4,14 0,9-1,0 2,0-2,5 |2,12-2,60
Bucoka / High >6,5 >4.14 <0,9 >25 >26

KpoB ansa pgocnimkeHHs ninigis 6panu BpaHui, nicns
14-roguHHOT nepepBM MiX npuiomamm ixi. Matepian
Ons JocnimpkeHHs 30upanu HaTuwe i3 NiKTboBOi BeHU
Yy KinbkocCTi 5 My cTepunbHy npobipky Tuna « EneHgopd».
3roga Ha npoBedeHHs [OCNIMKEHHA OTpMMyBanacs
Big GaTbkiB, siki Gynu nNpoiHPOpMOBaHi Mpo XapakTep
pocnigxeHb. [lig 4ac pgocnigxeHHs [oTpumyBanucs
nonoxeHb enbciHcbkoi deknapauii BececBiTHboi Meany-
Hoi AcouiaLii, eTM4Horo Kogekcy nikaps YkpaiHu, npuH-
uunis GioeTMkM Ta BUMOr 3aKOHOA4ABCTBa LLOAO MpoO-
BeAeHHs1  GiomeTpmyHux  gocnigkeHb:  KoHcTutyuis
Ykpainn (1996), OcHoBu 3akoHodaBCTBa YKpaiHu npo
OXOpOHyY 3a40poB’sa (1992).

PE3YABTATU TA iX OBrOBOPEHHS

[Moka3HuKn TecTy 3 peakTMBHOI rinepemicto npea-
cTaBneHi y Tabn. 2. BctaHoBneHo, Wo y 300poBux aiten
(koHTpOnbHa rpyna) eHpoTenii3anexHa MOCTOKMI3iHa
AvnaTtauis cyavH BusiBunacsa 36epexeHoto (p < 0,001).
MakcumanbHWIi NpupIicT NynbCOBOrO KPOBOTOKY B Nepen-
nnivy4s nicnsa NpoBeAEeHHs OKMH3iNHOT Npobu y aitew
OCHOBHOI rpynu BusiBuBCst Ha (7,2 + 4,76)% Buwle Big
BMXiaHUX aaHux (p < 0,001).

MpupicT nNynbCOBOro KPOBOTOKY Nepeanniyys nicns
NpuMoMy HITPOrNiLepuHy y OiTein nepLuoi Ta Apyroi rpynu
BusBUBCA Ha 19% Buwe BuxigHMx AdaHux (Tabn. 3).
AHanis nokasas, Wwo y 80% xBopux Ha BA (gpyra rpyna)
MaKCMManbHWUIA NPUPICT NyrNbCOBOrO KPOBOTOKY B nepepn-
nnivdi Ha nepwux ABOX XBWMMHAX nicnsa  OKMH3ii,
B NOPIBHSAHHI 3 BUXiAHWMU AaHumMK, cknas (5,10 + 2,32)%,
y TOW Yac K y iHWoi YyacTuHu giten 3 BA (nepwa rpyna,
n=20)- (15,3 +3,1)% (p < 0,001).

Takum 4YMHOM, MakCMManbHWA MPUPICT MYNbCOBOrO
KPOBOTOKY B Mepegnniydi Ha neplmx OBOX XBWUMMHAX
nicna okn3ii y aiten 3 BA ppyroi rpynu BusiBUBCA
HWXYMM, HiXX y koHTponi — (19,8 + 4,45)%, p < 0,001,
a y [JiTeln nepLwoi rpynu He BIigpPi3HABCA Big Takoro,
NOPIBHAHO 3i 340POBUMM AiTbMM.

MpupicT NnynbCoBOro KPOBOTOKY B Nepeannivya nicns
NpUMOMY HITpOrniuepuHy Yy AiTen KOHTPOMbHOI rpynu,
a TakoX MepLuoi Ta Apyroi rpyn BiANoBiAaB HOpMaTUBHUM
AaHum i 6yB BuwmnmM 3a 19%. Takum ynHowm, y 80% aitew

Blood for lipid research was taken in the morning,
after a 14-hour break between meals. The material for
research was collected on an empty stomach from the
ulnar vein in the amount of 5 ml in a sterile test tube of
the «Eppendorf» type. Consent for the study was
obtained from the parents, who were informed about
the nature of the research. During the study, the provi-
sions of the Helsinki Declaration of the World Medical
Association, the ethical code of a doctor of Ukraine, the
principles of bioethics and the requirements of the legis-
lation on conducting biometric research were observed:
the Constitution of Ukraine (1996), the Basics of Ukrai-
nian legislation on health care (1992).

RESULTS AND DISCUSSION

The indicators of the test with reactive hyperemia
are presented in the table. 2. It was established that
in healthy children (control group), endothelium-depen-
dent postocclusion dilatation of blood vessels was
preserved (p<0.001). The maximum increase in pulse
blood flow in the forearm after the occlusion test in the
children of the main group was (7.2+4.76)% higher than
the initial data (p<0.001).

The increase in pulse blood flow of the forearm
after taking nitroglycerin in children of the first and
second groups was 19% higher than the initial data
(Table 3). The analysis showed that in 80% of patients
with BA (the second group), the maximum increase
in pulse blood flow in the forearm in the first two minutes
after occlusion, compared to the initial data, was
(5.10+£2.32)%, while in other part of children with BA
(first group, n=20) — (15.3+£3.1)% (p<0.001).

Thus, the maximum increase in pulse blood flow in
the forearm in the first two minutes after occlusion in
children with BA of the second group was lower than
in the control — (19.8+4.45)%, p<0.001, and it did not
differ in children of the first group from this compared
to healthy children.

The increase in pulse blood flow in the forearm
after taking nitroglycerin in children of the control group,
as well as the first and second groups, corresponded
to normative data and was higher than 19%. Thus, in 80%
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3 BA BuaABneHo 3HMxeHHS NO-CMHTETa3HOi aKTMBHOCTI
eHpoTeniounTiB Ta AiarHOCTOBaHO AMCKYHKLi0 eHaoTe-
nito (p < 0,001), Togi Ak y 20% aiten NO-cuHTeTasHa
aKTUBHICTb eHpoTenito cyanH 36epiranacst Ha Hopmarb-
HOMY piBHi. OTpumaHi OaHi BKa3ylTb Ha OUCKHYHKLiO
eHOoTenito, Wo naToreHeTUYHO MNPOSIBMSIETLCA 3HUKEH-
HAM dharounTapHOi akTUBHOCTI eHgoTeniounTie, NiaBu-
LWEHHSAM  MPOHWUKHOCTI, aKTMBauii  KiHiHKanikpeiHOBOI
CUCTEMM, 3HWXKEHHI eniMiHauii anepreHie, nNiaABULLEHHI
ceHcubinizauii Ta nopylleHHi oOMiHy ninigie y AaHoro
KOHTUHIEHTY fiTen.

of children with AD, a decrease in NO-synthetase activity
of endotheliocytes was detected and endothelial dys-
function was diagnosed (p<0.001), while in 20% of children,
NO-synthetase activity of vascular endothelium remained
at a normal level. The obtained data indicate endothelial
dysfunction, which is pathogenetically manifested by
a decrease in the phagocytic activity of endotheliocytes,
an increase in permeability, activation of the kinin-kallikrein
system, a decrease in the elimination of allergens,
an increase in sensitization and a violation of lipid meta-
bolism in this contingent of children.

Tabnuus 2. MMynbcoBuMii KPOBOTIK Y Nepeanivyys NPy BUKOHaHHI TECTY 3 PeaKTUBHOIO rinepemieto
y XBOpWX Ha BpoHxianbHy acTmy i 3goposux giten (M + SD)
Table 2. Pulse blood flow in the forearm during the reactive hyperemia test
in patients with bronchial asthma and healthy children (M+SD)

MynbcoBuiA kpoBOTik (MakcumanbHuii) / Pulse blood flow (maximum)
Moyna 1 Growp | o e | Afer reoeclusion of the brachiel ety min
Output level
0,5 1 1,5 2

OctosHa / General group mn / ml 1,85+1,03 | 1,87 1,06* 1,98 £ 1,11 1,94 £1,13 1,86 £ 1,05
(n=100) % 7,20 +4,76* | 1,40 +5,12* | 6,80 +4,68* | 520 +4,18** | 2,20 + 3,12**
1 rpyna / 1 group mn / ml 212+ 1,15% | 226+121* | 2,44+124* | 2,28+1,18 2,26 + 1,20
(n=20) % 15,30 % 3,1 6,70+£6,16 | 14,50+3,38 | 11,60 + 3,71 5,40 + 3,21
2 rpyna / 2 group mn / ml 1,77+1,02 | 1,80+1,01% | 1,86+ 1,010* | 1,86+ 1,030* | 1,78 +1,020
(n=280) % 5,10 £ 2,32# | 0,10 + 3,70%% | 520 + 2,36#% | 3,30 £ 2,11%0 | 1,10 2,36+
KoHTponbHa / Control M/ ml 1,91 0,91 2,15 1,01 2,26 + 1,02 2,14 1,00 2,02 +0,81
(n=15) % 19,80 +4,45 | 12,70+8,16 | 17,30 +4,27 | 13,00+2,84 | 570+2,92

lMpumimka:

* Kk
s

BiAMIHHOCTi NOKa3HUKIB OCHOBHOI Ta KOHTponbHOI rpyn (p < 0,05 Ta p < 0,001 BignosigHo);

#, ## BigMiHHOCTI Noka3HuWKiB NepLuoi, Apyroi rpyn 3 koHTponem (p < 0,05 i p < 0,001 BignoBsigHo);
0, 00 BigMiHHOCTI Noka3HUKIB NepLuoi rpynu 3 gpyroto rpynoto (p < 0,05 i p < 0,01 BignosigHo).

Note:

*, ** differences in indicators of the main and control groups (p<0.05 and p<0.001, respectively);
#, ## differences in indicators of the first and second groups with the control (p<0.05 and p<0.001, respectively);
0.00 differences between the indicators of the first group and the second group (p<0.05 and p<0.01, respectively).

Ta6nuus 3. [MynbcoBuii KPOBOTIK Y Nepeanniyydi MiCra NpUnomy HiTporniLuepuHy
y XBOpUMX Ha BpoHxianebHy acTmy i 3goposux giten, (M + SD) mn
Table 3. Pulse blood flow in the forearm after taking nitroglycerin
in patients with bronchial asthma and healthy children, (M+SD), ml

MynbcoBuit KpoBoOTik (MakcumanbHuin) / Pulse blood flow (maximum)
Ipyna / Group Micna npunomy HiTporniuepuHy, xB8 / After taking nitroglycerin, min
Bux. / Output level
2 5

OcHosHa/ General group 1,84 +1,02 242 +1738 246 + 1,36
(n=100)
fepwia rpyna/ 1 group 212+1,13 2,87 +144 283155
(n=20) ’ ’ ’ ’ ’ ’
Apyra rpyna/ 2 group 1,77 + 1,01 2,28 + 1,24 2,36 + 1,33
(n=80) ’ ’ ' ’ ' ’
{i?i?;’;“"’ Control 1,92 +0,84 1,48+ 1,15 2,59 £ 1,28

MopyweHHsa ninigHoro obmiHy nNpu3BOAUTL OO0 AUC-
GyHKUIT MakpodaroumTiB KMiTWUH, sKi yTUNIi3yloTb ninign,
MOB’A3yH04M anonpoTEiHOBY YaCcTUHY NinonpoTeiaiB cupo-
BaTKM Yepes cneundivni peuentopy Ha MembpaHi. Peuen-
TOpMW, WO BiANOBIAAOTb 3a TPaHCMOPTYBaHHA ninigis
y KMiTUHY, BiAMiHHI Big iMyHOPErynatopHuMx peuentopis
ninonpoTeifiB, OCHOBHUIA GionoriyHMi edekT aKux nons-
rac y npurHideHHi nponidepadii iMyHOKOMMNETEHTHUX

Violation of lipid metabolism leads to dysfunction
of macrophage cells, which utilize lipids by binding the
apoprotein part of serum lipoproteins through specific
receptors on the membrane. The receptors responsible
for the transport of lipids into the cell are different from
the immunoregulatory lipoprotein receptors, the main
biological effect of which is to inhibit the proliferation of
immunocompetent cells, provided the LDL receptors are
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KNiTUH 32 YMOBW NOBHOrO Hacu4yeHHs peuenTtopis JITTHLL.
Mpn HepocTtaTHbOMY HacuyeHHi peuentopis JIMHLY
MOXKHa crocTepirati, HaBnaku, nocuneHHs nponidepa-
uii iMyHoKOMneTeHTHUX kniTuH. Kpim Toro, ninonpoTteign
BCiX BMWAIB MPUrHidyloTb AudepeHLUiloBaHHA B-kniTuH
3a npopaykuieto imyHornobyniHis, a JINBL, npurHivytoTs
Kackaj CUCTEMU KOMMIEMEHTY i BNMMBAKOTb Ha BUpaxe-
HICTb UMTOTOKCUMYHOI Aii Ha KNITUHHO-TKaHUHHI CTPYKTYpU
OpoHXOnereHeBoi CUCTEMM.

AHania guHaMiku nokasHWKiB  ninigHoro  oBMmiHy
y AOCHiXyBaHUX rpynax npeacTaeneHo y Tabn. 4.

completely saturated. In case of insufficient saturation
of LDL receptors, on the contrary, increased proliferation
of immunocompetent cells can be observed. In addition,
lipoproteins of all types suppress the differentiation
of B-cells by the production of immunoglobulins, and
HDL inhibits the cascade of the complement system
and affects the severity of the cytotoxic effect on the
cellular and tissue structures of the bronchopulmo-
nary system.

The analysis of the dynamics of lipid metabolism
indicators in the studied groups is presented in table. 4.

Ta6nuus 4. PiBeHb X0necTepuHy Ta oro pakuiit y nnasmi Kposi
Y XBOpWX Ha BpoHXxianbHy acTMy Ta 3gopoBux aiten, (M + SD) mmonb/n
Table 4. The level of cholesterol and its fractions in the blood plasma
of patients with bronchial asthma and healthy children, (M+SD) mmol/l

Ipyna / Group XC / Cholesterol JINHLY / LDL nBL, / HDL docdoninign / FL T / TG
g oo | s 725078 1,73£0,54 0,93+0,26 6,68 £ 1,00" 4,29 £1,28"
('_'nef”;g)rpy”a /1 group 5,02 £ 0,69 2,09 £ 0,47 0,99 £ 0,30 5,18 £ 1,07 2,83+ 0,87
ﬁ]"fgor)py”a /2 group 6,43 £ 0,76* 1,36 + 0,31 0,84 £ 0,22* 8,16 £ 1,24* 5,76 £ 1,34*
;(::Tg’g;"/con”o' 4,62 0,52 2,15+ 0,49 1,19+ 0,33 2,12£0,27 1,70 £ 0,32

lMpumimka:

* p < 0,05 — BiAMIHHOCTI NOKa3HWUKIB AOCNIAXYBaHMX Ta KOHTPOMbLHOI rpyn;

** p < 0,01 — BiAMIHHOCTi MOKa3HMKIB NepLLOi Ta APYroi rpyn.

Note:

* p<0.05 — differences in indicators of the studied and control groups;
** p<0.01 — differences in the indicators of the first and second groups.

BignosigHo Ao gaHwx Tabn. 4, NokasHUKW XonecTte-
pvHOBOro 06MiHy JOCTOBIPHO 3MiHIOIOTBLCS Y AiTen apyroi
rpynu 3 AUCKYHKLIE eHAoTenNito, Lo NOCUMIOE TSHKKICTb
nepebiry BA Ta ii nporHo3. [daHi 3mMiHu y Burnsgi rinep-
xonecTtepuHemii, rinepdocdoninigemii Ta rineptpurni-
uepuaemii BKasyloTb Ha MNOPYLUEHHSI NIMHHOCTI MembpaH
cCoOMatTU4HUX Ta edEeKTOPHUX KIiTUH 3 noganbwnuMm
[eceHcuTM3auielo peuenTopiB, MiABULLEHHAM LMUTOTOK-
CUYHOCTI, rinepnpogykuielo LMTOKIHIB Ta xemoaTpakTaH-
TiB €(PEKTOPHUMU KNiTUHAMWN.

[Ons po3BMHEHHS LbOrO MOMOXEHHS HaMW MpoBe-
OEHO J0oChimKEeHHS dharounTapHOi aKTUBHOCTI HENTPOdi-
ni, y skux Oyno BusBNeHO 3HmxeHHs NO-cuHTeTasHol
aKTUBHOCTI eHAoTenioumTiB, AiarHoCcToBaHO eHaoTeni-
anbHy AUCKYHKUiO, WO MNOEAHYETbCH 3i 3MiHamMuK nini-
JiB y nnasmi Kposi.

Ak BMOHO 3 gaHUX Tabnuui 5, MOXHa BiA3HAYUTU
3HWKEHHS npoaykuii  iHTepdepoHie: I®H-a, [IPH-y,
NMoKasHWKiB parounTapHoi CMOHTaHHOI Ta iHOYyKOBaHOI
aKTUBHOCTI HenTpodinis,

Ha nigByweHy LIMTOTOKCUYHICTbL MakpodoariB i ceHcu-
6inizoBaHux T-nimcdouunTiB Aitein, xBopux Ha BA, Bkasye
[OCTOBipHE 3HWXeHHA B nnasmi kposi JIMNBL, nigsu-
weHHs piBHs XC i TT. 3MiHM nokasHukiB NinigHOro obmiHy
y XBOpUX [AiTeN OCHOBHOI Ta, ocobnuBo, Apyroi rpynu
nocnabnioTb NOTeHUian npoueciB  gyHKLiOHanNbHOT
Ta MopOnoriYyHOi CTIMKOCTI eHaoTenito CyanH, Npu3Bo-
Os4M 0O MOPYLUEHHS CYAMHHOrO TOHycy B OpoHxonere-
HeBil cucTeMi, WO BM3HA4Yae TSOKKICTb nepebiry BA.
Lle, y cBoto yepry, ynoBinbHi0O€E npouec enimiHaLii iHdek-
LiHMX Ta anepriyHux akTopiB, CTBOPHOKOYM MOXIU-
BiCTb IXHbOI y4acTi y naTtoreHesi 3axBOpoBaHHS.

According to the data in the table. 4, the indicators
of cholesterol metabolism change reliably in children of
the second group with endothelial dysfunction, which
increases the severity of the BA course and its prognosis.
These changes in the form of hypercholesterolemia,
hyperphospholipidemia, and hypertriglyceridemia indi-
cate a violation of the fluidity of the membranes of somatic
and effector cells with further desensitization of receptors,
increased cytotoxicity, and hyperproduction of cytokines
and chemoattractants by effector cells.

Developing this position, we conducted a study of
the phagocytic activity of neutrophils, in which a decrease
in NO-synthetase activity of endotheliocytes was detec-
ted, endothelial dysfunction was diagnosed, which is
combined with changes in lipids in the blood plasma.

As can be seen from the data in Table 5, there is
a decrease in the production of interferons: IFN-a,
IFN-y, indicators of spontaneous and induced phagocy-
tic activity of neutrophils,

The increased cytotoxicity of macrophages and sen-
sitized T-lymphocytes in children with BA is indicated by
a significant decrease in HDL blood plasma, an increase
in the level of cholesterol and TG. Changes in the indi-
cators of lipid metabolism in sick children of the main
and especially the second group weaken the potential
of processes of functional and morphological stability
of the endothelium of vessels, leading to a violation of
vascular tone in the bronchopulmonary system, which
determines the severity of the course of BA. This, in turn,
slows down the process of elimination of infectious and
allergic factors, creating the possibility of their partici-
pation in the pathogenesis of the disease.
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Ta6nuus 5. [laHi 3MiHM MakpodaroHanbHOI NaHKK iIMYHITETY Y AiTei, XBopux Ha BpoHxianbHy actMmy, B nepiogi pemicii, (M+m)
Table 5. Data on changes in the macrophage link of immunity in children with bronchial asthma in the remission period, (M+m)

KoHTponbHa rpyna [pyna giten xBopux Ha BA
MokasHukm (3goposi aitn) A group of children
Indicator Control with asthma
n=15 n =80
PiBeHb cupoBatkoBoro I®PH-a, ME/Mn
Level of serum IFN-c., IU/ml 83+28 45+16
BipyciHaoykoBaHa npoaykuist I®H-y, ME/mMn "
Virus-induced production of IFN-y, IU/ml 321+69 84212
MitoreHcTmynboBaHa npoaykuis I®H-y, ME/mMn .
Mitogen-stimulated production of IFN-y, IU/ml 382+8,7 5,6+ 1,4
daroyntapHa akTUBHICTb HenTpodinis, % "
Phagocytic activity of neutrophils, % 58,1+6.9 15337
I'I0|_<a3Hvu< CMOHTAHHOT aKTUBHOCTI HeMTpOCbIJ'.llB, ym. OA. _ 263 +0,83 13+02
Indicator of spontaneous activity of neutrophils, conditional units
Moka3Huk iHOyKOBaHOI aKTMBHOCTI HeNTpodinis, ym.oa. .
Indicator of induced activity of neutrophils, conditional units 29.82£82 103+34
lMpumimku:
* PO3pi3HEHHS NOKa3HWKIB AOCMIAKYBaHUX | KOHTponbHOI rpyn (p < 0,05).
Notes:
* difference between the indicators of the subjects and the control (p<0.05).
BUCHOBKH CONCLUSIONS

Y 80% piten, xBopux Ha BA, BU3HAYaETbCS 3HMKEHHS
NO-crHTETa3HOT aKTMBHOCTI eHO0TeNiounTiB, WO BKa3lye
Ha OMCMYHKLIO eHaoTenito CyauH.

Y piten, xBopux Ha BA, gucdyHKUia eHgoTenito
CyAVH MOEAHYETbCA 3 AuChinigemMieto, Wo Moxe OyTu
OOHUM i3 MapKepiB 3HWKEHHs] (OYHKUIOHANbHOI aKTuB-
HOCTi MakpodaroumTis.

MigBuWeHHs B nna3Mi KpoOBi pPIiBHIB XONeCTEPUHY,
Tpurniuepuais i 3HWxeHHA JIMNBLL npr3BoasaTb 40 3MiHU
B MeMOpaHax MakpocharoumTiB Ta MOCWUMOKTL iX LUTO-
TOKCWUYHI BNAcCTUBOCTI i NpoayKuilo npo3ananbHUX LUTo-
KiHiB, BU3Ha4atum TSHKKICTb Nepebiry 3axBOprOBaHHS.

OucdyHkuis ninigis nnasmm MoXxe BU3Ha4YaTU MoOpy-
LEHHSA CYAMHHOrO TOHYCY y AiTeW, PO3BUTKY FMOKCIii Ta
TSDKKOCTI nepebiry BA.
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In 80% of children with AD, a decrease in NO-synthe-
tase activity of endotheliocytes is determined, which
indicates dysfunction of the vascular endothelium.

In children with BA, vascular endothelium dysfunction
is combined with dyslipidemia, which can be one of
the markers of a decrease in the functional activity
of macrophages.

An increase in blood plasma levels of cholesterol,
triglycerides and a decrease in HDL leads to changes
in the membranes of macrophages and increases
their cytotoxic properties and the production of pro-
inflammatory cytokines, determining the severity of the
course of the disease.

Dysfunction of plasma lipids can determine the
violation of vascular tone in children, the development
of hypoxia and the severity of the course of BA.
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MepcnekTUBU NOAQABLLUMX AOCAIAXEHD

BusiBneHi amiHM [03BONAIOTL 3 HOBUX MNO3MLIN HAMITUTU LLUMAAXU
npodinakTVkM Ta MaToreHeTUYHOI KOpeKLUii BUSIBNEHWX Mopy-
LeHb ninigHoro 06MiHy Ta AMCAYHKLIT eHaoTenilo CyavH y aiten,
XBOPWX Ha BpoHXianbHy acTmy.

KoHdAIKT iHTEepecis

ABTOpPYM pyKOnucy CBiAOMO 3acBig4vyoTb BiACYTHICTb PaKTUYHOIrO
abo NOTEHUINHOTO KOHMIKTY iHTepeciB LWOAO pesynbsraTis
Liei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOOHUKaMu
6iomeanyYHMX MPUCTPOIB, IHLWIMMW OpraHisauisMu, Yui NpoayKTy,
nocnyrv, iHaHcoBa niATpUMKa MOXyTb OyTW noOB’A3aHi
3 MpegMeToM HajaHux Matepianie abo ski cnoHcopysBanu
npoBeaeHi AOCHiMKEeHHS.
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Prospects for further research

The identified changes make it possible to outline ways of
prevention and pathogenetic correction of detected disorders
of lipid metabolism and vascular endothelium dysfunction from
new positions in children with bronchial asthma.
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PE3IOME

AkTyanbHicTb. bpoHxianbHa actma (BA) y aiTeid € XpOHIYHUM 3ananbHWM 3axBo-
ptoBaHHAM GpPOHXONereHeBoi CMCTEMMU, i NMPU BCbOMY Pi3HOMAHITTi MomnieTionoriyHoro
noteHuiany " KNiHIYHUX NPOSABIB PO3BMBAETLCA $SK IMYHONATOMOMYHUA MNpoLec.
Hosi nigxogon po Tepanii GpoHxianbHOI acTMu y AiTel € Hanbinbll akTyanbHOH
npo6nemoto. NepcnekTMBHUM HaNPSIMKOM € BUKOPUCTAHHS fikapcbkux dopm cocdo-
0ieTUNXONIHOBMX MINOCOM 3 PO3LUMPEHMM CNEKTPOM iX hapMaKomoriyHoi cnpsiMoBa-
HOCTi, 30KpeMa 3acToCyBaHHsi SK [AMCMepciiHOro cepefjoBulia npenapaty
«ExTepuuMA» 3 WMPOKMM CMNEKTPOM aHTMbakTepianbHOI, iIMyHOMOAYMIOYOI Ta aHTK-
OKCWAAHTHOT aKTUBHOCTI.

MeTa po60Tn — BM3HAYMTV BMAUB Ha CTaH iMyHHOI cucTemu ninocomarnbHOi hopmu
niniHy y disionoriyHoMy Ta eKTepULMAHOMY pO3uYMHax Yy AiTel, XBOPUX Ha OpOHXi-
anbHy acTmy.

Martepianu Ta metogu. ObcTexxeHo 126 AiTelt, XBopux Ha BpoHXxianbHy acTtmy, BiKOM
Bia 5 go 14 pokis, y nepiogi pemicii. OuiHioBanu BNAMB ninocomarnbHUX hopM miniHy
Ha cTaH ix iMyHHOi cucTemun. B poboTi BUkoprcToBYBanu iMmyHOMorivYHi MeToau Jocnia-
XXEHHS TymoparnbHOi Ta KNiTUHHOI NaHku imyHiTeTy. OTpuMaHi pesynstatu onpalpo-
BYBanucb LUMSIXOM OLiHKM BIipOrigHOCTI pPi3HWLUb cepefHix BenuuuH y rpynax (p)
3a pornomorolo kputepito CtblogeHta (t). BigmiHHOCTI BBaxanucs CTaTUCTUYHO
3HavyLwmmm npm p < 0,05.

Pe3synbraTi Ta ix 06roBopeHHs. 3acTtocyBaHHs minocomanbHUX ¢opM B eKTepu-
LMAHOMY PO34MHI iHransuinHoO Yepes yrnbTpas3ByKOBUM (HIransaTop y KOMMMEKCHIN CxeMi
Tepanii BA npvBoguMTb A0 HOpManisauii rymoparnbHOi Ta KNiTUHHOI NaHOK iMYHITETY,
3HIKYE 3ananbHuii npouec Ta IgE npu BCix cTyneHsix TSHXKoCTi nepebiry GpoHxianbHOT
acTmu, Hopmanisauii mapkepiB CD8 T-cynpecopis/kinepiB, CyTTEBO 3HUXYE KiMbKiCTb
MOHOHYKIeapiB, L0 HeCyTb Ha CBOIl MembpaHi oguH 3 Mapkepis anonTtody — CD95.
BucHoBku. BukopuctaHHa ninocomanbHoi popMu MiMiHy B eKTEPULMAHOMY PO34YMHI
NPUBOAUTL [0 HOpManisauii iMyHOMOMYHUX MOKa3HUKIB iIMYyHITETY Ta [03Bonsie
3HU3NTU 3aCTOCYBaHHS iHransAUinHWX i nepopanbHUX TMKOKOPTUKOCTEPOIaiB Y AiTen,
XBOPUX Ha BPOHXianbHy acTmy.

OpuwuriHanbHi 4oCnigpKeHHSs

35 Original research


https://doi.org/10.26565/3083-5615-2024-13-04
https://orcid.org/0000-0002-5892-2599
https://orcid.org/0000-0002-5892-2599
mailto:t.lyadova@karazin.ua
https://orcid.org/0000-0002-5569-1748
https://orcid.org/0000-0002-5569-1748
mailto:o.volobyeva@karazin.ua
https://orcid.org/0000-0001-5657-9486
https://orcid.org/0000-0001-5657-9486
mailto:chernusky@karazin.ua
https://orcid.org/0000-0002-5759-9654
https://orcid.org/0000-0002-5759-9654
mailto:mykola.m.popov@karazin.ua
https://orcid.org/0000-0002-6327-1321
https://orcid.org/0000-0002-6327-1321
mailto:letyago@karazin.ua
https://orcid.org/0000-0002-1228-4915
https://orcid.org/0000-0002-1228-4915
mailto:k.pavlikova@karazin.ua
https://orcid.org/0000-0002-5892-2599
https://orcid.org/0000-0002-5892-2599
mailto:t.lyadova@karazin.ua
https://orcid.org/0000-0002-5569-1748
https://orcid.org/0000-0002-5569-1748
mailto:o.volobyeva@karazin.ua
https://orcid.org/0000-0001-5657-9486
https://orcid.org/0000-0001-5657-9486
mailto:chernusky@karazin.ua
https://orcid.org/0000-0002-5759-9654
https://orcid.org/0000-0002-5759-9654
mailto:mykola.m.popov@karazin.ua
https://orcid.org/0000-0002-6327-1321
https://orcid.org/0000-0002-6327-1321
mailto:letyago@karazin.ua
https://orcid.org/0000-0002-1228-4915
https://orcid.org/0000-0002-1228-4915
mailto:k.pavlikova@karazin.ua
mailto:chernusky@karazin.ua

KapasiHcbkui imyHomnoriyHui xxypHan. 2024. T. 7. Ne 1(13). C. 35-43

Karazin Journal of Immunology. 2024;7(1(13)):35-43

ISSN 3083-5615 (Online)

AAS LUTYBAHHS:

JNlaposa T.I., Bonobyesa O.B., YepHycbkuii B.I., Monoe M.M., Jletaro B., Masnikosa K.B. Bnnue Ha cTaH
iMyHHOT cucTeMu ninocomanbHOi OpMM finiHy Yy disionorivHOMY Ta eKTepuuMgHOMYy pO3vMHaAx Yy AiTew,
XBOpWUX Ha OpoHxianbHy actMmy. KapasiHcbkull iMyHonoziyHul xypHan. 2024. T. 7, Ne 1(13). C. 35-43. DOI:
https://doi.org/10.26565/3083-5615-2024-13-04

Key words:

bronchial asthma, children, phosphotidyl-
choline liposomes, ektericide, humoral
immunity, cellular immunity.

For correspondence:

Chernusky Viacheslav Hryhorovych

V.N. Karazin Kharkiv National University
of the Ministry of Education and Science
of Ukraine, Department of Infectious
Diseases and Clinical Immunology;

4 Svobody Sq., Kharkiv, Ukraine, 61022;
e-mail: chernusky@karazin.ua

© Liadova T.I., Volobueva O.V.,
Chernusky V.H., Popov M.M.,
Letiaho H.V., Pavlikova K.V., 2024

For citation:

ABSTRACT

Background. Bronchial asthma (BA) in children is a chronic inflammatory disease
of the bronchopulmonary system and, with all the diversity of polyetiological potential
and clinical manifestations, develops as an immunopathological process.
New approaches to the therapy of bronchial asthma in children are the most urgent
problem. A promising direction is the use of dosage forms of phosphodiethylcholine
liposomes with an expanded spectrum of their pharmacological focus using the
drug «Ektericide» with a wide spectrum of antibacterial, immunomodulatory and
antioxidant activity as a dispersion medium.

Purpose is to determine the effect of the liposomal form of lipin in physiological
and bactericidal solutions on the state of the immune system in children with
bronchial asthma.

Materials and Methods. 126 children with bronchial asthma between the ages
of 5 and 14 in remission were examined. The influence of liposomal forms of Lipin
on the state of the immune system in children with bronchial asthma was evaluated.
In the work, immunological methods of research of the humoral and cellular links
of immunity were used. The obtained results were processed by assessing the
probability of differences in mean values in groups (p) using the Student’s test (t).
Differences were considered statistically significant at p<0.05.

Results. The use of liposomal forms in an extericidal solution by inhalation through
an ultrasonic inhaler in a complex scheme of BA therapy leads to the normalization
of the humoral and cellular links of immunity, reduces the inflammatory process
and IgE at all degrees of severity of the course of bronchial asthma, normalizes
markers of CD8 T-suppressors/killers, significantly reduces the number of mono-
nuclear cells, which carry one of the markers of apoptosis — CD95 — on their membrane.
Conclusions. The use of the liposomal form of lipin in an ectericidal solution leads
to the normalization of immunological indicators of immunity and allows to reduce
the use of inhaled and oral glucocorticosteroids in children with bronchial asthma.

Liadova TI, Volobueva OV, Chernusky VH, Popov MM, Letiaho HV, Pavlikova KV. The effect on the state of the
immune system of the liposomal form of lipin in physiological and ectericidal solutions in children with bronchial
asthma. Karazin Journal of Immunology. 2024;7(1(13)):35—43. DOI: https://doi.org/10.26565/3083-5615-2024-13-04

BCTYN

INTRODUCTION

BpoHxianbHa actma (BA) y pgiten € XPOHIYHUM
3ananbHUM 3aXBOPIOBAHHSIM OPOHXONEreHeBoi cUCTEMU
i NpM BCbOMY Pi3HOMaHITTi NonieT1onoriYyHoro noteHuiany
M KMiHIYHMX NPOSBIB PO3BUBAETLCA K iIMYHOMNATONOMNYHNUA
npouec [1, 2, 7-10]. JocnigHWkn 3a3HavaloTb, LWO Y naTo-
reHesi BA npoBigHe 3Ha4YeHHS HaneXxnTb MexaHiamam, sKi
peani3ytoTbCcs Yyepes rymMopanbHUM i KNITUHHUIA iIMYHITET,
3 noganbwmnm hopMyBaHHSAM rinepyyTAMBOCTI HeranHoro
i YNOBINbHEHOrO TWMY, PO3BUTKOM BTOPUHHOIO iMyHOae-
ILUTY, 3HKEHHAM (PaKTOpIB Hecneum@iuyHoi pe3ncTeHT-
HoCTi, bopMyBaHHSAM ayToceHcubinisauii, Wo po3suBa-
€TbCSl, SIK MPABMUIO, HA NEPBUHHI Ta BTOPWHHI aHTUreHU
[2—4]. Y 3B’a3ky 3 uMMm nig yac nikyBaHHs diten 3 BA
CYTTEBOrO 3Ha4YeHHs1 HabyBatOTb HOBI (POPMKM NIKAPCbKUX
npenaparie — ninocomu, Wo 3a6e3nevyoTb [LOCTaBKY
nikapcbKoi pe4oBUHM B HE3MIHEHOMY BUMMAAi Y GpoHXo-
rnereHeBy cucTeMy i Yy BHYTpPILHbOKNITUHHE cepeno-
Buwe. JlinocomanbHi npenapatM MOXYTb e(eKTUBHO
BMKOPWUCTOBYBaTUCA ANSA KOpekuii iMyHHOro romeocTasy
npu iHeKuinHo-aneprivHnx Ta ayToIMYHHUX 3axBOpHO-
BaHHAX, A0 AKMX HanexuTb i BA y giten. BoHn maioTb

Bronchial asthma (BA) in children is a chronic
inflammatory disease of the bronchopulmonary system
and, with all the diversity of polyetiological potential
and clinical manifestations, develops as an immuno-
pathological process [1, 2, 7-10]. The researchers note
that in the pathogenesis of BA, the leading importance
belongs to the mechanisms that are implemented
through humoral and cellular immunity, with the sub-
sequent formation of hypersensitivity of the immediate
and delayed type, the development of secondary immuno-
deficiency, the reduction of factors of nonspecific resis-
tance, the formation of autosensitization, which develops,
as a rule, on primary and secondary antigens [2—4].
In this regard, in the treatment of children with asthma,
new forms of drugs — liposomes, which ensure the
delivery of the medicinal substance in an unchanged
form into the bronchopulmonary system and into the
intracellular environment — are of significant importance.
Liposomal drugs can be effectively used to correct
immune homeostasis in infectious-allergic and auto-
immune diseases, which include asthma, in children.
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GesnepeyHy nepesary nepen PEKOMEHOOBAHWMM EKC-
nepTHot rpynoto KoHCeHCycy rmnioKOKOPTUKOCTEPOIaiB,
AKi 9K MNpuW iHransuinHoMy, Tak i npu nepopanbHOMY
3acToCyBaHHi, He 3abe3nevytoTb eeKTUBHOIO KOHTPO-
MO KNiHIYHUX CMMNTOMIB 3aXBOPHOBAHHS NpU CepenHbo-
TSKKOMY i, 0COBMMBO, NpU TsHKKOMY nepebiry, a Takox He
Np13BOAATb 4O BIAHOBNEHHS iIMyHHOro romeocTtaay [3, 4].

Y 3B’A3KYy 3 UMM Y KNiHIYHIA NpakTuLi 3 METOI0 KOpek-
uii iMyHHOro romeocTasy BCe LUMpLUE BUKOPUCTOBYIOTb
iHransiuiiHe 3acTocyBaHHs chocdoaieTMnNxoniHOBUX Mino-
com («JliniHy») [5]. JliniH € MynbTMBE3WKYNsIpHOK mino-
COMOI0, B 5Kl KOXKEH LIap po3gineHnin BogHow ¢asoto,
a HasiBHICTb ninigHOI memObpaHu Ta i CTPYKTypHOI
6ynoBu obepirae ninocomu Big Aii hepMEHTHUX cucTem
KpOBi Ta TKaHWHHUX TpaHccyaaTiB. Kpim Toro, minocomu
MaloTb YHiKanbHy 30aTHICTb BHYTPILUHBOKNITUHHOI O0-
CTaBKM NikapCbKMX Npenaparis, Lo AOCAraeTbCs 3aBasku
3MUTTIO NINOCOMM 3 KMITUHHOK MeMOpaHoo (Npu LbOMY
il ninigHi koMNoOHeHTV BOYOOBYOTLCA B MeMbOpaHy) abo
npw 3axonsieHHi NiNOCoM KriTMHaMmn BHacnigok daroum-
To3y. Mpu octaHHbOMY Aerpapgauis ninigHoi 06GOMNOHKM
MOYMHAETLCS BXEe B €HOOBaKyomnsix A0 ii noTpanmsiHHA
y nisocomu. lMpu ubomy 3abesnedyyeTbcs BUXig Hey-
LUKOPKEHOrO NiKapcbKoro npenapaty B KNiTUHHY LMUTO-
nnasmy. Lle BigkpvBae nepcnekTyBM MiABULLEHHA
€(eKTUBHOCTI MpONoHrauii TepaneBTUYHOI Aii camux
npenapariB, BKIMKOYEHUX Y MiNOCOMU, NpU OOHOYACHOMY
3HWXKEHHI iX 03, @ TaKOXX CaMOCTIHOTO BMMBY HEHaBaH-
Ta)KEHUX NMiNOCOM Ha CTPYKTYPHi KOMMOHEHTU edeKkTop-
HUX KNiTMH, cTabinisauito  nisocomansHUX CTPYKTYp
Ta iHribiuito cuHTe3y 6ionoriyHO akTUBHUX PEYOBUH
Ta xemoaTpakTaHTiB. Pi3Hi dopmu niniHy oTpumaHo
3a [JONoMOrol 3MiHM OucnepcinHoro cepegosuLla
ninocom, Wwo 3abe3neyye pO3LIMPEHHSI TepaneBTUYHOIO
cnekTpa iXHbOI aKTUBHOCTI.

[lo naHoro cnekTpa akTMBHOCTI HaneXuTb:

— ocobnuBa CyKynHicTb GionoriyHMX BRacTUBOCTEWN,
npuTaMaHHUX PyHKLisSIM KNITUHHUX MeMbpaH;

— pbapmMakoguHamika B opraHiami 3 nocnigoBHUM po3-
noginom Ta HaKoMUYeHHsIM y BPOHXONEreHeBil cucTemi;

— bBionoriyHa cymicHiCTb 3 (PEPMEHTHUMU Ta IMYHO-
NOriYHUMKN CUCTEMAMM OpraHi3my;

— aAre3nBHICTb;

— 0cobnMBMI xapakTep B3aeMogii 3 KniTMHamun y Bu-
rnagi eHgoumTosy abo NpsiMoro 3nNUTTSA 3 iXx MeMbpaHamu;

— CTUMYnNSAUiA dparoumTosy;

— iMyHOKOperyBanbHUN Ta iMyHOCYNpecuBHUIA edek-
TW 3anexHo Big ckragy docdoninigiBe Ta nikapcbkux
npenaparis, L0 BXOAATb 40 NiNOCOM.

Jlikapcbki BnacTnBocTi ninocom 6a3yoTbecs Ha Bapito-
BaHHI geskumn  Tunamm  cpocdponinigiB, BKITHOYEHHI
0o X cknagy pisHUX XiMiYHMX CMONYyK, WO NiABULLYIOTb
iX cTabinbHiCTb i BMBIPKOBUI TpaHCMOPT, eTioTponi3M
LWoA0 KMNiTUH-MiLLEHEN.

Y 3B’A3Ky 3 UMM HaMu MNPOMOHYETLCA HOBWUWA TuUM
ninocomaneHoi opmu «JliniH» Ha OCHOBI 3MiHK cknagy
AVCnepcinHOro cepeaoBULLA LUNSIXOM 3aCTOCYBaHHS pO3-
UYMHIB, WO MatoTb OGionoriyHy akTuBHiCTb. [na uboro
3acToCOBYyBanu aHTubakTepianbHuii npenapat «Ektepu-
una». Y poboTi BMKOpUCTaHi sik dpocdpoaieTUnxoniHoBi
ninocomu («JliniH») 6e3 HanoBHiOBa4a, Tak i Moro mino-
comanbHa opma 3 npenapartom «Exktepuumay.

MeTta po60OTH — BU3HAYUTU BMNMMB HA CTaH iMYHHOI
cuctemMu ninocomansHoi dopmu niniHy Yy  didionoriy-
HOMY Ta €eKTepuuMOHOMY pO34YMHax Yy [AiTel, XBOPUX
Ha GpoHXianbHy acTmy.

They have an indisputable advantage over the gluco-
corticosteroids recommended by the expert group of
the Consensus, which both when inhaled and when
used orally do not provide effective control of the
clinical symptoms of the disease in moderate and espe-
cially severe cases, and also do not lead to the restoration
of immune homeostasis [3, 4].

In this regard, the inhalation use of phosphodiethyl-
choline liposomes («Lipin») is increasingly used in
clinical practice to correct immune homeostasis [5].
Lipin is a multivesicular liposome in which each layer
is separated by an aqueous phase, and the presence
of a lipid membrane and its structural structure protects
liposomes from the action of enzyme systems of blood
and tissue transudates. In addition, liposomes have
a unique ability to deliver drugs intracellularly, which is
achieved due to the fusion of the liposome with the cell
membrane (at the same time, its lipid components are
embedded in the membrane) or when liposomes are
captured by cells due to phagocytosis. With the latter,
degradation of the lipid membrane begins already in
endovacuoles before it enters lysosomes. At the same
time, the release of the intact drug into the cell cytoplasm
is ensured. This opens up prospects for increasing the
effectiveness of prolonging the therapeutic effect of
the drugs included in liposomes, while simultaneously
reducing their doses, as well as the independent effect
of unloaded liposomes on the structural components
of effector cells, stabilization of lysosomal structures,
and inhibition of the synthesis of biologically active sub-
stances and chemoattractants. Different forms of
lipin are obtained by changing the dispersion medium
of liposomes, which provides an expansion of the thera-
peutic spectrum of their activity.

This spectrum of activity includes:

— a special set of biological properties inherent in
the functions of cell membranes;

— pharmacodynamics in the body with sequential
distribution and accumulation in the bronchopulmonary
system;

— biological compatibility with enzyme and immuno-
logical systems of the body;

— adhesiveness;

— special nature of interaction with cells in the form
of endocytosis or direct fusion with their membranes;

— stimulation of phagocytosis;

— immunocorrective and immunosuppressive effects
depending on the composition of phospholipids and
drugs included in liposomes.

Medicinal properties of liposomes are based on the
variation of some types of phospholipids, the inclusion
of various chemical compounds in their composition,
which increase their stability and selective transport,
etiotropism in relation to target cells.

In this regard, we offer a new type of liposomal form
of «Lipin» based on changing the composition of the
dispersion medium by using solutions that have biolo-
gical activity. For this, the antibacterial drug «Ektericide»
was used. Both phosphodiethylcholine liposomes
(«Lipin») without a filler and its liposomal form with
the drug «Ektericide» were used in the work.

Objective — is to determine the effect of the liposomal
form of lipin in physiological and bactericidal solutions
on the state of the immune system in children with BA.
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MATEPIAAU TA METOAU AOCAIAXXEHHSA

Hamun npoBegeHo pocnigxeHHs 126 piten, xBopux
Ha BA, Bikom Big 5 o 14 pokis, y nepiogi pemicii,
Ta 25 3gopoBux Aiten Bikom 7—14 pokis. [iarHo3 BA
BCTAHOBMIOBANM 3rifHO 3 KPUTEPISIMU, peKkoMeHaoBa-
HuMmn GINA (2021) Ta Haka3om MiHicTepcTBa OXOPOHU
3popoB’a YkpaiHu Ne 2856 [8]. 3 nerkum nepcuctyoumnm
nepebirom BA 6yno 42 (33,3%) OuTuHK, 3 cepeaHbOTSX-
kMM nepcuctytodmm 42 (33,3%) Ta TSHKKMM NepcucTyto-
ymm nepebirom 42 (33,3%) gutuHu. Yci rpynu giten 6ynm
penpe3eHTaTVBHMMM, PaHOOMI30BaHi 3a BiKOM, CTaTTiO
Ta CTyneHeM TSXKKOCTi nepebiry 3axBoptoBaHHS.

Y nynbMoHonoriyHomy BigaineHHi OepxaBHoi ycTa-
HoBM «[luTava OOpoXHa KniHiYHa nikapHsa» (M. Xapkis),
BigNoBiAHO A0 Haka3y MiHicTepcTBa OXOpPOHW 340POB’'A
Ykpainn Ne 2856, ycim pgitam nposogunack 6GasucHa
Tepanisi, sika npu3Hadanacb B Jo3ax 3rigHO 3i CTyneHem
TsKKOCTI nepebiry BA Ta 3 ypaxyBaHHSIM BiKy XBOpUX
AiTen. IMyHOnoriyHi AOCNIIXEHHS NPOBOAUNNCE Ha (POHI
Ga3uncHoi Tepanii, ski 4OAaTKOBO OTPMMYBanu NikyBaHHS
ninocomamu 6e3 HanoBHroBaya («JliniH») y gisionoriyHomy
PO34MHi Ta Noro ninocomarnsHy OPMY B eKTEPULIMAHOMY
po3yunHi. 20 pitem 3 nerkum, 20 i3 cCepeaHbOTHAKKMM
i 20 3 TskkMM nepebirom BA, oTpumyBanu ninocomarns-
HU npenapart «JliniH» 3 po3paxyHky 5—10 Mr/kr macu Tina
Ha ofHy iHransuiio, po3dnmHeHun B 10 MA CTEpUNbHOrO
(pigionoriyHoro po3uuHy (1 cnakoH o6’emom 50 mn mic-
TMTb 500 Mr CTepurbHOro MiNOCOManbHOro NeLnTUHY).
IHransuito npoBoaunM Yepes ynbTpas3ByKOBUI iHranaTop
aepo30nbHOro TMNy ABidi Ha AeHb npoTtdrom 7—10 gHiB.
22 OUTUHK 3 NErknMm, 22 i3 cepeaHbOTSIKKNM | 22 3 TSXKKUM
nepebirom BA oTpumyBanu ninocomarnsHWA npenapat
«JliniHy» iHranAuinHO 4epes3 YNbLTPa3BYKOBWUM iHransitop
y 0o3i 510 mr/kr macu Tina, po34nHeHuin y 20 mn ektepu-
unay Ha ofHy iHransuio, 3 pasuTpudi Ha AeHb NPOTArOM
7-10 pHiB. Bci npenapatu 3actocoByBanucs 3rigHo
3 iHCTpyKUisIMM LWoAO0 1X 3aCTOCyBaHHS, 3aTBepaxe-
HUMM MiHICTEpPCTBOM OXOPOHU 300POB’A  YKpaiHu.

Y poGoTi BUKOPWUCTOBYBanu iMyHOMOriYHIi METOAMW.
IMyHorno6yninu (Ig) knacis M, A, G Bu3Ha4anu mMeToaom
peakuii imyHogudysii 3a MaHumHi (1965), 3aranbHui
cupoBaTkoBuin IgE — 3a gonomorot iMyHOEepMEHTHOT
TecT-cuctemn (test-system determinational IgE hominis
totum immunofermentale). BusHayeHHs TUTPY komnne-
MEHTY y cupoBaTLi KpoBi 3aivicHioBanu 3a J1.C. PesHuko-
BuM (1967), umpkyntotoumx iMyHHuX komnnekcis (LK) —
Haskowa 3i cnieaBT. (1978) cnekTpodoTOMETPUYHUM
crnocoboM CcenekTMBHOI npeuuniTauii nonieTuneHrniko-
nem (MEr-6000) [5, 6]. AbcontoTHe uucno T-nimdo-
LUUTiB BCTAHOBIOBaNM HENPSIMOKO peakuieto imyHodnoo-
pecueHUii 3a QO0MOMOroH MOHOKMOHASIbHMUX aHTUTIN.
Bu3Havanu Taki aHTureHu (knactepu) gudepeHuitoBaHHA
Ha KkniTMHax iMyHHoT cuctemn: CD3 — ans ineHTudikauii
3aranbHoi nonynsuii T-knituH, CD4 — anga igeHTudikauii
T-xennepiB (iHoyktopie), CD8 — pana igeHTudikauii
T-cynpecopis/kinepis, CD19 — ansa igeHTudikauii
B-nimcdountis, CD95 — ansa ineHTudikauii MOHOHyKnea-
piB, WO HECyTb Ha KNiTUHHIN MeMbpaHi oavH 3 Mapke-
piB anonTo3y, BW3Ha4YanuM 3a [AOMNOMOrOK MNPOTOYHOI
nasepHoi untometpii Ha anapati FACS— Calibur (CLUA)
3 BUKOPUCTaAHHSAAM MOHOKNOHamNbHUX aHTUTIN [5, 6].

KpoB ons gocnigeHHs 36upanu HaTuie i3 NikTboBol
BEHW Yy KinbkocTi 5 Mn y crepunbHy npobGipky Tuna
«Enengopd». 3roga Ha npoBedeHHS  OOCHIOKEHHS

MATERIALS AND METHODS

We conducted research on 126 children with asthma
aged 5 to 14 years in remission and 25 healthy children
aged 7 to 14 years. The diagnosis of AD was established
according to the criteria recommended by GINA (2021)
and the order of the Ministry of Health of Ukraine
No. 2856 [8]. There were 42 (33.3%) children with mild
persistent BA, 42 (33.3%) with moderate persistent
and 42 (33.3%) with severe persistent. All groups of
children were representative, randomized according
to age, sex, and severity of the disease.

All children were given basic therapy in accordance
with the order of the Ministry of Health of Ukraine
No. 2856 in the pulmonology department of the
«Children’s Road Clinical Hospital» (Kharkov), which was
prescribed in doses according to the severity of BA
and taking into account the age of the sick children.
Immunological studies were carried out against the
background of basic therapy, which additionally received
treatment with liposomes without a filler («Lipin») in
a physiological solution and its liposomal form in
an extericidal solution. 20 children with mild, 20 with
moderate, and 20 with severe AD who received the
liposomal drug lipin at the rate of 5-10 mg/kg per 1 inha-
lation, dissolved in 10 ml of sterile physiological solution
(1 bottle of 50 ml contains 500 mg sterile liposomal
lecithin). It was inhaled through an aerosol-type ultra-
sonic inhaler 2 times a day for 7-10 days. 22 children
with mild, 22 with moderate and 22 with severe asthma
received the liposomal drug lipin by inhalation through
an ultrasonic inhaler at a dose of 5-10 mg/kg of body
weight, dissolved in 20 ml of ektericide, for one inhala-
tion 3 times a day for 7-10 days All drugs were used
in accordance with the instructions for their use approved
by the Ministry of Health of Ukraine.

Immunological methods were used in the work.
Immunoglobulins (Ig) of classes M, A, G were determi-
ned by the immunodiffusion reaction method according
to Manchin (1965), total serum IgE was determined using
an immunoenzymatic test system (test-system deter-
mination IgE hominis totum immunofermentale). Deter-
mination of complement titer in blood serum was carried
out according to L.S. Reznikova (1967), circulating
immune complexes (CIK) — Haskowa et al. (1978) by the
spectrophotometric method of selective precipitation
with polyethylene glycol (PEG-6000) [5, 6]. The absolute
number of T-lymphocytes was determined by an indirect
immunofluorescence reaction using monoclonal anti-
bodies. The following antigens (clusters) of differentiation
on the cells of the immune system were determined:
CD3 - to identify the general population of T cells,
CD4 - to identify T-helpers (inducers), CD8 — to identify
T-suppressors/killers, CD19 — to identify B-lymphocytes,
CD95 - to identify mononuclear cells carrying one of
the markers of apoptosis on the cell membrane was
determined by laser flow cytometry on a FACS-Calibur
machine (USA) using monoclonal antibodies [5, 6].

Blood for the study was collected on an empty
stomach from the elbow vein in the amount of 5 ml in
a sterile Eppendorf tube. Consent for the study was
obtained from the parents. During the study, the provi-
sions of the Declaration of Helsinki of the World Medical
Association, the ethical code of a doctor of Ukraine,
informing parents about the nature of the study were
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O6yna oTpumaHa Big OatbkiB. [lig 4ac [ocnimkeHHs
JotpumyBanuca nonoxeHb [enbciHcbkoi  [eknapauii
BcecBiTHbOiI MeaunyHoi Acouiauii, eTu4Horo Koaekcy
nikapsa Ykpainu. [ig 4ac npoBedeHHs LOCNiAXEHHs
OOTpMMyBanucb NpUHLMMIB GIOETUKM Ta BUMOP 3aKOHO-
[aBCTBa LWOAO0 NpoBeaeHHs1 BioMeTpUYHUX OO0CNiaXKeHb:
KoHcTtuTyuii Ykpainm (1996), OcHoOB 3akoHOOaBCTBa
YkpaiHu npo oxopoHy 3aopos’a (1992).

OuiHka BiporigHOCTi pi3HMUb CcepefHix BenuyuH
y rpynax (p) npoBogunacb 3a [OMOMOIOK KpUTEpIto
CtbiogeHTta (t). BigmiHHOCTI BBakanucs CTaTUCTUYHO
3Ha4ywumu npum p<0,05.

PE3YABTATU TA iX OBFOBOPEHHS

Mpu npoBefeHHi KNiHIKO-iMyHOMOriYHNX AoChioKeHb
y fiten, xsopux Ha BA, Big3HayeHo nigBULLEHUI BMICT
3aranbHoOl  dpakuii cuctemmn komnnemeHty Ta LIK,
O KOPEne 3 TsXKKICTIO nepebiry 3axBoploBaHHSA.
Mpu UBOMY BCTAHOBNEHO 3aKOHOMIPHE 3HWDKEHHS BMIiCTY
B cupoBaTUi KpoBi dpakuiv IgM Ta IgG, piske nigBuLLEeH-
HA piBHA IgE Ta HesHauHe — IgA, a TakoX NiABULLIEHHS
mapkepiB B-nimgoumTie CD19 Ta MOHOHykneapis, Lo
HecyTb Ha KNiTUHHIN MeMbpaHi oauMH 3 MapkepiB anon-
To3y — CD95 (tabn. 1). 3MiHM B iMyHONOrYHMX MOKa3-
HWKax cBigyaTb Npo Te, WO MexaHisMu po3BuTky BA
y Aiten BioOyBalTbCA 3 MOPYLUEHHAMU YHKLii rymo-
panbHOro iMyHITETY nig 3HaKoM anepriyHoi nepebynosu
iIMyHHOI cucTemMu, a 3 GOKy KNiTMHHOrO iMyHITETy Mae
Micue 3pocTatouuin gucbanaHc Mapkepis CD4/CD8
T-nimdoumnTiB  Big nerkoro nepebiry [0  Taxkoro
3a paxyHok T-cynpecopis/Kinepis.

observed. During the research, the principles of bio-
ethics and the requirements of the legislation on conduc-
ting biometric research were followed: the Constitution
of Ukraine (1996), the Fundamentals of the Legislation
of Ukraine on Health Care (1992).

The probability of differences in mean values in
groups (p) was assessed using the Student’s test (t).
The difference was considered statistically significant
at p<0.05.

RESULTS AND DISCUSSION

When conducting clinical and immunological studies
in children with BA, an increased content of the total
fraction of the complement system and CIC was noted,
which correlates with the severity of the course of the
disease. At the same time, there was a natural decrease
in the content of IgM and IgG fractions in the blood serum,
a sharp increase in the level of IgE and a slight increase
in IgA, as well as an increase in the markers of B-lympho-
cytes CD19 and mononuclear cells, which carry one of
the markers of apoptosis — CD95 on the cell membrane
(Table 1). Changes in immunological indicators indicate
that the mechanisms of BA development in children
occur with disorders of humoral immunity under the sign
of allergic restructuring of the immune system, and on
the part of cellular immunity, there is a growing imba-
lance of CD4/CD8 T-lymphocyte markers with a mild
course to severe due to T-suppressors/killers.

Ta6nuus 1. [aHi imyHorpam fiten, xsopux Ha BA, o npoBefeHHs Tepanii pisHUMK hopmamum ninocomansHUx npenapartis (M+m)
Table 1. Data of immunograms in children with BA before therapy with various forms of liposomal drugs (Mtm)

o TspkkicTb nepebiry BA / The severity of the course of bronchial asthma
IMyHOMOriYHUIN NOKa3HUK Hggﬁﬁozhﬁgén . CPEAHBLOTSIKKUIA .
Immunological index (h25) DI (’n T"t'g)w”rse medium difficulty course | <™ (/n L‘jrzd) gourse
(n=42)
Co, rem. oa. / Co, cond.un. 55,4+3,2 58,90+2,45 70,30+4,18 81,50+4,16
LIK, ym. oa. / CIC, cond.un. 30,2+2,3 149,80+8,16* 180,4+11,2* 226,90+5,94*
LIK/C / CIC/Co 0,54 2,54* 2,56* 2,78*
IgM, r/n / IgM, g/l 1,52+0,04 1,28+0,36 1,24+0,26 1,14+0,23
IgA, rin [ 1gA, gll 1,20+0,06 1,16x0,32 1,74+0,38 2,26+0,21*
IgG, rin / 1g9G, g/l 13,18+0,38 10,40+1,36 9,241,5* 6,50+1,11*
IgE, KE/n / IgE, KE/n 53,34+31,9 100,60+8,14* 219,10+16,3* 246,48+13,98*
CD19, % 18,15+1,2 23,60+£1,19* 27,30+1,12* 29,60+1,63*
CD3, % 61,42+1,8 59,34+4,17 57,75+3,18 56,29+2,89
CD4, % 30,15+1,6 31,90+2,16 33,20+2,27 35,40+2,86
CD8, % 26,18+1,3 23,60+1,38 19,0+2,15 13,321,1*
CD4/CD8 1,15+0,1 1,4 1,7 2,6*
CD95, % 5,840,73 16,32+1,14* 28,12+2,48* 38,7243,15*"
lMpumimku:

* QOCTOBIpHa BiAMIHHICTb Big rpynu 3goposux aiten (p < 0,05);
A [OCTOBIpHa BiAMIHHICTb Big rpynu giten 3 nerkum nepebirom BA (p < 0,05)

Notes:

* significant difference from the group of healthy children (p<0.05);
A significant difference from the group of children with a mild course of BA (p<0.05)

IHransauinHa Tepania niniHom y disionorivHomy Ta B
eKTepMLUMaHOMY po3dmHax (Tabn. 2) niniHy cnpusana Hop-

Inhalation therapy with lipin in physiological and
extericidal solutions (table 2) of lipin contributed to the
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Manisauii BMIiCTy 3aranbHoi cppakuii cuctemm komnne-
MEHTY MpKW NErkoMy Ta CepefHbOTsKkOMY nepebiry BA
Ta 3HAYHO NPU TSHKKOMY, LLO BMSIMHYMNO HA CYTTEBE 3HU-
xeHHs piBHa LK. MNMpuepTtae yBary i 3HauyHe 3HUXKEHHSA
IgE npu Bcix CTyneHsix TsKkocTi nepebiry 3axBopto-
BaHHS Ta BigHOBMEHHS 0O HOPMarbHUX 3HA4YeHb Mapke-
pis CD8 T-cynpecopis/kinepis, a TakoX 3HUXKEHHS MOHO-
HykneapiB, WO HeCcyTb Ha KNiTUHHIN MeMOpaHi oguH
3 MapkepiB anonTtody — CD95 (ame. Tabn. 2). KniHiyHni
eeKT BifHOBMNEHHS MOPYLUEHOr0 iIMyHHOrO roMeocTasy
3anexas nepegyciM BiA KOMMOHEHTHOro cknagy doc-
doninigis, Wo BXoAATb [0 cknagy ninocom, i aHTu-
GakTepianbHoro npenapaty «Ektepuuua», kUi BUKO-
pUCTOBYBaBCS SIK ANCMEPCiiHe cepeaoBuLLE.

normalization of the content of the total fraction of the
complement system in mild and moderately severe BA
and significantly in severe, which affected a significant
decrease in the level of CIC. Attention is also drawn to
a significant decrease in IgE at all degrees of severity
of the disease course and recovery to normal values
of CD8 markers of T-suppressors/killers, as well as
a decrease in mononuclear cells carrying on the cell
membrane one of the markers of apoptosis — CD95
(Table 2). The clinical effect of restoration of disturbed
immune homeostasis depended primarily on the com-
ponent composition of phospholipids included in lipo-
somes and the antibacterial drug «Ektericide», which
was used as a dispersion medium.

Tabnuua 2. [laHi imyHorpam fiten, xBopvx Ha BA, nicns nikyBaHHs pisHMMKU chopmamu fiinocomanbHux npenapartis (M+m)
Table 2. Data of immunograms in children with BA after treatment with various forms of liposomal drugs (M+m)

TspkkicTb nepebiry BA / The severity of the course of bronchial asthma
nerkuii / mild course CPEAHBOTKKM Tspkkuin / hard course
medium difficulty course
IMyHonorNHM.M anaSH”K niniH 6e3 ekTepuumaHa niniH 6e3 ekTepuumagHa niniH 6e3 ekTepuumaHa
Immunological index At i a S
HamnoBHEHHs1 | dhopma niniHy | HanoBHeHHs | dopma niniHy | HanoBHeHHs | copma niniHy
Lipin without Ectericidal Lipin without Ectericidal Lipin without Ectericidal
filling form of lipin filling form of lipin filling form of lipin
(n=20) (n=22) (n=20) (n=22) (n=20) (n=22)
Co, rem. oa. / Co, cond.un. 57,50+£3,18 55,40+2,46 64,70+£3,26 58,90+2,18 75,30£4,12 62,60+3,24
LIK, ym. og. / CIC, cond.un. 99,60+4,12 60,30£3,51¢ 121,505,117 102,1+4,1¥ 142,7046,85 109,80+5,12%
LIK/C / CIC/Co 1,73 1,10 1,97 1,73 1,89 1,75
IgM, r/n [ IgM, g/l 1,46+0,23 1,51+0,27 1,380,16 1,49+0,19 1,29+0,12 1,40+0,20
IgA, r/in / IgA, g/l 1,17+0,10 1,1940,18 1,42+0,23 1,33+0,16 1,58+0,26 1,39+0,21
IgG, r/in / IgG, g/l 11,60+1,43 12,80%1,51 10,70+1,36 12,20+£1,48 10,10£1,24 12,630+1,42
IgE, KE/n / IgE, KE/n 79,8016,24 58,30+3,16¢ 134,80+7,61 94,80+5,35" 141,8048,12 106,70+6,11#
CD19, % 22,80+1,19 22,10+1,29 24,60+1,46 23,50+1,37 26,30+1,62 24,20+1,56
CD3, % 61,60+3,99 62,80+4,25 59,40+3,48 60,10+4,83 58,30+3,61 59,104,115
CD4, % 30,00+1,26 30,60+2,18 31,30+£1,13 31,70+2,28 32,90+1,14 33,40+2,37
CD8, % 24,00%1,17 25,70+1,18 23,60+1,26 24,60+1,31 22,40+£2,25 23,50£1,33
CD4/CD8 1,3 1,2 1,3 1,2 1,5 1,4
CD95, % 10,39+1,68 7,10+1,82¢ 16,43+1,14 13,50%1,47Y 19,24+2,12" 18,52+1,69*
lMpumimku: Notes:

o — AOCTOBIpHi BiAMIHHOCTI Bif rpynu Aiten 3 nerkum nepebirom
BA (p < 0,05);

V — OOCTOBipHa BiAMIHHICTb Bi rpynu AiTew i3 cepegHbOTSIKKUM
nepebirom nicna npoBeAeHHs Tepanii ekTepuuuaHo HopMoro
nininy (p < 0,05);

# — poCTOBIpHa BIAMIHHICTb Bif rpynv AiTen 3 TSXKUM nepe-
birom nicns npoBegeHHs Tepanii  ekTepuuuaHoK  PopmMoto
nininy (p < 0,05)

Mpenapat «EkTepuuma» € BOOOPO3YMHHUM MPOAYK-
TOM OKUCHEHHSI puB’sSyoro »Xupy [0 KWPHWUX KUCIIOT, iX
anbAerifis i NepekucHMX cnonyk, SKum BnacTUBUA LLNPO-
Kuii cnekTp GakTepuumaHoi Aii Woao CTiKMx o aHTu-
GioTUKIB rpamMHeraTMBHUX i rPaMno3UTUBHMX Mikpoopra-
Hi3MiB, @ TaKOX BMpaKeHWA iIMyHOMOAYMIOYUIN, aHTK-
OKCUOAHTHUA Ta penapaTtmBHui edekTn. BcTtaHoBneHo,
L0 eKTepuumMaHi NinocoMn Manu 3gaTtHicTb copbyBaTtucs
Ha €epo3MBHUX AiNsiHKax cnv3oBoi 00O0NOHKM OpoHXiB,
3abe3nevyroun nikyBansHUM edekT 6e3nocepeiHbo B 30Hi
ypaxeHHs. EkTepuumgHa dopma niniHy Mae BUpaxeHy
NPOSIOHIOBaHy Ait0 3aBAsIKM MOCMNIAOBHOMY PYNHYBaHHIO
KOHTaKTHUX 3 €p030BaHO0 NOBEPXHEID MiNOCOM.

o — significant differences from the group of children with a mild
BA (p<0.05);

v — a significant difference from the group of children with
a moderately severe course after therapy with an ectericidal
form of lipin (p<0.05);

# — a significant difference from the group of children with
a severe course after therapy with the ectericidal form of
lipin (p<0.05)

The drug «Ektericid» is a water-soluble product of
oxidation of fish oil to fatty acids, their aldehydes and
peroxide compounds, which have a wide spectrum of
bactericidal action against antibiotic-resistant gram-
negative and gram-positive microorganisms, as well as
pronounced immunomodulatory, antioxidant and repa-
rative effects. It was established that ectericidal liposo-
mes had the ability to be absorbed on erosive areas
of the mucous membrane of the bronchi, providing
a therapeutic effect directly in the affected area. The exte-
ricidal form of lipin has a pronounced prolonged effect
due to the sequential destruction of liposomes in contact
with the eroded surface.
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EkTepvuna, Lo BXOAWUTb Y NiNOCOMY, Hadae CUHep-
risMm aHTubakTepianbHOi cnpsimoBaHocTi 3 docdo-
OieTUnxoniHoM, LWo i 3yMOBMOE BUPaXeHUN npoTu3a-
nanbHUA, aHTMOKCUMAAHTHWIA | BMOGIpKOBWUIA iMyHOCynpe-
CUBHWUIA eeKkT Ha nnasmaTuyHi KNiTUHW, SKi NpoayKyloTb
K UMTOTOKCWMYHI aHTUTINa [0 CTPYKTYp RereHeBoi
TkaHuHW, Tak i IgE. JlinocomanbHi dopmy niniHy
6e3 HaMoOBHEHHS NiKapCbkUMK MpenapaTamMu Ta ekTepu-
uMaHi ninocomMu 34aTHi nepelukogkatu rineppeakTue-
HOCTi Ta 3MeHWyBaTM OOCTpyKUito OpOHXiB 3aBasku
MOZYMOBaHHIO (YHKLIOHANbHOI aKkTUBHOCTI MeMOpaH-
HUX PeLenToOpHUX CUCTEM, 3MiHIOKYM X dpocdoninigHe
OTOYEHHS!, BIOHOBMIOBATU 3pYyMHOBaHWMA LWap cypdak-
TaHTY i UinicHICTE NnasmMaTu4HMX MemOpaH LWNSAXoM
3aMilLeHHs1 NopyLleHHA B pesynbraTi TpyBanoi rinokcii
i XpPOHIYHOrO 3ananeHHa docdoninigHoro  wapy,
a TaKkoX MpsIMOro BMSMBY Ha iMYHHY CUCTEMY, BUSIBNSI-
oYM iMyHOKOperyouni edexT.

Taknum 4MHOM, 3acTOCyBaHHsSI MiNocoMarnbHUX opM
niniHy B nikyBaHHi aiten 3 BA npuBogntb 0o Hopmani-
3auii  rymopanbHOi Ta KMITUHHOI NaHOK iMYHITETY,
3HWXKEHHS 3ananbHOro mnpouecy B OpOHXONereHesin
CUCTEMi, L0 J03BOMSIE BUKIIOYUTU 3 KOMMMEKCHOT Tepa-
nii BA y giTen iHranauiiHe Ta nepopanbHe BUKOPUC-
TaHHSA MMIOKOKOPTUKOCTEPOIgiB.

BUCHOBKHU

3acTtocyBaHHA ninocomarnbHux opM MiniHy iHrans-
LinHO y AiTen, XBopux Ha BpoHxianbHy actMy, NpMBOANTL
[0 HopManisauii ryMoparnbsHOro Ta KniTUHHOTO iMyHITETY.

BukopucTaHHa ninocomansHoi dopmMu niniHy B ekTe-
PULMOHOMY PO3YUHI iHransAUinHO 3HWXKYE 3ananbHUiA
npouec y OpOHXOMereHeBilt CUCTEMI Yy AiTel, XBOPUX
Ha BpoHXianbHy acTmy.

3acTocyBaHHA eKkTepuumaHoi opMK niniHy B KOMI-
nekcHin Tepanii 6poHxianbHOT acTMu y AiTen iHranauinHo
[O3BONSE 3HU3UTWU A03W iHranauinHMX Ta nepopanbHuX
MOKOKOPTUKOCTEPOIAIB.
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The ectericide included in the liposome provides
antibacterial synergy with phosphodiethylcholine, which
causes a pronounced anti-inflammatory antioxidant
and selective immunosuppressive effect on plasma cells
that produce both cytotoxic antibodies to lung tissue
structures and IgE. Liposomal forms of lipin without
filling with drugs and ectericidal liposomes are able to
prevent hyperreactivity and reduce bronchial obstruction
due to the modulation of the functional activity of
membrane receptor systems, changing their phospho-
lipid environment, restore the destroyed surfactant
layer and the integrity of plasma membranes by
replacing the disruption resulting from prolonged
hypoxia and chronic inflammation of the phospholipid
layer, as well as a direct effect on the immune system,
showing an immunocorrective effect.

Thus, the use of liposomal forms of lipin in the
treatment of children with asthma leads to the normali-
zation of the humoral and cellular links of immunity,
the reduction of the inflammatory process in the broncho-
pulmonary system, which makes it possible to exclude
the use of inhaled and oral glucocorticosteroids from
the complex therapy of asthma in children.

CONCLUSIONS

The use of liposomal forms of lipin by inhalation in
children with bronchial asthma leads to the normaliza-
tion of humoral and cellular immunity.

The use of the liposomal form of lipin in an ectericidal
solution by inhalation reduces the inflammatory process
in the bronchopulmonary system in children with bron-
chial asthma.

The use of the ectericidal form of lipin in the complex
therapy of bronchial asthma in children by inhalation
allows to reduce the doses of inhaled and oral gluco-
corticosteroids.
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MepcnekTUBU NOAAABLLUMX AOCAIAXEHD

BusiBrneri 3aMiHM 403BONSAOTL 3 HOBUX MO3MULIA HAMITUTKU LLNSXN
NpodinNakTMkM Ta MaTOreHeTUYHOI KOPEeKLii BUSBNEHWX Mopy-
LWeHb NinigHoro 06miHy Ta ANCAYHKLIT eHOoTenito CyavH y aiten,
XBOPUX Ha BPOHXianbHy actmy.

KoHAIKT iHTepeciB

ABTOpPU pyKOMMCY CBIAOMO 3acBiAvylOTb BIACYTHICTb (aKTuuy-
HOro abo MOTEHLINHOro KOHAMIKTY iHTepeciB LWo[o pesynbraTis
uiei pobotn 3 chapMaueBTUYHUMM KOMMNAHIAMK, BUPOGHMKaMu
6iomMmeanyYHUX MPUCTPOIB, IHLUMMW OpraHisauisiMy, Yui NpoayKTy,
nocnyrv, iHaHcoBa niATPUMKa MOXYTb OyTuW MOB’A3aHi
3 MNpeaMeToM HagaHux matepianiB abo ski cnoHcopysanu
npoBeaeHi AOCHiMHKEHHS.
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Prospects for further research

The identified changes make it possible to outline ways of
prevention and pathogenetic correction of detected disorders
of lipid metabolism and vascular endothelium dysfunction
from new positions in children with bronchial asthma.
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KAlo40Bi cAoBa: PE3IOME

MeTaboniYHUA CUHAPOM, OXUPIHHS, MOp-  AKTyanbHicTb. OXUpIHHS Yy TPU3YHIB po3rmsaalnTb sk 30inblueHHs Macu Tima 3a
dororiyHi Ta MOP(OMETPUYHI MEXaHi3-  paxyHOK XUMPOBUX [eno Mpu Npu3HadyeHHi M BUCOKOXWPOBOI [Ai€ETW, SKa cnpusie
MW, NEenTWH, agunouuTW, rinepTpodpiyHi  NIABMLLEHHIO BHYTPIWHLOI Macu opraHismy. [MpoBegeHO MoAentoBaHHs MeTaboriy-
npouecu. Horo cuHapomy (MC) Ha Ginux camkax-Liypax, BikOM 5—6 MicauiB ANnsi BU3HAYEHHS
MOPAONOriYHMX Ta MOP(OMETPUYHMX 3MiIH Y JKUPOBIN TKaHWHI Ta BCTaHOBMEHHS

o B3aEMO3B’A3KYy 3 PO3BMTKOM XPOHIYHOIO 3anarneHHs.

AAs KOpecnoHAEeHLUI: MeTta po60TH — BMBYMTU MOPONOriYHi Ta MOPEOMETPUYHI OCOBNMBOCTI XUPOBOI
TKaHUHU MPU OXUPIHHI Yy LLypiB, BCTAHOBUTU B3aEMO3B’A30K 3 MapKepamu cuctem-
HOro 3ananeHHs, piBHeM NenTuHy i nNposananbHUMU LUTOKIHAMU B CUpOBATLi KPOBI
npu MeTaboniyHoOMy CUHOPOMI.

Matepianu Ta metoau. [locnigxeHHs nposegeHi Ha 30 Ginux camkax-Lypax nonyns-
uii WAG/G Sto, Bikom 5-6 micauis. [ina moaentoBaHHs MC wypu 6ynu posnogineHi
Ha OBi rpynu: ocHoBHY (20 LwypiB) Ta KOHTPOMbHY (10 wypiB). [Ans KiNbKiCHOT OLiHKW
CTaHy >XMpPOBOI TKaHWHW BUKOHyBanu mopdponoriyHe Ta MOpdOMETPUYHE [OChia-

Ky3bmiHa IpuHa FOpiigHa

XapKiBCbkU  HaUiOHaNbHUA  MEeANYHWUIA
yHiBepcuTeT MiHicTepcTBa OXOpPOHM 300-
poB’ss YkpaiHu, kadegpa 3aranbHOi Ta
KniHivHOI naTodizionorii iM. [.0. AnbnepHa;
npocnekt Hayku, 6ya. 4, M. Xapkis,

Ykpaita, 61022; XEeHHs1 agunoumTiB. KOHUEHTpaLito LMTOKIHIB Ta NMenTuHy Yy CMpoBaTLi KpOBi BWU3HA-
e-mail: irina.u.kuzmina@gmail.com Yanun MeToooM iN!)IHOd)epMeHTHOFO aHanisy._ Onsa ninTBepﬂ)&_(eHHﬂ pO3BUTKY MC

y TBapwH OCHOBHOI Fpynu OLiHIOBanu macy Tifna, KOHLEHTPaLilo MoKO3M, iHCYMiHY,
© Kysbmina 1.10., Kyabmina O.0., 2024. Tpurniuepwais, 3aranbHoro xornecTtepuHy B kposi (3XK), ninonpoTeiHoB HW3bKOI

Ta Bucokoi winbHocTi (JINHLL, TNBLL), C-peaktuBHoro 6inka (CPB).

Pesynbratn Ta ix o6roBopeHHs. MopdornoriyHe Ta MoOpoOMETPUYHE AOCHiOKEHHS
XKMPOBOI TKaHWHW NIATBEPAXYIOTb 3MiHY Macy XXMPOBOI TKaHWHW 3a paxyHOK po3mipiB
XMPOBMX KNiTMH — rinepTpodii agunoumTtis. Mapkepom MetaboniyHoro cuHpomy
€ crneundiyHMn aaunokiH — NEnTUH, KOHLEHTpauis SKoro y cupoBaTui Xapaktepu-
3ye CTyNiHb MOro ropMoOHanbHOI aKTMBHOCTI. [loBeAaeHo, WO MiABULLEHHSI PIiBHS
nentuHy npu MC € He TiMbKu CMMNTOMOM, LO XapakTtepusye yHKUiOHANbHUN
CTaH XMVPOBOI TKaHWHW, ane i 3yMOBMIOE CMOHTaHHYy MPOAYKUi npo3ananbHUX
LUMTOKIHIB Yy KpOBi Ta MaToreHeTUYHO B3AEMOMOB’S3aHe i3 PO3BUTKOM HeaudepeH-
LlinoBaHOIO XPOHIYHOro 3ananeHHs.

BucHoBku. MopdornoriyHe Ta MOphOMETPUYHE AOCHIMKEHHS NiABULLEHHS 06’ €MHOI
WiNbHOCTI aguMnoumTiB, po3Mmipy iX AiameTpa Ta KinbKOCTi iH(InbTpaTiB Bignosigae
MONOXEHHIO MPO 3anarneHHsi XXMPOBOT TKaHWHWN B OCHOBHIN rpyni LLypiB.

3MiHa LMTOKIHOBOro npodinio B cCvpoBaTLi KpPOBi LUypiB MOXe OyTu He Tinbku Map-
KepoM pO3BWUTKY AAHOr0o BUAY 3ananeHHs XUpPOBOi TKaHWHKW, @ TaKoX NMPOrHOCTUYHOK
03HaKoK edeKTUBHOCTI NiKyBaHHA MeTaboniyHOro CUHOPOMY.

AAS UMTYBAHHS:

Kysbmia |.}HO., KysbmiHa O.O. MopdornoriyHi Ta MOpdOMETPUYHi OCOGMMBOCTI XMPOBOI TKaHWHW Y LUypiB
npu PO3BUTKY XPOHIYHOrO 3ananeHHs Ha OOoHi MeTaboniyHOro cuHApomy. KapasiHcbKul iMyHOMO2iYHUl XypHarl.
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ABSTRACT

Background. Obesity in rodents is considered as an increase in body weight
due to fat depots when they are given a high-fat diet, which contributes to an increase
in the internal body weight. Modeling of metabolic syndrome (MS) was carried out
on white female rats, aged 5-6 months, to determine morphological and morphometric
changes in adipose tissue and to establish the relationship with the development
of chronic inflammation

Purpose of the work is to study the morphological and morphometric features
of adipose tissue in obesity in rats, to establish a relationship with markers of systemic
inflammation, the level of leptin and pro-inflammatory cytokines in blood serum in
metabolic syndrome.

Materials and Methods. The research was conducted on 30 white female rats
of the WAG / G Sto population, aged 5-6 months. For MC modeling, rats were divided
into 2 groups: main (20 rats) and control (10 rats). Morphological and morphometric
study of adipocytes was performed to quantitatively assess the state of adipose
tissue. The concentration of cytokines and leptin in blood serum was determined
by enzyme immunoassay. To confirm the development of MS in the animals of
the main group, body weight, concentration of glucose, insulin, triglycerides, total
blood cholesterol (TBH), low- and high-density lipoproteins (LDL, HDL), and
C-reactive protein (CRP) were evaluated.

Results. Morphological and morphometric studies of adipose tissue confirm a change
in the mass of adipose tissue due to the size of fat cells — hypertrophy of adipocytes.
Metabolic markers of the metabolic syndrome are a specific adipokine — leptin, the
concentration of which in blood serum characterizes the degree of its hormonal activity.
It has been proven that an increase in leptin level in MS is not only a symptom that
characterizes the functional state of adipose tissue, but also determines the sponta-
neous production of pro-inflammatory cytokines in the blood and is pathogenetically
interconnected with the development of non-differentiated chronic inflammation.
Conclusions. The morphological and morphometric study of the increase in the
volume density of adipocytes, the size of their diameter and the number of infiltrates
corresponds to the statement about inflammation of adipose tissue in the main group
of rats. A change in the cytokine profile in the blood serum of rats can be not only
a marker of the development of this type of adipose tissue inflammation, but also
a prognostic sign of the effectiveness of the treatment of metabolic syndrome
Key words: Metabolic syndrome, obesity, morphological and morphometric
mechanisms, leptin, adipocytes, hypertrophic processes.

Kuzmina IYu, Kuzmina OO. Morphological and morphometric features of adipose tissue in rats with the
development of chronic inflammation against the background of metabolic syndrome. Karazin Journal of Immunology.
2024;7(1(13)):44-53. DOI: https://doi.org/10.26565/3083-5615-2024-13-05

BCTYN

INTRODUCTION

Mertaboniynnn cuHgpom (MC) — wue KkKomnnekc
MeTaboniyHMX, rOpMOHanNbHUX Ta KIiHIYHMX MOPYLUEHb,
AKAN  XapakTepusyeTbCa  OXMPIHHAM, apTepianbHO
rinepTeHsieto, gucninigemieto, rineprrnikemielo Ta pesuc-
TEHTHICTIO A0 iHCYniHY [1]. OXuUpiHHA MOXHa po3rnagatv
AK dakTop, Lo BNAMBae Ha MexaHiam po3suTky MC npu
HaaMmipHin Maci Tina. KinbkicTb BicLepanbHOi XUpoBoi
TKAHWHW  Ma€ BaXNMBE MPOrHOCTUYHE  3HAYEHHS
Yy PO3BUTKY 3axBOPKOBaHb, MOB’SI3aHMX 3 OXMPIHHAM.
’KupoBa TkaHVWHa He TinMbkM 30Cepeaxye OCHOBHUMN
3anac eHepreTMyHuMx cybcTtpaTie opraHiamy, ane n
BMNVBAE Ha €HAOKPUHHY aKTUBHICTb [2].

BuginaioTb OBa OCHOBHI >XMPOBI Aeno: niglkipHe
Ta BicuepanbHe. 3anexHo Big TonorpacpivyHoro
po3TallyBaHHA MpPOBa TKaHWMHA Mae MOpdONOorivHi
Ta digionoriyHi ocobnueocTi. BicuepanbHe OXUpIHHA Ta
iHCYNiHOPE3NCTEHTHICTb € OOHWMM i3 HambinbLl akTyanb-
HUX NpOLECiB, $Ki CNPUSOTb PO3BUTKY XPOHIYHOIO
3ananeHHa [3]. BicuepanbHa kupoBa TKaHWMHA €
OXepernom HU3KN BUCOKOAKTUBHUX PEYOBUH — aAUMNOKIHIB,
SKi He TiNbkW BIAMOBIAAOTbL 3a FOMEOCTa3 TKaHWHM,

Metabolic syndrome (MS) is a complex of metabolic,
hormonal and clinical disorders, which is a condition
characterized by obesity, arterial hypertension, dysli-
pidemia, hyperglycemia, and insulin resistance [1].
Obesity can be considered as a factor influencing the
mechanism of development of MS with excess body
weight. The amount of visceral adipose tissue has
an important prognostic value in the development of
obesity-related diseases. Adipose tissue not only con-
centrates the body’s main supply of energy substrates,
but also affects endocrine activity [2]. There are two main
fat depots: subcutaneous and visceral. Depending on
the topographic location, adipose tissue has morpho-
logical and physiological features. Visceral obesity and
subsequent insulin resistance is one of the most relevant
processes that contributes to the development of chronic
inflammation [3]. Visceral adipose tissue is a source
of a number of highly active substances — adipokines,
which are not only responsible for tissue homeostasis,
but also affect the development of a chronic inflammatory
process in the body [4]. A specific marker of adipose
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ane 1 BNMMBaKOTb Ha PO3BUTOK XPOHIYHOMO 3ananbHOro
npouecy B opraHiami [4]. CneundiyHnm Mapkepom Xupo-
BOI TKaHMHM npu MC € agmMnokiH — NenTuH, KOHLUEHTpaLis
SIKOrO Yy CUpOBAaTLi KPOBi XapakTepusye CTymiHb WNOro
rOpMOHarnbHOI aKTMBHOCTI Ta CNpsiMOBaHa Ha MPWrHi-
YeHHs aneTUTy Ta BUTpaTK eHeprii B opraHiami [5].
3ananeHHs BUpillanbHUM YMHOM MO3HAYaETbLCS Ha
MeTabonivHi Ta CEKPETOPHIN hyHKLUIT KMPOBOI TKAHWUHK
Ta Bigirpae npoBigHy ponb Yy PO3BUTKY NATOMNOMYHUX
npouecis, WO CynpoBOAXKYIOTb OXMPiHHA. Mopdonoriu-
HOK OCHOBOIO 3amnaneHHs >XUPOBOI TKAHWHWU MPU OXMK-
PiHHI € iH(INbTpaUia OCTaHHBLOI IMYHOKOMMETEHTHUMU
KNiTMHaMmn, WO [J03BOMsE po3rnsgatn ii He nuue sk
€HOOKPUHHWI OpraH, a 1 sIKk opraH iMyHHoOI cuctemu [6].

HanbinbLu akTyanbHUM € NUTaHHS, Wo 06’eqHye 0Xu-
PiHHSA Ta iIHCYNIHOPE3NCTEHTHICTb — Lie XPOHidYHe cyOkni-
HiYHe 3ananeHHs, sike Mo3Ha4YaeTbCs Ha MeTaboniyHii
i CeKpeTopHi yHKLiT >XMPOBOI TKaHWHW | Bigirpae
NpOoBIAHY pPonb Y PO3BUTKY NaTOMNOriYHMX npouecis [7].

XupoBa TkaHMHa Mae ayTo-, napa- Ta €HOOKPUHHI
dyHKUiT | MOXe BNnMBaTM Ha poGOTY iHWMX OpraHiB Ta
cucteM, Ta Gepe yyacTb Yy cekpeLuii BEnuKoi KinbKoCTi
CYNYTHIX OXWPIHHIO PEYOBWH Ta BUKMUKAE XPOHIYHUN
3ananbHuin npouec [8].

AOUNOUMTOKIHM LUe KNiTUHW, B SIKUX Y HOPManbHUX
ymMoBax BiAOyBaeTbCA CUHTE3 ninigiB, HaKOMUYEHHSI
i cekpedist GionoriyHo akTMBHUX peyvoBuH (BAP).

JlenTuH, GiNKOBUI FOPMOH, SIKMIA CEKPETYETLCS BU-
KntoyHo y agunoumTax. MNpu po3sutky MC koHUeHTpauiga
aOQUMOHEKTMHY B KPOBi 3HWXKYETbCSH, a nenTuHy -—
niaBuULLYETbCS, WO € 6e3nepeyHM MapKepoMm pO3BUTKY
OXMPIHHA. ICHYIOTb AaHi, WO NenTUH CTUMYMIOE KMITUHHY
iMyHHY BignoBiab Ta 30inbliye npoaykuito nposananb-
HUX UUTOKIHIB. AOWMOHEKTUH — LEe KorareHonodioHun
Ginok, Wo BMAINSeTbCA i3 aguMnouuTiB Ta Mae NpoTU-
3ananbHi BnactmeocTi [9].

MeTta po6oTu — BMBUNTM MOpPAOMOriYHi Ta Mopdo-
METPUYHI OCOBNMBOCTI KMPOBOI TKAHWHU MPU OXMPIH-
Hi y LWypiB, BCTAHOBMUTN B3aEMO3B’A30K 3 MapKepamu
CMUCTEMHOTO 3arnaneHHs, piBHEM MeNnTUHY i npo3anarb-
HAMW UMTOKIHAMM B cupoBaTui KpoBi npu meTaboniy-
HOMY CMHOPOMI.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

HocnigxeHHsa npoeegeHi Ha 30 GinuMx camkax-Lypax
nonynauii WAG/G Sto, Bikom 5-6 micauis, macot Tina
00 noyaTky ekcrnepumeHTty 240 + 14,7 .

Bci niggocnigHi wypu 6ynn posnogineHi Ha 2 rpynu:
OCHOBHY (20 wwypiB) Ta KOHTponbHY (10 wWypis).

EkcnepumeHTn npoBeaeHi BianosigHo Ao «3aranbHux
NPVHUUMNIB €KCMEPUMEHTIB Ha TBapuHax», CXBaneHuMu
| HauioHaneHuUm koHrpecom 3 Gioetukm (20.09.2001 p.,
KuiB, YkpaiHa) i y3romkeHuMu 3 nonoxeHHAMU «EBpo-
nercbkoi KoHBeHUii Npo 3axmcT XpebeTHMX TBapwH, LUO
BMKOPUCTOBYIOTLCS ANsl €KCNepUMEHTanbHUX Ta iHLIMX
HayKoBUX Linemn».

KoHTpornbHa rpyna TBapuH 3Haxoaunack B CTaHAapT-
HMX ymoOBax BiBapito, iMm He Oyno npoBedeHO MoAento-
BaHHA MC i BOHM Oynu npakTuyHo 3g0poB.i. Lypam
OCHOBHOI Fpynu OAMH pa3 Ha TWXAeHb pobunu NigLWKipHi
iH’ekuii 6etacnaHy (20 wMmkr/kr Macu), PO3YMHEHOro
B 0,2 Mn ouumLleHOI i CTepunisoBaHoi ONMUBKOBOI oOnil

tissue in MS is adipokine — leptin, the concentration
of which in blood serum characterizes the degree of
its hormonal activity and is aimed at suppressing
appetite and energy consumption in the body [5].
Inflammation decisively affects the metabolic and
secretory function of adipose tissue and plays a leading
role in the development of pathological processes
accompanying obesity. The morphological basis of
adipose tissue inflammation in obesity is the infiltration
of the latter by immunocompetent cells, which allows
it to be considered not only as an endocrine organ, but
also as an organ of the immune system [6]. The most
relevant issue is the link between obesity and insulin
resistance — this is a chronic subclinical inflammation
that affects the metabolic and secretory function of
adipose tissue and plays a leading role in the develop-
ment of pathological processes [7]. Adipose tissue has
auto-, para- and endocrine functions and can affect
the work of other organs and systems, which is involved
in the secretion of a large number of substances
associated with obesity and causes a chronic inflamma-
tory process. The morphological basis of adipose tissue
inflammation in obesity is the infiltration of adipose tissue
by immunocompetent cells, which allows it to be con-
sidered not only as an endocrine organ, but also as
an organ of the immune system [8]. Adipocytokines
are cells in which lipid synthesis, accumulation and
secretion of biologically active substances (BAR) occur
under normal conditions. Leptin, a protein hormone
secreted exclusively by adipocytes. During the deve-
lopment of MS, the concentration of adiponectin in the
blood decreases, and leptin increases, which is
an indisputable marker of the development of obesity.
There is evidence that leptin stimulates the cellular
immune response and increases the production of
pro-inflammatory cytokines. Adiponectin is a collagen-like
protein secreted from adipocytes and has anti-inflam-
matory properties [9].

Purpose — of the study is to study the morpho-
logical and morphometric features of adipose tissue in
obese rats, to establish the relationship with markers of
systemic inflammation, the level of leptin and pro-inflam-
matory cytokines in blood serum in metabolic syndrome.

MATERIALS AND METHODS

The research was conducted on 30 white female rats
of the WAG/G Sto population, aged 5-6 months, body
weight before the start of the experiment was 240 £ 14.7 g.

All experimental rats were divided into 2 groups:
main (20 rats) and control (10 rats).

The experiments were conducted in accordance
with the «General principles of animal experimentsy,
approved by the 1st National Congress on Bioethics
(September 20, 2001, Kyiv, Ukraine) and in accordance
with the provisions of the «European Convention on the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes». The control group of
animals was in standard vivarium conditions, they were
not subjected to MS modeling and were practically
healthy. Rats of the main group were given subcuta-
neous injections of Betaspan (20 pg/kg of body weight)
dissolved in 0.2 ml of purified and sterilized olive oil once
a week for 6 weeks. Aurothioglucose was administered
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nNpoTAroMm 6 TWXHIB. AypOTiOrnioko3a 3acTocoByBanachb
iHTpanepuToHeanbHoO,  LUMASXOM  BBEOEHHS  Liypam
10 MKr/Kr OOMH pa3 Ha TWXOEHb MPOTArOM 6 TWMXHIB.
BukopuctoByBanu [Onsi LypiB BUCOKOKarNopinlHy AieTy
npsirom ycboro nepioay ekcnepumeHty [10]. Lia ekcnepu-
MeHTanbHa mogenb (NaTeHT Ha BWHaxid) npu3BOAUTbL
[0 pOo3BUTKY «A0OPOBINbHOI» rinepdarii, ockinbku TBa-
pvHam, nopsig 3i cTaHOapTHMM pauioHOM, MPOMOHYHTb
BMCOKOKAaNoOpinHi nNpogykTn. 3MiwaHuin pauioH npu3so-
OuTb Ao 36inblleHHs Macu Tina TBapuH, 30iMblUEHHS
nnowi agunoumuTiB | MNOCTYNOBOro pPO3BUTKY rinep-
rnikemii, iHCyniHOpe3ncTeHTHOCTI Ta po3sutky MC.
Y ubOoMy BUMNAAKy MeXaHi3M iHCYMiHOPEe3WCTEeHTHOCTI —
peuenTopHuii. 3a paxyHOK 30iNblUEHHs NnoLwi aguno-
unTiB BiOOYBaETLCA 3MEHLUEHHS KiNbKOCTi iHCYNiHOBKX
peuenTopiB Ha oguHuMuto nnowi [11].

Y KOXXHOMY BUNaAKy BUpi3anu no ABa pparMeHT Xu-
POBOI TKAHUHM i3 canbHUKa Ta NiALLKIPHO-KNMPOBOI KITiITKO-
BuHM (TDXKK). TeapuH BuBoaunu 3 ekcnepumeHty CO,
acdikcieto. [ns MmopdponoriyHoro 4ocniaXeHHs matepian
dikcyBanu y 10% po3uuHi bopmaniHy. 3 NpurotToBrneHnx
OnokiB pobunun cepinHi 3pian ToBWKUHOW 4-5 MM3, ski
3abapBnioBany reMaToKCUMiHOM Ta €03WHOM, MNIKpodykK-
cvHoM 3a BaH [i3oHom, Mannopi, cyaaHom lll. Burotos-
nanu napadiHoBi 3pi3n TOBLUMHOW 5—7 MKM, SiKi NOTiM
MOHTYBanu Ha npegmeTHe ckro i 3abapentoBany remato-
KCVUMiHOM Ta €03UMHOM 32 3arasibHONPUNHSITO METOAMKOIO.

Ona  KinbkicHOT OUIHKW CTaHy >MWPOBOI TKaHUHU
BMKOHyBanuM MopdoMeTpuYHe AOChifKeHHs. BusHa-
Yanu giametp agunouuTiB (MKM), @ Takox OO’€MHy
WinbHicTe  (MM3/MM3)  TakMx CTPYKTYp: aaunouuTiB,
CYAMH, MiXKYaCTOYKOBOI CMOMYYHOI TKAHWHW, KMITUH iH-
dinbTpaTy, KinbkicTb iHinsTpaTie B 1 MM? (32 HAsiBHOCTI).

Y TBapuH 060X rpyn OUiHOBanu Macy Tina, KOH-
LeHTpaLilo rnoKo3n, iHCYNiHy, Tpurnilepuais, 3aranbHOro
xonectepuHy B KkpoBi (3XK), ninonpoTeiHiB HWU3bKOI
Ta Bucokoi wineHocTi (NIMHLL » JIMNBL), C-peakTnBHOrO
6inka (CPB). BioximMi4Hi noka3HWKM BM3Ha4anu 3a Jono-
MOrolo  aBToMaTu4yHoro  GioximiyHoro  aHanisatopa
ABXPentra 400 (PpaHuis). KoHueHTpauito LMTOKIHIB
Ta nenTuHy B cCUpoBaTLi KpPOBi BM3Ha4anu MeTOAOM
iMyHO)EPMEHTHOrO aHanisy 3 BUKOPUCTaHHSAM CeHABiY-
metogy (ELISA).

CratuctnyHa obpobka OoTpUMaHuX AaHWMX MPOBOAM-
nacs i3 3actocyBaHHAM nakeTta nporpam Statistica 10.0
(StatSoft Inc., CLLUA). BigMiHHOCTI KinbKICHUX MOKa3HWKIB
MK [OOCHiIXKYBaHUMWU rpynaMu OLiHIOBanu MeTogamu
CTaTUCTUYHOIO aHani3y 3a [AOMOMOroK HemnapameTpuy-
HOro KpuTepito MaHHa—YiTHi.

PE3YABTATU TA IX OBFOBOPEHHS

OXUPIHHA Y TPU3YHIB po3rNsfaloTb SK 36inbLUeHHS
Macu Tina 3a paxyHOK >XWPOBMX Aeno, MNOPIBHSAHO
3 KOHTpOnbHOW rpynot. Kputepii OLiHKM  OXMPIHHS
TBapuH BKIIOYaKOTb Taki MOKa3HWUKM, SK MPUPICT Macu
Tina, iHOEKC Macu Tina i Maca >XMPOBOI TKaHWHM,
npu LUbOMY BinbLL YYTAVBUM MOKa3HWKOM € BUMIPIOBaHHA
3aranbHOi Macu XUpOBOI TKaHWHW. B pesynerati npo-
BEJEHOr0 EeKCMNepMMEHTY BCTaHOBMEHO, LWO BUCOKO-
KanopinHa fieta y wypis nNpu3BoauTb A0 36inblIeHHSA
Macu Tina TBapuH Ha 28,8%, Wo cBiguMTbL Npo niaBu-
LLEHHS MUTOMOI Macu >XUPOBOI TKaHUHWU Mawxe BTpudi
(p < 0,01), NOPIBHAHO 3 KOHTPOMNbLHOK TPYNOI0 LLYPIB,
AKi OTPMMYBanu cTaHgapTHy Aiety (puc.1).

intraperitoneally by administering 10 pg/kg to rats once
a week for 6 weeks. A high-calorie diet was used for
rats throughout the entire period of the experiment [10].
This experimental model (a patent for the invention)
leads to the development of «voluntary» hyperphagia,
as animals are offered high-calorie foods along with
a standard diet. A mixed diet leads to an increase in the
weight of animals, an increase in the area of adipocytes
and the gradual development of hyperglycemia, insulin
resistance and the development of MS. In this case,
the mechanism of insulin resistance is receptor. Due to
the increase in the area of adipocytes, the number of
insulin receptors per unit area decreases [11].

In each case, two fragments of adipose tissue
were cut from the omentum and subcutaneous adipose
tissue (SAF). Animals were removed from the experi-
ment by CO, asphyxiation. For morphological research,
the material was fixed in a 10% formalin solution.
From the prepared blocks, serial sections with a thick-
ness of 4-5 mm?® were prepared, which were stained
with hematoxylin and eosin, picrofuchsin according to
van Gieson, Mallory, Sudan lll. Paraffin sections with
a thickness of 5-7 ym were made, which were then
mounted on a glass slide and stained with hematoxylin
and eosin according to the generally accepted method.
A morphometric study was performed to quantitatively
assess the state of adipose tissue. The diameter of adipo-
cytes (um), as well as the volume density (mm3/mm?3)
of the following structures were determined: adipocytes,
blood vessels, interlobular connective tissue, infiltrate
cells, the number of infiltrates per mm? (if available).
Body weight, concentration of glucose, insulin, trigly-
cerides, total blood cholesterol (TBH), low and high den-
sity lipoproteins (LDL and HDL), C-reactive protein (CRP)
were evaluated in animals of both groups. Biochemical
indicators were determined using an automatic bio-
chemical analyzer ABX Pentra 400 (France). The concen-
tration of cytokines and leptin in blood serum was
determined by enzyme immunoassay using the sandwich
method (ELISA).

Statistical processing of the obtained data was
carried out using the Statistica 10.0 program package
(StatSoft Inc., USA). Differences in quantitative indi-
cators between the studied groups were evaluated
by methods of statistical analysis using the non-para-
metric Mann—Whitney test.

RESULTS AND DISCUSSION

Obesity in rodents is considered as an increase in
body weight due to fat depots compared to the control
group. Criteria for assessing obesity in animals include
such indicators as body weight gain, body mass index
and adipose tissue mass, while the more sensitive
indicator is the measurement of total adipose tissue
mass. As a result of the experiment, it was established
that a high-calorie diet in rats leads to an increase in
the body weight of animals by 28.8%, which indicates
an increase in the specific mass of adipose tissue
by almost 3 times (p < 0.01) compared to the control
group of rats that received standard diet (Fig. 1).
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Puc. 1. 36inblueHHst Macu Tina y LwypiB Yepes 6 TWKHIB COCTEPEXXeHHS NPU CTaHAAPTHIN Ta BUCOKOKamNopIinHin AieTi
Fig. 1. Body weight gain in rats after 6 weeks of observation on a standard and high-calorie diet

Maca XWpoBOi TKaHWHW 3anexuTb Big KiNbKOCTI
agunoumTiB Ta X po3Mmipy, a 3MiHa Macu XUPOBOI
TKaHMHK MoB’sA3aHa 3i 3MiHOK PO3MIpIB KUPOBUX KITITUH,
To6TO 3 rinepTpodieto agunounTiB. Pe3dynbtat Halumx
CniBCTaBMNeHb Y3rofXKylTbCA 3 pesynsratamy iHWnX Oo-
cnigpxeHb, i ceig4aTb Npo Te, Wo 36inbLleHi agunoumTn —
ue akTop OXMPIHHSA, SKUIN HaWbinbll TiICHO KOPEne
3 iHCyniHOpe3UCTEeHTHICTIO [12].

MopdonorivHe  AoCnigXeHHs  LypiB  nokasarno,
WO BOHM Manu Tunosy OyaoBy B yCiX OOCMIOKYyBaHWUX
dparMeHTax XupoBOI TKaHMHW. Y YacTuHi npenaparis
BiA3Ha4anM MpUCYTHICTb B O4HOMY Moni 30py aguno-
UMTIB, SIKi 3HAYHO PI3HATLCH 3a PO3MipaMu (aHi3oumUTOo3).

[poBeneHi MopdoMeTpUYHI JOCILKEHHA noKasanu,
WO y AesiKMX LWYpiB KINbKiCTb KNITUHHUX iHiNbTpaTiB
B 1 Mm? Byna maiixe BABIYi BULLOK B OCHOBHI/ rpyni,
HDX Y KOHTpOmnbHiA. Hanbinbw 3Havywmm mopdomert-
PUYHMM MOKa3HMKOM NPWU OXWUPIHHI € cepefHi po3mip
(18,3%) Ta ob’eMHa wWinbHicTb agunouuTiB (11,6%),
sKi Oynn 3Ha4YHO 36iMbLUEHi Y MOPIBHAHHI 3 KOHTPOMb-
Hoto rpynot TBapuH. OG’eMHa LWiNbHICTE Cnony4Hol
TKaHWHW KOHTpOnbHOI rpynn (Mm3mm3, %) Byna pewlo
nigsuiLeHoto (0,8%), OCKINbKU OXMUPIHHS, O pO3BMIOCA
y LWypiB 3a paxyHok rinepTpodii, cnpusie po3BUTKY
3anarneHHs XXMpOBOi TKaHWHK (Tabn. 1).

Uepes 6 TWXHIB Nicns noyaTky ekcnepuMmeHTy y TBa-
pWH cnocTepiranocb MOCTYNOBE PO3BUHEHHSA OXWUPIHHSA,
rinepriikemii, rinepiHcyniHemii, >WpoBoro renarosy,
o, B CBOK u4epry, Mpu3BoauTb OO PO3BUTKY pesuc-
TEHTHOCTi TKaHWH [0 iHCYMiHY.

Mpu  exkcnepumeHTanbHOMY  mogentoBaHHi  MC
JoBefeHo, WO y TBapWUH OCHOBHOI rpynn € OOCTOBIpHi
BIOMIHHOCTi MOPIBHAHO 3 KOHTPOSIbHOK IPYMOoK LWypiB
Yy KOHUEeHTpauii rmoko3n Ta IHCYyniHy Maixe YABivi.
3aranbHun xonectepuH (3X) Ao KiHUA eKCnepuMeHTy
nigeuwmeca B8 4,31 pasu, Tpurniuepnan — B 1,9 pasn,
ninonpoTteign HM3bKOi WinbHocTi — B 12,1 pasw,
ninonpoTeian BUCOKOI WinbHocTi — B 1,4 pasu (Tabn. 2).

[NpoBeneHi gocnigKeHHs 3 BU3HAYEHHS KOHLEHTpa-
il MenTuHy Ta UMUTOKIHIB y cMpoBaTLi KpoBi B OOCHiAXY-
BaHMX rpynax MiaATBEPAXYOTb PO3BMTOK Y LUYPIB OXMK-
piHHA Ta MC (Tabn. 3).

BusiBneHO CTaTUCTMYHO 3Hadylle nepeBaXaHHSA
KOHLUEeHTpauii nposananbHux uuTokiHiB: IL-1B, IL-6,
IL-8, IL-10, TNF-a npv nigBuLEHHI KOHUEHTpauii

The mass of adipose tissue depends on the number
of adipocytes and their size, and changes in the mass
of adipose tissue are associated with changes in the
size of adipose cells, that is, with hypertrophy of
adipocytes. The results of our comparisons are
consistent with the results of other studies, which
indicate that increased adipocytes are the obesity factor
most closely correlated with insulin resistance [12].

A morphological study of the rats showed that
they had a typical structure in all studied fragments of
adipose tissue. In some of the preparations, the pre-
sence of adipocytes, which differ significantly in size
(anisocytosis), was noted in one field of view. The con-
ducted morphometric studies showed that in some rats
the number of cellular infiltrates per 1 mm? was almost
2 times higher in the main group than in the control group.
The most significant morphometric indicator in obesity
is the average size (18.3%) and volumetric density
of adipocytes (11.6%), which were significantly increased
compared to the control group of animals. The volume
density of the connective tissue of the control group
(mm®*mm3, %) was slightly increased (0.8%), because
obesity, which developed in rats due to hypertrophy,
contributes to the development of adipose tissue
inflammation (Table 1).

6 weeks after the start of the experiment, the ani-
mals observed a gradual development of obesity,
hyperglycemia, hyperinsulinemia, fatty hepatosis, which,
in turn, will lead to the development of tissue resis-
tance to insulin.

In the experimental modeling of MS, it was proved
that the animals of the main group have significant
differences with the control group of rats in the concen-
tration of glucose and insulin by almost 2 times.
By the end of the experiment, total cholesterol increased
by 4.31 times, triglycerides by 1.9 times, low-density
lipoproteins by 12.1 times, and high-density lipoproteins
by 1.4 times (Table 2).

Conducted studies to determine the concentration
of leptin and cytokines in blood serum in the studied
groups confirm the development of obesity and MS
in rats (Table 3).

A statistically significant predominance of the con-
centration of pro-inflammatory cytokines: IL-1B, IL-6,
IL-8, IL-10, TNF-o. was revealed when the concentration
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NENTUHY, WO Y3rofXyeTbCA 3 TOYKOK 30py Npo 34at-
iMyHITET
i BNNMBaTy Ha NpoayKLito Npo3ananbHuX LUMTOKIHIB [13].

HiICTb NenTuHY CTUMyNoBaTU  KMITUHHWUIA

matory cytokines [13].

of leptin increased, which is consistent with the point
of view about the ability of leptin to stimulate cellular
immunity and influence the production of pro-inflam-

Ta6nuus 1. MopdonoriyHa Ta MOpdOMeTpUYHa XapaKTePUCTUKA LLypPiB KOHTPOIBbHOI Ta OCHOBHOI rpynu
yepes 6 TWKHIB CNOCTePEeXeHHs NPU CTaHAapPTHIN Ta BUCOKOKANOPIVHIN gieTi

Table 1. Morphological and morphometric characteristics of rats in the control and main groups
after 6 days of control on a standard and high-calorie diet

K . OcHoBHa rpyna
OHTpOMbHa rpyna (CTaHaapTHa Aieta) (BMcokakanopinka Keta)
JLlocnigyBaHWii MOKa3HUK Control group (stand) Main group, (high fat diet)
Researched Indexes n=10 n=20
Yac cnoctepexeHHsi (6 TwxkHiB) / Observation time (6 weeks)
Maca Tina, r *
Body weight, g 245+£14,2 480 + 16,4
HMToMa Maca X1pOBOT TKAHMHM, T 32,8456 87.3 + 13,8*
Specific mass of adipose tissue, g
CepepHii po3mip agunouunTie, MkM (%) .
The average size of adipocytes, um (%) 81,1£53 99,7162
0O6’eMHa WinbHiCTb agunouunTis, (MM3/MMSE, %) .
Volume density of adipocytes, (mm3/mm?3, %) 92,8+ 4.1 1044272
O6’emHa WinbHICTb cyauH, (MM3/MMm3, %) *
Volume density of blood vessels, (mm®/mm?3, %) 1.7+03 1.2£0/1
O6’eMHa LWiNbHICTb CNOMNYYHOI TKAHWUHKW, (MM3/MM®, %) N
Volume density of connective tissue, (mm3/mm3, %) 23+04 15403
O6’eMHa LWiNbHICTb iH@INLTpaTiB B 1 MM .
Volume density of infiltrates in 1 mm 06+0,1 12403

lMpumimka:

p < 0,05 — 3HayvywlicTb BiAMIHHOCTEN MOPIBHAHO 3 iHWWMMK rpynamy npoBoAunacs 3a AOMOMOroK HenapameTpUyHOro

KpuTepito MaHHa—YiTHi.
Note:

p < 0.05 - the significance of differences compared to other groups was carried out using the non-parametric

Mann-Whitney test.

Tabnuus 2. bioximMiuHi NOKa3HWKK Y LLYPIB Yy 3aneXHOCTI Big TpuBanocti po3sutky MC npu cTaHOapTHIN Ta BUCOKOKANOPInHii OieTi
Table 2. Biochemical indicators in rats depending on the duration of MS development with a standard and high-calorie diet

OcHoBHa rpyna / Main group,
. o KoHTponbHa rpyna =20
,U,OCJ'II,D,)KyBaHVIVI MOKa3HUK o . .
Control group, yac crnocTepexeHHs (TwkHi) / observation time (weeks)
Researched Indexes n=10
a 3-11 TXKOEHDb 4-n TMXKOEHb 5-1 TXKAEHDb 6-11 TXXOEHDb
3 week 4 week 5 week 6 week
niokosa, MMorb/n 45402 72411* 83+15" 92+1,6" 10,1 + 0,5*
Glucose, mmol/l
IHCymiH Hr/wn 0,61+ 0,1 0,72+ 0,1 0,76 £ 0,2 0,791 0,2 1,1+0,2*
Insulin ng/ml
CPb, wr/n 4211012 4,58 £ 0,15 4,62 £0,12 5,23 £ 0,22* 6,10 £ 0,34*
CRP, mg/l
3XK mmonb/n * * * *
0,82+0,14 1,41 +£0,31 2,15+0,42 3,05+0,24 3,54 £0,22
ZHC mmol/l
Tpurniuepnam, mmons/n 0,70 £ 0,05 0,91+ 0,03 1,21 £ 0,04 1,29 £ 0,03* 1,42 + 0,09%
Triglycerides, mmol/l
JIMHLL, mmons/n 0,24 £ 0,05 0,82 +0,03 172 +0,03* 2,11+ 0,05* 2,9+ 0,25*
LDL, mmol/l
JINBLL, mmone/n 0,28 + 0,03 0,30 0,03 0,35 £ 0,02 0,38 £ 0,06* 0,39 £ 0,04*
HDL, mmol/l
lMpumimka:

3HaYyLWiCTb BIAMIHHOCTE B MOPIBHAHHI 3 KOHTPOMbHOKW rpynolo (p < 0,05) 3a pgonomorol HenapameTpuyHOro

Kputepito MaHHa—YiTHi.
Note:

significance of differences in comparison with the control group (p<0.05) using the non-parametric Mann—Whitney test.
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Ta6nuus 3. MNopiBHANbHWUIA aHani3 BMICTy NenTUHY Ta LMTOKIHIB B AOCNIAXKYBaHUX rpynax
npv CTaH4APTHIN Ta BUCOKOKANOPINHIN aieTi
Table 3. Comparative analysis of the content of leptin and cytokines in the studied groups
with a standard and high-calorie diet. standard and high-calorie diet

OcHoBHa rpyna / Main group
KoHTponbHa rpyna n=ct
Moka3Huk X - -
Control group Yyac crnocTepeXeHHs (TwkHi) / observation time (weeks)
Researched Indexes n=10
a 3-1 TXXAEHDb 4-n TMXOEHb 5-11 TXKOEHDb 6-1 TXAEHDb
3 week 4 week 5 week 6 week
TNenuk, Hrimn 42£12 6,2+ 0,9 8,5+0,5 11,3£1,5 14,912
Leptin, ng/ml
IL-1B, nr/mn 53,3+7,7 65,3+6,5 73,2 + 4,4* 81,3 +6,2% 109,7 +9,2*
IL-1B, nr/mn
IL-4, nr/mn 1,43 + 0,06 1,36 +0,01* 1,32 + 0,06* 1,23 +0,04* 1,11 + 0,03*
IL-4, nr/mn
IL-6, nr/wn 108,5 + 12,6 159,5 + 11,4* 195,2 + 17,4* 266,1 % 22,6* 311,0 £ 29,9
IL-6, nr/mn
IL-8, nr/mn 213,2+ 11,1 226,6 +5,7 237,1+6,3* 2442 + 10,5* 259,9 + 14,3*
IL-8, nr/mn
IL-10, nr/mn 357+26 31,6%1,2 28,5+ 1,3* 24,9 +2.4* 22,7+1,8*
IL-10, nr/mn
TNF-a, nrfmn 243+3,9 31,5462 43,6 + 4,5* 59,2 + 6,2* 72,3+7,5
TNF-o, nr/mn
lNpumimka:

3HaYyLiCTb BIAMIHHOCTE B MOPIBHSAHHI 3 KOHTpOMbHOKW rpyrmow (p < 0,05) 3a pomomorol HenapameTpUYHOro

kputepito MaHHa—YiTHi.
Note:

significance of differences compared to the control group (p < 0.05) using the non-parametric Mann-Whitney test.

MopiBHANBHWI aHani3 BMICTY NenTUHY Ta LMTOKIHIB
B [AOCNIMKYBaHWX rpynax BWSBMB TWUMOBI O3HAKW
XPOHIYHOrO 3anarnbHOro CUHAPOMY 3 HAsIBHICTIO Y LUYypIB
3 oxupiHHam Ta MC. Le Takox nigTBepaxye 36inb-
WeHHa y wypiB ocHoBHOi rpynn CPB (3 4,21 £ 0,12
no 6,10 £ 0,34) Ta 3XK (3 0,82 + 0,14 po 3,54 + 0,22),
NOPIBHAHO 3 KOHTPOMbLHOIO FPYMOIO.

BuasneHi 3miHM iMyHHOrO cTaTycy BiAnNoOBigaloTb
HasBHOCTI imyHocynpecii (IL-4, IL-10, nr/mn), WO Takox
€ pesynbTaToM akTUBHOCTI 3ananbHoro npouecy. TNF-a,
npu nporpecysaHHi MC nigsuweHnin Ta NponopLinHun
iHOEKCY Macu Tina i KOHUEHTpauieto NenTuHy B KpOBi.
MoxnuBo, wo ekcnpecia  TNF-a  36inbLyeTbes
3 PO3BUTKOM OXMPIHHA 3@ paxyHOK 34aTHOCTI NenTuHy
NpurHidyBaTM  ekcrnpecito  depmeHTiB, ski  BepyTb
yyacTb B NinoreHesi.

Mporpecytounii po3BUTOK OXUPIHHA | DOpMYyBaHHSA
MeTaboniyHuX ycKnagHeHb € pe3ynbTaToM XPOHIYHOro
3ananeHHs XWpoBoi TKaHWHW i TI ANCAYHKLIT 9K eHao-
KPMHHOTO  Ta  iMyHOKOMNEeTeHTHOro opraHa [14].
MaToreHe3 3ananeHHs npu OxupiHHi i MC cknagHui
i y noro dopmyBaHHi GepyTb yyacTb aaWMNOLMTOKIHW,
cepeq SKMX BenuKa yeara nNPUAINSETbCS  NEnTUHY.
MpoBigHUMK eTioNOoriYHNMK YMHHMKaMK 3ananeHHs KT
€ aniMeHTapHuMin HaanWLWOoK XupiB i ByrnmesodiB, 3MiHa
cekpeLii aaMnoumToKiHiB i LUUTOKIHIB. Bigomo, wo nen-
TMH CTUMYIIOE aKTUBALi CcMMMaToagpeHanoBoi cucTe-
MU, fIKa NEeXUTb B OCHOBI iHCYNiHOPE3UCTEHTHOCTI Ta
aptepianbHoi rineptoHii [15]. CtaH iHCyniHOpe3ncTeHT-
HOCTi CMPWUSIE 3HWKEHHIO KOHLEHTpauii NenTUHOBUX
peuenTopiB i MiABULWEHHIO PiBHA MNEnTUHY B KPOBI.
B TakMx ymoBax po3BMBAETbCA  TpaHchopmalisa
edekTiB NenTuHy: BiH aKTUBYE 3ananeHHs, CTUMYMIoE
KanbumMikaLuilo CyAuH, iHILilOE OKMCHIOBaNbHUN CTpec,
nigBuLLye TOHYC CUMMMNATUYHOI HEpBOBOI  CUCTEMM,

Comparative analysis of the content of leptin and
cytokines in the studied groups revealed typical signs
of chronic inflammatory syndrome with the presence
of rats with obesity and MS. A statistically significant
predominance of the concentration of pro-inflammatory
cytokines: IL-1B, IL-6, IL-8, IL-10, TNF-a was revealed
when the concentration of leptin increased, which is
consistent with the point of view about the ability of
leptin to stimulate cellular immunity and influence the
production of pro-inflammatory cytokines [13]. Compa-
rative analysis of the content of leptin and cytokines
in the studied groups revealed typical signs of chronic
inflammatory syndrome with the presence of rats with
obesity and MS. This also confirms the increase in
rats of the main group of CRP (from 4.21 + 0.12
t0 6.10 £ 0.34) and ZHC (from 0.82 £ 0.14 to 3.54 + 0.22)
compared to the control group group The detected
changes in the immune status correspond to the pre-
sence of immunosuppression (IL-4, IL-10, pg/ml), which
is also a result of the activity of the inflammatory
process. TNF-a, during the progression of MS, is
increased and is proportional to the body mass index
and the concentration of leptin in the blood. It is possible
that the expression of TNF-a increases with the deve-
lopment of obesity due to the ability of leptin to suppress
the expression of enzymes involved in lipogenesis.
The progressive development of obesity and the
formation of metabolic complications are the result
of chronic inflammation of adipose tissue and its
dysfunction as an endocrine and immunocompetent
organ [14]. The pathogenesis of inflammation in obesity
and MS is complex and adipocytokines take part in its
formation, among which leptin is the focus of attention.
The leading etiological factors of VT inflammation are
a dietary excess of fats and carbohydrates, a change
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3MiHIOE LMTOKIHOBY perynsuilo, LWo Bigirpae Baxnuey
ponb B naTtoreHesi 3ananbHuUX ypaxeHb [16].

AOUNOLMTN CUHTE3YIOTb LUMPOKUIA CNEKTP aguMOKiHIB,
OGepyTb yyacTb B aKkTMBaLii KOMMIEMEHTY, 3amnyckaiuu
NaHutor 3anarnbHUX MNPOLECIB, NPU LbOMY 3anarieHHsi
NPUAMAE CTIMKUA, CUCTEMHUA XapakTep HEBWUCOKOI
iHTEHCMBHOCTIi, SIK€ BMW3Ha4yalTb, SK HegudepeHuino-
BaHe XPOHiYHe 3ananeHHs.

CTpyKTYpHi 0CcOBNMBOCTI NenTuHy [O03BOMSIOTb Bif-
HEeCTM MOro Ao ciMencTBa npo3ananbHUX LMTOKIHIB —
GinkiB, WO NiATPMMYIOTb 3ananeHHs. Ha rymopanbHomy
piBHI NENTUH CTUMYMIOE NPOAYKLUil0 Aeskux npo3anarnb-
HUX LUTOKIHIB, siKi CMpUsitOTb CUMHTE3y B NediHui Ginkis
roctpoi asun. [aHi iMyHOMoriyHi MnopyLleHHs, 3yMOB-
neHi NigBuLWEHMM piBHEM NenTvHY Ta AesiKMX iHLWKnX
LUUTOKIHIB Y KpOBi LlypiB, [03BONATb po3rnsgatu
OXMPIHHA SIK XpPOHiYHe 3ananbHe 3axBoptoBaHHs [17].

BUCHOBKMU

MopdonoriuHe Ta MopdoMeTpudHe [OCNIMKEHHS
XMPOBOI TKaHWHW NiATBEPOXYIOTb 3MiHY Macu XMPOBOI
TKaHWHW 3a paxyHoK rinepTpodii agvnoumnTiB Ta CTy-
NeHs IHPINLTPATUBHUX 3MiH 3aNexXHO BiA KOHUEHTpauil
nenTuHy B cupoBaTtui kpoBi. Hanbinbw iHopmaTuBHUM
MOKa3HUKOM Npu MeTabomniyHoOMy cuHOpPOMI € giameTp
agunouuTiB, OCKINbKA OXMPIHHS, WO PO3BUOCS Y LLYpIB
3a paxyHOK rinepTpodii XMpOBOi TKaHWHK, Bignosifae
NPUYMHI PO3BUTKY 3ananeHHs >XMPOBOT TKAHWUHW.

[ocnigkeHHs niaBuULLIEHHS 06’ €MHOT WinbHICTI aguno-
uuTiB, PO3Mipy iX AiameTpa Ta KiNbKOCTi iHdinsTpaTis,
BiAMOBIAAE MOMOXEHHIO NPO 3anarneHHs XWPOoBOi TKa-
HVHW B OCHOBHIN rpyni LLypiB.

3MiHa UMTOKIHOBOrO npodpinio B cupoBaTLi KpOBi
wypie Moxe OyTM He TiNbkM MapKepoMm pO3BUTKY
[aHOro BMAY 3ananeHHs XWPOBOi TKAHUHW, a TaKoxX
NMPOrHOCTUYHOIO  O3HaKOK  edEKTUBHOCTI  NiKyBaHHA
MeTaboniyHOro CMHAPOMY.
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in the secretion of adipocytokines and cytokines.
It is known that leptin stimulates the activation of the
sympathoadrenal system, which is the basis of insulin
resistance and arterial hypertension [15]. The state
of insulin resistance contributes to a decrease in the
concentration of leptin receptors and an increase in the
level of leptin in the blood. In such conditions, the trans-
formation of the effects of leptin develops: it activates
inflammation, stimulates vascular calcification, initiates
oxidative stress, increases the tone of the sympathetic
nervous system, changes cytokine regulation, which
plays an important role in the pathogenesis of inflamma-
tory lesions [16]. Adipocytes synthesize a wide range of
adipokines, participate in the activation of complement,
starting a chain of inflammatory processes, while the
inflammation assumes a persistent, systemic nature
of low intensity, which is defined as undifferentiated
chronic inflammation. The structural features of leptin
make it possible to attribute it to the family of pro-inflam-
matory cytokines — proteins that support inflammation.
At the humoral level, leptin stimulates the production
of a number of pro-inflammatory cytokines, which con-
tribute to the synthesis of acute phase proteins in the
liver. These immunological disorders, due to the increa-
sed level of leptin and some other cytokines in the
blood of rats, allow us to consider obesity as a chronic
inflammatory disease [17].

CONCLUSIONS

Morphological and morphometric studies of adipose
tissue confirm the change in adipose tissue mass due
to adipocyte hypertrophy and the degree of infiltrative
changes depending on the concentration of leptin in
blood serum. The most informative indicator in meta-
bolic syndrome is the diameter of adipocytes, since
obesity, which developed in rats due to hypertrophy of
adipose tissue, corresponds to the cause of inflammation
of adipose tissue.

The study of the increase in the volumetric density
of adipocytes, the size of their diameter and the number
of infiltrates corresponds to the statement about inflam-
mation of adipose tissue in the main group of rats.
A change in the cytokine profile in the blood serum of
rats can be not only a marker of the development
of this type of adipose tissue inflammation, but also
a prognostic sign of the effectiveness of the treatment
of metabolic syndrome.
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Prospects for further research

Prospects for further research relate to the comparative
pathophysiological assessment of metabolic changes in various
organs and tissues (connective tissue, adipose tissue, heart,
liver, kidneys, brain), which occur as a result of increased
activity of adipose tissue, which is considered the initial link
in the pathogenesis of low-grade chronic inflammation against
the background of development metabolic syndrome.
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KAlo4oBi cAoBa: PE3IOME

BTOPUHHWI OCTE0APTPUT, MiKkpoopraHiaMu,  AKTyanbHiCTb. B oCTaHHi pokM mae Micue HeyxurnbHe 3pOCTaHHA BTOPUHHOIO
aHTuTINa, XiMIYHO OJHOTUMHI aHTureHn  octeoapTputy (OA) y nogen pisHMX BIKOBMX Tpyn, B eTionaToreHesi SKOro opHe

mMuUrganukis Ta cyrnoboBoro xpsiia. 3 MPOBIAHWX MiClb BiABOAUTBCA TPaAMMO3UTUBHMM Ta FpaMHeraTBHUM MiKpoopra-
Hiamam. Llen dakT BM3Havyae ocobGNMBOCTI naToreHesy, KniHiYHOrO nepebiry Ta
AAS KOPECTOHAEHLL: NPOrHO3y 3aXBOPIOBAHHS, i € OCHOBHMM MOMEHTOM AiarHOCTVKM Ta BUGopy edekTns-

HOrO ETIONaTOreHETNYHOIO MiKyBaHHS.

MeTa po60Tu — BU3HA4YMTM OCOBNMBOCTI rPaMMoO3NTUBHOI Ta rPaMHeraTMBHOI MiKpO-
HepHycbkull B'svecnas [puzoposuy cbriopu, KOMOHI30BaHOT B MUFAANMKaX, Y XBOPUX Ha BTOPMHHMIA OA.
XapKiBCbkWi HaLiOHaNbHWAN YHIBEPCUTET  Marepianu Ta MeToamn. O6CTexeHo 47 naLjieHTiB BikoM Big 19 A0 45 pokiB, siki nepe-
imeHi B.H. KapasiHa MiHicTepcTBa OCBITM  Gysanu Ha cTavjioHapHoMy nikysaHHi B Artz Klinic (M. Xapkis) 3 npusozy BTopuHHOro OA
i Hayku Ykpainw, kadenpa iHPEeKUiiHNX  koniHHoro cyrmoba. [liarHo3 BCTaHOBMIOBANM 3rigHo 3 MixHapoaHo knacudikaLicto

XBOPO6 Ta KMiHiYHOT iMyHONOiT; xsopo6 10-ro nepernsigy (MKX-10)-M18.1. Xsopum, y skux 6yno [miarHOCToBaHO
maingaH CsoGoau, 6ya. 4, M. XapKiB,  xpoHiYHMI# TOH3UMIT, NPOBOAUNM MIKPOGIONONYHE AOCHIMKEHHST Ma3kiB i3 naKyH
Ykpaina, 61022; MUrAanukie. [1Ns BUSHAYEHHS aHTUTIN 0 MIKPOOPraHiaMiB BUKOPMCTOBYBanN METOANKY
e-mail: chernusky@karazin.ua KINbKICHOTO BM3HAUYEHHS aHTWTIN y CUpOBaTLi KPOBI 3 BMKOPUCTAHHAM MIKPOBHMX
aHTUreHiB, OTPMMAaHUX LUMAXOM YMbLTPa3ByKOBOI [AesiHTerpauii  MikpoopraHiamis
© lony6 O.1., Jlndoea T.1., y HedbenomeTpuyHiil peakuii Yan'e B moandikauii H.M. Knemnapcbko.
Bonobyesa O.B., YepHycbkuti B.I, PesynkTaTy Ta ix 06roBopeHHs. MpoBeaeHe A0CHiMKEHHS NoKasarno, Lo B cUpoBaTLi
IToros M.M., Jlemsieo I'B., KPOBI Ta B CMHOBIAMLHIN PiAVHI Y XBOPUX Ha BTOPUHHMIA OA 6e3 XPOHIYHOTO TOH3MMITY,
Maenikosa K.B., 2024. BU3HAYAETHCA HA CNABKO MO3UTUBHUX 3HAYEHHSIX PIBEHb aHTUTIN A0 rPaMMO3UTUBHIX,

rpamHeraTMBHMX MikpoopraHiamis Ta rpubis pogy C.albicans. PiBeHb aHTUTIn go uux
MIiKpOOpraHi3aMiB, BUAINMEHNX 3 MaKyH MWrJanvikiB y rpyni Xeopux Ha BTOpuHHMIA OA
3 XPOHIYHMM TOH3UMITOM, Ta @HTUTIN Y CUHOBIANbHIW PiAVHI BU3HAYaBCSA Ha NO3UTUBHUX
3HAYEHHSX 3@ PaxyHOK CEKBECTPOBAHUX aHTUIEeHIB MWUIOanvkiB, XiMiYHO OAHOTUMHMX
A0 KINITUHHO-TKAHUHHWX CTPYKTYp Cyrrmo6oBOro xpsilia Ta CUHOBianbHOI OBOMOHKHM,
LLIO MepeBOAATL NaTONONYHNIA MPOLEC Ha ayTOIMYHHY OCHOBY.

BucHoBku. BropuHHun OA copMyeTbCA Ha MEPBUHHIN OCHOBI CeHcmbinisauii opra-
Hi3MY, Yy KNiHIYHUX MpOsiBaX 4acTo MOEAHYETbCA 3 aToMiYHMMM Ta COMAaTUYHVUMMU
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AAS UUTYBAHHS:

3aXBOPHOBAHHAMM, i3 3aroCTPEHHSM SIKUX MOXYTb OyTu NOB’Ai3aHi peumamBu OCTeo-
apTpuUTy Y AaHOro KOHTUHIEHTY XBOpuX. Y XBOPWUX Ha BTOpuHHUIA OA piBeHb aHTUTIN
y cupoBaTLi KpoBi A0 rpamno3UTUBHUX, FPamMHeraTMBHUX MiKpOOpraHiamiB Ta rpubis
pogy C.albicans 3anexuTb Big KOMOHi3auii iX Yy KNITMHHO-TKAGHUHHUX CTPYKTypax
POTOrMOTKM, XiMIYHO OAHOTUMHMX [0 KNITUHHO-TKAHWHHUX KOMIMOHEHTIB cyrrnobo-
BOrO Xpsilla Ta CUHOBianbHOi OGOMOHKW, LIO NEepeBoAsTb NaTOMNOrYHUIA Mpouec
Ha ayTOiMyHHY OCHOBY.

lony6 O.l., Naposa T.I., Bonobyesa O.B., YepHycbkuii B.I"., Monos M.M., NeTsro I.B., MNaenikosa K.B. OcobnueocTi

rpaMnosnTMBHOI Ta
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MiKpOdopKn, sKa KOMOHI3YETbCA Y  KNITUHHO-TKAHUHHUX CTPYKTypax

MWUrganukiB y XBOpUX Ha BTOPWHHUIA ocTeoapTpwuT. KapasiHcbkuli iMyHonoeidHul xypHan. 2024. T. 7, Ne 1(13).
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ABSTRACT

Background. In recent years, there has been a steady increase in secondary
osteoarthritis (OA) in people of different age groups, in the etiopathogenesis of
which one of the leading places is assigned to gram-positive and gram-negative
microorganisms. This fact determines the features of pathogenesis, clinical course
and prognosis of the disease and is the main point of diagnosis and selection of effective
etiopathogenetic treatment.

Purpose is to determine the characteristics of gram-positive and gram-negative
microflora colonized in the tonsils of patients with secondary OA.

Materials and Methods. 47 patients aged from 19 to 45 years who were undergoing
inpatient treatment at Artz Klinic (Kharkov) for secondary OA of the knee joint were
examined. The diagnosis was established according to the International Classification
of Diseases of the 10" revision (ICD-10)-M18.1. Patients who were diagnosed with
chronic tonsillitis underwent a microbiological examination of smears from lacunae
of the tonsils. To determine antibodies to microorganisms, the method of quantitative
determination of antibodies in blood serum using microbial antigens obtained by
ultrasonic disintegration of microorganisms in the nephelometric reaction of Ouanier
in the modification of N.M. Klemparska was used.

Results. The conducted study showed that the level of antibodies to gram-positive,
gram-negative microorganisms and fungi of the genus C. Albicans is determined
at weakly positive values in the blood serum and synovial fluid of patients with
secondary OA without chronic tonsillitis. The level of antibodies to these micro-
organisms isolated from the lacunae of the tonsils in the group of patients with
secondary OA with chronic tonsillitis and antibodies in the synovial fluid was deter-
mined at positive values due to the sequestered antigens of the tonsils chemically
identical to the cellular tissue structures of the articular cartilage and synovial
membrane, transferring the pathological process to an autoimmune basis
Conclusions. Secondary OA is formed on the primary basis of sensitization of the body,
in clinical manifestations it is often combined with atopic and somatic diseases, the
exacerbation of which may be associated with relapses of osteoarthritis in this
contingent of patients. The level of antibodies in the blood serum of patients with
secondary OA to gram-positive, gram-negative microorganisms and fungi of the genus
C. albicans depends on their colonization in the cell-tissue structures of the oropharynx
that are chemically identical to the cell-tissue components of the articular cartilage
and synovial membrane, transferring the pathological process to an autoimmune basis.

Golub Ol, Liadova TI, Volobueva OV, Chernusky VH, Popov MM, Letiaho HV, Pavlikova KV. Characteristics of gram-
positive and gram-negative microflora colonizing in cellular tissue structures of tonsils in patients with secondary osteo-
arthritis. Karazin Journal of Immunology. 2024;7(1(13)):54—62. DOI: https://doi.org/10.26565/3083-5615-2024-13-06

BCTYN

INTRODUCTION

Octeoaptput (OA) 3arimae nposigHe Micue y CTPyK-
Typi AereHepaTnBHO-ANCTPOMIYHMX 3aXBOPIOBaHbL CYrIo-
6iB i BuABngaeTbes y 54,8-69,7% ocib pisHUX BiKOBUX
rpyn. BaxnuBa pomnb B eTionaToreHesi ocTeoapTputy
BiABOAMTBCA XPOHIYHIN NaTonorii pOTOrnoTKMA Ta KOMOHi-
3auii B 1 KNITMHHO-TKAHWHHWX CTPYKTypax MaTOreHHoi
Ta YMOBHOMATOrEHHOI MiKpodnopn 3 MOCTYNOBMM pO3-
BUTKOM KITiHIY4HOT CMMNTOMATUKK, KA Yepe3 CEeKBEeCTpO-

Osteoarthritis (OA) takes a leading place in the
structure of degenerative-dystrophic joint diseases and
accounts for 54.8-69.7% of people of different age
groups. An important role in the etiopathogenesis of
osteoarthritis is assigned to the chronic pathology of the
oropharynx and colonization in its cellular and tissue
structures, pathogenic and opportunistic microflora with
the gradual development of clinical symptoms, which,
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BaHi aHTUreHn MuUrganukie 3anyckae ayTOiMyHHWUI
npouec [5-8, 10]. Llem mexaHiam npuBoguTb OO Aerpa-
pauii matpukcy cyrnoboBoro xpsiia i KniTMHHUX MeM-
OpaH, NPOAYKTU SKUX MPOHWUKAKTb Y BEMMWKUX KiNbKOC-
TAX Yy CUHOBianbHy pigvHYy Ta CUHOBIanbHy OBGOMOHKY.
MpOHMKHEHHS 30YOHWKIB @HTUMEHIB Ta CEKBECTPOBaHUX
aHTUreHiB Murganukie y cyrnob BinbyeBaeTbcs nepeBaxHO
LUNAXOM remMaToreHHoi gucemiHauii 3 BOrHuu, iHdpekuii,
po3TalloBaHUX Y Murganuvkax (XPOHIYHUIM TOH3WUNIT),
TPOMHWUX [0 CTPYKTYPU KMITUHHO-TKAHUHHUX KOMMOHEH-
TiB cyrnoboBoro xpsilia Ta CUMHOBIanbHOI 06OMNOHKM, LU0
3YMOBIIOE Yy4acTb anepridyHOro KOMMOHEHTA Y 3B’A3KY
3 aHTUreHHO Ai€l0, NepeBOAsAYN MaTOSMOrYHMIA npoLec
Ha ayToiMyHHy ocHoBy [1, 2, 4, 9]. Po3pobka eTionaTto-
reHeTU4HoI  Knacudikauii  ocTeoapTpuTy yTpyaHeHa
Yepe3 CKMagHiCTb MaToreHesy, OCKINbKM BaXKO Bpaxy-
BaTM BCE Pi3HOMAHITTA CEHCMBINi3yrUunx MikpoBHNX
Ta HEMIKPOOHNX (PaKTOpPIB €K30- Ta EHAOIEHHOro Noxop-
XeHHs1. CeHcmbinisauis moxe OyTy MOHOBaNeHTHOK Npu
NigBULLEHIN YyTNMBOCTI 4O OQHOMO anepreHy (aHTureny),
Ta noniBaneHTHol npu ceHcubinisauii oo GaraTbox
anepreHis, a TakoXx y pe3ynbraTi nepexpecHoi ceHcnbi-
nisauii 4o iHWWX aHTUreHiB, SKi MalOTb 3aranbHi geTep-
MiHaHTV 3 anepreHomMm, Lo BMUKIMKAE ceHcubinisauito.

Y 3B'A3Ky 3 UMM NpOBEAEHHs MiKpobionoriyHoro,
a 3a HeoOXiaAHOCTI i ceponori4HOro OOCHiAXEHHS CUHO-
BianbHOI pigMHM Ta CUPOBATKM KPOBi 3 BU3HAYEHHSIM
aHTWUTIN OO0 naToreHHoi Ta YMOBHOMNATOrEHHOI MiKpO-
dnopu y xsopux Ha OA, y SKMX BUSABNEHO XPOHIYHWUN
TOH3UNIT, € BaXXIMBUM MOMEHTOM $iK ANSl AiarHOCTMKM,
TaK i 4ns BUGOPY TaKTUKM NiKyBaHHS.

Meta po6oTu — BM3HA4MTM OCOBNMBOCTI rpamnosm-
TMBHOI Ta rpamHeraTMBHOI MiKpodriopn, KONOHI30BaHOI
B MUrganukax, y Xsopmx Ha BTopuHHun OA.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Hamn npoBeaeHO [OCNIMKEHHS LWOAO BUSIBIIEHHS
ceHcubinisauii 4o MikpoopraHiamiB, BUAINEHUX i3 NakyH
mMurganukie, y 47 nadieHTiB Bikom Big 19 go 45 pokis,
siki nepebyBanu Ha cTauioHapHomy nikyBaHHi B Artz Klinic
(m. XapkiB) 3 npuBogy BToprHHOro OA koniHHoro cyrnoba
B nepiog 3arocTtpeHHs. [liarHo3 BCTaHOBMOBanNu 3rigHo
3 MixHapopgHoto knacudikadieto xsopob 10-ro nepernsgy
(MKX-10)-M18.1.  Yci xBopi ©Oynu posnogineHi Ha
Asi rpynu: nepwa — 24 (51,1%) ocobu 3 BTopuHHM OA
6e3 XpoHiyHoro ToH3uniTy, i apyra — 23 (48,9%) 3 BTO-
pvHHUM OA 3 XPOHIYHMM TOH3UMITOM. Y HayKOBY pO3pO0Ky
He BXOOWNW NauieHTW, siki NpuimManu aHTMGakTepianbHi
npenapatu 3a 30 gHIB 4O AOCMIOKEHHS, a TakoX MiCLEBI
aHTMCENTUYHI NpenapaTtu HanepegofHi. Masku 3 nakyH
murganukie Gpanu 3 paHky HaTwe A0 NpPOBeAEHHS
TyaneTy poTOBOI NOPOXHWHWU. CMHOBIanNbHy piavHy Ans
OOCNIMXXEHHS Y nauieHTiB oTpumyBanu y cneuianbHOMY
NPUMILLEHHI CTEPUIBLHOK TOMKOK 3 ypaxyBaHHSM npa-
BWIT acenTuKM Ta aHTUCENTUKN 0O NPOBEAEHHS BHYTPILL-
HbocyrnoboBoi Tepanii. Yci noganbli [OCRISKEHHS
Woao BUAINEHHA Ta igeHTudikauii 3gincHioBann 3 BU-
KOPUCTaHHAM 3aranbHOMPUAHATMX BITYM3HAHWUX Ta 3a-
pyOikHMX MeToauKk. B sKOCTi  MIKPOGHWMX aHTUreHiB
3aCTOCOBYBanu YnbTPasByKOBi Ae3iHTErpaHTU 3 Mikpo-
OopraHiamiB, BUAINEHWX 3 NakKyH MUrOanukiB y XBOPUX
Ha BTOpUHHUI OA, BOUTUX LUMSIXOM HarpiBaHHSA npoTs-
romMm ABOX roAuH Ha BoasiHui GaHi [3]. Ons BU3HAYEHHS

through sequestered antigens of the tonsils, triggers
an autoimmune process [5-8, 10]. This mechanism
leads to the degradation of the articular cartilage matrix
and cell membranes, the products of which penetrate
in large quantities into the synovial fluid and the syno-
vial membrane. Penetration of causative antigens and
sequestered antigens of the tonsils into the joint occurs
mainly through hematogenous dissemination from foci
of infection located in the tonsils (chronic tonsillitis),
tropic to the structure of cellular and tissue components
of the articular cartilage and synovial membrane, which
determines the participation of the allergic component
in connection with the antigenic effect, transferring the
pathological process to an autoimmune basis [1, 2, 4, 9].
The development of an etiopathogenetic classification
of osteoarthritis is difficult due to the complexity of patho-
genesis, as it is difficult to take into account all the
diversity of sensitizing microbial and non-microbial factors
of exo- and endogenous origin. Since sensitization
can be monovalent with increased sensitivity to one
allergen (antigen) and polyvalent with sensitization to
many allergens, as well as as a result of cross-sen-
sitization to other antigens that have common deter-
minants with the allergen that causes sensitization.

In this regard, conducting a microbiological and,
if necessary, serological examination of synovial fluid
and blood serum to determine antibodies to patho-
genic and opportunistic microflora in patients with OA in
whom chronic tonsillitis is detected is an important point
for both diagnosis and the choice of treatment tactics.

Objective of the work is to determine the charac-
teristics of gram-positive and gram-negative microflora
colonized in the tonsils of patients with secondary OA.

MATERIALS AND METHODS

We conducted a study on the detection of sensiti-
zation to microorganisms isolated from lacunae of the
tonsils in 47 patients aged 19 to 45 years who were
undergoing inpatient treatment at Artz Klinic (Kharkiv)
due to secondary OA of the knee joint during an exacer-
bation. The diagnosis was established according
to the International Classification of Diseases of the
10" revision (ICD-10)-M18.1. All patients were divided
into two groups: first — 24 (51.1%) with secondary OA
without chronic tonsillitis and the second — 23 (48.9%)
with secondary OA with chronic tonsillitis. The scientific
development did not include patients who took anti-
bacterial drugs 30 days before the study, as well as
local antiseptic drugs the day before. Smears from the
lacunae of the tonsils were taken in the morning
on an empty stomach before the toilet of the oral cavity.
Synovial fluid for research was obtained from patients
in a special room with a sterile needle, taking into
account the rules of asepsis and antiseptics before
intra-articular therapy. All further research on isolation
and identification was carried out using generally
accepted domestic and foreign methods. As microbial
antigens, ultrasonic disintegrants were used from
microorganisms isolated from tonsil lacunae in patients
with secondary OA, killed by heating for 2 hours in
a water bath [3]. To determine antibodies to microbial
antigens obtained by ultrasonic disintegration, the
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aHTUTIN OO0 MIKPOOHUX aHTUreHiB, OTPMMAHUX LUMSIXOM
ynbTpa3ByKoOBOi AesiHTerpaLii, BUKOPUCTOBYBann MeTo-
OUKY KiNbKICHOrO BW3HAYeHHSA aHTUTIN Yy cupoBartui
KpoBi y HedbenomMeTpuyHin peakuii YaH'e B mogudikauit
H.M. Knemnapcbkoi [3].

lpyny koHTponto cknaganu 20 3g0poBux gobpo-
BonbuiB. KpoB 36upanu HaTwe i3 nikTboBOT BEHU
Y KinbkocTi 5 My cTepunbHy Npobipky Tuny « EneHgopd».
Mig yac npoBegeHHA AOCHIMDKEHHs AOTpUMyBanucs
npuHUMNiB GiOETUKM Ta BUMOr 3aKOHOAABCTBA LLOAO
npoBefdeHHst GioMeTpuyHMX AocnimkeHb: KoHctutyuii
YkpaiHn (1996), OcHoB 3akoHogaBCTBa YkpaiHuM npo
OXOpPOHY 300poB’s (1992) Ta oTpumyBanu iHpopmauinHy
3rody Big NauieHTiB Ha NpoBeAeHHs! 4OCAIAKEHHS.

OuiHka BiporigHOCTi pi3HMUb CcepefHix BenuyuH
y rpynax (p) npoBogunacb 3a [OMOMOIOH KpUTEPIto
CtbiogeHta (t). BigmiHHOCTI BBaxanu CTaTUCTUYHO
3Hadvywumu npu p<0,05. OuiHKY BiOXUNEHHSI 3HaYeHHs
nokasHuka Bid HopmaTtmBy KpuTepito CTblogeHTa
(t=1,96), dkun € agekBaTHUM MeTOAOM aHanisy, ToMy
wo Bubipka BUGIPOK 3a NOKa3HMKaAMW, SKi BU3HaYa-
I0TbCS, Ha iX HOPMAaTUBHICTb, MOKasanu BiACYTHICTb
BUOIpOK i3 HeHopMarnbHUM pPO3MOAINOM MOKAa3HMKIB
(nokasHuk Ex — ekcuecy).

PE3YABTATU TA iX OBTOBOPEHHS

Hamn npoBeneHO AOCNIMKEHHSI Pi3HOMaHITHUX Cy-
NyTHIX 3axBopioBaHb Yy 47 XBOpWX Ha BTOPWMHHWUIA OA,
AKi 3HAXOAUNUCS Ha CcTauioHapHOMY FfiKyBaHHi B ne-
piof 3aroCTpeHHs.

3BepTae Ha cebe yBary BMCOKMI BiOCOTOK XPOHiy-
HOro TOH3UNITY — 23 (48,9%), XpOHi4YHOro hapuHrity —
18 (38,3%), iwemivyHoi xBOpobU cepusi — 14 (29,8%),
a TaKoX BWCOKMM BIACOTOK racTPOEHTEePOnoriYHNX 3a-
XBOPIOBaHb: XPOHiYHWI racTput — 24 (51,1%), XpoHivHWI
naHkpeatMt — 12 (25,5%), XpOHiYHMIA XomeumcTuT —
19 (40,4%), nopyweHHs 6ioLueHO3y KuMLLeYHWKa —
18 (38,3%), wo copmye nigsuLLeHnn OoH Ana ceHcnbi-
nizauii opradiamy. Llen dakT nigTBEpAXyeTbCA Npos-
BaMu Xxap4yoBoi aneprii — 12 (25,5%) Ta nikapcbkoi
aneprii — 9 (19,1%) (tabn. 1). To6T1o, BTOPUHHMI OA
OpMyETLCA Ha MOYAaTKOBIN OCHOBI ceHcmbinisadii opra-
Hi3MYy, Ta Y CBOIX KNiHIYHUX NposiBax NOeQHYETLCA 3 aTo-
NiYHUMK Ta COMaTUYHMMKU 3aXBOPIOBAHHAMM, i3 3arocT-
PEHHAMM AKUX MOXYTb ByTW noB’A3aHi 3aroctpeHHst OA.

Ak BuoHO 3 npeacTtaBneHux y Tabnuui 1 gaHux,
Bi3Ha4YaeTbCA HaMBINbLLIWIA BIACOTOK XPOHIYHOrO TOH3K-
niTy Ta dapuHrity, eTionoriyHum (akTopom SKMX Han-
yacTile BWUCTynNae naTtoreHHa Ta YMOBHOMNATOreHHa
Mikpodhrniopa. B eTionoriyHin cTpykTypi ogHe 3 NpoBigHNX
MiCub  BiOBOAWUTLCS  PB-reMOMITUMHOMY  CTPENTOKOKY
3 rpynu A, sikmn Buainaetbca B 53—-90% Bunaakis.

Pigwe BusiBngawTbCs: S. aureus, S. haemolyticus,
Pr. vulgaris, E. coli, C. albicans. OctaHHiM Yacom 3pocna
yacToTa pi3HMX acouiauin: S. aureus +S. pyogenes,
S. aureus + E. coli Ta BipycHo-6akTepianbHi noegHaHHs.

MyckoBUM hakTOpPOM PO3BUTKY XPOHIYHOIMO TOH3UNITY
Ta BTOopuHHOro OA € ocobnusocTi 30yAHWUKIB naToreH-
HOi Ta yMOBHONATOreHHoi Mikpodropu, ski MaloTb 3HW-
XEeHW noTeHuian rHinHopigHocTi. Yepes cekBecTpoBaHi
aHTUreHNn MUrganukie, XiMiYHO OAHOTMMHWUX OO CYrno-
6oBoro xpsuwa Ta cyrnoboBoi OOOMOHKM, BOHU BUSIB-
NATb CBOI CeHcubinizauiviHi BNacTMBOCTI, WO Xapak-
TEPU3YIOTLCS  HIBEMIOBAHHAM  @HTUTEHHOTO  CTUMYIY,

method of quantitative determination of antibodies
in blood serum was used in the nephelometric reaction
of Ouanier in the modification of N.M. Klemparska [3].

The control group consisted of 20 healthy volunteers.
Blood was collected on an empty stomach from the
ulnar vein in the amount of 5 ml into a sterile Eppendorf
tube. During the study, the principles of bioethics and
the requirements of the legislation on conducting
biometric studies were followed: the Constitution of
Ukraine (1996), the Fundamentals of the Legislation
of Ukraine on Health Care (1992), and informed consent
was obtained from the patients for the study.

The probability of differences in mean values in
groups (p) was assessed using the Student’s test (t).
Differences were considered statistically significant
at p<0.05. The evaluation of the deviation of the value
of the indicator from the norm of the Student’s crite-
rion (t=1.96), which is an adequate method of analysis,
because the selection of samples according to the
indicators that are determined, for their normativity,
showed the absence of samples with an abnormal
distribution of indicators (the indicator Ex — kurtosis).

RESULTS AND DISCUSSION

We conducted a study of various concomitant
diseases in 47 patients with secondary OA undergoing
inpatient treatment during the exacerbation period.

Attention is drawn to the high percentage of chronic
tonsillitis — 23 (48.9%), chronic pharyngitis — 18 (38.3%),
coronary heart disease — 14 (29.8%), as well as the high
percentage of gastroenterological diseases: chronic
gastritis — 24 (51.1%), chronic pancreatitis — 12 (25.5%),
chronic cholecystitis — 19 (40.4%), violation of intestinal
biocinosis — 18 (38.3%), which forms an increased
background for sensitization of the body. This fact is
confirmed by manifestations of food allergy — 12 (25.5%)
and drug allergy — 9 (19.1%) (Table 1). That is, secondary
OA is formed on the initial basis of sensitization of the
body and in its clinical manifestations is combined
with atopic and somatic diseases, the exacerbations
of which may be associated with exacerbations of OA.

As can be seen from the presented data (Table 1),
the highest percentage of chronic tonsillitis and pharyn-
gitis is noted, the etiological factor of which is most
often pathogenic and opportunistic microflora. In the
etiological structure, one of the leading places is assig-
ned to B-hemolytic streptococcus from group A, which
is isolated in 53—-90% of cases.

Rarely found: S. aureus, S. haemolyticus, Pr. vulgaris,
E. coli, C. albicans. Recently, the frequency of various
associations has increased: S. aureus +S. pyogenes,
S. aureus + E. coli and viral-bacterial combinations.

The triggering factor for the development of chronic
tonsillitis and secondary OA are the characteristics of
pathogens of pathogenic and opportunistic microflora,
which have a reduced potential for suppuration. Due to
the sequestered antigens of the tonsils, which are
chemically identical to the articular cartilage and the
articular membrane, they reveal their sensitizing pro-
perties, characterized by the leveling of the antigenic
stimulus, and due to this, they fall out of adequate
immunological control. In the tonsils and articular
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i 3aBOSKM LbOMY BUMafawTb 3-Mig afeKkBaTHOro iMyHo-
noriyHoro KoHTponto. B mwurganvkax Ta cyrnoGosomy
Xpsili, nopsg 3 eneMeHTamy NpoAyKTUBHOIO 3ananeH-
HS, NOE NOBIMbHE 3aMilleHHs MapeHXiMM Murganukie
Ta KNiTUHHO-TKAHWHHUX CTPYKTYp CyrnobiB crnony4yHoro
TKaHWHOIO 3@ PaxyHOK KMiTMHHO-BOMOKHUCTOI TpaHcdop-
Mauii ¢ibpobnacTtisB. OgHo4acHO CEKBECTPOBaHi aHTK-
reHn MuUrganuvkie i cyrnoboBoro xpsiia iHaAyKyTb iMyHO-
NaTororiYyHnn npouec, Wo nposBASETLCA OPMyBaH-
HAM ayTOIMYHHWX peakuii rymopanbHOro i KniTMHHOro
TMNY NO BiAHOLLUEHHIO A0 TKaHWUH MWUrganuKiB i KNiTUHHO-
TKaHWHHWX CTPYKTYp cyrnobosoro xpsiwa. Lle HemuHy4ve
npuM3BOAMTbL A0 3pvBY IMYHOMOFYHOI TOMEepaHTHOCTI
3 hOpMYBaHHAM ayTOIMYHHOTO KOMMOHEHTA.

cartilage, along with the elements of productive
inflammation, there is a slow replacement of the paren-
chyma of the tonsils and the cell-tissue structures of
the joints with connective tissue due to the cell-fibrous
transformation of fibroblasts. At the same time, seques-
tered antigens of tonsils and articular cartilage induce
an immunopathological process, which is manifested
by the formation of autoimmune reactions of the humoral
and cellular type in relation to the tissues of the
tonsils and the cell-tissue structures of the subarticular
cartilage. This inevitably leads to a breakdown of
immunological tolerance with the formation of an auto-
immune component.

Tabnuua 1. HassHICTb CynyTHiX 3aXBOPIOBaHb Y XBOPUX Ha BTOPUHHWIA OCTE0apTpUT
Table 1. Presence of concomitant diseases in patients with secondary osteoarthritis

Yactora Bu3HayeHHs / Frequency of determination
No CynyTHe 3aXBOPIOBAHHS (n = 47)
Concomitant disease

abc. / abs. %
1 OP3 / Acute respiratory diseases 3 6,4
2 Kapiec / Caries 9 19,1
3 XpoHiuHui ToHaunit / Chronic tonsillitis 23 48,9
4 XpoHivHun dapuHrit / Chronic pharyngitis 18 38,3
5 XpoHiyHui ranmopuT / Chronic sinusitis 6 12,7
6 XpoHivHui 6poHxiT / Chronic bronchitis 5 10,6
7| Chvonio schemic heart dsease. 4 298
8 lnepToHiuHa xBopoba / Hypertensive disease 13 27,6
9 XpoHivHuin ractput / Chronic gastritis 24 51,1
10 | XpoHiyHun naHkpeatmuT / Chronic pancreatitis 12 25,5
11 | XpoHiyHui xoneumcTtut / Chronic cholecystitis 19 40,4
12 | XpoHiuHui nienoHedput / Chronic pyelonephritis 4 8,5
13 | Xapuosa aneprisi / Food allergy 12 25,5
14 | Nikapcbka anepria / Drug allergy 9 19,1
15 | Voiaion of intostinal bioconosts 18 383

3a gaHumn nitepaTtypu Hanivyetbca noHap 300 3a-
XBOPIOBaHb BHYTPILLHIX OpraHis, y Tomy uncni i cyrnobis,
MOB’A3aHMX 3 XPOHIYHMMM ocepeakamu iHekLUii y muraa-
nukax. CeHcubinidyloumn BAAMB  KNITUHHO-TKAHWHHMX
CTPYKTYP MUrAanuH npu XpOHIYHOMY TOH3UNITI Ta dop-
MYBaHHs [EKpeToBaHMX 30H B OpraHiami, 3okpema B
cyrnoboBOMY XpsiLLi Ta CUHOBIanbHIN 06OMNOHLUI, B AaHUN
Yac He BUKMNMKAE CYMHIBIB i 4O3BONSAE TpaKTyBaTu narto-
NOoriYHMIM npouec y xBopux Ha BTOpuHHMI OA sk iHdek-
LinHo-anepriyHmin. Llin npouec po3BMBaETbLCS B OpraHis-
Mi B pe3ynsraTi BNfMBY aHTUIEHIB NaTOreHHOi Ta YMOBHO-
naToreHHoi Mikpodriopn Ta CEeKBECTPOBAHUX AHTUrEHIB
MUTOanukiB, ki MalTb XiMIYMHO OAHOTMMHI A@HTUrEeHHI
KOMMOHEHTU 3 KMITUHHO-TKAHUHHUMW CTPYKTYpamMm Cyrno-
0oBOro xpsa Ta CUHOBIanbHOi 0bonoHku [1, 2, 4, 5].
[ns po3BMHEHHA LbOro MOMOXEHHA HaMu NpOBeAEHO
OOCTiIKEeHHS LWOJ0 BUSIBNEHHS Y CUPOBATLi KPOBI @HTUTIN
00 MIKpOOpraHiamiB, BUAINEHUX i3 NakyH MUrganukise
XBOpMX Ha BTOpUHHWUIA OA, y SKMX AiarHOCTOBAHO XPOHiY-
HWI TOH3WIIT Y Nepiodi 3aroCTPeHHs 3aXBOPIOBaHHS.

Ak BugHO 3 gaHux (Tabn. 2) y rpyni XBopux Ha BTO-
pvHHMIA OA 6e3 XPOHIYHOro TOH3WMITY Y CMPOBATLi KPOBI
BiA3Ha4YaeTbCa Ha Crnabono3nTMBHUX 3HAYEHHAX PiBEHb

According to the literature, there are more than
300 diseases of internal organs, including joints, asso-
ciated with chronic foci of infection in the tonsils.
The sensitizing effect of cell-tissue structures of the
tonsils in chronic tonsillitis and the formation of secreted
zones in the body, including in the articular cartilage
and synovial membrane, is currently not in doubt and
allows us to interpret the pathological process in pati-
ents with secondary OA as an infectious-allergic and
developing in the body as a result of exposure to
antigens of pathogenic and opportunistic microflora
and sequestered tonsil antigens, which have chemically
identical antigenic components with cellular and tissue
structures of articular cartilage and synovial membrane
[1, 2, 4, 5]. Developing this position, we conducted
a study on the detection of antibodies in blood serum
to microorganisms isolated from lacunae of tonsils in
patients with secondary OA, in whom chronic tonsillitis
was detected during the exacerbation of the disease.

As can be seen from the data (Table 2), in the group
of patients with secondary OA without chronic tonsillitis,
the level of antibodies to gram-positive and gram-
negative microorganisms and fungi of the genus
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aHTUTIN OO0 rpamMno3UTUBHUX, FPaMHEraTMBHUX Mikpo-
opraHiamiB i rpubis poay C.albicans, BuaineHnx 3 nakyH
MUTganuKiB Ta B CMHOBIANbHIA piguHi, OOCTOBIPHO
(p < 0,05) Bigpi3HstouNCb BiA 3HAYeHb PIiBHA aHTUTIN
y rpyni 300poBMX OOHOPIB Ta BiA PIiBHSA aHTUTIN A0 LMX
MiKpoOpraHiamiB, BWAINEHUX 3 NakKyH Murganukie Ta
CUHOBianbHOI piguHM y XBopux Ha BTOpuHHMI OA

C.albicans, isolated from lacunae of the tonsils and in
the synovial fluid, is marked at weakly positive values
in the blood serum, reliably ( p<0.05) differing from
the values of the level of antibodies in the group of
healthy donors and from the level of antibodies to
these microorganisms isolated from lacunae of the
tonsils and synovial fluid in patients with secondary OA

3 XPOHIYHMM TOH3UMITOM.

with chronic tonsillitis.

Tabnuus 2. [laHi KinbKiCHOro BU3HaYeHHS aHTUTIN A0 MiKpOOpPraHiaMiB

y CMpOoBaTLi KPOBi XBOPUX Ha BTOPUHHWIN OCTE0APTPUT y nepiodi 3arocTpeHHs, (M + m) ym.oq
Table 2. Quantitative data of antibodies to microorganisms,

in the blood serum of patients with secondary osteoarthritis in the period of exacerbation, (Mtm) conditional units

KinbKiCHi NOKa3HWKM aHTUTIN 4O MIKPOOPraHi3mis
Quantitative indicators of antibodies to microorganisms
MiKDooDraHiaMM 3pA0poBi AOHOPY | CyposaTka xBopux | CuHoBianbHa piguHa CupoBatka xBopux | CuHoBianbHa piguHa
Mic?oorp anisms Control 6e3 ToH3UnNITy XBOPUWX 6€3 TOH3UNITY 3 TOH3UMITOM XBOPUX 3 TOH3UIITOM
9 Serum of patients | Synovial fluid of patients | Serum of patients Synovial fluid of
without tonsillitis without tonsillitis with tonsillitis patients with tonsillitis
n=20 n=24 n=24 n=23 n=23
*Aou *vD *o D KAV
5. aureus 006220006 | 01250016 01220024 028720043 026520026
*Aaw *vD *o D KAV
S.hasmolytcus | 00500005 | O124£0.012 0.138£0,035 0.298£0,020 0.276:0,024
*AoL *VD *o. D *AV
S.saprophytous | 00541000 | 012620022 01360025 02860030 027520052
0,12710,024* 0,143+0,032*° 0,318+0,045**P 0,287+0,023*"
S. pyogenes 0,0570,007 E =035 E =038 E =0,36 E =042
. 0,13240,019* 0,15240,023*P 0,347+0,046*P 0,315+0,043*"
E. col 0.063+0,008 E,=0,28 E,=0,26 E,=0,27 E,=0,34
*Aou *vD *a D KAV
Prwigais | 00sss000s | 01260018 016020027 030420044 032620059
*AoL *vD *0o D KAV
Prmicbils | 0640000 | 012320015 0.154£0,017 0.382¢0,033 0323£0,028
. 0,13410,022* 0,13940,022*P 0,363+0,046*P 0,28310,045*"
C.albicans 0,052+0,003 E =035 E=0.24 E =026 E =037
lMpumimku:

* — AOCTOBIPHi BIAMIHHOCTI NOKa3HWUKIB @aHTUTIN 4O MIKpOOpraHiaMiB y cMpoBaTLi KpoBi y XBopux 3 ToH3unitom (p < 0,05);
A — OOCTOBIPHi BiAMIHHOCTI NOKa3HWUKIB aHTUTIN 40 MiKpOOPraHi3aMiB y CUHOBIanNbHIlN pianHi y XBopux 3 ToH3unitom (p < 0,05);
V — AOCTOBIpHi BiAMIHHOCTI NOKa3HWUKIB aHTUTIN A0 MiKPOOPraHi3aMiB y CMpOBaTLi KpoBi y XBopuxX 3 ToH3uniTom (p < 0,05);
0 — JOCTOBIPHI BiAMIHHOCTi NOKa3HMKIB aHTUTIN 4O MIKPOOPraHi3miB y CMHOBIanNbHIN piguHi y xBopux 3 ToH3unitom (p < 0,05);
D — gocTtoBipHi BiAMIHHOCTI NOKa3HUKIB @aHTUTIN A0 MiKpOOPraHiaMiB CMHOBIaNbHOI PiguHM Ta noBepxHi murganukis (p < 0,05).
Q_ =0,004 — 0,1236 — HeraTMBHa peakLisi;

Q: =0,1237 — 0,1633 — cnabo nNo3nTMBHa peakLisi;
Q(p =0,1634 — 0,6411 — no3nTUBHa peakLiis;
Q, = 0,6412 — 1,4248 — pisko No3MTUBHA peakLisi;

E, — nokasHuk HopmarnbHoCTi posnoainy subipku (Ex = 0).

Notes:

* — significant differences in indicators of antibodies to microorganisms in blood serum in patients with tonsillitis (p<0.05);

A — significant differences in indicators of antibodies to microorganisms in synovial fluid in patients with tonsillitis (p<0.05);

Vv — significant differences in indicators of antibodies to microorganisms in the blood serum of patients with tonsillitis (p<0.05);
a — significant differences in indicators of antibodies to synovial fluid microorganisms in patients with tonsillitis (p<0.05);

D - significant differences in the indicators of antibodies to microorganisms of the synovial fluid and the surface of the tonsils (p<0.05).
Q, = 0.004 — 0.1236 — negative reaction;

Q(p =0.1237 — 0.1633 — weakly positive reaction;
Q(p =0.1634 — 0.6411 — positive reaction;

Q(p = 0.6412 — 1.4248 — sharply positive reaction;

X

E_is an indicator of the normality of the sample distribution (Ex=0).

3BepTae Ha cebe yBary HapoCTaHHs 4O MO3UTUBHUX
3HaYeHb PiBHA aHTUTIN OO rPamMnoO3WMTUBHUX, rpamHera-
TMBHUX MiKpoopraHiamie Ta rpubie pogy C.albicans
y rpyni xBopux Ha BTOPUHHMIN OA 3 XPOHIYHMM TOH3U-
niTom (p < 0,05), NOPIBHSAHO i3 3HAYEHHSAMU PIBHSA aHTUTIN
y rpyni 340pOBUX AOHOPIB Ta rpyni XBopux 6e3 TOH3unITY,
y SIKMX AaHi MiKpoopraHiamMmu BUAINANUCA 3 NakyH muraa-

The increase in the positive values of the level of
antibodies to gram-positive, gram-negative microorga-
nisms and fungi of the genus C.albicans in the group of
patients with secondary OA with chronic tonsillitis (p<0.05)
compared to the values of the level of antibodies in the
group of healthy donors and the group of patients is
noteworthy. without tonsillitis, in which these microorga-
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NUH Ta CKHOBIAnNbHOI pignHn. Lle oyeBMOHO MOXHa
NOSICHATU TUM, LLO TpMBarne NepcuUcTyBaHHsI B KMNiTUHHO-
TKAHWHHUX CTPYKTYpax MUrganuH, HabnmkeHux 3a Ximiy-
HOI CTPYKTYPOIO A0 KNITUHHO-TKAHWHHUX CTPYKTYpP Cyrno-
60BOro xpsa i cMHoBianbHOI 0OOMOHKM, CTBOPIOE MOX-
NMBICTb GinNbLU IHTEHCUBHOIO 3pOCTaHHSA CEKBECTPOBaHUX
aHTUreHiB MWUrganuMH Ta MNepeBefdeHHst NaTornoriYHoro
npouecy Ha ayToiMyHHy ocHoBy. Ha uen npouec moxe
BKa3yBaTW BiACYTHICTb AOCTOBIpHMX BiAMIHHOCTEN 3Ha-
YeHb PIBHS aHTUTIN OO0 MIKPOOpraHiamiB, BWAINEHUX
3 NakyH MUrganukiB Ta CMHOBIANbHOI PiAVHK, Y XBOPUX
Ha BTOPMHHMI OA 3 XpOHIYHUM TOH3UNITOM (Tabn. 2).

HeobxigHoO Big3HauMTH, WO ocobnuBicTiO BUAINEHOT
3 NaKkyH Murganvkis y XBOpuX Ha BTOpuHHUA OA
3 XPOHIYHUM TOH3WUNITOM FPaMno3UTMBHOI, rpamMHeraTmBe-
Hoi Mikpodonopu Ta rpmubis pogy C.albicans, € ii 3gart-
HiCTb MoAynoBaTU IMYHHY BignNoOBiAb 4epe3 peakuil
I, I, IV Tnny Ta 3gincHioBat ctumynsauito T-nimcounTis
3a npoaykuieto Kackagy nposananbHUX — LIMTOKIHIB.
Tomy, 3anexHo Big nepeBakaHHs TUMy NiABULLEHOT YyT-
NUBOCTI, MOXNUBI Pi3HI MexaHi3amu peanisauii natono-
riYHoro mpouecy Sk y Murganukax, Tak i y CTpykTypax
cyrnoboBoro xpsiLia Ta CUHOBIanbHOI OOOMOHKK, Lo
06TsKy0Th Nepebir OA.

TakMM 4uHOM, BigMOBa Big ysiBu npo Gesnocepes-
Hil  TOKCMKO-OECTPYKTMBHWA BNNUB MaToOreHHoi Ta
YMOBHOMATOrEHHOI MIiKpOriopy Ha KMiTUHHO-TKaAHWUHHI
CTPYKTYpW CyrnoboBoro xpsiLa i CMHoBianbHOT 060MOHKK
npu 30atHOCTi ceHcubGinizauii opraHiamy aHTUreHHUMn
CTPYKTYpamMu MUrganukie, cyrrnoboBoro xpsilia i CUHO-
BianbHOT 060MOHKM 3HA4YHOK Mipoto 06’eaHYE IHEKUIHI
i HeiHdekuinHi dakTopn BTOpUHHOrO OA, naToreHes
SIKOTO  3anexuTb Bi4  MPOrpecytudmMx  ayToOiMyHHUX
peakuii opraHiamy.

BUCHOBKHU

BTOpuHHMI OCTeoapTpuT Moxe dopmyBaTuCs Ha
NMEepBUHHI OCHOBI CeHcMbinisauii opraHiamy i B Kni-
HIYHMX MpOsiIBax 4YacToO MOEAHYETLCS 3 aToniyHMMK Ta
COMaTMYHUMW 3aXBOPIOBAHHAMM, i3 3AarOCTPEHHAM AKUX
MOXYTb OyTW MOB’A3aHi  3aroCTPEHHs OCTeoapTpuUTy
Y A@HOTO KOHTUHIEHTY XBOPWX.

Y XBOPMX Ha BTOPWHHWI OCTEO0APTPUT PiBEHb aHTW-
Tin y cupoBaTui KpoBi OO0 rpamMnos3vUTUBHUX, rpamMHera-
TMBHUX MikpoopraHiamis Ta rpubie pogy C.albicans
3anexnTb Bi4 KOMOHi3auii iX B KNITUHHO-TKAHWHHUX
CTPYKTYpax POTOrNOTKA, XiMIYHO OAHOTMMHUX A0 KIli-
TUHHO-TKAHUHHUX KOMMOHEHTIB CyrrnoboBoro xpswa Ta
CMHOBIanbHOI 060MOHKMN.
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nisms were isolated from tonsil lacunae and synovial
fluid. This can obviously be explained by the fact that
long-term persistence in the cell-tissue structures of the
tonsils, close in chemical structure to the cell-tissue
structures of the articular cartilage and synovial mem-
brane, creates the possibility of a more intense growth
of sequestered antigens of the tonsils and the switching
of the pathological process to an autoimmune basis.
This process can be indicated by the absence of signi-
ficant differences in the levels of antibodies to micro-
organisms isolated from lacunae of tonsils and in syno-
vial fluid in patients with secondary OA with chronic
tonsillitis (Table 2).

It should be noted that the peculiarity of gram-positive,
gram-negative microflora and fungi of the genus
C.albicans isolated from tonsil lacunae in patients with
secondary OA with chronic tonsillitis is its ability to modu-
late the immune response through type I, lll, IV reactions
and to stimulate T-lymphocytes by production cascade
of pro-inflammatory cytokines. Therefore, depending
on the predominance of the type of increased sensitivity,
different mechanisms of the implementation of the patho-
logical process are possible both in the tonsils and in
the structures of the articular cartilage and synovial
membrane, aggravating the severity of the course of OA.

Thus, the rejection of the idea of a direct toxic-
destructive effect of pathogenic and opportunistic micro-
flora on the cell-tissue structures of the articular cartilage
and synovial membrane with the ability to sensitize
the body with antigenic structures of the tonsils, articular
cartilage and synovial membrane largely combines
infectious and non-infectious factors of secondary OA,
the pathogenesis of which depends on the progressive
autoimmune reactions of the body.

CONCLUSIONS

Secondary osteoarthritis can be formed on the
primary basis of sensitization of the body, in clinical
manifestations it is often combined with atopic and
somatic diseases, the exacerbation of which may be
associated with the exacerbation of osteoarthritis in this
contingent of patients.

The level of antibodies in the blood serum of patients
with secondary osteoarthritis to gram-positive, gram-
negative microorganisms and fungi of the genus
C.albicans depends on its colonization in the cellular
tissue structures of the oropharynx chemically identical
to the cellular tissue components of the articular cartilage
and synovial membrane.

REFERENCES

1. Golub O, Liadova T, Volobueva O, Chernusky V, Popov M,
Letiaho H, Pavlikova K. Role of pathogenic and mentally
pathogenic microflora, which are localized in the orotopharynx
in the ethiopathogenesis of secondary osteoarthrosis. Actual
problems of modern medicine. 2023;12:22-8. (In Ukrainian). DOI:
https://doi.org/10.26565/2617-409X-2023-12-03

2. Smiyan Sl, Husak SR. Septic arthritis. . Horbachevsky Ternopil
National Medical University. 2020;82(4):1644-8. (In Ukrainian). DOI:
https://doi.org/10.32471/rheumatology.2707-6970.82.15770

3. Chernushenko YeF, Kogosova LS. Immunological studies in the clinic;
Kiiv : Zdorov'ya; 1978;159. (In Ukrainian).

4. Shirobokova VP. Medical microbiology, virology and immunology:
textbook for students. higher med. education institutions. Vinnytsia:
Nova Kniga. 2021;920. (In Ukrainian).

OpuwuriHanbHi 4oCnigpKeHHSs

Original research


https://doi.org/10.26565/2617-409X-2023-12-03
https://doi.org/10.32471/rheumatology.2707-6970.82.15770
https://doi.org/10.26565/2617-409X-2023-12-03
https://doi.org/10.32471/rheumatology.2707-6970.82.15770

KapasiHcbkui imyHomnoriyHui xxypHan. 2024. T. 7. Ne 1(13). C. 5462

Karazin Journal of Immunology. 2024;7(1(13)):54-62

ISSN 3083-5615 (Online)

5. Binvignat M., Sokol H., Mariotti-Ferrandiz E., Berenbaum F.,
Sellam J. Osteoarthritis and Gut Microbiome. Joint Bone Spine.
2021. DOI: https://doi.org/10.1016/j.jbspin.2021.105203

6. Chisari E., Wouthuyzen-Bakker M., Friedrich Alex W., Parvizi J.
The relation between the gut microbiome and osteoarthritis:
A systematic review of literature. Plos One. 2021. Ne 88(5). DOI:
https://doi.org/10.1371/journal.pone.0261353

7. Dunn C.M., Velasco C., Rivas A., Andrews M., Garman C.,
Jacob P.B., Jeffries M.A. Identification of Cartilage Microbial DNA
Signatures and Associations With Knee and Hip Osteoarthritis.
Arthritis and Rheumatology. 2020. Ne 72(7). P. 1111-1122. DOI:
https://doi.org/10.1002/art.41210

8. Korotkyi O.H., Luhovska T.V., Serhiychuk T.M., Dvorshchenko K.O.,
Falalyeyeva T.M., Ostapchenko L.Il. The gut microbiota of rats
under experimental osteoarthritis and administration of chondroitin
sulfate and probiotic. Mikpo6ionoeaiyHuti xypHan. 2020. T. 82, Ne 6.
C. 64-73. DOI: https://doi.org/10.15407/microbiolj82.06.064

9. Favazzo L.J., Hendesi H., Villani D.A., Soniwala S., Dar Q.A,,
SchottE.M., Gill S.R., Zuscik M.J. The gut microbiome-joint connection:
implications in osteoarthritis. Current opinion in rheumatology. 2020. Ne 32.
P. 92-101. DOI: https://doi.org/10.1097/BOR.0000000000000681

10. Zhentian W., Feng L., Guofu P. Association Between Gut Microbiota
and Osteoarthritis: A Review of Evidence for Potential Mechanisms
and Therapeutics. Frontiers in Cellular and Infection Microbiology.
2022. Ne 12. P. 1-20. DOI : https://doi.org/10.3389/fcimb.2022.812596

nepCﬂeKTMBM NOAGABLLUMX AOCAIAXEHD

[MpoBeaeHe [OCNIGXEHHA MNoOKa3ano, WO BUSBNEHI 3MiHK
[O3BONAKTL 3 HOBUX MNO3MLIK  HaMITUTU  LWINAXM  PaHHbOI
iMyHOZiarHOCTUKN Ta iMyHOKOperylo4ol Tepanii y nauieHTis i3
BTOPVMHHMM OCTE0apTPMTOM, LLO € NepcrnekTUBHUM HanpsiMKOM
ONs noganblumxX 4OCHimKeHb.

KoHAIKT iHTEpEeciB

ABTOpU pyKOMMCY CBIAOMO 3acCBiAYylOTb BiACYTHICTb haKTU4-
Horo abo MOTEHLNHOro KOHMMIKTY iHTepeciB WOAO0 pesynbraTiB
uiei poboTn 3 hapmaueBTUYHUMK KOMMNaHisMKU, BUpoBHMKaMu
6iomMmeanyYHUX MPUCTPOIB, IHLWIMMK OpraHisauismMy, Yni NpoayKTy,
nocnyrv, piHaHcoBa niATPUMKa MOXyTb OyTM MOB’sI3aHi
3 MNpeaMeToM HafaHux MmatepianiB abo sk cnoHcopysBanu
npoBeaeHi AOCMiOXEHHS.

IHcbopmaluis Nnpo doiHaOHCYBAHHS

diHaHcyBaHHA Bugatkamu [epxaBHoro 6omkeTy YkpaiHu.
Cratta € pparMeHTOM NnaHoBOI HayKoBO-AOCMIAHOI poboTu
XapkiBCbKOro HauioHanbHoro yHisepcutety iMeHi B.H. KapasiHa
MinicTepcTBa OCBITU i Haykn YkpaiHn, MeauyHoro dakynsreTy,
Kadpeapy  iHdekUinHMX xBopo6 Ta  KNiHiYHOI  iMyHOMoril
«BuBYeHHS poni iMyHHUX, aBTOIMYHHMX Ta MeTabomiYHWMX po3-
nagis y natoreHesi Ta Hacnigkax iHMeKLUinHoro npouecy, Lo
BMKNMKaHMN BakTepiamu, Bipycamu, BipyCHO-GakTepianbHUmu
acoujauisiMm npy rocTpomy, 3aTsXKHOMY Ta XpOHiYHOMY nepebiry
XBOpPOOWM Ta YAOCKOHaNeHHs TaKTWKW MiKyBaHHSA», HOMep
AepxasHoi peectpauii: 0123U105022, byHaameHTanbHa, TepmiH
BMKOHaHHA: 2023-2028 pp., KepiBHWK — 3aBigyBayka kadenpw,
KaHauaatT MeauyHux Hayk, goueHT O.B. Bonobyesa.

BIAOMOCTI NPO ABTOPIB

Fony6 Onekcint IropoBuY — acnipaHT kadeapu iHpeKLinHnX
XBOpOO Ta KMiHiYHOI iMyHOnorii MmegnyHoro dakynereTy Xapkis-
CbKOro HaLjioHanbHOro yHiBepcuteTy imeni B.H. Kapasina MiHic-
TepcTBa OCBITM i Hayku YkpaiHu; manpgaH Ceoboau, 6ya. 4,
M. XapkiB, YkpaiHa, 61022;

e-mail: o.golub.med@gmail.com

mo6.: +38 (063) 499-21-20

BHecok aemopa: koHuenuisi ma 0u3aliH 00CniOXeHHS,
36ip OaHux, aHania ma iHmepnpemauis OaHux,
HanucaHHs1 cmammi, pedazysaHHs crmammi.

5. Binvignat M, Sokol H, Mariotti-Ferrandiz E, Berenbaum F,
Sellam J. Osteoarthritis and Gut Microbiome. HAL Id. 2021. DOI:
https://doi.org/10.1016/j.jbspin.2021.105203

6. Chisari E, Wouthuyzen—-Bakker M, Friedrich Alex W, Parvizi J.
The relation between the gut microbiome and osteoarthritis:
A systematic review of literature. Plos One. 2021. DOI:
https://doi.org/10.1371/journal.pone.0261353

7. Dunn Christopher M, Velasco C, Rivas A, Andrews M, Garman C,
Jacob PB, Jeffries Matlock A. Identification of Cartilage Microbial
DNA Signatures and Associations With Knee and Hip
Osteoarthritis. Arthritis and Rheumatology. 2020;72(7):1111-22. DOI:
https://doi.org/10.1002/art.41210

8. Korotkyi OH, Luhovska TV, Serhiychuk TM, Dvorshchenko KO,
Falalyeyeva TM, Ostapchenko LI. The gut microbiota of rats under
experimental osteoarthritis and administration of chondroitin
sulfate and probiotic. Mikrobiolohichnyi Zhurnal. 2020;82(6):64—73.
DOI: https://doi.org/10.15407/microbiolj82.06.064

9. Lacey J. Favazzo, Honey Hendesi, David A. Villani The gut
microbiome-joint  connection:  implications in  osteoarthritis.
Current  opinion in  rheumatology. 2020;32:92-101. DOI:
https://doi.org/10.1097/BOR.0000000000000681

10. Zhentian W, Feng L, Guofu P. Association Between Gut Microbiota
and Osteoarthritis: A Review of Evidence for Potential Mechanisms
and Therapeutics. Frontiers in Cellular and Infection Microbiology.
2022;12:1-20. DOI: https://doi.org/10.3389/fcimb.2022.812596

Prospects for further research

The conducted study showed that the detected changes
allow from new positions to outline the ways of early immuno-
diagnosis and immunocorrective therapy in patients with
secondary osteoarthritis, which is a promising direction for
further research.

Conflict of interest

The authors of the manuscript consciously certify the
absence of actual or potential conflicts of interest regarding
the results of this work with pharmaceutical companies,
manufacturers of biomedical devices, other organizations
whose products, services, financial support may be related
to the subject of the provided materials or who sponsored
the conducted research.

Funding information

Financed by the state budget of Ukraine.

The article is a fragment of the planned research work of
V.N. Karazin Kharkiv National University of the Ministry of
Education and Science of Ukraine, Faculty of Medicine,
Department of Infectious Diseases and Clinical Immunology
«Study of the role of immune, autoimmune and metabolic
disorders in the pathogenesis and consequences of the infec-
tious process caused by bacteria, viruses, viral — bacterial
associations in the acute, protracted and chronic course of
the disease and improvement of treatment tactics», state
registration number: 0123U105022, fundamental, implementation
period: 2023-2028, head — head of the department, candidate
of medical sciences, associate professor O.V. Volobueva.

INFORMATION ABOUT AUTHORS

Golub Oleksiy Ihorovych — Postgraduate of Department
of Infectious Diseases and Clinical Immunology School of
Medicine V.N. Karazin Kharkiv National University of the Minis-
try of Education and Science of Ukraine; 4 Svobody Sq.,
Kharkiv, Ukraine, 61022;

e-mail: o.golub.med@gmail.com

tel.: +38 (063) 499-21-20

Author’s contribution: research concept and design,
collection and/or assembly of data, data analysis
and interpretation, writing the article, critical revision
of the article.

OpuwuriHanbHi 4oCnigpKeHHSs

Original research


https://doi.org/10.1016/j.jbspin.2021.105203
https://doi.org/10.1371/journal.pone.0261353
https://doi.org/10.1002/art.41210
https://doi.org/10.15407/microbiolj82.06.064
https://doi.org/10.1097/BOR.0000000000000681
https://doi.org/10.3389/fcimb.2022.812596
https://doi.org/10.1016/j.jbspin.2021.105203
https://doi.org/10.1371/journal.pone.0261353
https://doi.org/10.1002/art.41210
https://doi.org/10.15407/microbiolj82.06.064
https://doi.org/10.1097/BOR.0000000000000681
https://doi.org/10.3389/fcimb.2022.812596
mailto:o.golub.med@gmail.com
mailto:o.golub.med@gmail.com

KapasiHcbkui imyHomnoriyHui xxypHan. 2024. T. 7. Ne 1(13). C. 5462

Karazin Journal of Immunology. 2024;7(1(13)):54-62

ISSN 3083-5615 (Online)

Naposa TeTsiHa IBaHiBHa — 4OKTOP MeAWYHMX Hayk, npode-
cop, AekaH Megu4Horo akynsteTy XapKiBCbKOro HauioHarnbHo-
ro yHiBepcuteTy imeHi B.H. Kapasina MiHicTepcTBa OCBiTH i Haykun
Ykpainu; marigan Ceoboau, 6ya. 4, M. Xapkis, YkpaiHa, 61022;

e-mail: t.lyadova@karazin.ua

Mo6.: +38 (050) 692-56-41

BHecok aemopa: KoHuenuiss ma ousalH 00CMiOXeHHS,
36ip OaHux, aHamia ma iHmeprnpemauyis OaHux,
HarnucaHHs cmammi, pedaz2ygsaHHs cmammi, ocmamoyHe
3ameepOKeHHs cmammi.

Bono6yeBa Onbra BikTopiBHa — kaHaMAAT MEAUYHMX HaYK,
OOLEHT, 3aBigyBadka Kadeapyu iHdeKUinHnx xBopob Ta KniHiYHOT
imyHonorii MmeguyHoro dakynsteTy XapKiBCbKOro HauioHarnbHOro
yHiBepcuTeTy imeHi B.H. KapasiHa MiHicTepcTBa OCBiTU i Hayku
Ykpainu; mangan Ceoboau, 6ya. 4, m. Xapkis, YkpaiHa, 61022;

e-mail: o.volobyeva@karazin.ua

Mo6.: +38 (099)048-31-18

BHecok aemopa: koHuenuis ma ousalH 00CiOXeHHS,
36ip OdaHux, aHania ma iHmeprnpemavuis 0aHux,
HarnucaHHsi cmammi, pedazcyg8aHHs cmammi, ocmamoyHe
3ameepOxeHHs1 cmammi.

YepHycbkui B’ssuecnaB MpuropoBuY — JOKTOP MEAUYHMX
Hayk, npodpecop, npodecop kadedpun iHPeKUinHMX XBOpPOO
Ta KMiHiYHOI iMyHonorii MeguyHoro dakynsteTy XapkiBCbKOro
HauioHanbHoro yHiBepcuteTy iMeHi B.H. KapasiHa MinicTepctBa
ocBiTH i Hayku YkpaiHu; mangaH Ceoboaw, bya. 4, m. Xapkis,
YkpaiHa, 61022;

e-mail: chernusky@karazin.ua

Mo6.: +38 (095) 146-36-17

BHecok aemopa: KoHuenuiss ma ousalH 00CMiOXeHHS,
36ip OaHux, aHamia ma iHmeprnpemauyis OaHux,
HarnucaHHs cmammi, peda2ygsaHHsi cmammi, ocmamoy-
He 3ameepOXXeHHs cmammi.

MonoB Mukona MukonaoBUY — OOKTOP MEOUYHMX Hayk,
npodecop, npodecop kadeapu iHpekLUinHMX XxBopob Ta KniHi4YHOT
iMyHonorii MeguyHoro dakynsteTy XapKiBCbKOro HauioHarnbHOro
yHiBepcuTeTy imeHi B.H. KapasiHa MiHicTepctBa oCBiTM i Hayku
Ykpainu; mangad Ceoboaum, 6ya. 4, m. Xapkis, YkpaiHa, 61022;

e-mail: mykola.m.popov@karazin.ua

Mo6.: +38 (067) 869-68-57

BHecok aemopa: KoHuenuiss ma ousalH 00CiOXeHHS,
36ip OaHux, aHania ma iHmepnpemauiss daHux,
HarnucaHHs cmammi, pedaz2ysaHHs cmammi, ocmamoyHe
3ameepOXeHHs cmammi.

Netsaro NaHHa BonogumupiBHa — kaHAMOAT MeOUYHMX
HaykK, AOLEHT, OOUEeHT Kadegpm negiatpii MegunyHoro akynereTy
XapkiBCbKOro HaujioHanbHoOro yHisepcuteTy iMeHi B.H. KapasiHa
MinicTepcTtBa ocBiTH i Haykn Ykpainu; mangaH Ceobogu, 6ya. 4,
M. XapkiB, YkpaiHa, 61022;

e-mail: letyago@karazin.ua

Mo6.: +38 (099) 778-37-23

BHecok aemopa: nidbip nimepamypHux Oxepen 3a
memoto pobomu, yd4acmb y rnpoeedeHHi eKcriepuMeH-
marnbHUX 00CniOXeHb, HarucaHHs MmeKcmy cmammi,
ghopMyrio8aHHs1 BUCHOBKIB.

MaBsnikoBa KceHin B’sivecnasiBHa — gokTtop dinocodii,
acucTeHT kadeapu iHekUinHMX XBopob Ta KNiHiYHOI iMYyHO-
noril Mmegn4Horo hakynsTeTy XapKiBCbKOrO HauioHanbHOro YHi-
Bepcutety iMeHi B.H. KapasiHa MiHicTepcTBa OCBiTM i Hayku
Ykpainu; mangaH Ceobogu, 6ya. 4, m. Xapkis, YkpaiHa, 61022;

e-mail: k.pavlikova@karazin.ua

Mo6.: +38 (050) 873-37-08

BHecok aemopa: nidbip nimepamypHux Oxepen 3a
memoto pobomu, yd4acmb y rpoeedeHHi eKcrepumeH-
marsbHUX 00CNiOXeHb, HarucaHHs MmeKkcmy cmammi,
ghopMyrito8aHHs1 BUCHOBKIB.

Liadova Tetiana Ivanivha — Doctors of Medical Sciences,
Full Professor, Dean of the School of Medicine V.N. Karazin
Kharkiv National University of the Ministry of Education and
Science of Ukraine; 4 Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: t.lyadova@karazin.ua

tel.: +38 (050) 692-56-41

Author’s contribution: research concept and design,
collection and/or assembly of data, data analysis and
interpretation, writing the article, critical revision of the
article, final approval of the article.

Volobueva Olga Viktorivha — Candidate of Medical Sciences,
Associate Professor, Head of Department of Infectious Diseases
and Clinical Immunology School of Medicine V.N. Karazin Kharkiv
National University of the Ministry of Education and Science of
Ukraine; 4 Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: e-mail: o.volobyeva@karazin.ua

tel.: +38 (099) 048-31-18

Author’s contribution: research concept and design,
collection and/or assembly of data, data analysis and
interpretation, writing the article, critical revision of the
article, final approval of the article.

Chernusky Viacheslav Hryhorovych Doctors  of
Medical Sciences, Full Professor, Department of Infectious
Diseases and Clinical Immunology School of Medicine
V.N. Karazin Kharkiv National University of the Ministry
of Education and Science of Ukraine; 4 Svobody Sq.,
Kharkiv, Ukraine, 61022;

e-mail: chernusky@karazin.ua

tel.: +38 (095) 146-36-17

Author’s contribution: research concept and design,
collection and/or assembly of data, data analysis and
interpretation, writing the article, critical revision of the
article, final approval of the article.

Popov Mykola Mykolaiovych Doctors of Medical
Sciences, Full Professor, Department of Infectious Diseases
and Clinical Immunology School of Medicine V.N. Karazin
Kharkiv National University of the Ministry of Education and
Science of Ukraine; 4 Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: mykola.m.popov@karazin.ua

tel.: +38 (067) 869-68-57

Author’s contribution: research concept and design,
collection and/or assembly of data, data analysis and
interpretation, writing the article, critical revision of the
article, final approval of the article.

Letiaho Hanna Volodymyrivha — Candidate of Medical
Sciences, Associate Professor, Department of Pediatrics
V.N. Karazin Kharkiv National University of the Ministry
of Education and Science of Ukraine; 4 Svobody Sgq., Kharkiv,
Ukraine, 61022;

e-mail: letyago@karazin.ua

tel.: +38 (099) 778-37-23

Author’s contribution: selection of literary sources
according to the topic of the work, participation in
conducting experimental research, writing the text of
the article, formulating conclusions.

Pavlikova Ksenia Viacheslavivha — PhD in Medicine,
Associate Professor, Department of Infectious Diseases and
Clinical Immunology V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine;
4 Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: k.pavlikova@karazin.ua

tel.: +38 (050) 873-37-08

Author’s contribution: selection of literary sources
according to the topic of the work, participation in
conducting experimental research, writing the text of the
article, formulating conclusions.

Pykonuc Haginwos
Manuscript was received
12.01.2024

Received after review
12.02.2024

OTpumMaHo nicns peLeHsyBaHHs

MpuiHATO fO ApYKY Ony6nikoBaHo
Accepted for printing Published
21.02.2024 14.06.2024

OpuwuriHanbHi 4oCnigpKeHHSs

62

Original research


mailto:t.lyadova@karazin.ua
mailto:o.volobyeva@karazin.ua
mailto:chernusky@karazin.ua
mailto:mykola.m.popov@karazin.ua
mailto:letyago@karazin.ua
mailto:k.pavlikova@karazin.ua
mailto:t.lyadova@karazin.ua
mailto:o.volobyeva@karazin.ua
mailto:chernusky@karazin.ua
mailto:mykola.m.popov@karazin.ua
mailto:letyago@karazin.ua
mailto:k.pavlikova@karazin.ua

KapasiHcbkui imyHonoriyHui xxypHan. 2024. T. 7. Ne 1(13). C. 63—71
Karazin Journal of Immunology. 2024;7(1(13)):63-71 ISSN 3083-5615 (Online)

DOI: https://doi.org/10.26565/3083-5615-2024-13-07 m

YOK: 616.931-097:[616.98:578.825.13]-071.1:612.017.1

AKTUBHICTb NPOAYKLLl LLUTOKIHIB y OCi0,

AKi NnepexBopiAM HA iIHCDEKLLIMHMN MOHOHYKAEO3,

Yy B3AEMO3B’3KY 3i CTOHOM iMYHiTETY A0 AudcbTepil Ta npasus
Napos.a T.1., " https://orcid.org/0000-0002-5892-2599, e-mail: t.lyadova@karazin.ua

Monosa A.M., "= https://orcid.org/0009-0005-7713-5776, e-mail: alisa.popova96@ukr.net

XapkiecbKkuli HauioHanbHUU yHieepcumem imeHi B.H. KapasiHa
Minicmepcmea ocgimu i Hayku YkpaiHu, Xapkie, YkpaiHa

Cytokine production activity in persons
with infectious mononucleosis
in relationship with status of immunity to diphtheria and tetanus
Liadova T.I., https://orcid.org/0000-0002-5892-2599, e-mail: t.lyadova@karazin.ua
Popova A.M., https://orcid.org/0009-0005-7713-5776, e-mail: alisa.popova96@ukr.net

V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine, Kharkiv, Ukraine

KAlo40Bi cAoBa: PE3IOME

BEB-iHdbekuisa, imyHiTeT go Aaudrepii AKTyanbHicTb. 3a ocTaHHi 10 pokiB iHdiKOBaHICTb HaceneHHs Bipycom EnwreriHa —
Ta npasLs, LUTOKIHW. Bappa (BEB) y caiTi 36inbwunocs B paekinbka pasie i Bapitoe Big 90 go 100%.
BEB-iHdbekuia 30aTHa BUKNUKaTK iMyHOAedILUMTHUIA CTaH Ta NpurHidyeatn cneundiy-
HWUI iMyHiTeT. Mpouecn aHTUTINOyTBOpeHHs (AT) KOHTPOSIOKTECA CUCTEMOIO IMYHITETY

AAS KOPECTOHAEHLI: SIK Yepes nNpsAMi KoHTakT T- i B-KJ‘IITI/I!-!, TaK i 4epes NpoAYKLt0 LMTOKiHIB. ‘
MeTta po6GOTM — BMBYMTU aKTUMBHICTb NiMOLMTIB KPOBI MNPOAYKyBaTU LMTOKIHW,
) B SKi perynioloTb MpoLecyu aHTUTINOYTBOPEHHA Yy OCiD, ki nepexsopinu Ha iHdeK-
lMonosa Anica MukonaieHa LifHMIA MOHOHYKME03 (IM).

XaPKiBCbKWﬁ HaU:iOHaﬂ_b*_W'V' yHiBePCV‘T_eT Martepianu Ta mMetogu. Byno BrvBYEHO aKTUBHICTb NMiMGOLMTIB y KynbTypi in vitro,
imeHi B.H. KapasiHa MinictepcTsa OCBITM  npopykysanu uutokivn (I11-2, IN1-4, IN1-5, I1-10, IM1-15, If-21, 11-23) y oci6, ki
i Haykn YkpaiHu, kadenpa iHEKUINHNX  nepexsopini Ha IM, NOPIBHSIHO 3 0COBaMM, Siki HE MAlTb 3aXWUCHWIA PIBEHb aHTUTIM

XBOpOG Ta KiHiYHOT iMyHomorii; no andrepii Ta npasud (19 ocibé — 1-wa rpyna), i B ocib, Aki MatoTb 3aXUCHUIA piBEHb
MaiinaH Csoboan, 6yn. 4, M. XapKkiB,  apturin go umx iHdekuin (26 oci6 — 2-ra rpyna). KoHTpombHy rpyny cknanu 20 oci6.
Ykpaina, 61022; Bik obcTexeHux cknapae 18—25 pokiB. PiBeHb LMTOKIHIB Y KynbTypanbHOMY cepeno-
e-mail: alisa.popova96@ukr.net BV BMMIpIOBanu MeTOAOM iMyHOMEPMEHTHOrO aHanisy. BusHavanu crnoHTaHHy

npoaykuito LmTokiHiB, ®IrA iHaykoBaHy i noTeHuUian niMounTiB 40 NpoayKLUil LIUTOKIHIB.
© Jladosa T.I., lorosa A.M., 2024. PesynbtaTi Ta ix 06roBopeHHsi. Bynio BCTaHOBMEHO, WO y 0ci6 1-i rpynu, NopiBHAHO

3 ocobamu 2-i Ta KOHTPOMbHOI rpynu, 3HWXKEeHa 3[4aTHICTb NiMdoLUTIB NpoayKyBaTh
n-2, 1N-4, 1N-5, JI-15, 1-21 i 1J1-23 i nigBuweHa npogykuia J1-10, a Takox
crnocTepiraetbcsl AncbanaHc MK LMTOKIHAMM 3 aKTMBYKOYOK Ta CYMNpPEecyruo Jieto
Ha NpoLecH aHTUTINOYTBOPEHHS.

BucHoBku. Mig Bnnveom BEB-iHdeKUii B iMyHHi cucTemi nopyluytoTbca T-3anexHi
LIMTOKIHOBI MEeXaHi3M1 KOHTPOIIO i perynsuii aHTUTINOYyTBOPEHHS.

BEB-iHdbekuia npurHivye noteHuian T-nimdouuTiB NpoayKyBaT OCHOBHI LIMTOKIHM,
Peryntorymn akTMBHICTb B-nimdgouuTis.

BigcyTHiCTb 3axvMcHOro piBHA aHTUTIN A0 AvMdTepii Ta NpaBus B OcCib, Ak nepexsBopinu
Ha iHEKUIHUA MOHOHYKIE03, aCOLETLCS 3i 3HMKEHHSAM MOTeHUiany niMgoumnTie
npoayKyBaTh UUTOKIHM Ta AucbanaHcoM y LIMTOKIHOBIN MepeXxi.
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can cause immunodeficiency and suppress specific immunity. The processes of
antibody formation are controlled by the immune system both through direct contact
of T- and B-cells and through the production of cytokines.

Purpose — of the work was to study the activity of blood lymphocytes to produce
cytokines that regulate the processes of antibody formation in people who have
contracted infectious mononucleosis.

Materials and Methods. The activity of lymphocytes in vitro culture, the production
of cytokines (IL-2, IL-4, IL-5, IL-10, IL-15, IL-21, IL-23) was studied in persons who
had an IM compared to those who did not have a protective level of antibodies
against diphtheria and tetanus (19 people — 1 group) and in people who have
a protective level of antibodies against these infections (26 people — 2 group).
The control group consisted of 20 people. The age of the examinees was 18-25 years.
The level of cytokines in the culture medium was measured by ELISA. Spontaneous
production of cytokines, induced by FHA and the potential of lymphocytes to
produce cytokines were determined.

Results. It was established that compared to individuals of group 2 and the control
group, the ability of lymphocytes to produce IL-2, IL-4, IL-5, IL-15, IL-21, and IL-23
and increased production of IL-10 was reduced in individuals of group 1, and there is
also an imbalance between cytokines with an activating and suppressing effect
on the processes of antibody formation.

Conclusions. T-dependent cytokine mechanisms of control and regulation of antibody
formation are disrupted under the influence of EBV infection in the immune system.
EBV infection suppresses the potential of T-lymphocytes to produce basic cytokines
by regulating the activity of B-lymphocytes.

The lack of a protective level of antibodies against diphtheria and tetanus in people
who have contracted infectious mononucleosis is associated with a decrease in the
potential of lymphocytes to produce cytokines and an imbalance in the cytokine network.

For citation:

Liadova TI, Popova AM. Cytokine production activity in persons with infectious mononucleosis in relationship
with status of immunity to diphtheria and tetanus. Karazin Journal of Immunology. 2024;7(1(13)):63—71. DOI:
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IHPEKUINHMIA  MOHOHYKIEO3 — rocTpe iHdEeKUinHe
3aXBOPIOBAHHS, WO BMKNMKaAHO BipycoM EnwTenHa —
Bappa. Bipyc BigHOCWTbCS OO pOAMHWM reprnecBipyciB
4-ro Tuny, 3pateH iHdikyBaTM IMYHOKOMMNETEHTHI Kni-
TWHKW, Mae Tponiam o T- i B-nimgouuTiB i3 TpuBanow
nepcucTeHuieto B HMX. 3a octaHHi 10 pokiB iHGIKOBaHICTb
HaceneHHa BEDB y cBiTi 36inbwimnacek y gekinbka pasis
i Bapitoe Big 90 no 100% [1-5]. MNepebir iHdeKUiHOro
MOHOHYKNeo3y BiAOyBaeTbCA Ha TNi ypaKeHHA Muraa-
nvKiB POTOrMOTKK, NimcoageHonartii, renato- Ta CnneHo-
Meranii, iIHTOKCMKaLii Ta nigBWLLEHHS TemnepaTtypu Tina
0o 38-39°C. Y ocib 3 iMyHHOI HeQOCTaTHICTO MOXITUBUI
pO3BUTOK reHeparnizoBaHoro nepebiry BEB-iHdekuii
3 ypaXKeHHAM LeHTpanbHoi Ta nepudepuyHoi HEpBOBOI
cuctemn. BEB-iHdekuis moxe npv3sogntu 4O pO3BUTKY
CMHOPOMY XPOHIYHOI BTOMM Ta iMyHOAEedILUTHOTO CTaHy.

B nonepeaHix Hawwmx gocnimkeHHAx 6yno BCTaHOB-
neHo, Wo XpoHiyHa dopma BEB-iHdekuii Buknukae
po3nagun B iMyHHIA CUCTEMI i MPU3BOAUTE OO 3HWKEHHSA
piBHSA 3axucHux AT go audptepii Ta npaBuga abo oo nos-
Hoi ix BTpaTtu [6-8]. Bigomo, wo npouecn aHTUTINOYTBO-
PEHHS  KOHTPOMIOKTBCA  T-CUCTEMOIK  iIMYHITETY  §IK
yepes3 npsMi KOHTakTn T- i B-nimdouuTiB, Tak i yepe3
NpoAdyKLil0 UMTOKIHIB. LinTokiHM 3abesnedvyoTe B3aemo-
Ail0 MiX PIBHUMW KaTeropisMun KriTWH, 34aTHI akTUByBaTh
abo npurHiyyBaTM akTMBHICTb XenmnepiB, Cynpecopis,
LMTOTOKCUYHMX KNITUH, Makpodparis, akTMByBaTu NpoaykK-
uito AT Ta pyHKUIOHaNbHY aKTUBHICTb KIITUH «Nam’ saTiy.

MeTta po6oTu — BMBYATU aKTUBHICTb NiMdOUMTIB
KPOBi MpOAYKYBaTW LMTOKIHW, SiKi perynioTb npouecu

INTRODUCTION

Infectious mononucleosis is an acute infectious
disease caused by the Epstein — Barr virus. The virus
belongs to the family of herpes viruses of the 4th type,
is capable of infecting immunocompetent cells, has
a tropism for T- and B-lymphocytes with long-term per
sistence in them. Over the past 10 years, the infection
rate of the population with VEB in the world has increased
several times and varies from 90 to 100% [1-5]. Infec-
tious mononucleosis occurs against the background of
damage to the oropharyngeal tonsils, lymphadenopathy,
hepato- and splenomegaly, intoxication and an increase
in body temperature to 38-39°C. People with immune
deficiency may develop a generalized course of EBV
infection with damage to the central and peripheral
nervous system. EBV infection can lead to the develop-
ment of chronic fatigue syndrome and immunodeficiency.

In our previous studies, it was established that the
chronic form of EBV infection causes disorders in the
immune system and leads to a decrease in the level of
protective antibodies against diphtheria and tetanus or
to their complete loss [6-8]. It is known that the processes
of antibody formation are controlled by the T-system
of immunity both through direct contacts of T- and
B-lymphocytes and through the production of cytokines.
Cytokines provide interaction between different cate-
gories of cells, are able to activate or inhibit the activity
of helpers, suppressors, cytotoxic cells, macrophages,
activate the production of antibodies and the functional
activity of «kmemory» cells.

Objective — of the work is to study the activity of
blood lymphocytes to produce cytokines that regulate
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AHTUTINOYTBOPEHHS y OCiD, WO nepexBopinu Ha iHdek-
LiMHUA MOHOHYKNEO3.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

HocnigkeHHs BMKOHAHO Ha KNiHiYHIN Gasi kadenpu
iHchbeKUiHMX xBOpo6 Ta KniHiYHOI iMyHOMorii MeguyHoro
dakynbTeTy XapKiBCbKOro HauiOHanbHOro YHiBepcutety
imeHi B.H. KapasiHa MiHicTepcTBa oCBiTW | Haykn YkpaiHu,
KomyHanbHoro HenpubyTKOBOro nignpuvemMcTsa Xapkis-
cbkoi obnacHoi pagn «O6nacHa kniHiYHa iHdekuiiHa
nikapHa» B paMkKax HaykoBo-gocnigHoi Temu: «Ponb
iIMYHHUX, ayTOIMyHHUX Ta MeTaboniyHMX po3nagis y nato-
reHesi iHpeKUiiHOro mpoLecy, WO BUKNUKaHWi Gaktepi-
AaMK, Bipycamu, BipycHo-GakTepianbHUMK acouialismu
npu TroCTPOMY, 3aTsbkHOMY Ta XpOHi4HOMY nepebiry
XBOpoOWM Ta onTumisauis 3acobiB nikyBaHHs». [dusaiiH
poboTtu norogxeHo 3 Komicieto 3 nutaHb GioeTnkn meany-
Horo cpakyneTeTy XapkiBCbKOro HauioHanbHOro yHiBep-
cutety imeHi B.H. KapasiHa MiHicTepcTBa OCBIiTU i Hayku
YKpaiHn i3 BUCHOBKOM MpO BiAMOBIgHICTb 4O BMMOr
MOparnbHO-eTUYHNX HOPM GioeTUKM 3rigHO 3 MpaBuaMu
ICH/GCP, lenbciHcbkoi Aeknapaii npas noguHu (1964),
KoHBeHUji Pagn €Bponn no npaBax NnogunHu i 6iomeau-
umnHKM (1997), a TaKOX YMHHUM 3aKOHOAABCTBOM YKpaiHu.

BknioyeHHs1 nauieHTiB 40 nporpamu  obCTeXeHHs
NPOBOAMIIOCH 3a TaKUMW KPUTEPISIMMU:

1) HasiBHICTb KMiHiYHMX NposiBiB BEB-iHdeKLUiT;

2) eTionoriyHi NigTBEPIKEHHS 3aXBOPIOBaHHSA Mapke-
pamu pennikatMeBHoOi akTmBHocTi BEB: ceponoriyHmun
Ta/abo MONeKynsipHO-reHeTUYHUMKU MeTodamu  aocnia-
YKEHHS1 CUPOBATKW KPOBi Ta POTOIMOTKOBOIO CEKPETY;

3) pobpoBinbHa 3roga nauieHTa Ha yyacTb y [Jo-
CHiKEHHI.

KniHiyHWA giarHos y xBopux, WO YBIAWNW B AOCNIA-
XeHHs, Bu3Ha4aBcs sk B27.0 (MKX-10).

Y po6Goti Oyno BMBYEHO akTMBHICTb nimMcounTie
npoayKyBaTu LIMTOKIHW, B MOPIBHSHHI B OCI0, sIKi HE MaloTb
3aXUCHOr0 PiBHA aHTUTIN o AaudTepii Ta npasus, Ta
B 0OCi0, WO MalTb 3aXUCHWIA PiBEHb AHTUTI OO UMX
iHcpekuin. Byno cdopmoBaHo ABi rpynu ocib, wo nepe-
xBopinu Ha IM: 1-wa rpyna — 19 oci6 6e3 3axucHoro
piBHA aHTWTIN i 2-ra rpyna — 26 ocib i3 3axucHum pie-
HeM aHTuTin. KoHTpomnbHy rpyny cknanu 20 oci6. Bik
obcTexeHnx 18-25 pokis.

AKTUBHICTb NnimcouuTie NpoaykyBaTu UUTOKIHK IJ1-2,
-4, 10-5, 11-10, 11-15, 11-21, 1J1-23 6yno BuB4YeHO
B KynbTypi KNiTWUH in vitro. I]1-2 akTuBye nepexig KniTwH
3 G1y S ¢hasy kniTMHHOro Lmkny, 3anyckae B-nimcounTtn
y nponicepadito. 111-4 i 1/1-5 npogykytotbca Th2-kniTu-
HamMu, € POCTOBMMU i OUMEpPEHLiYMMN hakTopamm
anga B-kniTwH, akTuByOTb iX TpaHcdopmadio B nnasma-
TUYHI KniTuan. 111-10 BupobGnseTbca  T-niMmdountamu,
HanexuTb 00 GaraTodyHKLUiOHaNbHUX LIMTOKIHIB, 34aTeH
NPUrHivyBaTN akTUBHICTb T- i B-nimdoumnTie, Mmakpodaris
i MpoAdyKuilo UMK KNiTMHaMK uuTokiHiB. IJ1-15 € komiTo-
reHom nponicepadii i AndepeHLitoBaHHS aKTUBOBaHUX
B-knituH, B-knitmH «nam’ati». 1J1-23 pasom 3 IJ1-15
akTmBye T-kniTnHU «nam’aTi». 1J1-21 BupobnseTeca nepe-
BakHO akTuBoBaHumu CD4+ T-nimcdoumtammn. B noen-
HaHHi 3 IJ1-15 akTuBye T-niMOUNTY | KIITUHU «NaM’aTi».

Y kynbTypi nimcgouuTis in vitro 6yna BUMBYEHA CMOH-
TaHHa i ingykoBaHa @A npogykuis UMTOKIHIB. Jlimcountn
3 nepudepuyHOl KpoBi OTPUMYBaNM Ha rpagieHTi Winb-
HocTi cpikon-BeporpadiH 1,076—1,078. KniTuHn B Kinb-

the processes of antibody formation in people who
have contracted infectious mononucleosis.

MATERIALS AND METHODS

The study was performed at the clinical base of
the Department of Infectious Diseases and Clinical
Immunology of the Faculty of Medicine of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine Communal non-profit enterprise
of the Kharkiv Regional Council «Regional Clinical
Infectious Disease Hospital» within the framework of
the research topic: «The role of immune, autoimmune
and metabolic disorders in the pathogenesis of the
infectious process caused by bacteria, viruses, viral-
bacterial associations in acute, prolonged and chronic
of the course of the disease and optimization of the
means of treatment» state registration No. 0117U004874.
The design of the work was agreed with the Commission
on Bioethics of the Medical Faculty of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine with a conclusion on compliance
with the requirements of moral and ethical norms of
bioethics according to the rules of ICH/GCP, the Helsinki
Declaration of Human Rights (1964), the Convention
of the Council of Europe on Human Rights and Biomedi-
cine (1997), as well as the current legislation of Ukraine.

Patients were included in the examination program
according to the following criteria:

1) the presence of clinical manifestations of VEB
infection;

2) etiological confirmation of the disease by markers
of replicative activity of EBV: by serological and/or
molecular genetic methods of research of blood serum
and oropharyngeal secretion;

3) voluntary consent of the patient to participate in
the study.

The clinical diagnosis of the patients included in
the study was determined as B27.0 (ICX-10).

In the work, the activity of lymphocytes to produce
cytokines was studied in comparison with people who
do not have a protective level of antibodies to diphtheria
and tetanus and in people who have a protective level
of antibodies to these infections. 2 groups of people
who fell ill with MI were formed: 1 group — 19 adults
without a protective level of antibodies and 2 group —
26 adults with a protective level of antibodies. The control
group consisted of 20 people. The age of the examinees
was 18-25 years.

The activity of lymphocytes to produce cytokines IL-2,
IL-4, IL-5, IL-10, IL-15, IL-21, IL-23 was studied in cell
culture in vitro. IL-2 activates the transition of cells
from G1 to the S phase of the cell cycle, triggers
B-lymphocytes to proliferate. IL-4 and IL-5 are produced
by Th2 cells, are growth and differentiation factors for
B cells, and activate their transformation into plasma
cells. IL-10 is produced by T-lymphocytes and belongs
to multifunctional cytokines. Able to inhibit the activity
of T- and B-lymphocytes, macrophages and the produc-
tion of cytokines by these cells. IL-15 is a comitogen
of proliferation and differentiation of activated B cells,
«memory» B cells. IL-23 together with IL-15 activates
«memory» T-cells. IL-21 is mainly produced by activated
CD4+ T-lymphocytes. In combination with IL-15, it
activates T-lymphocytes and «memory» cells.
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kocTi 1,5%10%Mn KynsTMBYBanu B MOBHOMY CepenoBULLI
RPMI-1640, wo mictuno 20% embpioHanbHOi Tensyol
cuposartku, npu 37°C, B atmocdepi 5% CO,. B oaHy
YacTuHy npo6 BHocunu ®rA B posi 5 mr/mn (iHoykoBaHa
npoaykuis), Apyra YactuHa niMmgouunTiB KynsTMBYBanach
6e3 OIA (cnoHTaHHa npoaykuis). Yepes 24 roamHn Kynb-
TUMBYBaHHsSI KNiTUHW ocagxkyBanu npu 1,5 Tuc. o6/xB
npotarom 10 xBunuH. OTpMMaHW CcynepHaTaHT 3amo-
poxyBanu i 36epiranu npu — 20°C 40 MOMEHTY TecTy-
BaHHA. PiBeHb LIUTOKIHIB Y KynbTypanbHOMY cepefoBuLLi
BuMiptoBanu metogom |PA 3 BMKOPUCTAHHAM TecT-
cuctem Ridascreen (HimewyuuHa) Ta DRG Instuments
GmbH (CLUA). MoTeHuian kNiTUH A0 NpoAyKLUii UNTOKIHIB
BM3Ha4anu y BiAHOCHWX BENUYMHAX SIK CMiBBiAHOLUEHHS
piBHA uUMTOKIHIB B ®IA-iHOykOBaHOMY cepefoBuLLi
[0 piBHSA X CNOHTaHHOT NpoayKLiii.

PiseHb AT 0o audpTepinHoro Ta npaBLEBOro TOKCUHY
BuMiptoBanu metogom IDA  3rigHO 3  IHCTpyKUi€to.
3axucHui piBeHb AT [Oo umx iHdekuin BignosigHo
no pekomeHgauin BOO3 seaxanu > 0,1 MO/mn.

Pesynbratv  gocnigkeHb onpauboBaHO  METoAoM
BapiaUifHOI Ta KOpensiuinHOi CTaTUCTMKN 3 BUKOPUCTaH-
HAM nporpamu «Statistica 10.0 for Windows». [nsi kox-
HOro BapiauiHOro psify pa3paxoByBanu cepegHio apud-
meTnyHy (M), cepepgHe kBagpaTuyHe BiAXWUMEHHs (o),
cepefHio NOMUIKy cepeaHboi apnudmeTnyHoi (m). OuiHka
BipOrigHOCTI pi3HMLb CcepefHix BenuuunH Yy rpynax (p)
nposoaunacs 3a gonomorot kputepito CTbtogeHTa (t).
BiomiHHOCTI  BBaXkanucsi  CTaTUCTUYHO  3HAYYyLLMMU
npu p < 0,05.

PE3YABTATU TA IX OBTOBOPEHHS

BuB4eHHS akTMBHOCTI NiMdoumMTiB NpoayKyBaTn LUTO-
KiHW, SiKi BigirpatoTb NPOBIAHY POrib B @aHTUTINOYTBOPEHHI,
3acsiguuno, wo B ocid 1-i rpynu, ski nepexsopinu Ha IM
i He MalTb Yy KPOBI 3axMcHOro piBHA AT 0o audTepii Ta
npaBLs, BOHA 3HAYHO HWK4Ya, HK y OCib 2-i rpynu, ski
MatoTb 3axmcHi AT o umx iHdekuin. B unx gocnimkeHHsx
Oyno AoBeneHo, Lo B OCi6 2-1 rpynu UUTOKIHNPOZYKYo-
Ya aKTUBHICTb NiMGOLMTIB BIipOrigHO HEe BiApPI3HAETHCA
Bi Takoi B 0Cib KOHTpOsbHOI rpynu (Tabn. 1).

Onsa ocib, wo nepexBopinu Ha IM 3 BigcyTHIiCTIO
3axucHoro pisHa AT go gndTepii Ta npasus (1-wa rpyna),
Oyno XxapakTepHWM 3HWKEHHsSI CMOHTaHHOI Ta iHAYKO-
BaHOi 3gaTtHocTi nimdoumnTie npogykyeatun 1/1-2 Bigno-
BigHo B 1,80 i 2,78 pasu, -4 — y 1,47 i 1,81 pa3n,
-5 -y 1,351 1,65 pasn, IJI-15 — y 1,42 i 2,65 pasn,
J1-21 —y 1,91 i 2,88 pasu, 1/1-23 — y 1,81 i 2,29 pasn,
B MOPIiBHAHHI 3 ocobamu, ski Manu 3axucHi piBHi AT
[0 unx iHdekuin (Tabn. 1).

lMpoTe, cnoHTaHHa Ta iHAykoBaHa npoaykuisa 1/1-10
B 0Cib 1-i rpynu Bynu 3Ha4yHo BULLE, HiX y OCib 2-i rpynu
i KOHTpOMbHOI rpynu. Tak, cnoHTaHHa npoaykuis J1-10
B oci6 1-i rpynu 6yna Buwe y 1,91 pasu, iHgykoBaHa —
y 1,94 pasu, nopiBHAHO 3 ocobamu 2-i rpynu (Tabn. 2).

Binomo, Wo cnoHTaHHa NPoAyKLUis LIMTOKIHIB Xapak-
Tepusye akTUBHICTb NiMEOUUTIB Y MNOTOYHOMY CTaHi,
a iHaykoBaHa — noTeHuian KniTMH 4o NpoayKuil LUTOKIHIB.
OTpumaHi gaHi ceigyath, WO B OCiO, AKi HE MawTb
3axucHoro piBHsa AT go audpTepii Ta npaBus, 3HWKeHa

Spontaneous and FHA-induced production of
cytokines was studied in lymphocyte culture in vitro.
Lymphocytes from peripheral blood were obtained on
a ficol-verografin density gradient of 1.076—1.078. Cells in
the amount of 1.5x10%ml were cultured in complete
RPMI-1640 medium containing 20% fetal calf serum
at 37°C in an atmosphere of 5% CO,. One part of the
samples was injected with PHA at a dose of 5 mg/ml
(induced production), the second part of lymphocytes
was cultured without PHA (spontaneous production).
After 24 hours of cultivation, the cells were sedimented
at 1.5 thousand rpm for 10 minutes. The resulting
supernatant was frozen and stored at — 20°C until testing.
The level of cytokines in the culture medium was
measured by ELISA using Ridascreen (Germany) and
DRG Instruments GmbH (USA) test systems. The poten-
tial of cells to produce cytokines was determined in
relative values as the ratio of the level of cytokines in
the FHA-induced environment to the level of their spon-
taneous production.

The blood pressure level to diphtheria and tetanus
toxin was measured by the ELISA method according to
the instructions. According to WHO recommendations,
the protective level of blood pressure before these infec-
tions was considered to be >0.1 |U/ml.

The research results were processed by the me-
thod of variation and correlation statistics using the
«Statistica 10.0 for Windows» program. For each varia-
tion series, the arithmetic mean (M), the mean square
deviation (o), and the mean error of the arithmetic
mean (m) were calculated. The estimation of the proba-
bility of differences in mean values in groups (p) was
carried out using the Student’s test (t). Differences were
considered statistically significant at p<0.05.

RESULTS AND DISCUSSION

The study of the activity of lymphocytes to produce
cytokines, which play a leading role in the formation of
antibodies, showed that in persons of group 1 who have
contracted MI and do not have a protective level of
antibodies to diphtheria and tetanus in their blood, it is
significantly lower than in persons of group 2 who have
protective antibodies to these infections. In these
studies, it was proved that the cytokine-producing acti-
vity of lymphocytes in people of group 2 probably does not
differ from people in the control group (Table 1).

Individuals who became ill with Ml and lacked a protec-
tive level of antibodies to diphtheria and tetanus (group 1)
were characterized by a decrease in the spontaneous
and induced ability of lymphocytes to produce IL-2 by
1.80 and 2.78 times, respectively, and IL-4 by 1.47 and
1.81 times, IL-5 — 1.35 and 1.65 times, IL-15 — 1.42 and
2.65 times, IL-21 — 1.91 and 2.88 times, IL-23 — 1.81 and
2.29 times, compared to individuals who had protective
levels of antibodies against these infections (Table 1).

However, spontaneous and induced production of
IL-10 in individuals of group 1 was significantly higher
than in individuals of group 2 and the control group.
Thus, spontaneous production of IL-10 in persons
of group 1 was 1.91 times higher, induced — by 1.94 times,
in comparison with persons of group 2 (Table 2).

It is known that spontaneous production of cytokines
characterizes the activity of lymphocytes in the current
state, and induced production characterizes the potential
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K MOTOYHa MNPOAYKLiS UWMTOKIHIB, Tak i BUCHaXeHUn
OyHKUIOHanNbHUIN pes3epB KNiTMH A0 MpoayKuii uuTo-
KiHiB. Cnig 3a3HaunMTy, WO 4epe3 MNPOAYKUi LUTO-
KIHIB niMdouMTN 3[0aTHI  aKTMBYBaTW, KOHTPOMOBAaTH
M perynioBatM aHTUTINOYTBOPEHHS, Ta aKTMBHICTb
T- i B-kniTvH «nam’aTi».

of cells to produce cytokines. The obtained data indicate
that in persons who do not have a protective level of
antibodies to diphtheria and tetanus, both the current
production of cytokines and the depleted functional
reserve of cells for cytokine production are reduced.
It should be noted that due to the production of cytokines,
lymphocytes are able to activate, control and regulate
the formation of antibodies, and the activity of «memory»
T and B cells.

Ta6nuus 1. PiBeHb LMTOKIHIB Y KynbTypi niMdouuTi in vitro B ocib, Lo nepexBopinu Ha iHEeKLiiHNIA MOHOHYKeo3
Table 1. The level of cytokines in the culture of lymphocytes in vitro in persons who have had an IM

MokazHu, nk/mn I'pyna o6ctexennx / Groups of examinees
Indexes, pc/ml 1 2 KOHTponbHa / control group

n2 /L2 PR 17655173 1705 2 181

N-4 / IL-4 %‘%:%;—Z ‘7‘?,2 i ‘71,; ‘71(2),2 i 33

N5 / IL-5 %gﬁ}% %ﬁ%‘éﬁ %ﬁ%

IN-15 / IL-15 ;—17;%;(77— ﬁ—iﬁ% é_'g,%%

n-21 / 1L-21 ;—3%%% %ﬁg %ﬁ%

IN-23 / IL-23 %ﬁgﬁ 3%2%23 ;‘%,,%‘2,3

I7-10 / IL-10 %ﬁ%& 1%41,9 1%%42,6
lMpumimku:

Hap pvckoto cnoHTaHHa NPOAYKLis LIMTOKIHIB, Nig, puckoto — ®IA — iHOyKoBaHa;
*p < 0,05 mixk nokasHmkamm oci6 1-i rpynu, 2-i rpynu i KOHTPONBHOLO FPYMOLo;

**p < 0,05 mix nokasHukamm ocib 1-i Ta 2-i rpyn.
Notes:

Above the line, spontaneous production of cytokines, below the line — FGA — induced;
*p<0.05 between the indicators of individuals of group 1, group 2 and the control group;
**p<0.05 between the indicators of persons of groups 1 and 2.

Tabnuusa 2. MoteHuian NimouuTIB y NPOAYKLIiT LUTOKIHIB ¥ OCI0, L0 nepexBopiny Ha iHPEKUiiH1I MOHOHYKIe03
Table 2. The potential of lymphocytes in the production of cytokines in persons who have had an IM

MokasHuK, BigHOC. of. I'pyna obeTexxennx / Groups of examinees
Indexes, relative units 1 2 KOHTpombHa / control group
n-2 / IL-2 1,27 £0,1%** 1,96 £0,2 2,09+0,2
In-4 / I1L-4 1,28 £0,1%** 1,65+0,1 1,79+0,2
In-5/ IL-5 1,36 £ 0,1*** 1,60 £0,1 1,69+0,1
In-15 / 1L-15 1,26 0,1 2,25+0,2 2,30+0,2
In-21 / L-21 1,26 £0,1%** 1,91+0,2 2,07£0,2
In-23 / 1L-23 1,52 £0,1%** 1,92+0,2 2,08+0,2
In-10 / 1L-10 2,09 £0,2%** 2,05+0,2 2,10£0,2
Mpumimku:

* p < 0,05 mix nokasHukamu ocib 1-i rpynu, 2-i rpynu i KOHTPOrbHO] rpynb;

** p < 0,05 mixx nokasHukamu ocib 1-i Ta 2-i rpyn.
Notes:

* p<0.05 between indicators of individuals of group 1, group 2 and the control group;
** p<0.05 between the indicators of persons of groups 1 and 2.

Mig yac BM3Ha4YeHHs noTeHuiany nimdouuTie y npo-
OYKUIT  perynatopHUX  UMTOKIHIB ~ @HTUTINIOYTBOPEHHSA
Oyno BCTaHOBIEHO, WO B OCi6 1-1 rpynu BiH 3HAYHO HWX-
YA, HIX Y ocCib 2-i rpynu (Tabn. 2). Tak, noTeHuian npo-
aykuii 1N-2 6yB Hwkye y 1,54 paswu, I11-4 —y 1,28 pa3su,
J1-5-y 1,17 paau, J1-15-y 1,78 paan, IJ1-21 -y 1,51 pa3n,

When determining the potential of lymphocytes in
the production of regulatory cytokines of antibody forma-
tion, it was established that it is significantly lower in
persons of group 1 than in persons of group 2 (Table 2).
Thus, the production potential of IL-2 was lower by
1.54 times, IL-4 by 1.28 times, IL-5 by 1.17 times, IL-15
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J1-23 — y 1,26 pasu. Hanpotu, 3gaTtHicTb niMmcouunTiB
no npoaykuii 1/1-10 y xBopux 1-i rpynu 6yna 36epexeHa
i BiporigHO He Bigpi3Hanacs Big Takoi B ocib 2-i rpynu
i KOHTPONbBHOI rpynu.

Cnig 3asHaunTy, WO OCHOBHMMW MpogyLeHTaMu uu-
TOKIHIB, SKi NIATPUMYIOTb | PEerynioiTb aHTUTINOYTBO-
PEHHS, @ TaKOX aKTUBYIOTb T- Ta B-kniTuHWM «nam’ati», €
T-nimpountnn xennepu (CD4+). MonoBHUM npogyLeH-
Tom IJ1-10 € T-nimcpounTtn cynpecopm (CD8+CD28-).

Y Hawwmx nonepegHix OOCrnigXeHHAX Oyno BCTaHOB-
neHo, wo B oci6 1-i rpynn 3HmwkeHa Ha 27,0% KinbKicTb
CD4+-kniTvH y KpoBi, 3HMXeHa bGnacTtTpaHcdopmykoya
3gatHicTb T-nimcoumntie Ha ®IA, a piBeHb CD8+-kniTuH
BuLLe Ha 75,0%, HiX y ocib 2-i rpynu.

Mpwv aHanisi piBHA NpoayKuii LUMTOKIHIB BCTAHOBMNEHO,
Lo B 0ocCi6 1-i rpynu nopyweHui 6anaHc mixx npogykuieto
LUUTOKIHIB 3 aKTMBYIOYOK Ta CYMNpecylu4ol nfielo Ha

npoLecu  aHTUTINOYTBOPEHHS!,  3aBASKN  3HUXKEHHIO
PiBHSA NpOAYKUii LMTOKIHIB i3 CTUMYMIOOYOI0 Ji€to
i nigBuweHH piBHA npogykuil  IJ1-10, akun  mae

cynpecopHi BractueocTi. Tak, y oci6 1-i rpynu, ski
He MaloTb 3axucHoro piBHA AT go audpTepii Ta npasus,
cnocrtepiranacb  iHBepcia y  MPOAYKUil  LMTOKIHIB
IJ1-2/1J1-10 Ta 3HayHe 3HWXEHHSs BIOHOLLEHHS y npoayk-
uii  11-4/11-10, IN-5/In-10, 10-15/111-10,  1N-21/111-10,
IJ1-23/1]1-10, y NOpiBHSAHHI 3 MPOAYKLIE LMTOKIHIB NiMdo-
untTamm B OCI6 KOHTPOMBLHOI rpynu Ta ocib 2-i rpynu,
AKki Mmanu 3axucHi piHi AT. Tak, BigHoweHHs 1J1-4/1J1-10
B oCi6 1-i rpynn 6yno Hwx4de, HiX y ocib 2-i rpynu
y 3,0 pasn, UI-5/11-10 — y 2,6 pasn, IJ1-15/11-10 —
y 2,7 pasu, 11-21/IN-10 — y 3,8 pasu, IN-23/I110 —
y 3,5 pasu (tabn. 3).

by 1.78 times, IL-21 by 1.51 times, IL-23 — 1.26 times.
On the contrary, the ability of lymphocytes to produce IL-10
in patients of group 1 was preserved and probably did not
differ from individuals of group 2 and the control group.

It should be noted that the main producers of cytokines
that support and regulate antibody formation, as well as
activate «<memory» T- and B-cells, are helper T-lympho-
cytes (CD4+). The main producer of IL-10 is T-lympho-
cytes suppressors (CD8+CD28-).

In our previous studies, it was established that the
number of CD4+ cells in the blood is reduced (by 27.0%),
the blast-transforming ability of T-lymphocytes on FHA is
reduced, and the level of CD8+ cells is higher (by 75.0%)
in group 1 individuals. than in persons of the 2™ group.

When analyzing the level of cytokine production, it
was established that the balance between the production
of cytokines with an activating and suppressive effect
on the processes of antibody formation is disturbed in
individuals of group 1, due to a decrease in the level of
production of cytokines with a stimulating effect and
an increase in the level of production of IL-10, which has
suppressive properties. Thus, in individuals of group 1
who do not have a protective level of antibodies against
diphtheria and tetanus, an inversion in the production
of IL-2/IL-10 cytokines and a significant decrease in the
ratio of production of IL-4/IL-10, IL-5/IL- 10, IL-15/IL-10,
IL-21/IL-10, IL-23/IL-10 in comparison with the production
of cytokines by lymphocytes in individuals of the control
group and individuals of group 2 who had protective
levels of antibodies. Thus, the ratio of IL-4/IL-10 in persons
of group 1 was lower than in persons of group 2 by
3.0 times, IL-5/IL-10 by 2.6 times, IL-15/IL-10 by 2.7 times,
IL-21/IL-10 — 3.8 times, IL-23/IL10 — 3.5 times (Table 3).

Ta6nuus 3. CniBBigHOLLEHHSI MiXK OKPEMUMYW LIMTOKIHAMM, LLIO CMOHTaHHO NPOAYKYHTLCS NiMdounTamm ocib,
SIKi NepexBopiny Ha iHEKUiNHNN MOHOHYKNEo3
Table 3. Correlation between individual cytokines spontaneously produced by lymphocytes of persons with IM

Moka3HuK, BigHOC. oA, Ipyna obctexxennx / Groups of examinees

Indexes, relative units 1 5 I ) Gl
L2110 035 0,04 121201 118201
:JI:I:://I|IJ_1-11(§) 022 +0,02%™ 0,66 0,07 0,57 0,06
:E:gxl:f-_:c? 021+0,02* 0,56 +0,06 0,53 £ 0,06
L1810 0125001+ 039004 07 20,04
L2410 0112001 042£0,04 0474005
L2310 0145001+ 049 +0,05 058 20,06

lMpumimku:

* p < 0,05 Mixx nokasHukamu ocib 1-1 rpynu, 2-i rpynu i KOHTPONbHOI rpynu;

** p < 0,05 mixx nokasHukamu ocib 1-i Ta 2-i rpyn.
Notes:

* p<0.05 between the indicators of individuals of group 1, group 2 and the control group;
** p<0.05 between the indicators of persons of groups 1 and 2

OncbanaHc y npopykuii UMTOKIHIB BigobpaxaeTbcst
ancbanaHcoM y LIMTOKIHOBIN Mepexi, WO B CBOK 4epry
BiAA3epKantoeTbCA Ha aKTUBHOCTI i NOBHOLIHHOCTI aHTu-
TiNOYTBOPEHHS B OCi0, WO nepexsopinu Ha IM.

An imbalance in the production of cytokines is re-
flected by an imbalance in the cytokine network, which
in turn is reflected in the activity and completeness of
antibody formation in persons who have had an MI.
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OTpumaHi gaHi csigyatb, Wo nig snnuesom BEDB-
iHbeKLii NopyLyOTLCA LMTOKIH3aneXHi T-KNiTUHHI Mexa-
Hi3MW perynauii aHTUTINOyTBOpeHHA. B nonepegHix go-
cnigxkeHHax Oyno BCTaHOBMEHO, Wo B ocib 1-i rpymu,
B MOPIBHSAHHI 3 ocobamu 2-i rpynu i KOHTPOMbLHOI rpynu,
3HAYHO HWDKYEe BMICT Y KPOBi B-KMiTUH «nam’aTi».

Taknum 4YmMHOM, BiACYTHICTb 3axucHoro piBHsa AT go
ondpTepii Ta npaBus B ocib, Wwo nepexsopinu Ha BEB-
iHgeKUito, acoUitOETLCA 3i 3HMXKEHHAM BMICTY B-kniTuH
«Mam’aTi», iX HU3bKOK (YHKLIOHANbHOK aKTUBHICTIO,
HU3bKOK 3AaTHICTIO NiMGOouUUTIB NpoAyKyBaTW peryns-
TOPHI UMTOKIHWM aHTuTinoytesopenHs (IM-2, I11-4, 111-5),
a TaKOX 3 HW3bKOK 3AaTHICTIO MPOAYKYBaTWM LMTOKIHU,
wo peryniotoTe (IM1-15, 11-21, 1J1-23) akTMBHICTb KMiTUH
«Mam’aTi». 3SHWKEHHA BMICTY KNiTUH «NaMm’siTi» y KpOBi
MW PO3rMASAEMO, CKOpille, SIK MOKa3HMK iX HU3bKOT
dyHKUiOHanNbHOI akTUBHOCTI i He 3aaTHOCTI B6paTn akTme-
Hy yyacTb B iMYHHUX npouecax aHTUTINOYTBOPEHHS.
Mpu 3HWXKEHHI yHKLiOHaNBbHOT aKTUBHOCTI Oyab-sIKMX
KNiTUH, 30Kpema i KNiTUH «naM’siTi», Ha KNiTMHaxX 3MeH-
LWYETLCA €eKCrpecia akTuBauilHMX peuenTopiB i mMorne-
kyn CD. 3asBuyanm knitTmHM BCTYyNawTb y CTaH aHeprii
i He 34aTHI BigNOBIAATY Ha akTMBALIHI CTUMYNN.

Bpaxosytouun, wWwo nepiog Hanisposnagy IgG craHo-
BUTb 21 006y, nigTpyMKa Ha BMCOKOMY PiBHi 3aXMCHUX
AT po iHgekuin notTpebye NocTiMHOT iX Mmpoaykuii, Lo,
B CBOW 4epry, notpebye BWUCOKOI (YHKLiOHaNbHOI
aKkTMBHOCTI T-, B-nimcouuTiB Ta KNiTUH «nam’aTi».

OTpuMaHi Hamu pesynbTatM  cBigyaTtb, WO nig
BrnnmMBoM BEB-iHpekuii B iMyHHin cuctemi nopyLuyoTbca
MexaHi3aMW KOHTponto i perynaudii iMyHHUX npouecis
i QHTUTINOYTBOPEHHSA. Y nepudepnyHiin KpoBi 3HWXKY-
€TbCA BIOCOTOK T-xennepiB, MiABULLYETLCA BIOCOTOK
T-cynpecopiB, 36inbluyeTbCa  KiNbKiCTb  nimdouuTis
3 anonTo3oM, 3MEHLUYETbCS KinbKiCTb MNiMdOUMUTIB, LIO
ekcnipecytotb CD28 [8-10]. Knactep CD28 € kocTtumy-
MU0 MOSEKYIIO, 3a BiACYTHOCTI iMMYNbCy 3 SIKOro
B pagy T-nimcoumTiB pO3BMBAETLCA CTaH aHeprii, sKui
He [Jos3Bonsie T-nimdouMTam MOBHOLIHHO —Aonoma-
ratm B-nimdouutam y npouecax aHTUTINOYTBOPEHHS.
Linkom imoBipHO, wo nig BnnmeoMm BEB-iHdekuii
KNiTUHW  «NaM’aATi» CTalTb (YHKUIOHANbHO HeakTuB-
HAMM | He 3gaTHMMKM GpaTM yyacTb B iMYHHMX Npo-
Lecax aHTUTINOYTBOPEHHS.

BUCHOBKHU

Mig sBnnuBom BEB-iHdekUii B iMyHHI cuctemi nopy-
WyTbCa T-3anexHi UMTOKIHOBI MeXaHi3MW KOHTPOIo
i perynauii aHTUTINOYTBOPEHHS.

BEB-iHdekuis npurHidye noteHuian T-nimdouunTis
NpoayKyBaTU OCHOBHI LIMTOKIHW, PEryrioYM aKTUBHICTb
B-nimcouuris.

BigcyTHICTb 3axMCHOro piBHA aHTUTIN OO AudTepil
Ta npaBus B 0OCi0, WO nepexBopinuM Ha iHdeKuinHun
MOHOHYKE03, acOoULETbCA 3i 3HMXKEHHAM MoTeHUiany
nimcpounTiB  NpodyKyBaTU UWUTOKIHM Ta AucbanaHcom
Y LUTOKIHOBI Mepexi.
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The obtained data indicate that under the influence
of EBV infection, cytokine-dependent T-cell mechanisms
of regulation of antibody formation are disturbed.
In previous studies, it was established that in comparison
with individuals of group 1 and the control group, the con-
tent of kmemory» B cells in the blood is significantly lower.

Thus, the absence of a protective level of antibodies
against diphtheria and tetanus in persons who have
contracted EBV infection is associated with a decrease
in the content of «memory» B cells, their low functional
activity, and a low ability of lymphocytes to produce regu-
latory cytokines of antibody formation (IL-2, IL-4, IL-5),
as well as with a low ability to produce cytokines regu-
lating (IL-15, IL-21, IL-23) the activity of «memory» cells.
We consider a decrease in the content of «memory» cells
in the blood, rather, as an indicator of their low functional
activity and inability to take an active part in the immune
processes of antibody formation. When the functional
activity of any cells, including «memory» cells, decreases,
the expression of activation receptors and CD molecu-
les on the cells decreases. Usually, cells enter a state of
anergy and are unable to respond to activation stimuli.

Given that the half-life of IgG is 21 days, maintaining
a high level of protective antibodies against infections
requires their constant production, which in turn requi-
res high functional activity of T-, B-lymphocytes and
«memory» cells.

The results obtained by us indicate that under the
influence of VEB infection in the immune system, the
mechanisms of control and regulation of immune
processes and antibody formation are disturbed. In the
peripheral blood, the percentage of T-helpers decreases,
the percentage of T-suppressors increases, the number
of lymphocytes with apoptosis increases, and the
number of lymphocytes expressing CD28 decrea-
ses [8-10]. CD28 cluster is a co-stimulatory molecule,
in the absence of an impulse from which a state of
anergy develops in a number of T-lymphocytes, which
does not allow full participation of T-lymphocytes in
helping B-lymphocytes in antibody formation processes.
It is likely that under the influence of EBV infection,
«memory» cells become functionally inactive and are
unable to participate in the immune processes of
antibody formation.

CONCLUSIONS

T-dependent cytokine mechanisms of control and
regulation of antibody formation are disrupted under
the influence of EBV infection in the immune system.

EBV infection suppresses the potential of T-lympho-
cytes to produce basic cytokines by regulating the
activity of B-lymphocytes.

The lack of a protective level of antibodies to diph-
theria and tetanus in people who have contracted
infectious mononucleosis is associated with a decrease
in the potential of lymphocytes to produce cytokines
and an imbalance in the cytokine network.

REFERENCES

1. Holubovska OA, Andreichyn MA, Shkurban AV et al. Infectious
Diseases: textbook (IV a. l.). Kyiv: AUS Medicine Publishing,
2022;464.

OpuwuriHanbHi 4oCnigpKeHHSs

Original research



KapasiHcbkui imyHonoriyHui xxypHan. 2024. T. 7. Ne 1(13). C. 63—71

Karazin Journal of Immunology. 2024;7(1(13)):63-71

ISSN 3083-5615 (Online)

Balfour H.H., Dunmire S.K., Hogquist K.A. Infectious mononucleosis.
Clinical & translational immunology. 2015. Ne 4(2). €33 p. DOI:
https://doi.org/10.1038/cti.2015.1

Rostgaard K., Balfour H. H., Jarrett R., Erikstrup C., Pedersen O.
Primary Epstein—Barr virus infection with and without infectious
mononucleosis. Plos one. 2019. Ne 14(12). e0226436 p. DOI:
https://doi.org/10.1371/journal.pone.0226436

Sylvester J. E., Buchanan B. K., Silva T. W. Infectious Mononucleosis:
Rapid Evidence Review. American Family Physician. 2023. Ne 107(1). 71 p.
Shetty K., Bronze M. S., Benge E. Epstein-Barr Virus (EBV) Infectious
Mononucleosis (Mono) Clinical Presentation. Medscape. 2021. URL:
https://emedicine.medscape.com/ article/222040-clinical#showall
Nagosa T., MonoBa A. CtaH nocTBaKUMHANMbHOMO iMyHITETY A0
andTepii Ta npasBua y Aopocnux, WO nepexeopinu Ha BEB-
iHdpekuito. BicHUK Xapkiecbko20 HauioHanbHO20 yHigepcumemy
imeHi B.H. KapasiHa. Cepis «MeduyuHa». 2023. Ne 47. C. 57-63.
DOI: https://doi.org/10.26565/2313-6693-2023-47-06

Naposa T.I., MNonoBa A.M. CtaH iMyHHOI cucTeMM Ta Xapaktep
iMYHHMX NOpYyLleHb y B3aEMO3B’'S3KYy 3 HaMpYXXeHiCTIo iMyHiTETY
no audtepii Ta npaBust B ocib, ski nepexsopinu Ha XBEBI.
IHbekuyitiHi - xeopobu. 2023. Ne 3(113). C. 38-42. DOL:
https://doi.org/10.11603/1681-2727.2023.3.14203

Naposa T., Monosa A. B3aemo3B’si30k Mix xapakTtepom nepebiry 3axso-
PIOBaHHSA, PiBHEM aHTUTIN A0 npaBus Ta AvdTepii Ta nokasHukamu
3aranbHOro iIMyHITETY y AOPOCIMX, SKi NepexBopinu Ha iHpeKLinH1IA
MOHOHYKN. AkmyarnbHi npobnemu cy4yacHoi meduyuHu. 2023. Ne 11.
C. 29-36. DOI: https://doi.org/10.26565/2617-409X-2023-11-04
Balfour Jr. H.H. The burden of Epstein- in children Barr virus
infections. Jornal de Pediatria. 2022. Ne 98. P. 115-116. DOI:
https://doi.org/10.1016/j.jped.2021.06.001

KonecHuk A.B., BptoxaHosa T.0., CnenuyeHko M.1O., HakoHeyHa O.A.,
CopokiHa O.I.  CTpyKTypHO-(PYHKLiOHanbHWN CTaH nimcoumTiB
KPOBi  XBOPUX HA  iH(MEKUiNHWA  MOHOHYKNEeo3 i3  pi3HUM
noro nepebirom. Mamonoeia. 2021. Ne 18(3). C. 286-294. DOI:
https://doi.org/10.14739/2310-1237.2021.3.239166

10.

I'IepcneK'rmm MOAQABLUUX AOCAIAXEHD
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KoHAIKT iHTEepeciB
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HOro abo MOTEHLiNHOro KOHMNIKTY iHTEepeciB.

IHdpbopmalLis Npo diHAHCYBAHHS
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Prospects for further research

It is important to study the effect of ebv infection on cells of
innate immunity.
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PE3IOME

AxTyanbHicTb. XpOHIYHMA nporpecylounii  xapaktep nepebiry  peBMaTU4HKX
3axBOpIOBaHb y AiTeN i Npu3HayeHa Tepanis CynpoBOXYHOTECA PO3BUTKOM HE3BOPOT-
HWUX YpaXXeHb OpraHiB i CUCTEM, HaKOMWYEeHHSM MEeTabomMiYHUX NOpyLlEHb. Y 3B’A3KY
3 HasBHICTIO PEBMAaTUYHOIO 3aXBOPIOBaHHS KOXHa TPeTs AUTMHA He BiABiaye OCBITHIN
3aknaj i 3MylleHa HaB4YaTWUCSA BOOMA, Y 3B'A3KY 3 UMM YCKNAAHIETHCH MOXMUBICTb
OfEepXaHHA 3HaHb, WO 3HWXYE piBEHb OCBITW AiTeN, NOripLye SAKICTb XUTTS, NOB’A3aHy
3i 300poB’sIM, a B NoganbLLIOMYy YTPYAHIOE couiani3aLiio nauieHTa, Wo CyTTEBO BNAnBae
Ha TPy#OBWUIA i iHTENeKTyanbHWIA NoTeHUian KkpaiHu. 3MeHLLEeHHs Biky OebioTy xBopobu
y QOiTeR, 30inblUeHHst 3aranbHOi MOro TpWBamnocCTi, iHBanigu3auis B OUTAYOMY Billi
BHacCMiAoK PO3BUTKY CTIMKMX (PYHKLOHANbHUX NOPYLUEHb, 3HWXKEHHSI NOKa3HMKIB SKOCTI
XUTTA Ta iX couianisaLii BU3HavyatoTb HeobXiaHICTb po3pobKM i BIpoBagKEHHS 3axodiB
woao nonepemkeHHs opMyBaHHSA HE3BOPOTHUX CTIMKMX MOPYLUEHb OPraHiB i cuctem
yXKe B AUTAYOMY BiLli, paHHBOI iX AiarHOCTUKW, NOKPALLEHHS NOKa3HUKIB AKOCTI XUTTS.
MeTta pobotu — pocnigutn AuHaMmiky 3MiH HE3BOPOTHWUX MOLIKOAXKEHb Yy AiTen
i3 IOBEHINbHMM igioNaTUYHMM apTPUTOM Ta OLIHUTM SKICTb X XKUTTSA.

Matepian Ta metoau. O6cTexxeHo 118 XBOPWUX Ha IOBEHINbHUIA igionaTUYHKIA apTpuT,
i3 HUX 47 3 noniapTuKynsapHUM, 43 — 3 oniroapTUKYNspHUM, 28 — 3 yBeiT-acouiioBaHNM
BapiaHTamu. HasiBHICTb HE3BOPOTHUX MOLLKOAXEHb BMBYanach 3 60Ky cepLeBo-CyanH-
HOI CUCTEMW, NereHb, HUPOK, a TakoX MiMiAHOro cnekTpa Ta cMcTeMu Koarynsuii Kposi.
PesynbraTu Ta ix 06roBopeHHs. BuaHayeHo, Wo y Aitel 3 BeHiNbHUM igionatnyHum
apTpuMTOM MpOTAroM poKy XBopobu BioOyBaeTbcs 36iNnblUEHHS po3Mipy niBoro
nepegcepas Ta TeHAEHUIT A0 3HWXKEHHS dopaKkuii BUKMAY MNiBOrO LUMAYHOYKA, WO MOXYTb
OyTM MoYaTKOBMMM O3HaKamy (OPMYBaHHS AiacToniuyHol AMCAYHKUIT Miokapaa.
DocnigpkeHHs (PyHKLiOHaNbHOro CTaHy HUPOK He BUABMIO NaTOMOriYHUX BiAMIHHOCTEN.
Ha Ttni 6asucHoi Tepanii 1OBEHINLHOIO idionaTM4yHOro apTpuTty BiAOYBaKTbLCS 3MiHU
NO3WTUBHOIO XapakTepy: MiABWLLEHHS WBUAKOCTI knybodkoBoi cinkTpauii (p < 0,05),
TEHOEHUIS OO0 3HWXKEHHS PiBHA KpeaTuHiHy cupoBaTku KpoBi (p < 0,1). MNopyLueHHs
PYHKLiT 30BHILIHBOTO AMXaHHA 3a AaHUMWU CcriipomeTpii BCTaHoBMNeHo y 24 (21,1%)
niTe 3 [0BEHINbHUM igionaTuyHMM apTputoM. Takox 36epiraloTbCs aTeporeHHi
3MiHM ninigHoro crekTpa KpoBi, ane Ha Tni gosroTpuBanoi 6asucHoi Tepanii
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AAS LUTYBOHHS:

aTeporeHHiCTb CNekTpa OeLo 3HWXKYETbCHA (3MEHLUEHHS PiBHA MiNONpoTeifiB HU3bKOT
LWiNbHOCTI Ta koedilieHTa aTeporeHHOCTi).

BucHoBku. Y fiTelt i3 0BEHIMbHMM igionaTU4yHUM apTpuToM MNpu  OUHAMIYHOMY
cnocTepexeHHi 36epiratoTbCs HE3BOPOTHI  M03acyrnoboBi MOLUKOMKEHHS, a CcaMe:
cepus 3 o3Hakamu chopmyBaHHA AMCHYHKLUIT Miokapaa, NopyLleHHA dYHKUIT 30BHiLL-
HbOTO [MXaHHS 33 PECTPUKTUBHUM TWUMOM, HE3BOPOTHI MOLUKOAKEHHSI HUPOK 3i
3HKEHHSIM LLIBMAKOCTI kny6o4koBoi inbTpauii, ateporeHHi amiHu ninigHoro cnektpa
KpoBi. dPakTopamu ix cTabinisauii Ta nporpecyBaHHs € [OBroTpuBanui nepebir
3aXBOPIOBaHHSA 3i 30epeXeHOl akTUBHICTIO Mpouecy, MO3UTMBHICTb 3a peBmaToif-
HUM PaKTOPOM Ta aHTUHYKIEAPHUM aHTUTINaMm.

Bormat J1.®., LWeeyeHko H.C., lNonosko T.0., ®ageesa A.O., Maenosa O.C. He3BOPOTHI NOLUKOAKEHHSI Ta SKICTb
XUTTS AiTe i3 HOBEHINbHUM igionaTMyHMM apTpuTOM B MpoUeci AMHaMIYHOro crocTepexeHHs. KapasiHcbkuli
iMyHomnoaiyHul XypHan. 2024. T. 7, Ne 1(13). C. 72-83. DOI: https://doi.org/10.26565/3083-5615-2024-13-08

Key words:

juvenile arthritis, comorbidity, irreversible
damage, cardiovascular system, lipid
spectrum, kidneys.

For correspondence:

Shevchenko Natalia Stanislavivna

V.N. Karazin Kharkiv National University
of the Ministry of Education and Science
of Ukraine, Department of Pediatrics;

52-a Yuvileyniy Ave., Kharkiv, Ukraine,
61153;

e-mail: natalia.shevchenko@karazin.ua

© Bogmat L.F., Shevchenko N.S.,

Holovko T.O., Fadieieva A.O.,
Paviova O.S., 2024

For citation:

ABSTRACT

Background. Significant limitations of the body’s functional capabilities in children
with rheumatic diseases are caused by the chronic, progressive nature of the course
of the disease and concomitant, sometimes life-long, prescribed therapy. Thus, due to
rheumatic diseases, every third patient with this pathology does not attend an educa-
tional institution and is forced to study at home, which limits the possibility of
acquiring knowledge, which reduces the level of children education and the health-
related quality of life. A decrease in the age of onset of rheumatic disease in children,
an increase in its total duration, disability in childhood due to persistent functional
disorders, a decrease in the indicators of chronic diseases and their socialization
determine the need to develop and implement measures to prevent the formation
of irreversible persistent disorders of organs and systems already in childhood,
their early diagnostics, improvement of quality-of-life indicators.

Purpose — to determine the dynamics of changes in irreversible damage in children
with juvenile idiopathic arthritis and to assess their quality of life.

Materials and Methods. 118 patients with jia were diagnosed, of which 47 were with
polyarticular, 43 with oligoarticular, 28 with uveitis-associated variants. The presence
of irreversible damage was studied from the side of the cardiovascular system,
lungs, kidneys, as well as the lipid spectrum and blood coagulation system.

Results. It was determined that in children with juvenile idiopathic arthritis, during
the year of the disease, there is an increase in the size of the left atrium and
a tendency to decrease the ejection fraction of the left ventricle, which may be the
initial signs of the formation and progression, first of all, of diastolic dysfunction
of the myocardium.

The study of the functional state of the kidneys did not reveal any pathological
differences. Against the background of the basic therapy of the main disease, positive
changes occur: an increase in the level of glomerular filtration (p < 0.05), a tendency
to decrease the level of creatinine in the blood serum (p < 0.1). During spirometry,
24 (21.1%) children with juvenile idiopathic arthritis were found to have a violation
of the function of external respiration. Atherogenic changes in the lipid spectrum
of the blood also persist, but against the background of long-term basic therapy,
the atherogenicity of the spectrum is slightly reduced

Conclusion. In children with juvenile idiopathic arthritis, under dynamic observation,
irreversible heart damage with signs of myocardial dysfunction, impaired external
breathing function of the restrictive type, irreversible kidney damage with a decrease
of glomerular filtration, and atherogenic changes in the lipid spectrum of the
blood remain. The factors of their stabilization and progression are the long-term
course of the disease with the preserved activity of the process, positivity on
rheumatoid factor and antinuclear antibodies.

Bogmat LF, Shevchenko NS, Holovko TO, Fadieieva AO, Paviova OS. Irreversible damage and health-related
quality of life of patients with juvenile idiopathic arthritis in dynamics. Karazin Journal of Immunology.
2024;7(1(13)):72-83. DOI: https://doi.org/10.26565/3083-5615-2024-13-08

BCTYN

INTRODUCTION

XpOHiYHMIA nporpecytounini xapaktep nepebiry pes- Significant limitations of the body’s functional capa-
MaTuU4HUX 3axBoptoBaHb (P3) y aiten i cynyTHsA, aekonu  bilities in children with rheumatic diseases (RD) are
Ha BCe XUTTA Mpu3HaveHa Tepanisi, cynpoBogxykTbcs  caused by the chronic, progressive nature of the course
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PO3BMTKOM HE3BOPOTHUX YypaXKeHb OpraHiB i CUCTEM,
a TakoX MobivHUX edekTiB, siki MPOSIBMSTLCA MOpy-
LWEHHAMW CHY, eMOLiiHOK NabinbHicTIo, di3ndyHUM guc-
KOMCOPTOM, 3HAYHUMU OOMEXEHHAMU (PYHKLIOHANBHNX
MOXIUBOCTEN opraHiamy B uinomy. [Npu peungnBHoMy
xapakTepi nepebiry P3 nocTiiHo BigOyBaeTbCs 3any4eH-
HA B NaTonoriYHMM nNPOLEC HOBMX OpraHiB-milleHewn
Ta MNOrMWONEHHS OpraHHMX YpaXeHb, L0 BXe paHille
copMyBanucs, i Bce Le NpU3BOAUTb A0 HAKOMUYEHHS
HEe3BOPOTHMX noLKkoaxkeHb [1-7]. Kpim TOro, y 3B’A3ky
3 HagBHicTioO P3 koxeH TpeTin nauieHT He BiaBigye
OCBITHI 3aknaj i 3myleHuMn HaBdYaTUCA BAOMA, 4yepes
IO YCKMaOHIETLCS MOXIMUBICTb OAepXKaHHS 3HaHb, Lo
3HWXKYE piBEHb OCBITW AiTer, MNOoripwye SKICTb XUTTS,
nos’a3aHoi 3i 3gopos’sim (AXKIM3), a B noganbLiomy
yCKnagHe colianisauito ocobu Ta 1 npauesnawiTy-
BaHHS, WO CYTTEBO BMMMBAE Ha TPYAOBWM i iHTENEKTY-
anbHUIN NoTeHuian kpaixu [8, 9].

3MeHLeHHs Biky aeGioty P3 y piteir, 36inblueHHs
3aranbHOi MOro TpMBanocTi, iHBaniaM3auisa B OUTSYOMY
Billi BHACNigoOK PO3BUTKY CTIMKUX (PYHKLIOHANbHMUX MOpY-
LeHb, 3HWKeHHs nokasHukiB AXKI3 Ta ix couianizauii
BM3HA4aloTb HeobXxigHIiCTb po3pobkn | BNpOBamKEHHS
3axofiB LWoAO0 nonepemkeHHss hOpMyBaHHS HE3BOPOT-
HUX CTINKMX MOpyLleHb OpraHiB i CUCTEM YyXe B AUTS-
YoMy BiUi, paHHbOI iX AiarHOCTUKW, MOKPaLLEeHHs
nokasHukis XK.

MeTa po60oTu — focniguTy AnHamiky 3MiH HE3BOPOT-
HUX MOLWIKOMKEHb Y AITeN i3 I0BEHINbHUM igionaTuyHuM
aptpuTom (HOIA) Ta OLIHUTU AKICTb X XUTTS.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Ob6ctexeHo 118 xBopux Ha HOIA, 3 Hux 47 3 noni-
apTukynapHuMm, 43 — 3 oniroapTUKynapHum, 28 -—
3 yBeiT-acouinosaHum (lOlA-y) BapiaHtamn. B pocnia-
XEHHi B3snM yyacTb 77 pgiByat Ta 41 Xxnonuyuk, BiKOM
Bia 2 go 18 pokis (11,11 + 0,38 poku). bBinbLwicTb
(112 nauienTiB, 94,91%) oTpumyBanu Tepanilo MeTOT-
pekcatom (MTX), 30 oci6 (26,79%) 3 Hux — cynbda-
canasuHom. KogeH 3 nauieHTiB Ha MOMEHT ornsigy He
OTpMMYBaB ropMoHarnbHy Tepanito. Tpueanictb xBopobu,
BiANOBIAHO [0 BapiaHTy nepebiry, cknana: y aiten 3 noni-
apTuKynapHum — 49,2 + 6,7 Mmic., 3 oniroapTUKynapHUM —
35,4 + 4,2 mic., 3 IOIA-y — 76,8 + 10,2 wmic., a TpuBanictb
Tepanii 6asvcHumMKM 3acobamu BignosigHo 28,57 + 4,14,
21,35 + 3,07 Ta 57,46 = 8,94 wic. [lpoBeaeHO oOLUiHKY
aKTUBHOCTI XBOpoOM 3a aHkeTow LwWkanoto JADAS27
(Juvenile Arthritis Disease Activity Score), dyHkuio-
HanbHOro ctaHy — 3a wkanoto CHAQ (Hildhood Health
Assessment Questionnaire) Ta fAX 3a aHkeTolO
PedsQLTM 4.0 Generic Core Scales. AKTUBHICTb
XBOpobu BM3Ha4vanacb sik BUcoka npu 6anax suwe 4,2
ana oniroaptputy Ta 8,5 gna noniaptpuTy. IHAekc
dyHkuioHanbHOi HegocTaTtHocTi (IPH) 3a CHAQ ouiHto-
BaBca Big 0O go 3 6GaniB, ae 3 6Ganu BBaxalTbCHA
3a Hawvripwnin pesynerar.

HasBHiCTb HE3BOPOTHMX MOLIKOMKEHb BMBYaNach
3 60Ky cepLeBo-cyauHHoi cuctemu (CCC), nereHb, HUPOK,
a TakoX ninigHoro cnekTpa Ta cuctemy Koarynsuii
kpoBi. flocnigxeHHs dyHKuUioHanbHoro ctaHy CCC Bknto-
Yano BM3HAYEHHS YacToTu cepueBux ckopoyeHb (UCC),
apTepianbHoro Tucky (AT), noKasHMKIB enekTpokapaio-
rpacpii.  MopdodyHkLUioHanbHi  napameTpn  cepus
BMBYaNMCb LUMSIXOM YrbTPa3ByKOBOIO AOMNMNEPIBCbLKOrO

of the disease and concomitant, sometimes life-long,
prescribed therapy. This is accompanied by the develop-
ment of irreversible damage to organs and systems,
as well as the appearance of side effects, which are
manifested by sleep disturbances, emotional lability,
physical discomfort. With the recurrent nature of the
course of RD, new target organs are constantly involved
in the pathological process and organ lesions that have
already formed are deepened, and all this leads to the
accumulation of irreversible damage [1-7]. Thus, due to
rheumatic diseases, every third patient with this patho-
logy does not attend an educational institution and
is forced to study at home, which limits the possibility of
acquiring knowledge, which reduces the level of children
education and the health-related quality of life (HRQL).
This further complicates the socialization and employ-
ment of patients, which significantly affects the labor
and intellectual potential of the country [8, 9].

A decrease in the age of onset of rheumatic disease
in children, an increase in its total duration, disability
in childhood due to persistent functional disorders,
a decrease in the indicators of chronic diseases and
their socialization determine the need to develop and
implement measures to prevent the formation of
irreversible persistent disorders of organs and systems
already in childhood, their early diagnostics, improve-
ment of quality of life indicators.

Objective — to determine the dynamics of changes
in irreversible damage in children with juvenile idiopathic
arthritis and to assess their quality of life.

MATERIALS AND METHODS

118 patients with JIA were examined, 47 of them
with polyarticular, 43 with oligoarticular, and 28 with
uveitis-associated (JIA-u) variants. 77 girls and 41 boys
aged 2 to 18 (13.1 £ 6.7 years) took part in the study.
The majority (112 patients) received methotrexate (MTX),
30 of them — MTX in combination with immunobio-
logical therapy (29 — adalimumab, 1 — tocilizumab),
6 — with sulfasalazine. None of the patients received
hormonal therapy at the time of examination. The duration
of the disease, according to the variant of the course,
was: in children with polyarticular — (49.2 + 6.7), with oligo-
articular — (35.4 + 4.2), in JIA— (76.8 £ 10.2) months, and
the duration of therapy with basic means, respectively,
28.57 £+ 4.14, 21.35 £ 3.07 and 57.46 + 8.94 months.

Disease activity was evaluated according to the
JADAS-27 (Juvenile Arthritis Disease Activity Scor),
functional status according to the CHAQ (Hildhood Health
Assessment Questionnaire), and quality of life according
to the Peds QLTM 4.0 Generic Core Scales questionnaire.

The cardiovascular system functional state study
included determination of heart rate (HR), blood pressure
(BP), electrocardiography indicators. Morpho-functional
parameters of the heart were studied by Doppler
ultrasound (ECHO-KG, Doppler-ECHO-KG) using
normative data of children of the Kharkiv region
(Rak L.I., Kharkiv, 2012). Kidney function assessment
was carried out on the basis of laboratory tests
(general urinalysis, urinalysis according to S.S. Zimnitsky,
determination of serum creatinine level. Lung’s state
was assessed on the basis of clinical examination,
X-ray examination and the function of external respi-
ration (FPR) according to spirography data. Indicators
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pocnigxeHHa (EXO-KT, Oonnnep-EXO-KI) 3 Bukopuc-
TaHHAM HOPMAaTMBHUX AdaHUX [LiTed  XapKiBCbKOro
perioHy (Pak J1.1., Xapkig, 2012)). OuiHka dyHKLUii HUPOK
npoBogmnacb Ha nigctaBi nabopaTopHUX MOKa3HWKIB
(3aranbHui aHani3 cedi, aHani3 cevi 3a C.C.3iMHULBKNM,
BM3HaYeHHs LWBMAKOCTI knyboykoBoi cinbtpadii (LKD)
3a opuriHanbHol copmynot Schwartz). CtaH nereHb
OLiHIOBaBCS Ha nNigcTaBi KMiHIYHOrO Ta PEHTreHoNoriy-
HOro OOCTEXeHHsl, AOoCniaXeHHs1 (DYHKLii 30BHILUHLOIO
auxarnHa (P3[) 3a gaHumu cniporpadii. BusHavanuce
NMoKasHVKKU NinigHOro crnekTpa KpoBi (piBeHb 3aranbHOro
xonectepuHy (3X), Tpurniuepugis (TI), ninonpoteiais
Bucokoi winbHocti (JINBLL), ninonpoteigis HU3bKol
(JINHLW) Ta ayxe Husbkol winbHocTi (JINMAHLL), koedi-
uieHta areporeHHocTi (KA)) Ta KOMMOHEHTIB cuctemu
3ropTaHHs KpoBi (piBeHb iOPUHOreHy, MiXXHapOZHOro
HopmanisoBaHoro BigHoweHHst (MHB), npoTpombiHOBOrO
iHgekcy (MTI), TpoMbiHoBoro Yacy (TY), O-anmepy).

Ons ouiHkn AX BukopucTaHO BanigoBaHun Ans
Ykpainn onutysanbHuk PedsQLTM 4.0 Generic Core
Scales. OnuTyBaHHA CTOCyBanocb CTaHy AUTUHU
NPOTArOM OCTaHHBLOIO TWDKHSI Ta 3@ OCTaHHIN Micsub.
Axketa PedsQLTM wmictutb 4 wkanu (isu4Horo, emo-
LifHOro, couianbHOro Ta LWKINbHOrO (YHKLUIOHYBaHHS),
cknagaetbca 3 23 nuTaHb Ta Mae 4 BiKOBi Bepcii
(ana piten Big 2 go 18 pokiB). BapiaHTu Bignosigen
MOXIMBI Bif «HIKONU» A0 «Mamke 3aBxany». Yac 3anos-
HEHHS1 aHKeTW B cepefHbOMy cknagaB 15—20 XBUNWH.
OuiHka oTpumaHux pesynbTaTiB NpoBoaunacb 3a MeTo-
avikoto wkanu Jlikepta (HanBuwwmid pesynstat 100 6anis
aemoHcTpye Hamkpawy AXK). AHkeTyBaHHA npoxoawnu
nitm Big 8 pokiB i cTaplie Ta 6aTbku Aitenn 4o 8 pokis.
OTpuMaHi pesynsTaT aHanisyBanucb 3 ypaxyBaHHSM
TakMX napameTpiB: TpUBanicTb Ta aKTUBHICTb 3axXBOPH-
BaHHS, BiK AebIOTY, KiNbKICTb ypaXeHUX Ta aKTUBHUX
cyrnobiB, OUiHKa 3aranbHOro CTaHy XBoporo Ta 6ornwo
3a BALWU, oTtpumaHHA nikyBaHHS. [Ons  BU3HaAYeHHs
OVHaMiK1 BCTAHOBMNEHMX nopylueHb 3 6oky CCC, HUPOK,
nereHb, NiNiAHOrO crekTpa i CUCTEMU 3ropTaHHSA KpOBI
NpoBedeHO MOBTOPHI JAOCMHIAXEHHS B 3a3HavyeHoMYy
006cAa3i Yepes oaunH pik.

CratuctmyHa obpobka  matepiany  npoBegeHa
3 BUKOPUCTaAHHSIM MakeTa MpUKNagHWX nporpam
(MSExcel, SPSS). [ns Bu3Ha4YeHHs [AOCTOBIPHOCTI

BiOMIHHOCTE OTPMMaHuX pe3ynsTaTiB  BUKOPUCTOBY-
Banucb napametpuuHi  (t-kputepin CtblogeHTa (p),
napameTp KyTOBOro nepeTBopeHHsa diwepa (¢)) #"
HenapameTpuyHi  kputepii  (BinkokcoHa—MaHHa—YiTHi).
[ns BM3HA4YeHHA B3aEMO3B’s3KiB nNapameTpis, LWO
BMBYaNMCb, BUKOPUCTOBYBABCS KOPEMNAUIMHUA aHanis.
KpuUTu4HMA piBEHb 3HAYMMOCTI ANA NEpeBipku cTaTuc-
TUYHMX TiNOTe3 nNpW MNOPIBHAHHI rpyn npuimaBcs
meHLwmn 0,05.

PE3YABTATU TA IX OBrOBOPEHHS

BcTaHoBneHo, wWo piBeHb akTmBHOCTI 3a JADAS27
y AiTen B migrpynax $K i3 noniapTUKynsipHUM BapiaH-
TOM, TaK i omniroapTMkynsipHumMm, ©GyB BMCOKMM i CknaB
11,2+ 7,04 ta 9,8 + 4,2 6Gann. [ly>ke BUCOKi NOKa3HMKkM By-
nv y 12 naujenTiB 3 noniaptputom (Big 8,5 go 19,2 6anwu)
Ta y 9 — 3 oniroaptputom (Big 4,2 po 14,2 Ganw).
®yHkuioHanbHMn cTaH 3a CHAQ Oy 3agoBinbHUM
Bignosigas 0,23 + 0,17 (and noniapTUKyNApHOro —
0,22 + 0,14, oniroaptukynapHoro 0,18 + 0,12 6anu, Wwo

of the blood lipid spectrum (level of total cholesterol
(TC), triglycerides (TG), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), and very low-density
lipoprotein (VLDL), atherogenic index (Al)) and compo-
nents of the blood coagulation system were also d
etermined (level of fibrinogen, international norma-
lization ratio (INR), prothrombin index (PTI), thrombin
time (TH), D-dimer). The assessment of the state of
internal organs was carried out after a year of the disease
onset with control after 1 year (first and second study).

To assess the quality of life, the Peds QLTM 4.0
Generic Core Scales questionnaire validated for Ukraine
was used for the last week and month. The Peds QLTM
questionnaire contains 4 scales (physical, emotional,
social and school functioning), consists of 23 questions
and has 4 age versions (for children from 2 to 18 years).
Answer options range from «never» to «almost always».
The average time to fill out the questionnaire was
15-20 minutes. The evaluation of obtained results
was carried out using the Likert scale method (the highest
result of 100 points demonstrates the best quality of life).
Disease activity was defined as high with scores
above 4.2 for oligoarthritis and 8.5 for polyarthritis.
The functional disability index (FDI) according to the
CHAQ was evaluated from 0 to 3 points, where 3 is the
worst result. Children aged 8 years and older and parents
of children under 8 years of age completed the survey.

Repeated studies were conducted after a year in
children with JIA to determine the dynamics of the
established disorders of the cardiovascular system,
kidneys, lungs, lipid spectrum and blood coagula-
tion system.

Statistical analysis was carried out using a package
of application programs (MSExcel, SPSS). Parametric
(Student’s t-test (p), Fisher’s angular transformation)
and non-parametric (Wilcoxon—-Mann-Whitney) tests
were used to determine the reliability of differences
in indicators. The critical level of significance for
testing statistical hypotheses when comparing groups
was assumed to be 0.05.

RESULTS AND DISCUSSION

It was established that the level of activity according
to JADAS-27 in children in the subgroups with both the
polyarticular variant and the oligoarticular variant was
high and amounted to (11.2 + 7.04) and (9.8 + 4.2) points.
Very high indicators were found in 12 patients with
polyarthritis (from 8.5 to 19.2 points) and in 9 with
oligoarthritis (from 4.2 to 14.2 points). The functional
status (CHAQ) was satisfactory and corresponded to
(0.23 + 0.17) (for polyarticular — (0.22 + 0.14), oligo-
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CBiAYNTb MPO MiHIManbHi YHKLiOHaNbHI NOpYLUEHHS,
36epexeHy 34aTHICTb MauieHTiB 40 camoobcenyroBy-
BaHHS Ta KOMJOPTHOIO BWKOHAHHSI MOBCSKAEHHUX
cnpas (Tabn. 1).

articular (0.18 = 0.12), which indicates minimal
functional impairment in of these children, as well as
patients’ preserved ability to self-care and comfortably
perform everyday tasks (Table 1).

Ta6nuua 1. KniHiyHa xapakTepucTuka XBopux, 3anyvyeHux fo gocnigpkeHHs (M £ m)
Table 1. Clinical characteristics of patients with JIA involved in the study (M + m)

Xapaktepuctuka / Indexes

YacToTta / Results
(n=118)

Bik, mic. / Age, months

133,3+4,6

CtaTtb nauieHTiB / Sex:

xnonuukn / Boys, n, %

41 (34,7 £ 4,5%)

pisyatka / Girls, n, %

77 (65,2 + 3,8%)

BapiaHT OIA / due to JIA variant:

noniaptput / Polyarthritis, n, %

47 (39,8 £ 4,5%)

oniroaptput / Oligoarthritis, n, %

43 (36,4 £ 4,5%)

lOIA-y / Uveitis-associated JIA, n, %

28 (23,7 £4,1%)

TpuBanictb xBopo6u mic. / Duration of iliness, months:

3aranbHa rpyna / in the general group 50,7 £ 4,1
noniaptukynsipHui FOIA / JIA variant: polyarticular 492 +6,7
oniroaptukynsipHmi FOIA / JIA variant: oligoarticular 354142
FOlA-y / uveitis-associated JIA 76,8 £ 10,2
TpuBanictb 6a3ucHoi Tepanii, mic.: / Duration of treatment, months:

3aranbHa rpyna / in the general group 32,7+31
noniaptukynsipHui FOIA / JIA variant: polyarticular 28,5+ 4,1
oniroaptukynspHun FOIA / JIA variant: oligoarticular 21,3+3,0
FOlA-y / uveitis-associated JIA 57,4 +8,9
AxTtuBHicTb 3a JADAS 27, 6anu: / Activity according to JADAS-27, points, due to JIA variant:
noniaptukynsapHui FOIA / polyarticular 6,4+0,6
oniroaptukynsipHui FOIA / oligoarticular 3,5+0,5
FOlA-y / uveitis-associated JIA 26+0,5

TpuBanicTb akTMBHOI cTagii, mic. / High activity (n, %), months,

B 3aranbHin rpyni / in the general group

31(26,2t4,2)

noniaptukynspHui FOIA / JIA variant: polyarticular

12 (25,544,7)

oniroaptukynsipHun KOIA / JIA variant: oligoarticular

10 (23,244,5)

yBeiT-acouiioBanui FOIA / uveitis-associated JIA

9 (32,145,4)

KinbkicTb akTMBHUX cyrno6iB, BignoBiaHo Ao BapiaHTy FOIA / Number of active joints, considering the JIA variant:

noniapTukynspHuin / polyarticular 3,80+0,38*
oniroaptukynsipHun / oligoarticular 1,20+0,17
yBeiT-acouinoBaHun HOIA / uveitis-associated JIA 1,25+0,30
CHAQ, 6anu: / CHAQ, points

3aranbHa rpyna / in general group 0,2+0,0
noniaptukynspHui FOIA / JIA variant: polyarticular 0,4+0,1
oniroaptukynsipHun FOIA / JIA variant: oligoarticular 0,2+0,6
FOIA-y / uveitis-associated JIA 0,2+0,6

lMpumimka:

*p < 0,05 — cTaTMCTMYHa JOCTOBIPHICTD BiAMIHHOCTEN NOKa3HWKIB y XBOPWX Ha Pi3Hi TUNW apTpuTy.

Note:

*p < 0,05 — statistical significance of differences in indicators in patients with different types of arthritis

lMpoBeneHo aHani3 3miH NokasHUKiB MOPAOMYHKLiO-
HanbHMX napameTpiB cepus y giten i3 OIA 3 iHTepBa-
nom B oauH pik (Tabn. 2). [OCTOBIipHWUX BiAMIHHOCTEN
MOPMOMYHKLOHaNbHUX NapameTpiB cepus NpPOTAroMm
POKY CrMOCTEPEXEHHS NpW OOCNIAKEHHI HE BCTAHOBMEHO

Changes in indicators of morpho-functional para-
meters of the heart in children with JIA with an interval
of one year were analyzed. There were no significant
differences between the heart parameters during first
and second examinations, except for an increase in the
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3a BUKMIOYEHHSIM 30inblUeHHs po3Mmipy niBoro nepep-
cepas Ta TeHAeHUii 4o 3HWkeHHA B niBoro LwnyHouka,
Wo MOXyTb OyTM no4yaTKOBMMM O3HaKamu opmy-
BaHHSA AiacTonivyHoi AMcdyHKUii Mmiokapaa.

size of the left atrium and a tendency to decrease the
PV of the left ventricle, which may be the initial signs
of the formation and progression, first of all, of diastolic
dysfunction of the myocardium (Table 2).

Tabnuus 2. iuHamika 3MiH MOPdOdYHKLIIOHaNbHMUX NapameTpiB cepLeBo-CyaAMHHOI cuctemu y xsopux Ha tOIA (M £ m)
Table 2. Dynamics of changes in morphofunctional parameters of the cardiovascular system in patients with JIA (M = m)

Mokasruk / Index 1 ,qocnim;e:HfZ/ 1 study, 2 ,qocnium:anjzl 2 study,
Right ventriouir outfow vact (RVTy am 22007 23201
B O ) o
Ry oot rpchcepas T o
Loft vontiouar ond-diasioic diametor (WVEDD). om 37013 390,14
e ot nors oot (10 T,
Loft vontiouar onc-systolc lameter (LVESDY cm 242012 262013
Loft ventiouar end-systal olume (LVESVp i 240228 224226
Iomua worapaa saawel T psore unowa (TWse D0, v [ .00
Inerventroular septum thickness (Vd om 062003 06003
Bawery pasors s (AT, o
e e e e (AL
Lot vontrular myacardia mass index (VM. i 504 +3,33 4122437
é?;i;”\f‘oﬁiee"‘((sﬁ’)’n:’;” 42,4 +374 42,7 +2,62
Ninute votume (M) Ui B 342087
®pakuis Bukngy (PB) / Ejection fraction (EF), % 68,2 + 1,20 66,3+0,9

lNpumimka:

*p < 0,05 — 4OCTOBIPHICTb BiAMIHHOCTEN MK MEPLUNM i APYTMM OOCHIOKEHHSM.

Note:

*p < 0,05 — statistical significance of differences in indicators of two groups of patients.

HocnigXeHHs yHKLOHanNbHOro CTaHy HUPOK He BUS-
BUNO MaTomnoriyHnx BiamiHHocTel. OBGCTEXEHHSA B AMHA-
Mili (4epe3 pik) nokasano, wo Ha Tni 6a3ucHoi Tepanii
IOIA BigbyBaloTbCA  3MiHM MO3UTMBHOIO  XapakTepy:
nigsuwieHHs WK (p < 0,05), TeHaeHUia A0 3HWKEHHSA
piBHS KpeaTuHiHy cupoBaTku Kposi (p < 0,1), (Tabn. 3).

Pazom i3 Tum, y GinbwocTi giten i3 KOIA, ceponosu-
TUBHMX 3a aHTUHyKNeapHumn aHtTutinamm (AHA) Ta/abo
3a peBmartoigHum dhaktopom (P®P), BinbyBatoTbCs 3MiHM
MOKasHWKIB (PYHKLIT HUPOK 30BCIM iHLLOI CMPSMOBaHOCTI
(tabn. 4). Y umx nauieHTiB, He3Baxaloun Ha 6Ga3ncHy
Tepanito, ICTOTHO MNiOBULLYETLCA pPIiBEHb KpeaTWHiHY
cupoBsatkm kposi (p < 0,02) Ta 3poctae npoteiHypis
(p < 0,02). 3a gaHMMK nonepegHix AOCNIMKEHb y AiTen
i3 FOIA, npu TpmBanocTi xBopobu Binblue TPbOX POKIB,
BinOyBaeTbcs opMyBaHHSI MopyLleHb 3 BOKy HMPOK,
AKi  XapakTepusyloTbCsl SK MpoTeiHypielo, Tak i nopy-
weHHAMK UKD Ta 3HWKEeHHAM KOHLEHTpaUiiHOT dyHKUIT
Hupok [10]. JloBegeHo, WO HaWBinbL YacTUM KMiHIYHUM
NPOSIBOM YpaXKeHHS HUPOK Yy XBopux 3 P3, B ToMy yucni

Examination after a year of children with impaired
kidney function indicators shows that, against the
background of the basic therapy of the main disease,
positive changes occur: an increase in the level of
glomerular filtration (p < 0.05), a tendency to decrease the
level of creatinine in the blood serum (p < 0.1) (Table 3).

At the same time, in most children with JIA, sero-
positive for ANA* and/or RF*, there are changes in
indicators of kidney function in a completely different
direction (Table 4). In these patients, regardless of basic
therapy, the level of serum creatinine (p < 0.02) and
proteinuria (p < 0.02) increase significantly. In children
with JIA, with a disease duration of more than 3 years,
there is a formation of kidney disorders, which are
characterized by both proteinuria and violations of the
glomerular filtration rate and a decrease in kidneys
concentration function [10]. It has been proven that the
most frequent clinical manifestation of kidney damage
in patients with RD, including JIA, is proteinuria, which
can indicate the development of both amyloidosis and
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i 3 OIA, € NnpoTeiHypis, sika MOXe CBIAYNTM NPO PO3BUTOK
K aminoigosy, Tak i rmomepynoHedpuTy, OOHaK 3HU-
xeHHs LWK® moxe posBuBaTucs i npu BiACYTHOCTI cevo-
Boro cuHgpomy [11]. Kpim TOro, nepcucTtyoumii BUCOKUIA
piBeHb C-peaktnBHoro npoteiHy (CPI1) gk MiHiMym
NPOTAroM LIEeCTM MicsuiB, Tak camo $K i npo3ananbHi
iHTepnenkiHn  (I/1-6 Ta ®HM-a), € HesanexHumun
npeguktopamu 3HmwxeHHs LWK® npu peBmaToigHOMYy
aptpuTi (PA) [12-14].

glomerulonephritis, but a decrease in GFR can also
develop in the absence of urinary syndrome [11].
Persistent high levels of C-reactive protein (CRP)
for at least 6 months, as well as pro-inflammatory inter-
leukins (IL 6 and TNF-a) are independent predictors
of GFR reduction [12-14].

Ta6nuus 3. MNokasHukn dyHKUIT HUpOK y xBopux i3 FOIA B guHamiui (M £ m)
Table 3. Indicators of kidney function of patients with JIA in the dynamics of observation with an interval of 1 year (M £ m)

MokasHuk / Index 1 pocnimxenHs / 1% study, 2 pocnimkerHs / 2™ study,
n =56 n =56
Creatinine, mmolt " 0,074 £ 0,002 0,070 £ 0,002"
Uroammolt 526 £0.21 6134023
g”,'fé’; xﬂzﬁ] 100,26 + 2,50 106,44 + 2,27
gi:)?g;ég;v/(g B 00O6OBIl ceui, r/n/n 0,032 0,001 0,033 £ 0,001
B.L;J;I;ik;i;;:i:eqi MiHiMarnbHa, MMonb/n 1,006 £ 0,001 1,009 0,001
g.l.ei;:niycgzac):(eqi MakcumarbHa, MMOnb/n 1,023 £ 0,001 11022+ 0,001
lMpumimka:

*p < 0,05 — 4OCTOBIPHICTb BiAMIHHOCTEN MiXX NEPLUUM i APYTMM OOCHISKEHHAM.

Note:
*p < 0,05, when compared with the first group.

Ta6nuus 4. [luHamika nokasHukiB dyHKLUiT HUpoK y nauieHTis i3 FOIA npu ceponoanTtneHocTi 3a AHA Ta/abo P (M + m)
Table 4. Dynamics of kidney function indicators in patients with JIA in the presence of ANA+ and/or RF+, (M £ m)

MokasHk / Index 1,uocni,z:|>K?1H=|-|;2|4/ 15t study, 2,qocni,q»<?1H:ﬂ24/ 2 study,
KpeaTuHiH, mmonb/n /  Creatinine, mmol/l 0,065 + 0,003 0,072 + 0,002
CeuoBuHa, mmonb/n /  Urea, mmol/l 5,02 +0,25 5,84 +0,28
LWK®, mn/xe /| GFR, ml/min 105,14 £ 2,50 108,67 + 2,83
Binok, r/n/n, / Protein, g/l/d 0,031 £ 0,001 0,054 + 0,003*
LWineHicte min /  Density min 1,007 + 0,001 1,007 + 0,001
LWinbHicTe max / Density max 1,021 £ 0,001 1,020 + 0,001

lMpumimka:

*p < 0,02 — fOCTOBIPHICTb BIAMIHHOCTEW MiX MEPLUMM i APYTMM AOCHIAKEHHAM.

Note:
*p < 0,02 — when compared with the first group.

MopyweHHa P3[ 3a gaHMMK cnipomeTpii BCTaHOB-
neHo y 24 (21,1%) giten 3 FOIA. Cepepn HMX nepeBaxanu
OiTU 3 NOnNiapTUKYNApPHMM BapiaHTOM (22 nauieHTun) i BCi
BOHM OTpMMyBanu 6a3vcHy Tepanito MeToTpeKkcaToMm
y cepegHin gosi (13,4 = 1,58 mr/m?), TpuBanictb siKOl
cTaHoBuna noHag 4 poku (51,9 + 31,82 mic.).

3miHn ®3[] peecTpyBanuca SK Npu MepLioMy, Tak
i Npn NOBTOPHOMY (Yepe3 pik) oOCTexeHHi. Y Bcix Bunag-
Kax ue 6ynu nopyLeHHst pECTPUKTUBHOTO TWMY, LLO NPOSiB-
NANOCA 3HWKEHHAM MOKa3HWKIB (DOPCOBAHOI XUTTEBOI
emHocTi nereHb (FVC) no 80% Big HanexHoi, npu Lbomy
o6’em chopcoBaHoro Buanxy 3a nepuy cekyHay (FEV1) Ta
iHoekc TudpcpHo (FEV1/FVC) 3anuwanncs y Mmexax Hop-
mu. MepeBaxanu 3MiHW NErkKoro cTyneHs (Npu NEpPBUH-
HoMmy obcTexeHHi — y 90%, npu nosTopHOMY — y 100%).
Cepepn giten i3 nopyweHHamu ®3[ no3nTuBHICTL 3a PO

During spirometry, 24 (21.1%) children with JIA were
found to have a violation of the function of external
respiration. Among them, children with polyarticular
variant predominated (22 patients) and all of them
received basic therapy with methotrexate in an average
dose of (13.36 = 1.58) mg/m?, the duration of which was
(51.93 + 31.82) months. Function of external respiration
violations were registered both at the first and at the
second (after a year) examination.

In all cases, these were violations of the restrictive
type, manifested by a decrease in the forced vital capacity
of the lungs (FVC) — 80% of the appropriate FVC, while
the forced expiratory volume in the first second (FEV1)
and the Tiffno index (FEV1/ FVC) remained within normal
limits. Changes of a mild degree prevailed (90% at the
initial examination, 100% at the second examination).
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BcTaHoBneHo B 40,0% BunagkiB, WO 3HAYHO BULLE, HiXK
no rpyni B uinomy (12,39%; p < 0,05).

BBaxatoTb, LLO ceponorivyHnin Npodinb XxBopux Ha PA
3Ha4YHO BMMMBAE HA MOXMMBICTb PO3BUTKY YPaXeHb re-
reHb. PiBeHb PO kopentoe 3 BMpasHicTio ¢ibpo3y nereHb,
YyacToTol i cTyneHem GpoHxoob6eTpykuii, a npu ALILIM-
NO3UTUBHOCTI iCHYe Binblua YacToTa BUSIBNEHHS peBMaTo-
iaHMX BY3nuKiB y nereHsx. Kpim Toro, ceponoriyHui npo-
dinb PA B13Ha4ae BapiaHTM GPOHXONEreHeBUX yYpaxeHsb,
a TakoX iX 4YacTOTy i TSXKKICTb, IO He BUKMOYae nato-
reHetmyHy ponb P® T1a AUUIM y po3sutky ypaxeHb
pecnipatopHoro TpakTy npu PA [15, 16]. OTxe, y giten
i3 FOIA, nepeBaxHO i3 noniapTUKyNApHUM BapiaHTOM
3aXBOPIOBaHHS, (QOPMYIOTLCA HE3BOPOTHI  YpaXKeHHs!
opraHiB guxaHHs y Burnsagi nopyweHb ®3[1 pecTpukTms-
Horo Tuny, siki 36epiraloTbCs NpuM AUMHAMIYHOMY Cro-
cTepexeHHi. ®aktopamu ix ctabinizadii € qoBroTpuBanui
nepebir 3axBoploBaHHSA 3i 36epexeHo iMYHOMOriYHO
aKTUBHICTIO NpoLecy.

B xogi paHoro gocnigxeHHs 6yno BugineHo 42 outu-
HW i3 NiOBULLEHHSIM PIBHSA 3aranbHOrO XOMNEeCcTepuHy Ta
npoaHanisoBaHoO AMHaMIKy NMOKa3HMWKIB NinNigHOro cnekTpa
KpOBi LMx nauieHTiB (Tabn. 5).

Ak 3HauMTbCA B Tabnuui 5, y aiten 3 KOIA 36epiratoTsb-
Csl aTeporeHHi 3MiHK NiNigHOro cnekTpa KpoBi, ane Ha Tni
[oBrotTpueanoi 6a3vucHOI Tepanii aTeporeHHICTb cnekTpa
JeLo 3HmxXyeTbes (3HmxytoTbes JIMHLL Ta KA).

For children with such disorders, positivity for the
rheumatoid factor was established in 40.0% of cases,
which is significantly higher than for the group as a whole
(%; p < 0.05).

It is believed that the serological profile of patients
with RA significantly affects the possibility of developing
lung lesions. The level of RF correlates with the severity
of pulmonary fibrosis, the frequency and degree of bron-
chial obstruction, and with ACCP-positivity there is
a higher frequency of detection of rheumatoid nodules
in the lungs. In addition, the serological profile of RA
determines the variants of bronchopulmonary lesions,
as well as their frequency and severity, which does not
exclude the pathogenetic role of RF and ACCP in the
development of respiratory tract lesions in RA [15, 16].

Therefore, in children with JIA, mainly with the
polyarticular variant, irreversible lesions of the respi-
ratory organs are formed in the form of violations
of the function of external breathing of the restrictive
type, which persist during dynamic observation. Factors
in their stabilization are the long-term course of the
disease with the preserved activity of the process.

In the course of this study, 42 children with elevated
total cholesterol were selected and the dynamics
of the blood lipid spectrum of these patients was analy-
zed (Table 5).

Ta6nuus 5. JuHamika 3MiH Noka3HuKIB NinigHoro cnekTpa kposi y giten 3 FOIA (M = m)
Table 5. Dynamics of changes in blood lipid spectrum indicators in children with JIA (M £ m)

Mokasimk / Index 1 ,qocniq»fH:HZz/ 1st study 2 ,qocnin)K(re]H:izl 2" study
XonectepuH, mmonb/n /  Cholesterol, mmol/l 5,25+0,12 5,18 £ 0,30
NNBLW, mmone/n / HDL, mmol/l 1,54 £ 0,09 1,53 0,08
JINHLW, mmonb/n / LDL, mmol/l 3,18 £ 0,15 2,63 +0,33*
NNAHW, mmone/n / VLDL, mmol/l 0,41 £ 0,04 0,49 £ 0,11**
Tr, mmonb/n / TG, mmol/l 0,95 + 0,09 1,08 + 0,22**
KA / CA 2,65+0,19 2,23 +£0,19*
lMpumimka:

*p < 0,05, **p < 0,01 — AOCTOBIPHICTb BiAMIHHOCTEW MK MEPLUMM | APYTMM AOCHIMKEHHAM.

Note:

*p < 0,05, **p < 0,01 — when compared with the first group.

Pesynetat enigemionoriyHnx gocnigkeHb ceigyathb,
wo npu P3 B pecATkM pasiB NigBULLYETLCS KiNbKiCTb
CepLeBO-CyAMHHMX KaTacTpod, MOpIiBHAHO i3 3aranbHo-
nonynauinvHAMM  4aHMMn, WO BU3Ha4ae couianbHO-
€KOHOMIYHY 3HauyLiCTb Lboro nutaHHsa [17]. Mpuckope-
HUA pPO3BUTOK atepockneposdy npu PA cnpudnHse
BMCOKA iMyHO3anmanbHa akTMBHICTb 3axBOPHOBaHHS,
a TaKoX MOXNMBI MOGIYHI peakuii NpoTMpeBMaTU4HOI
Tepanii [18]. Ona gopocnux nauieHTtiB 3 PA po3pobneHo
npoginakTnyni pekomeHgauii EULAR (European League
Against Rheumatism), ski nepenbavatote 06OB’sI3KOBI
LLOPiYHI BM3HAYEHHS CYMapHOro KOPOHApHOro PU3UKY
3 [0OaTKOBMM YTOYHEHHAM TpMBAnocTi 3axBOpHo-
BaHHA (NoHag 10 pokiB), no3autuBHOCTI 3a PO ta ALLIMM,
HasIBHOCTI Mo3acyrnoboBux NposiBiB XBOPOOW, KOpeKLil
TpaauLUinHUX (PaKTopiB PU3KKY, €(PEKTUBHUN KOHTPOSb
3ananeHHs, paudioHanbHe BWKOPUCTAHHSA MOTEHUINHO
HeGesnevyHnx npenaparis, WO NPU3HAYaKTLCH Npu
nikyeaHHi PA [20]. Onsa giter nopibHmMx pekomeHaauin
He iCHye.

As shown in the table 5, atherogenic changes
in the blood lipid spectrum persist in children with JIA,
but against the background of long-term basic therapy,
the atherogenicity of the spectrum decreases slightly
(LDL: p < 0.05; CA: p <0.05).

The results of epidemiological studies show that
with rheumatic diseases, the number of cardiovascular
disasters increases tenfold compared to general popu-
lation data, which determines the socio-economic
significance of this issue [17]. Accelerated development
of atherosclerosis in RA causes high immunoinflamma-
tory activity of the disease, as well as possible side
reactions of antirheumatic therapy [18, 19]. For adults,
preventive recommendations of EULAR (European
League Against Rheumatism) have been developed,
which provide for mandatory annual determinations
of the total coronary risk with additional clarification of the
duration of RA (210 years), positivity on RF and ACCP,
the presence of extra-articular manifestations of the
disease, correction of traditional risk factors, effective
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Ha gymky M. Bullinger, skicte xutta (AXK) agiten
Moxe OyTu KiHLEBOK TOYKOK B OLiHUI edeKTUBHOCTI
MeanYHUX 3axopaiB i nporpam nikyBaHHs, X NpodinakTukm
i peabinitauii [21]. 3a pesynsratamy NPOBELEHOIO
ONWUTYBaHHSI BCTaAHOBMEHO, L0 3aranbHUi MNOKa3HWK
AX piten i3 FOIA 6yB 3HWxeHUM (Tabn. 6). He BcTaHoB-
NEeHO OOCTOBIPHOT Pi3HMUI MK nokasHukamn AXK xnon-
yukiB Ta giB4aTok. B ToW e 4ac BOHM CYTTEBO BiApi3HSA-
nncb y NauieHTiB B 3anexHOCTi Big BapiaHTy apTpuTy.
Y giten i3 noniapTUKynspHMM BapiaHTOM iX 3Ha4YeHHs
Oynn JOCTOBIPHO HWXYMMMU, MOPIBHAHO SIK 3 ONir0apTUKY-
NSPHUM, Tak i yBeiT-acoLinoBaHNUM apTPUTOM.

control of inflammation, rational use of potentially dan-
gerous drugs prescribed in the treatment of RA [20].
There are no similar recommendations for children.

According to M. Bullinger, the quality of life of children
can be the final point in evaluating the effectiveness of
medical measures and treatment programs, their preven-
tion and rehabilitation [21]. The general indicator of the
quality of life of children with JIA was reduced (Table 6).
No significant difference was found between the quality-
of-life indicators of boys and girls. At the same time, they
differed significantly in patients depending on the type
of arthritis. In children with polyarticular variant, their
values were significantly lower in comparison with
both oligoarticular and uveitis-associated arthritis.

Ta6nuus 6. Moka3Huku skocTi xuTTa aiten 3 FOIA 3a aHkeToro PedsQl (M £ m)
Table 6. Indicators of the quality of life of children with JIA according to the PedsQl questionnaire, considering individual scales (M+m)

LLikanu nokasHukiB skocTi xuTTa (6anu)/Scales of quality-of-life indicators (in points)
Oitn 3 FOIA / Group PyHkuioHyBaHHS:/Function: .
n=118 : = : : 3aranbHuii pesynera
hisnyHe emMolLliiHe LKiNbHe couianbHe General resolution
Physical Emotional School Social
Xnonuwvkn / Boys 41 755+32 | 73,56+27 | 62,8+3,1 84,8+24 73,6+2,6
[isyatka / Girls 77 736+23 | 729+54 | 652+2,0 85,7+1,7 72+£1,7
Moniaptput / Polyarticular 47 66,242,7* 75,4+8,6 | 58,4 +2,5* 83,0+2,5* 65,8 £ 6,3*
Oniroaptput / Oligoarticular 43 79,9 +3,1 75,0+£2,9 71,3£29 89,4 +21 78,0+£2,2
HOIA-y / JIA-u 28 80,6+3,2 | 66,4+2,9" | 63,8+3,2 83,4+24 75,721
B uinomy/In total 118 743+18 | 73,1+16 | 64,417 854+14 726+14

lMpumimka:

p* < 0,05 — OOCTOBIPHICTb BiAMIHHOCTEW MOKA3HWUKIB y rpynax XronyukiB Ta 4iB4aTOK, XBOPUX 3 MOfi- , ONiroapTUKyNspHUM

Ta yBeiT-acouiioBaHUMW BapiaHTamMun apTpuTy.
Note:

p* < 0,05 — statistical significance of differences in indicators in patients with poly-oligoarticular and uveitis-associated

variants of arthritis.

HesanexHo Big BapiaHTy apTpuTy HWXYMMKU 3aranbHi
nokasHuku AX 6ynu 3a ocTaHHIN TUXKAEHb, B NOPIBHSHHI
3 iX 3Ha4YEeHHsIMM 3a MicsiLb, Ta Manu cnabky Kopensito
3 TpuBanicTio xBopobu (r = 0,272; p < 0,05), npote
BigMiYaBCs TiCHUA KOPEensuiiHWA 3B’A30K 3 MOKa3HMW-
kamn aktmBHocTi 3a JADAS27 (r = 0,784; p < 0,05).
BcTtaHoBneHo, wWo BapiaHT nepebiry 3axBoptoBaHHSA
(noni-, oniro-, yBeiT-acouinoBaHWin) BU3HAYaE Xxapaktep
i TEpMiHW PO3BUTKY MOPYLUEHb eMOUINHOI ckrnagosoi HAXK.
[Ons piten i3 noniapTpMToM NEpPLUNA PiK 3aXBOPIOBAHHSA
€ Hanbinbl ypa3nueuMm, a Oons Aiten i3 yeeiT-acouino-
BaHUM apTpUTOM — 36inMblUEHHS TPWUBAaNOCTI 3axBOpto-
BaHHA 30inbllye CMMNTOMM MOPYLUEHb EMOLIMHOro
CTaHy [22].

OTmxe, BU3HAYEHHS MOKa3HWUKIB okpeMux Lwkan AX
[a€ MOBHOLIHHE PO3yMiHHA KapTWHW 3aXBOPHOBaHHSA
KOXXHOTO OKpeMmoro naiieHTa, LWo [A03BOMWUTb BYACHO
Ta nepcoHicikoBaHo koperysaTu Tepanito giten i3 OIA.

BUCHOBKHU

Y piten i3 IOIA npu guHamiyHOMY CrnoOCTEpEeXeHHi
36epiratoTbCs HE3BOPOTHI N03acyrnoboBi NOLLKOOAXKEHHS,
a came: cepusd 3 O3Hakamu OPMyBaHHA AUCKHYHKLIT
Miokapga (36inblueHHs po3Mipy niBoro nepeacepas
Ta TeHAeHUis 00 3HWxeHHs OB nisoro wnyHouka),
nopyLweHHs1 YHKUiT 30BHILUHBOIO AUXaHHSA (3HWXKEHHSA

Regardless of the type of arthritis, overall quality
of life indicators was lower in the last week, compared
to their values in a month, and had a weak correlation
with the duration of the disease (r = 0.272; p < 0.05),
however, there was a close correlation with activity
indicators for JADAS27 (r = 0.784; p < 0.05).

It was established that the variant of the course of
the disease (poly-, oligo-, uveitis-associated) determines
the nature and timing of the development of disorders
of the emotional component of QoL. For children with
polyarthritis, the first year of the disease is the most
vulnerable, and for children with uveitis-associated
arthritis, increasing the duration of the disease increases
the symptoms of emotional disorders [22].

Therefore, determining the indicators of individual
scales of QoL provides a full understanding of the disease
picture of each individual patient, which will allow
timely and personalized correction of therapy for children
with JIA.

CONCLUSIONS

In children with JIA, under dynamic observation,
irreversible heart damage with signs of myocardial
dysfunction (an increase in the size of the left atrium
and a tendency to decrease the PV of the left ventricle),
impaired external breathing function (ecrease in forced
vital capacity of the lungs to 80%). Against the back-
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nokasHukiB  cpopcoBaHoi

XXUTTEBOI EMHOCTI NereHb

po 80%). Ha tni nikyBaHHa BiaOyBaeTbCsi NOMineHHs
CTaHy HMPOK (3HWXXEHHS PiBHA KpeaTuHiHY KpoBi Ta niaBu-
weHHa LWK®) ta no3uTmBHI 3MiHM niNigHOro cnekTpa
KpoBi (3MeHLweHHs piHa JIMHL i koecpiuieHTa atepo-
reHHocTi). dakTtopamun cTabinizauii Ta nporpecyBaHHS
HE3BOPOTHMX YypaXkeHb € [JoBroTpusanuii nepebir 3a-

XBOPIOBAHHA  3i

30EepEeXeHOI0  aKTMBHICTIO  MpoLecy,

no3uTuBHICTb 3a PO ta AHA.
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Prospects for further research

The long-term course of JIA with the debut of the disease in
early childhood is a prerequisite for the layering of persistent
irreversible changes on the part of internal organs and systems.
Aggressive intensive treatment of the inflammatory process
in JIA, for which an increasingly wide range of basic drugs
is used, can contribute to the prevention of the negative
course of the disease and its consequences. Therefore,
research within the framework of these problems should
continue to determine measures to prevent irreversible damage.
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PE3IOME

AxTyanbHicTb. BcecBiTHsi opraHi3auis OXOpoHM 300pOB’St BW3HamNa Cencuc OaHUM
i3 rnoGanbHUX npiopuTeTiB OXOpPOHU 340poB’si. Cencuc BU3HAYAETHCH $IK PO3BUTOK
Hebe3nevHoi Ans XUTTS MoniopraHHOi AMCAYHKLUIT, CNPUYMHEHOT HeperyrboBaHOH
iIMYHHOIO peakLielo opraHiamy Ha iHdekuilo, Wwo € 6e3nocepenHbo MPUYMHOK
CMepTi TSHXKKOXBOPWUX MaUiEHTIB Y BigdineHHi iHTeHCMBHOI Tepanii. HesBaxatioun Ha
[OCSITHEHHS B iHY3ilHI peaHimaLlii, 3acTocyBaHHi aHTUBIOTWKIB | NiATPMMLUI opraHis,
IO pa3oM 3MEHLUMNN CMEPTHICTb Y MNiKapHi, nauieHTn i3 Cencucom LemMOHCTPYTb
nigBuLLEeHy BigAaneHy 3axBOPIOBaHICTb Ta CMepTHICTb. barato niogen, ki nepexwunu
cencuc, cTpaxgaloTb Big TpMBanux gisnyHMX i KOTHITUBHUX PO3NagiB i MaloTb BULLUIA
piBeHb CMEpPTHOCTI, HiX cepeq HaceneHHs B UinoMy. Ha cborogHi Kinbka OOKMiHIYHMX
AocnigXeHb BU3HaNM Me3seHximanbHi cTpomaneHi KnitHu (MCK) HOBUM iHCTpPYMEHTOM
Ans Tepanii cencucy Yepes ix 3gaTHICTb MPUrHiYyBaTK 3anarnbHy peakLito.

Meta po6GoTM — pJaTu OLUiHKY NepCrnekTUBHOCTI OOCHIMKEHHs TepaneBTUYHOI
e eKTUBHOCTI NOXiAHMX Me3eHXiMaribHUX CTPOMAanbHUX KMNiTUH NPU CENCUC.
Martepianu Tta metoam. ligbip nybnikauin BukoHaHo 3a 6asamu gaHux PubMed,
Clinical Key Elsevier, Cochrane Library, eBook Business Collection, Ta Google Scholar,
y SIKMX BWUCBITNIOBaNMCb BiAOMOCTI MPO TepaneBTUYHI eeKkTn eK30COM, OTPUMaHUX
3 MCK npwu cencuci. Ha nepwomy etani NpoBoAMNKU NOLUYK NiTepaTypHUX mxepen
3a KMIOYOBMMU CIIOBaMU: CEMNCUC, MO3aKMNiTUHHI BE3WKYNK, eK30COMM, Me3eHXiMarnbHi
CTpOManbHi KNiTUHW, FOCTPUM pecnipaTopHUN AUCTPEC-CUHAPOM, FOCTPe MOLUKOA-
XKEHHS1 HUPOK, ANCAYHKLIS Miokapaa, ypaXeHHsi nedviHku. Ha gpyromy etani BuB4anucb
pestomMe cTaTell Ta BMKMYanuch nyb6nikauii, siki He Bignosiganu kputepism gocnia-
XeHHsl. Ha TpeTboMy eTani B1UBYanu NoBHi TEKCTU BidibpaHnx cTtaTen Ha BigmnoBigHICTb
KpUTEpIsiM BKIOYEHHS 10 CNNCKY NiTepaTypun Ta peneBaHTHICTb J4OCHimKeHb.
PesynbraTty Ta ix 06roBopeHHs. 3BaXaroun Ha KMo4oBi NaToOreHEeTUYHi NaHKK cencucy,
HaBeAeHO XapaKTepuCTWKY BiAOMOCTEN Mpo TepaneBTUYHY edEeKTUBHICTb EK30COM
3 MCK npw 4OTUpbOX NPOBIAHUX CUHOPOMAaX CENCUCY — NPU FOCTPOMY YPaXeHHi fnereHb,
Npy YLWKOAKEHHI HUPOK, MPW CepLeBO-CYAUHHMX po3nafax Ta Ha TNi MOLUKOAXKEHHS
NEeYiHKM, CMNPUYMHEHOro cencucoM. [OCTpe ypaXKeHHsI nereHb € HalnoLUMPEHiLUMM
ypaxeHHsIM OpraHiB y nauieHTiB i3 cencucom, WO nigsuwye cmeptHicTb Ao 40%.
Ek3ocomn € knovoBMMM edhekTopammn B3aeMogii fiereHeBoro eHAoTenito 3 cycigHiMu
Ta LUMPKYMIOYMMUK KNITUHaMK Ta Megiatopamu Ans Mogynsuii nokanbHOro iMyHHoro
Tpom6o3y, agresii 3ananbHUX KMiTUH Ta UiNiCHOCTI anbBeonsipHUX oAuHMUb. Huska
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AAS UUTYBAHHS:

MatBeeHko M.C.,

Mmagkux @&.B., Onekctok O.B. TepaneBTUYHWIA MOTEHUian €K30COM

eKCnepuMeHTanbHUX AocniAxeHb NPOAEMOHCTpyBana egeKkTUBHICTb 3acTOCyBaHHS
eksocom 3 MCK npu 3mogenboBaHOMY FOCTPOMY YpaXXeHHi rnereHb y TBapuH. [octpe
nowikomkeHHs Hupok (FMH) sycTpivaetbcs y 20% XBOpWX 3 CEMCUCOM, @ YparKeHHs
cepus € NOLUMPEHNM PO3MafoM Yy NauieHTiB i3 cencucom, i npudnusHo y 50% nauieHTis
i3 cencucom BUSBNSAIOTb O3HaKM AMCAYHKUIT Miokapga. 3ananeHHs Ta koarynsuis
€ KPUTUYHMMMK TaHKamMu Mpu Cencuci, ski BKMYalTb NelkouuTn, TpomMbouuTtu
Ta CyOQWHHI eHaoTenianbHi KNiTMHW. [enaTtonpoTeKTUBHA akTUBHICTb ek3ocom 3 MCK
NPOOEMOHCTPOBaHa Ha LM HWU3Li rOCTPUX ypaXKeHb MeviHKW, 30Kpema iHAYKOBaHWX

TeTpaxnopMeTaHoM, KOHKaHaBaniHoM A Ta Mogeni iwemivyHo-penepdysiiHoro
YLUKOOXKEHHS! NEYiHKK.
BucHoBku. Hwuska pocnigxeHb NPOAEMOHCTPYBanu, LO CEKPeToM, OTPUMaHun

i3 MCK, nposiBnsie TepaneBT1yHi edekTn, NodibHi 4o TuX, WO crocTepiraTbes nicns
TpaHcnnaHTauii MCK. Ek3ocomu, oTpuMaHi K 3 iMyHHUX, TaK i 3 HEIMYHHUX KNiTWH,
BifirpaloTb BaXNMBY pOrib B IMYHHIN perynsauii, sika Moxe CnpusTu po3BUTKY naTonorii
GaraTbOx 3axBOpHOBaHb Yepe3 MocepefHULTBO iIMYHHOI CTUMYNALiT abo NpUrHiYeHHs.
Ek3ocomu, otpumaHi 3 MCK, MaloTb NPOTEKTUBHY aKTUBHICTb MPU NPOBIAHMX CUHAPOMAX
cencucy — npyu rocTpoMy YpaxeHHi fereHb, Npu YLIKOOAXEHHI HWPOK, Npu cepueBo-
CYAVHHMX po3najgax Ta Ha TNi NOLUKOMKEHHS NeYiHKX, CPUYMHEHOTO CEnCUCoM.

i3 Me3seHxiManbHUX

CTpOManbHUX KNiTMH Npu cencuci. KapasiHcbkuli imyHonoeidHul xypHan. 2024. T. 7, Ne 1(13). C. 84-97. DOI:
https://doi.org/10.26565/3083-5615-2024-13-09
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ABSTRACT

Background. The World Health Organization has recognized sepsis as one of the
global health priorities. Sepsis is defined as the development of life-threatening
multiple organ dysfunction caused by an unregulated immune response of the body
(systemic inflammatory response syndrome) to infection, which is the direct cause
of death of critically ill patients in the intensive care unit. Despite advances in infusion
resuscitation, antibiotic use, and organ support that have combined to reduce in-hospital
mortality, patients with sepsis exhibit increased long-term morbidity and mortality.
Many sepsis survivors suffer long-term physical and cognitive impairments and have
a higher mortality rate than the general population. To date, several preclinical studies
have identified mesenchymal stromal cells (MSCs) as a novel tool for sepsis therapy
due to their ability to suppress the inflammatory response.

Purpose — to give an assessment of the prospective study of the therapeutic
effectiveness of MSC derivatives in sepsis.

Materials and Methods. Publications were selected based on the databases PubMed,
Clinical Key Elsevier, Cochrane Library, eBook Business Collection, and Google Scholar,
which covered information on the therapeutic effects of exosomes obtained from
MSCs in sepsis. At the first stage, literature sources were searched using key words:
sepsis, extracellular vesicles, exosomes, mesenchymal stromal cells, acute respiratory
distress syndrome, acute kidney injury, myocardial dysfunction, liver damage.
At the second stage, summaries of articles were studied and publications that did not
meet the research criteria were excluded. At the third stage, the full texts of the
selected articles were studied for compliance with the criteria for inclusion in the
literature list and research relevance.

Results. Taking into account the key pathogenetic links of sepsis, the data on the
therapeutic effectiveness of exosomes from MSCs in four leading sepsis syndromes —
acute lung injury, kidney damage, cardiovascular disorders, and liver damage caused
by sepsis — are described. Acute lung injury is the most common organ injury in patients
with sepsis, increasing mortality to 40%. Exosomes are key effectors of pulmonary
endothelial interactions with neighboring and circulating cells and mediators for
modulating local immune thrombosis, inflammatory cell adhesion, and alveolar unit
integrity. A number of experimental studies have demonstrated the effectiveness
of using exosomes from MSCs in simulated acute lung injury in animals. Acute kidney
injury (AKI) occurs in 20% of patients with sepsis, and cardiac involvement is a common
disorder in patients with sepsis, and approximately 50% of patients with sepsis
show signs of myocardial dysfunction. Inflammation and coagulation are critical
components in sepsis, involving leukocytes, platelets, and vascular endothelial cells.
Hepatoprotective activity of exosomes from MSCs has been demonstrated in a number
of acute liver injuries, in particular those induced by tetrachloromethane, concana-
valin A, and ischemia-reperfusion liver injury models.

Conclusions. A number of studies have demonstrated that MSC-derived secretome
exhibits therapeutic effects similar to those seen after MSC transplantation. Exosomes
derived from both immune and non-immune cells play an important role in immune
regulation, which can contribute to the pathology of many diseases by mediating
immune stimulation or suppression. Exosomes obtained from MSCs have protective
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activity in the leading syndromes of sepsis — in acute lung injury, in kidney damage, in
cardiovascular disorders and against the background of liver damage caused by sepsis.
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BCTYN

Cencuc B13Ha4yaEeTbCs K PO3BUTOK HebesneyHoi Ans
XUTTA nomiopraHHoi aucdyHkuii (MODS), cnpuynHeHoi
HeperynbOBaHOK iMYHHOIO peakLieto opraHiamy (systemic
inflammatory response syndrome — SIRS) Ha iH(ekuito,
Wo € 6e3nocepenHbO0 NPUYMHOK CMEPTI TSXKKOXBOPUX
nauieHTiB y BigdineHHi iHTeHcuBHOi Tepanii [1, 2].
BcecBiTHA opraHisaLis OXopoHW 300pOB’S BU3Hara Cencuc
OOHVM i3 rnmobanbHMX NPioPUTETIB OXOPOHM 300p0oB’'a [3].
3a yac BMBYEHHSA CEMNCUCY MOro BU3HAYEHHS Ta AiarHoc-
TUYHI  KpuUTepii Tpudi nepernaganvca  €BponencbKuM
TOBaApMCTBOM HTEHCUBHOI Tepanii Ta ToBapuCTBOM
peaHimaronorii y 1991 p. (Sepsis-1), 2001 p. (Sepsis-2)
Ta BOCTaHHe y 2016 p. (Sepsis-3), Wwo Bka3ye Ha
aKkTyarnbHIiCTb MOTPeOU OHOBMEHHA MNOCTyNaTtiB  LoJo
3a3HayeHoi naTonorii y Hanénwkyi poku [2].

3rigHo 3i 3B8iTOM «[MobanbHWI Tarap XxBopob» B yCbOMy
cBiTi Oyno 3apeectpoBaHo 48,9 MiNbMOHN BUNaAkKiB
cencucy 3 piBHeM cmepTHocTi 22,5%, WO CTaHOBWUTb
mavixe 20% ycix cvmepten y cgiti [3-5]. 3a paHumn
Vincent J.L. Ta cniBaBT. CMEpPTHICTb nNpu Ccencuci
konuBaetbcsa Big 25-30 oo 50% y nauieHTiB i3 cenTny-
HAM LUOKOM, ane BoHa Moxe gocsiratn 90% npu pos-
BWTKY MOniopraHHoi AMCAYHKLIT i3 3any4YeHHAM YOTUPbOX
abo 6inbLwe cuctem opraHis [6-8].

KpaiHm 3 BWCOKMM piBHEM [OXOAiB MOBI4OMMWIIM
npo rmobanbHy ouiHky y 31,5 mMnH BunagkiB cencucy,
3 MOTEHUiIMHO 5,3 MNH CMepTenbHUX BUNaAKiB LLOPIY-
Ho [9]. Ha gopatok OO BUCOKOro Tsirapsi, MOB’SI3aHOrO
3i 300pOB’AIM, Cencuc Ta CEenTUYHWUA LWOK € OAHMMM
i3 HaMOOPOXYMX NATOMOFMYHUX CTaHIB Ans NiKyBaHHS,
3 OUIHOYHMM pIiYHVMM TArapem [ONA OXOPOHU 340pOB'S
B 24 mnpg gonapis [10].

Ramanathan R. ta cniBaBsT. [11] npn aHanisi gaHux
25522 npoonepoBaHuX MaUiEHTIB BCTAHOBMIW, LWO 38
yac nepebyBaHHA y cTauioHapi y 863 nauienTiB (3,38%)
po3BUHYBCS cencuc. [ocnigHvku  Big3HauMnu, WO
3aXBOPIOBaHICTb Ha cencuc Oyma HamBuWOKW Yy TuX,
XTO MPOXOAMB KapgioTopakanbHi npouegypn (8,39%),
NOpPIBHAHO 3 onepauiamMu nicrna TpaBmu / HeBigKnagHoT
ponomorn (7,5%) i nnacTuyHoW / PEKOHCTPYKTUBHO
xipyprieto (5,3%). Y pasi netanbHux BuMagkis, nos’s-
3aHMX i3 Cencucom, HavnoWWpeHilWnMn mrepenamm
iHcpekuii Bynun iHdekuii guxanbHux wnaxis (39,5%),
HakTepiemia / centuuemis (35,1%) Ta WNYHKOBO-KULLIKOBI
iHdpekuii (31,6%) [11, 12].

HesBaxatoum Ha JOCArHEHHs B iHQY3iNHi peaHimauii,
3acTOCyBaHHi aHTMBIOTMKIB i 3aMiCHOI Tepanii opraHHoi
HEOOCTATHOCTI, Y NaUEHTIB i3 CENCMCOM BU3HAYAETLCA
nigBULLEHHWI  piBeHb  BigOaneHoi  3axBOPHBAHOCTI
i cmepTHocTi. barato niogen, fAki nepexwnu cencwuc,
CTpaxpalwTb Big TpuBanux Ii3NYHUX |  KOTHITUBHUX
po3nagiB i MaloTb BULLMIA PiBEHb CMEPTHOCTI, HiX cepes
HaceneHHs B uinomy [13]. 3okpema, y TUX, XTO Nepexus
cerncuc, CMepTHICTb cTaHoBUTb 15% npoTarom nepLuoro

INTRODUCTION

Sepsis is defined as the development of life-threa-
tening multiple organ dysfunction (MODS) caused by
an unregulated immune response of the body (systemic
inflammatory response syndrome — SIRS) to infection,
which is the direct cause of death of critically ill patients
in the intensive care unit [1, 2]. The World Health
Organization has recognized sepsis as one of the
global health priorities [3]. During the study of sepsis,
its definition and diagnostic criteria were revised three
times. The European Society of Intensive Care and
the Society of Reanimatology in 1991 (Sepsis-1),
2001 (Sepsis-2) and most recently in 2016 (Sepsis-3)
changed the definition, which indicates the urgency
of the need to update postulates regarding the specified
pathology in the coming years [2].

According to the Global Burden of Disease Study,
48.9 million cases of sepsis were reported worldwide
with a mortality rate of 22.5%, accounting for almost
20% of all deaths worldwide [3-5]. According to
Vincent J.L. et al., mortality in sepsis ranges from
25-30% to 50% in patients with septic shock, but it
could reach 90% in the development of multiple
organ dysfunction syndrome involving four or more
organ systems [6-8].

In high-income countries, a global estimate of
31.5 million cases of sepsis, with potentially 5.3 million
deaths annually, has been reported [9]. In addition
to the high health burden, sepsis and septic shock
are among the most expensive pathological conditions
to treat, with an estimated annual health care burden
of $24 billion [10].

Ramanathan R. et al. [11], in the analysis of the data
found that during the stay in the hospital, 863 pati-
ents (3.38%) out of 25,522 who underwent surgical
interventions developed sepsis. The researchers found,
the incidence of sepsis was highest in patients with
procedures performed by cardiothoracic surgery (8.39%),
trauma/acute care surgery (7.5%), and plastic/reconst-
ructive surgery (5.3%). The most common infectious
sources in sepsis-related deaths were pulmonary
infections (39.5%), blood stream infections (35.1%),
and gastrointestinal infections (31.6%) [11, 12].

Despite advances in infusion resuscitation, antibiotic
use, and organ support that have combined to reduce
in-hospital mortality, patients with sepsis exhibit increa-
sed long-term morbidity and mortality. Many sepsis
survivors suffer long-term physical and cognitive impair-
ments and have a higher mortality rate than the general
population [13]. In particular, in sepsis survivors, the
mortality rate is 15% during the first year after hospital
discharge and 6—8% per year for the next 5 years [10].

Today, the need to improve the understanding of
the pathobiochemistry of sepsis and to identify new
biological targets for the development of innovative
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POKy nicnst BUNUCKM 3 nikapHi, Ta 6—8% Ha pik npoTarom
HacTynHux 5 pokis [10].

Ha cborogHi 3anviaeTbcs akTyanbHoW noTpeba
y BOOCKOHaNeHHi po3yMmiHHS natobioximii cencucy Ta
BMU3HAYEHHS1 HOBUX GionoriyHMx MilleHen anst po3pobku
iHHOBaUiMHNX TepaneBTUYHUX 3acobiB. YncneHHi gocnia-
XKEHHSI MOKa3ylTb, LWO CEerncuc XapakTepu3yeTbCs He
TiNbKW PaHHIM TSDKKMM 3ananeHHsiM, ane W oaHoYacHUM
CTaHOM iIMyHOCYNpeCii, Skuii Moxe 36epiraTucsa NpoTsrom
MicauiB nicnsa  noyaTkoBOro enizogy cencucy [14].
Baxnueo BiA3HauuTW, WO CTiNKi 3ananbHi Ta iMyHO-
CYNPECWBHI CTaHW, CNPUYMHEHI NOPYLLUEHHAM BPOOXKEHUX
Ta aganTUBHUX IMYHHWUX peakLiil, Npu3BoaaTbL 40 ocrab-
NEHHS IMYHITETY, YpaXKeHHS BHYTPILLHIX OpraHiB, NogoB-
KEHHs1 TepMiHy nepebyBaHHs B nikapHi abo HaBiTb CMepTi.
Y Tux, XTO nNepeHic cencuc, cnocrepiracTbCsa NigsuLleHa
yacToTa BTOPWHHUX BHYTPILUHLOMIKAPHAHMX iHEEKUiN,
BVKIMKAHWX YMOBHO-NATOrEHHWMMK  MiKpoOopraHiamamu,
LLIO BKa3ye Ha 3Ha4vHy imyHocynpecito [10].

Ha cborogHi kinbka OOKNiHIYHUX OOCMNiOXEHb BU3Ha-
nn MeseHximanbHi ctpoManbHi KnituHun (MCK) HoBum
iHCTPYMEHTOM Ansi Tepanii cencucy 4yepes ix 3AaTHICTb
npurHidyBatn 3ananbHy peakuito. Kpim TOro, y ABox
KNiHIYHMX JocnigXeHHsiXx Oyno npogeMOHCTPOBaHO, Lo
MCK matoTb TepaneBTU4YHi nepesarn npu cencuci [15].
LlikaBo, WO 3pocTarda KiNbKiCTb AOKMNIHIMHUX AaHUX
Bkasye Ha Te, wo MCK 3giicHolTb CBiM BigHOBIHO-
BaNnbHUA eeKT came 4epe3 MnapakpUHHI MexaHi3mu.
Lis Tak 3BaHa napakpuHHa rinote3a BMKNMKana 3Ha4Huii
iHTepec y HaykoBOMYy cniBToBapucTBi [15].

Meta po6oTM — [aTtuM OLUiHKYy NepcnekTUBHOCTI
OOCNiMKEeHHs TepaneBTUYHOI e€dEeKTUBHOCTI  MOXiAHMX
Me3eHXiMarnbHUX CTPOManbHUX KMiTUH NpY CEencuci.

MATEPIAAU TA METOAU AOCAIAXKEHHA

Mipbip ny6nikauin BMKOHaHO 3a 6azamMu [aHWX
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/), Ta Google Scholar
(https://scholar.google.com/), y skux BucBiTNOBaNUCb
BiJOMOCTI NpO TepaneBTU4YHI edeKkTn eK30CcoM, OTpuma-
Hux 3 MCK npwu cencuci. Ha neplomy etani nposogunmu
MOLUYK NiTepaTypHUX [Kepen 3a KM4YOBMMU CIOBaMW:
cencuc, MO3akNiTUHHI BE3UKYNKU, €K30COMW, Me3eHXi-
MarbHi CTpOMarnbHi KMNiTUHW, TOCTPUA pecnipaTopHUi
ONCTPEC-CMHAPOM, TFOCTPE MOLUKOOXKEHHS HUPOK, OuUC-
YHKUIS Miokapaa, ypaxeHHs nediHku. Ha pgpyromy
eTani BMBYaANUCb pes3loMe CcTaTel Ta BUKIHOYanuchb
ny6nikauii, siki He Bignosiganu KpPUTEPISM AOCNIIKEHHS.
Ha TpeTbomMy ertani BuBYanu MNOBHi TeKCTW BigibpaHmx
ctatem Ha BIONOBIOHICTE KPUTEPIAM BKMAOYEHHA [0
CNUCKY NiTepaTypu Ta peneBaHTHICTb JOCNIAKEHb.

PE3YABLTATU TA iX OBFOBOPEHHS

Ak Bigomo, MCK — ue HecneuianizoBaHi KniTUHWU 3i
30aTHICTIO 4O CaMOBIAHOBMEHHS, K MOTEHUINHO MOXYTb
AndepeHuitoBatncs B 6yab-AKWA TUM KNITUHW OpraHiamy.
TepanesTnyHuin noteHuian MCK peBontouioHidye pere-
HepaTMBHY MeauuMHy Ta 3abe3nedvye 6Garatoobiusioye
3acTocyBaHHA. B ocTaHHi poku Tepanis ctoBOypoBMMMK
KNiTMHaMK cTana Ayxe NepcrnekTUBHOI Ta NepeaoBoto
TEMOI HaykoBuX AocnigkeHb [16]. Hu3ka pobit npo-

therapeutic agents remains relevant [14]. It is important
to note that persistent inflammatory and immunosuppres-
sive conditions caused by impaired innate and adaptive
immune responses lead to weakened immunity, damage
to internal organs, prolonged hospital stay, or even death.
In those who have suffered sepsis, there is an increased
frequency of secondary nosocomial infections caused
by opportunistic pathogens, which indicates significant
immunosuppression [10].

To date, several preclinical studies have identified
mesenchymal stromal cells (MSCs) as a novel tool
for sepsis therapy due to their ability to suppress the
inflammatory response. In addition, MSCs have been
shown to have therapeutic benefits in sepsis in two
clinical trials [15]. Interestingly, a growing number of
preclinical data indicate that MSCs exert their resto-
rative effect precisely through paracrine mechanisms.
This so-called paracrine hypothesis has attracted
considerable interest in the scientific community [15].

Objective — to give an assessment of the prospec-
tive study of the therapeutic effectiveness of MSC
derivatives in sepsis.

MATERIALS AND METHODS

Publications were selected based on the databases
PubMed, Clinical Key Elsevier, Cochrane Library, eBook
Business Collection, and Google Scholar, which covered
information on the therapeutic effects of exosomes
obtained from MSCs in sepsis. At the first stage, literature
sources were searched using key words: sepsis,
extracellular vesicles, exosomes, mesenchymal stromal
cells, acute respiratory distress syndrome, acute kidney
injury, myocardial dysfunction, liver damage. At the
second stage, summaries of articles were studied
and publications that did not meet the research
criteria were excluded. At the third stage, the full texts
of the selected articles were studied for compliance
with the criteria for inclusion in the literature list and
research relevance.

RESULTS AND DISCUSSION

It is widely known that MSCs are unspecialized
cells with the ability to self-renew, which can poten-
tially differentiate into any type of cell in the body.
The therapeutic potential of MSCs revolutionizes rege-
nerative medicine and provides promising applications.
In recent years, stem cell therapy has become
a very promising and advanced topic of scientific re-
search [16]. A number of works have demonstrated
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OeMOHCTpyBanu, o cekpetom, oTpumanun i3 MCK, mae
TepaneBTMYHi edekTn, nodibHi 4o TuX, WO crnocTtepira-
ITbCA nicna TpaHcnnanTauii BnacHe MCK. Cekpetom
BM3HA4YaeTbCA K Habip oTpumaHmx 3 MCK GioakTMBHMX
hakTopiB — PO3YMHHUX BinkiB, HYKNETHOBMX KUCIOT,
ninigis Ta NO3akniTUHHUX BE3WKYM, WO CEeKPETYTbCS
y no3akniTMHHMI npocTip [17]. BukopuctaHHsa 6Geskni-
TUHHUX 3ac06iB, TaKNX SIK EK30COMU, 3abe3Mneyye KIoYoBI
nepesaru NopiBHAHO i3 3actocyBaHHaM MCK [17, 18]:

— 3acTocyBaHHsi ek3ocoMm 3 MCK Bupilye npobnemu
Ge3nekn, MOTEHUIAHO MOB’'A3aHi i3 TpaHcnnaHTauieo
XUBMX | nponicpepaTMBHUX MONYNSAUIA KMiTUH, BKIOYa-
I0UN  IMYHHI CYMICHICTb, MYXNWHOrEHHICTb, YTBOPEHHSA
embonis i nepegava iHdekLin;

— cekpetom, oTpumaHum 3 MCK, mMoxHa oOuiHUTK
Ha ©0esneky, [O3yBaHHs Ta edEeKTUBHICTb Yy cnocib,
aHanoriyHun 3su4anHNUM papmMmaLeBTUYHUM areHTam;

— 30epiraHHs MOXHa 3filicHioBaT 6e3 3acTocyBaH-
HA MOTEHUINHO TOKCMYHWX KPIOKOHCEPBAHTIB MPOTAroM
TpuBanoro nepiogy 6e3 BTpat edbeKTUBHOCTI NPOAYKTY;

— BUKOpUCTaHHSA cekpeTtoma 3 MCK € 6inblu ekoHo-
MiYHUM | Binbl NPaKTUYHUM ONS KMiHIYHOrO 3acTocy-
BaHHS!, OCKINbKM BOHO [03BOSSIE YHUKHYTWU iHBa3UBHUX
npouenyp 360py KNiTuH;

— MOXIUBE MacoBE BUPOOHWLITBO 3a [OMOMOIoH
cneujianbHO BUIOTOBMEHUX KMITUHHUX MiHIA Y KOHTPOSbO-
BaHMX NnabopaTopHWx ymoBax, 3abesnedqyloun 3pyyHe
pKeperno 6ioakTMBHUX daKTopiIB;

—Yac i BapTiCTb poO3LUMPEHHS Ta NiATPUMKN KyNBTUBO-
BaHWX CTOBOYpOBMX KNITUH MOXyTb OyTM 3Ha4yHO
CKOpPOYEHi, a roTOBi CEKPETOMM MOXYTb OyTW HeramHo
OOCTYNHi Ans NikyBaHHA roCTPUX CTaHiB,;

— GionorivyHMI NPOAYKT, OTPUMaHWUA AN TepaneBTuy-
HOro 3acTocyBaHHSl, MoOXe OyTu mopgudpikoBaHun [0
GakaHuX KMiTUHHO-cneundivHNX edekTiB.

MosakniTnHHI Be3nkynu knacudikyoTb BiaNOBIiAHO A0
ix GioreHesy. Ek3ocoMM € HaWMEHLWMUMWU 3 NO3aKMiTUH-
HUX BE3MKYI, po3Mipom npnbnunaHo 30—150 Hv, Ta yTBOptO-
IOTbCA Yepe3 eHAOoMi30coManbHUI LWASX Npu iHBariHauii
eHaocoM i 36epiraloTbCst B MyNbTUBE3UKYNSAPHUX TiNbLsX
00 BMBINbHEHHS wWwnaxoMm ek3oumtosy [19, 20]. Hewo-
[aBHO NPOOEMOHCTPOBAHO, LU0 ek30coMU BepyTb yyacTb
y perynsauii yHKUiT iMyHHUX KNITWUH i onocepeakyBaHHi
PO3BUTKY Pi3HUX 3anarnbHKUX 3axBoptoBaHb [19, 21].

Ek3socomy MicTATb HWM3KY GIiONOrYHO  aKTUBHMX
PeYoBUH, Takux sk 6inku, ninign Ta, WO HankBaxnmeile,
HYKNEeTHOBI KMCNOTU, 3aBASKM HYOMY BifirpatoTb BaXKIUBY
pornb B iMYHHiA Moaynsiuii, npoaHrioreHesi, GnokyBaHHi
anonTo3y Ta pereHepauii TkaHuH. [1o TenepiwHbLOro
Yyacy 6yno oxapakTepusoBaHo noHazg 5000 Buais Ginkis
ek3ocoM 3 MCK, Bkntoyatoum megiatopu, WO KOHTPOIHO-
I0Tb CaMOOHOBIEHHSI, AMdEPEHLIIOBaHHS, TpPaHCAyKLito
curHany Ta gopatkoBi aHTureHn MCK, wo BnnuBaioTb
Ha mirpadito MCK [22-24].

3Baxaloun Ha KIYoBi NATOreHETUYHI NaHKK cencucy
[OOoLiNbHO HABECTM XapaKTEPUCTUKY BiJOMOCTEN Npo Tepa-
neBTUYHY edeKTMBHICTb ek3ocoM 3 MCK npu 4oTupbox
NPOBIAHMX CMHAPOMAaX CEMNCUCy — NP FOCTPOMY YpaXKeH-
Hi nereHb, NpW YLIKOMKEHHI HWPOK, NpW CcepLeBo-
CYAMHHUX po3rnagax Ta Ha Tni NOLWKOMKEHb NeYiHku [22].

TepaneBTu4Hi edpekTu ekzocom 3 MCK

HQA TAi FOCTPOro ypaXKeHHsl AereHb

[ocTpe ypaXeHHsA nereHb € HannoLMpeHiwnMm ypa-
KEHHSIM OpraHiB y NauieHTIB i3 cencucom, Lo nigsuLlye
cmepTHicTb A0 40% [22, 23]. [ocTpe ypaeHHs nereHb,

that MSC-derived secretome has therapeutic effects
similar to those observed after transplantation of MSCs
themselves. The secretome is defined as a set of
bioactive factors obtained from MSCs - soluble pro-
teins, nucleic acids, lipids, and extracellular vesicles
that are secreted into the extracellular space [17].
The use of cell-free means, such as exosomes,
provides key advantages compared to the use of
MSCs [17, 18]:

— the application of exosomes from MSCs solves
the safety problems that are potentially associated with
the transplantation of living and proliferative cell popu-
lations, including immune compatibility, tumorigenicity,
emboli formation and transmission of infections;

— MSC-derived secretion could be evaluated for
safety, dosage, and efficacy in a manner similar to con-
ventional pharmaceutical agents;

— storage could be carried out without the use of
potentially toxic cryopreservatives for a long period
of time without losing the product’s effectiveness;

— the use of the secretome from MSCs is more
economical and more practical for clinical use, as it
allows you to avoid invasive cell collection procedures;

— possible mass production using specially made
cell lines in controlled laboratory conditions, providing
a convenient source of bioactive factors;

— the time and cost of expansion and maintenance
of cultured stem cells can be significantly reduced, and
ready-made secretomes can be immediately available
for the treatment of acute conditions;

— a biological product obtained for therapeutic use
could be modified to have the desired cell-specific effects.

Extracellular vesicles are classified according to
their biogenesis. Exosomes are the smallest of the
extracellular vesicles, approximately 30—150 nm in size,
and are formed through the endolysosomal pathway
during endosome invagination and are stored in
multivesicular bodies until release by exocytosis [19, 20].
Recently, it has been demonstrated that exosomes
are involved in the regulation of immune cell function
and mediating the development of various inflamma-
tory diseases [19, 21].

Exosomes contain a number of biologically active
substances, such as proteins, lipids and, most impor-
tantly, nucleic acids, thus playing an important role in
immune modulation, proangiogenesis, blocking apop-
tosis and tissue regeneration. To date, more than
5,000 types of MSC exosome proteins have been
characterized, including mediators controlling self-
renewal, differentiation, signal transduction, and addi-
tional MSC antigens affecting MSC migration [22—24].

Taking into account the key pathogenetic links of
sepsis, the data on the therapeutic effectiveness of
exosomes from MSCs in four leading sepsis syndro-
mes — acute lung injury, kidney damage, cardiovascular
disorders, and liver damage caused by sepsis — are
described [22].

Therapeutic effects of exosomes from MSCs

against the background of acute lung injury
Acute lung injury is the most common organ injury in
patients with sepsis, increasing mortality to 40% [22, 23].
Acute lung injury caused by sepsis is characterized
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CNPUYMHEHE CEMCUCOM, XapakKTepu3yeTbCs NMOpYyLLUEHHSM
eniteniansHoro Gap’epy Ta akTUBALi€l anbBeornsipHUX
mMakpodparis, Lo MNpU3BOAUTL [0 HEKOHTPOIbOBAHOIO
3ananeHHs nereHeBoi TKaHWHM [25]. CyTb roctporo
pecnipatopHoro auctpec-cuHgpomy (FPOC) nonsrae
B HEKOHTPONbOBAHIA 3ananbHin peakuii, LWo Xapak-
TepU3yeTbCs MAacCMBHOK iH(iNbTpauielo  3ananbHUMK
KNiTUHaMW, YTBOPEHHSIM LUUTOKIHOBMX LUTOPMIB, MiaBK-
LLIEHHSIM NPOHWKHOCTI NereHeBmX Kaninsapis Ta Habpsikom
nereHb [19]. HesBaxatoum Ha Te, Wwo 6yno OOCArHYTO
nporpecy B po3yMmiHHi natoreHedy POC 3 yacy Woro
nepworo onucy B 1967 p., cydacHe nikyBaHHSA BKa3a-
HOro CMHAPOMY B OCHOBHOMY MOKMaAaeTbCcs Ha NigTpu-
MYyIOdy Tepanito i3 LUTY4YHOI BEHTUNSALIEIO NereHb i He Mae
cneumndivyHoi Ta edhekTMBHOT hapmakoTepanii [26].
JlereHeBun eHaoTenin € AMHaMIYHUM peLEenTOpHO-
e(heKTOpPHUM TKAHWHHUM CEHCOPOM i pearye Ha curHanu
3 No3akniTMHHOro cepenosuLla. Ek3ocomu € kno4oBrMm
edekTopamu B3aeMogii nereHeBoro eHOoTenito 3 cycia-
HIMW Ta LMPKYNIOYUMY KMiITUHAMK Ta Mediatopamu ons
Moaynsauii nokanbHOro iMyHHoro Tpomb6o3y, aaresii 3a-
nanbHMX KNITUH Ta LiNiICHOCTI anbBeOnApHUX oanHMLb [7].
Y pocnigxenHi Li H. Ta cniBaBT. NpogeMOHCTpOBaHO,
WO BHYTPIWHbOBEHHA iH'EKLisi €K30COM XapakTepu3ay-
Banacs BULWWMW PIBHAMW nNpo3ananbHUX LUTOKIHIB
(IL-1B Ta TNF o), HenTpodhinbHO iHINLTpaLlieto Ta nocu-
NEHHsIM aKTUBHOCTI Mienonepokcuaasn B nereHsax [27].
Morrison T.J. Ta cniBaB. BCTaHOBWMK, LIO €K30COMMU,
oTpumaHi 3 MCK ntoguHn, siki BBOAWAWM iHTpaHasanbHO
TBapuHam, 3axuwanM BiAd €eHOOTOKCUH-iHAYKOBAHOIO
YPaXXeHHs1 nereHb — BigMivYanacb MeHwa abcontoTHa
KinbkicTb HenTpodinis, 3aransHoro Ginka Ta TNF-a [28].
Huska ekcnepMMeHTanbHUX [OChigKeHb npoae-
MOHCTpyBana edEeKTUBHICTb 3acCTOCyBaHHSI E€K30COM
3 MCK npu 3mopenboBaHOMY FOCTPOMY YpaKeHHi ne-
reHb y TBapuvH. Tak, y gocnigpxeHHi Chen W. Ta cnisaBT.
nokasaHo, o BBedeHHs eksocoM 3 MCK npwu roctpomy
YPaXeHHi rnereHb, iHOYKOBaHOMY LUMAXOM iHTpaTpaxe-
anbHoi iHCcTUNAUT GneoMmiuuHy, BUKNUKAE MoAynsLuilo
anonTo3y Yepes curHanosHuin wnsax PI3K/AKT/mTOR [29].
Deng H. Ta cniBaBT. BCTAHOBWMN, LLIO €K30COMU, OTPUMaHI
3 MCK kicTkoBOro Mo3ky, nocrnabntolTb roctpy TpaBmy
nereHb, CMPUYMHEHY  ninononicaxapuaom, — LUNSXOM
mMoaynsauii nonsipusauii makpodaris 4epes iHribyBaHHS
rnikonizy B Makpodparax [30]. Y pocnimkeHHi Kaspi H.
Ta ChiBaBT. MPOAEMOHCTPOBAHO, O iHTpaTpaxeanbHe
BBedeHHA ek3ocom 3 MCK 3ymoBnoe BigHOBMEHHSA
GanaHcy iMyHHOT BignoBigi (3HWXeHHs piBHIB IFN-y,
IL-6, TNF-a) Ha wmogeni TPOC [31]. Y pob6orTi
Mao G.C. Ta cniBaBT. nokasaHo, WO ek3ocomn 3 MCK
BUSIBNSAKTL aHTUANONTO3HY Ait0, CMApUsitoTb  BigHOB-
neHH dYyHKUT eniTeniansHoro G6ap’epy Ta nonerwywTb
3HaYHi NOLIKOMKEHHS fereHb. AHTMaNoONTOTUYHUI edPeKT
i edekT pereHepadii 6ap’epy MoxyTb OyTu onocepepn-
KoBaHi nocuneHHam ekcnpecii GPRC5A B kniTuHax-
peuunieHTax, WO MNpM3BOAUTL OO CMPUSIHHA eKcrpecii
Ta penokanisauii Bcl-2 [32]. Monsel A. Ta cniBaBT.
nokasanu, wWo BBegeHHa ek3ocom 3 MCK Buknukae
3MEHLLEHHSA Konarncy anbBeon i KinbKOCTi HenmTpooinis
y nereHesi TkaHuHi [33]. Wei X. Ta cniBaBT. BCTaHOBMWIMK,
Wwo 3acTtocyBaHHA ek3ocom 3 MCK nonerwye roctpy
TpaBMy flereHb, CMpUYMHEHY ninononicaxapuaom Luns-
XOM HaUiNioBaHHSA Ha perynartopHun acouinioBaHumn
Ginok komnnekcy panamiuuHy-1 ccaBuiB aons iHAyKuil
ayTodparii, a TakoX BUKNMKAE HUXEHHS piBHs IL1-B, IL-6,
IL-17 Ta Ginka xemoaTpakTaHTa MoHouuTiB 1 Tny [34].

by disruption of the epithelial barrier and activation of
alveolar macrophages, which leads to uncontrolled
inflammation of lung tissue [25]. The essence of acute
respiratory distress syndrome (ARDS) is an uncontrolled
inflammatory reaction characterized by massive
infiltration by inflammatory cells, formation of cytokine
storms, increased permeability of pulmonary capillaries
and pulmonary edema [19]. Despite the fact that progress
has been made in understanding the pathogenesis
of ARDS since its first description in 1967, the current
treatment of this syndrome mainly relies on supportive
therapy with artificial ventilation and lacks specific and
effective pharmacotherapy [26].

The pulmonary endothelium is a dynamic receptor-
effector tissue sensor and responds to signals from the
extracellular environment. Exosomes are key effectors
of pulmonary endothelial interactions with neighboring
and circulating cells and mediators for modulating
local immune thrombosis, inflammatory cell adhesion,
and alveolar unit integrity [7].

In the study of Li H. et al. demonstrated that intrave-
nous injection of exosomes was characterized by higher
levels of pro-inflammatory cytokines (IL-13 and TNFa),
neutrophil infiltration and increased myeloperoxidase
activity in the lungs [27]. Morrison T.J. et al. found that
exosomes obtained from human MSCs, which were
administered intranasally to animals, protected against
endotoxin-induced lung damage - lower absolute
numbers of neutrophils, total protein, and TNF-a
were noted [28].

A number of experimental studies have demonstrated
the effectiveness of using exosomes from MSCs in
simulated acute lung injury in animals. The study by
Chen W. et al. showed that the administration of
MSC-derived exosomes in acute lung injury induced
by intratracheal instillation of bleomycin modulates
apoptosis through the PISK/AKT/mTOR signaling
pathway [29]. Deng H. et al. found that exosomes
derived from bone marrow MSCs attenuate acute lung
injury caused by lipopolysaccharide by modulating mac-
rophage polarization through inhibition of macrophage
glycolysis [30]. The study by Kaspi H. et al. demonst-
rated that intratracheal administration of MSC-derived
exosomes restores immune response balance (reducing
levels of IFN-y, IL-6, TNF-a) in an ARDS model [31].
In the work by Mao G.C. et al., it was shown that MSC-
derived exosomes exhibit anti-apoptotic effects, promote
recovery of epithelial barrier function, and alleviate
significant lung damage. The anti-apoptotic effect and
barrier regeneration may be mediated by enhanced
expression of GPRCS5A in recipient cells, leading to
increased expression and relocalization of Bcl-2 [32].
Monsel A. et al. showed that the administration of
MSC-derived exosomes causes a reduction in alveolar
collapse and the number of neutrophils in lung tissue [33].
Wei X. et al. established that the use of MSC-derived
exosomes alleviates acute lung injury induced by
lipopolysaccharide by targeting the regulatory-associated
protein of mMTOR complex 1 to induce autophagy, and
also causes a decrease in IL1-f, IL-6, IL-17, and mono-
cyte chemoattractant protein-1 levels [34].

The substantial amount of data on the therapeutic
efficacy of MSC-derived exosomes from experimental
studies has led to clinical trials of this approach for
treating lung injuries, particularly in pneumonia [35]
and in patients with COVID-19 [36] and others.
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3HayHa KinbKiCTb AaHMX MNpO TepaneBTU4YHY edpek-
TMBHICTb ek3ocoM 3 MCK 3a pesynbratamu ekcnepwu-
MEHTarnbHMUX AOCMiMKEeHb CMOHyKana [0 KMiHIYHUX BK-
npobyBaHb BKa3aHOro niaxogy B MiKyBaHHi ypaXeHb
nereHb 3okpema npu nHeBMOHii [35] Ta y xBOpux
Ha COVID-19 [36] Ta iH. Y pocnimkeHHi Sengupta V.
Ta cnieaBT. [36] Ha Tni BBegeHHa ek3ocom 3 MCK
y XBOpMX 3 TskKkoto oopmoto COVID-19 Busisunm 3HaqHe
nokpalleHHss  abcomoTHOi  KiNbkocTi  HelTpodinis
(cepenHe 3HWXeHHA Ha 32%) Ta nimdoneHito i3 36inb-
LWeHHAM cepegHboil  kinbkocTi CD3*, CD4* ta CD8*
nimcoumntiB Ha 46, 45 Ta 46% BignosigHo. Tak camo
3HU3WUMNCA peareHTu rocTpoi dasn i3 cepegHim 3Hu-
XeHHsiM C-peakTuBHoro 6Ginka, deputuHy Ta D-gumepy
Ha 77, 43 Ta 42% BignosigHo [36].

EdoekTuBHiCTb ek3ocom 3 MCK Ha TAi

roCTpPOro NOLKOAXEHHS HUPOK NMPU Cencuci

loctpe nowkomxeHHs Hupok (ITIH) 3ycTpivaeTbcs
y 20% xBopux 3 cencucom [37]. Ha cborogHi aHTu-
anonTo3Hi [38], npoaHrioreHHi [39] Ta npoTu3anansHi [40]
BnacTueocTi ekdocoM 3 MCK posrnsgatoTbest ik NpoBigHi
MEXaHi3MM iX peHONPOTEKTUBHOI akTUBHOCTI [22].

Ek3ocomn 3gatHi nepeHocutn MikpoPHK Ta iHWwwun
reHeTUYHUA MaTepian, LWo npu3BOAUTL [0 akTusauii
GaraTbOX CUrHanbHWX LWAXiB Ta OBrpyHTOBYE HU3KY
NO3NTUBHUX ePEKTIB, SKi MOXHA PO34iNMTK Ha TpU Mpo-
BigHi Hanpsamku y ceitni [MH [7, 41]:

1) HedpponpoTekuisn: iHriGyBaHHA OKWCHOIO CTpecy,
anonTto3y Ta ¢ibporeHesy; cnpusiHHsA ayTodarii [42];

2) pereHepauisi HUPOK: CTUMYNSUi KMITUHHOI npo-
nicpepadii, mirpauii, TybynspHoi aegudepeHuiadii, aHrio-
reHesy [43];

3) imyHOMOAOynsUis: npoTM3ananbHi Ta iMyHocynpe-
CUBHI edekTn Yyepes iHayKuito mMakpodparisa M2 i T-pery-
natopHux knituH (Treg) [44] i mogynsauito NK-kniTuH [45].

Y pocnigpxeHHi He Z. Tta cniaBT. [46] NpOAEMOHCT-
pOBaHO, WO MO3aKNiTUHHI BE3WUKYNWU, CeKpeToBaHi eHao-
TenianbHUMKU KNiTUHaMU-NonepeaHMkaMu, Lo MiCTSTb
MikpoPHK-93-5p, 3abe3neuytoTb 3axucT Bif CrnpuynHe-
HOroO CEMncucoM TOCTPOrO YPaKEHHSI HUPOK Yepes3 BiCb
KDM6B/H3K27me3/TNF-a. Gao F. Ta cnisasrT. [47] BuS-
BMMMM 3axuCcHy yHKuito ek3ocom i3 MCK xupoBoi Tka-
HWHW NPY rOCTPOMY ypaxkeHHi HUpok vepes wnax SIRT1.

MNepcnekTuBM 3aCTOCYBAHHS ek3ocom 3 MCK

HQ TAi CepLLeBO-CYAUHHUX PO3ACAIB MPU CENCcUCi

IHaykoBaHa cencucoM AMCAyHKLiA Miokapaa € nowun-
PEHUM YCKNaAHEHHSIM Yy XBOPUX Ha Cerncuc i noe’sizaHa
3 NiABULLEHOI0 CMEPTHICTIO. YpaXkeHHs1 cepusi € noLumpe-
HWMM pO3NagoM y nauieHTiB i3 cencucom, i npnbnuatoy 50%
nauieHTiB i3 cencucom BUSIBNSAIOTb O3HAKU OUCHYHKLUIT
Miokapaa [48]. TuM He MeHL, TOYHE KMiHiYHE 3Ha4YeHHS
OuncdyHKLii Miokapaa, CnpU4MHeHoi cencmcom, 4oci HeBi-
nome. Ockinbkn cepue, Sk NULLE ofHa YacTuHa cUcTeMu
KpoBooODiry, MOCTINHO pearye Ha 3MiHy nepudepuyHoi
remoguHamikun, BaXKKO Bigpi3HUTU peakLito cepus Ha 3MiHN
nonepeaHbLOro MOCTHaBaHTaXeHHs1 Ta/abo Helporymo-
panbHOi akTUBHOCTI Mig 4Yac cencucy Ta NpsiMvMiA BNnuvB
cencucy Ha cepue B KniHiYHMX ymoBax [48, 49].

3ananeHHs Ta Koarynsuis € KpUTUYHUMKU NaHKamu
npu cencuci, siki BKMOYalTb NenkouuTn, TpoMoouuTn
Ta CyOuHHi eHpoTenianbHi KNiTMHW. JocnigXeHHa noka-
3anu, WO B3aEMO3B’SI30K MK 3ananeHHsMm i koaryns-

In the study by Sengupta V. et al. [36], significant
improvement was observed in patients with severe
COVID-19 following administration of MSC-derived
exosomes, with a notable reduction in absolute neutrophil
count (average decrease of 32%) and lymphopenia,
with increases in average CD3*, CD4*, and CD8*
lymphocyte counts by 46, 45, and 46%, respectively.
Acute phase reactants also decreased, with an average
reduction in C-reactive protein, ferritin, and D-dimer
by 77, 43, and 42%, respectively [36].

Efficacy of MSC-Derived Exosomes
in Acute Kidney Injury in Sepsis

Acute kidney injury (AKI) occurs in 20% of patients
with sepsis [37]. Currently, the anti-apoptotic [38], pro-
angiogenic [39], and anti-inflammatory [40] properties
of MSC-derived exosomes are considered the leading
mechanisms of their renoprotective activity [22].

Exosomes are capable of transporting microRNAs
and other genetic material, which leads to the activation
of numerous signaling pathways and underlies several
positive effects that can be divided into three main
directions in the context of AKI [7, 41]:

1) nephroprotection: inhibition of oxidative stress,
apoptosis, and fibrogenesis; promotion of autophagy [42];

2) kidney regeneration: stimulation of cellular proli-
feration, migration, tubular dedifferentiation, and angio-
genesis [43].

3) immunomodulation: anti-inflammatory and immu-
nosuppressive effects through the induction of M2
macrophages and regulatory T cells (Tregs) [44] and
modulation of NK cells [45].

In the study by He Z. et al. [46], it was demonstrated
that extracellular vesicles secreted by endothelial
progenitor cells containing microRNA-93-5p provide
protection against sepsis-induced acute kidney injury
via the KDM6B/H3K27me3/TNF-a axis. Gao F. et al. [47]
found the protective function of adipose tissue-derived
MSC exosomes in acute kidney injury through the
SIRT1 pathway.

Prospects of Using MSC-Derived Exosomes
in Cardiovascular Disorders in Sepsis

Sepsis-induced myocardial dysfunction is a common
complication in septic patients and is associated with
increased mortality. Cardiac injury is prevalent among
sepsis patients, with approximately 50% of these patients
showing signs of myocardial dysfunction [48]. However,
the exact clinical significance of sepsis-induced myo-
cardial dysfunction remains unknown. Since the heart,
as just one part of the circulatory system, constantly
responds to changes in peripheral hemodynamics, it is
challenging to distinguish the heart’s response to chan-
ges in preload, afterload, and/or neurohumoral activity
during sepsis from the direct impact of sepsis on the heart
in clinical settings [48, 49].

Inflammation and coagulation are critical pathways
in sepsis, involving leukocytes, platelets, and vascular
endothelial cells. Studies have shown that the interplay
between inflammation and coagulation, described by
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Li€to, SIKUIA ONUCYETLCS TEPMIHOM «TPOMOO3ananeHHs»,
€ KpuTM4HMM Yy natoreHesi cencucy [50]. CborogHi
3ananeHHss Tpomby abo «iMyHOTPOMGO3» BBaXakTbCsl
B3aEMO3aMiHHMMMK TepMiHaMK, WO BKa3yloTb Ha Au3pe-
rynsgito  isionoriyHnx aHTUTpomMOOTUYHMX | MpoTu3a-
nanbHUX PYHKUIN eHaoTenianbHUX KNiTUH, WO HeraTMBHO
BNAMBaEe Ha remocTtas i Cnpusie BigknageHHw TpombGis
SIK Y MIiKPO-, TaK i B MakpoCyauHHin cuctemi [51-53].

B ornapgosin po6oti Laura Francys J. Ta cnisaBr. [54]
y3aranbHUNM Aadi nirepatypu Ta nokasanu, Lo eK3COMu
3 MCK nposiBnsoTb KapgionpoTeKTUBHY Ao npu iH-
dapkTi Miokapaa, AiabeTuyHin cenTuUYHIA kapaioMionarii.
Y po6oti Wang X. Ta cniBaBT. [55] npoaeMoHCTpoBaHo,
wo ek3ocomn 3 MCK, ski mictate miR-223, mMoxyTb
3anobirati anonTo3dy KNiTMH Miokapaa Ta MpurHivysatu
3ananbHy peakuilo LUMSIXOM iHrGyBaHHA CUrHanbHOro
wnsaxy NF-kB, wo, y cBow 4Yepry, mMoxe 3anobirtu
CMpUYMHEHOMY Cerncucom ypaxkeHHto Miokapga. Liu C. Ta
cnigaBT. [56] BcTaHoBUNK, WO ek3ocomn 3 MCK, 3bara-
yeHi MikpoPHK-146a-5p, MoxyTb cnpuatu nponicgepadii
Ta  BWKMBAHHIO  KNiTWH,  PErymnol4YM  eKcnpecio
Myb-nogibHoro npoTeiHy 1, TakMM YMHOM 3axuLLaKYU
CEenTUYHI KNiTMHM Miokapga abo TkaHuHKW. Kpim Toro,
poctaBka miR-223-3p MSCs-EVs Moxe npurHidysatu
CNpUYMHEHE CEMCUMCOM CepLEBE 3ananeHHsl, nipo-
nTo3 Ta AucodyHKUilo miokapga [57]. 3a gaHumun Li J.

Ta cniBaBT. [58] ek3ocomm 3 MCK Takox MOXyTb
poctaBnsATM  circRTN4  pgns iHribyBaHHs  cepLeBoro
ibpo3y Ta 3ananeHHs 4Yepe3 CUrHanbHy BiCb

miR-497-5p/mitsugumin 53, Takum 4nHOM 3anobiraioun
CMPUYMHEHOMY CEMCUCOM CepLIeBOMY NOLLKOMKEHHIO [59].

AiKkyBaAbHi BAQCTUBOCTI eksocom 3 MCK

HQA TAI FOCTPUX YPAXKEHb NeYiHKK

YpaXeHHs1 MEeYiHKM € TMOLMPEHUM YCKMaOHEHHSM
cerncucy, sike Cnpusie naTtoreHesy roniopraHHoi auc-
dyHKuUii Ta nepenbavae HecnpuaTnuei pesynsraty [60].
[ocnigXeHHs1 Ha Pi3HNX MOAENsiX 3aXBOPKOBAHb MEYiHKN
npogemMoHcTpyBanu, wo eksocomn 3 MCK MoxyTb
NpUrHivyBaTV 3ananbHy peakLilo, 3MeHLLyBaTV anonTo3
renaTouuTiB i NOCKoBaTK pereHepaLito nedviHkm [22].

Y pocnigpxkeHHi Cai J. Ta cnieaBT. [61] BCTaHOBMEHO,
wo eksocomu, otpumaHi 3 MCK, nonerwyioTb roctpe
YLWIKOOKEHHSI MEYiHKW, MOB’SI3aHe 3 CENCUCOM LUMSIXOM
npuayweHHs MALAT1 yepes mikpoPHK-26a-5p. MALAT1
€ €eBOSMOLIAHO KOHCEPBATMBHOK [OBrOK HEKOAYHYOH
PHK, sika Gepe yyacTb y Pi3HMX pakoBWX i 3ananbHUX
3axBoptoBaHHaAX. [Nosigomnanocsa, wo MALAT1 cunbHo
eKCnpecyeTbCs Y NauieHTiB i3 cencucom [61].

Kpim Toro, renatonpoTeKTUBHA aKTUBHICTb EK30COM
3 MCK npogemMoHCTpoBaHa Ha Uifin HX3LUI rocTpux
ypaxeHb MNedviHkW, iHOYKOBaHUX TeTpaxiiopMETaHOM,
KOHKaHaBaniHom A Ta Mogeni iwemMivyHo-penepdysin-
HOro YLIKOAXKEHHS neviHkn [22]. Yan Y. Ta cniBaBT. [62]
npogemMoHcTpyBanu, wo eksocomm 3 MCK cnpusiiotb
BiHOBMEHHIO MEYIHKOBOTO OKCUAAHTHOIMO MOLLKOMKEHHS
LWNASXOM [ocCTaBku rnyTaTioHnepokenpasn 1 (GPX1).
Tan C.Y. Ta cniaBT. [63] niaTBepaunu, WO €K30COMU
3 MCK 3paTHi cnpuaTn pereHepauii  renatoumTis
wnsaxoM iHAykuii wnsxy IL-6/STAT3 Ta nporpecyBaHHA
KniTHHOro uwmkny. Kpim toro 6yno BusieneHo, wo 6inku
B ek3ocomax 3 MCK, Taki gk nepeTtBopioBaq curHany
iHTepnenkiHy 6 (IL6ST), xemokiHoBui niraHg 2 (CXCL2)
Ta daktop pocty renatouutieB (HGF) Towo, GepyTb
y4yacTb Y npoueci pereHepadii neviHku [22].

the term «thromboinflammation,» is critical in the patho-
genesis of sepsis [50]. Today, thromboinflammation or
«immunothrombosis» are considered interchangeable
terms, indicating the dysregulation of the physiological
antithrombotic and anti-inflammatory functions of
endothelial cells, negatively impacting hemostasis
and promoting thrombus formation in both micro- and
macrovascular systems [51-53].

In a review by Laura Francus J. et al. [54], literature
data were summarized to show that MSC-derived
exosomes exhibit cardioprotective effects in myocardial
infarction and diabetic septic cardiomyopathy. In the study
by Wang X. et al. [55], it was demonstrated that
MSC-derived exosomes containing miR-223 can
prevent myocardial cell apoptosis and suppress the
inflammatory response by inhibiting the NF-kB
signaling pathway, which in turn can prevent sepsis-
induced myocardial injury. Liu C. et al. [56] estab-
lished that MSC-derived exosomes enriched with
microRNA-146a-5p can promote cell proliferation and
survival by regulating the expression of Myb-like
protein 1, thereby protecting septic myocardial cells
or tissues. Additionally, the delivery of miR-223-3p
MSC-EVs can suppress sepsis-induced cardiac inflam-
mation, pyroptosis, and myocardial dysfunction [57].
According to Li J. et al. [58], MSC-derived exosomes
can also deliver circRTN4 to inhibit cardiac fibrosis and
inflammation through the miR-497-5p/mitsugumin 53
signaling axis, thus preventing sepsis-induced cardiac
damage [59].

Therapeutic Properties of MSC-Derived Exosomes
in Acute Liver Injuries

Liver injury is a common complication of sepsis,
contributing to the pathogenesis of multiple organ
dysfunction and implying unfavorable outcomes [60].
Studies on various liver disease models have demonst-
rated that MSC-derived exosomes can suppress the
inflammatory response, reduce hepatocyte apoptosis,
and enhance liver regeneration [22].

In the study by Cai J. et al. [61], it was established
that MSC-derived exosomes alleviate sepsis-associated
acute liver injury by suppressing MALAT1 through
microRNA-26a-5p. MALAT1 is an evolutionarily conser-
ved long non-coding RNA involved in various cancerous
and inflammatory diseases. MALAT1 has been reported
to be highly expressed in patients with sepsis [61].

Additionally, the hepatoprotective activity of MSC-
derived exosomes has been demonstrated in a range
of acute liver injury models induced by carbon tetra-
chloride, concanavalin A, and ischemia-reperfusion
injury [22]. Yan Y. et al. [62] demonstrated that
MSC-derived exosomes promote the recovery from
liver oxidative damage by delivering glutathione
peroxidase 1 (GPX1). Tan C.Y. et al. [63] confirmed
that MSC-derived exosomes can promote hepatocyte
regeneration by inducing the IL-6/STAT3 pathway
and cell cycle progression. Furthermore, proteins
in MSC-derived exosomes, such as interleukin-6
signal transducer (IL6ST), chemokine ligand 2 (CXCL2),
and hepatocyte growth factor (HGF), among others,
are involved in the liver regeneration process [22].
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POAb €HAOFr€HHUX eK30COM,

AIK MeAiaTopiB iIMyHHOI BiaNoBiAil npu cencuci

Ek3ocomu, oTpuMaHi K 3 iIMyHHUX, TaK i 3 HEIMYHHUX
KNiTUH, BigirpalTb BaXUBY POrb B iIMYHHIN perynsuii,
sika MOXe CnpuATUM PO3BUTKY naTororii 6aratbox 3axBo-
plOBaHb 4Yepe3 NocepesHULTBO iIMYHHOI cTUMynsALii abo
npurHiveHHs [64]. IMyHHa perynsuis ek3ocom moxe 6yTn
3yMOBIeHa nepefaveld Ta MNpeseHTauierd aHTUreHHMX
nentuais, nepegadeto curHanis cGAS-STING, iHaykoBa-
Hux OHK y kniTuHax-peuunieHTax, perynsuieto ekcnpe-
cii reHiB MikpoPHK ek3ocom Ta iHayKuUi€to pisHUX curHanis
NMoBEpPXHEBMMU MiraHa4aMu ek3ocom (Hanpuknag PD-L1
i FasL) [65]. MNpuBepTae yBary, O €K30COMW TaKOX
3a6e3neuyloTb 3axMCT, NOAIGHMI OO BPOMKEHOrO iMyHi-
TETY, aKTUBHO HEWTpanisytoun bakTepianbHi TOKCUMHY [66].

Eksocomn GepyTb yyacTb Yy npeseHTauii aHTu-
reHy [67] ronoBHMM UMHOM 3a [OMOMOrOK TaKuX
TPbOX MEXaHi3MmiB:

1) npsime NpeAcTaBneHHs: eK30COMU, OTPMMaHIi 3 AeH-
OPVTHUX KMiTWH, ski HecyTb komnnekcn MHC-nenTtug,
KOCTUMYNATOPHI Ta aAresvBHi MOMEeKynu, 3B’S3YylTbCA
3 T-knitnHamn 6e3nocepenHbo;

2) HenpsiMe npeacTaBMNeHHs: €K30COMW MNepeaarTb
CBOi aHTuMreHHoro nentugy go monekyn MHC peuwn-
NIEHTHUX aHTUTEH-NMPE3EHTYHUNX KIITUH;

3) 3axonneHi ek3ocomu, ki 30epiraloTbCsi Ha Mo-
BEPXHi  @HTUIEH-NPE3eHTYyuNX  KNiTWH, NpeacTaB-
naTb cBoi komnnekcn MHC-nentug 6e3nocepenHbo
T-kniTuHam [64, 68].

CurpoBaTKOBi €K30COMU MOXYTb CNpusATM AudepeH-
uiauii, nponidpepadii Ta xemoTakcucy T-KniTUH 3a gono-
MOroK npo3ananbHux UuTokiHiB, GM-CSF i xemokiHiB
OKpeMo, BoAHOYacC Bigirpaiodu MpOTUNEXHY pofb Yepes
wnsax PD1/PDL1. Kpim Toro, ek3aocomu MOXyTb nocnab-
noBaTh anonto3 T-KMiTMH Yepes iHribyBaHHA Kacnasw,
onocepeakoBaHe mMIiR-7-5p. OpgHak €eK30COMM TaKoX
MOXYTb iHOYKYBaTU anonTto3 T-KMiTMH 3a [OMOMOro
curHanbHoro wnsxy FasL/Fas. Kpim TOoro cupoBaTkoBi
€K30COMW CnpusAoTbL Mirpauii Makpodaris, nponidepadii
Ta nonsipusauii M1 4epes uncneHHi mikpoPHK-onoce-
peakoBaHi curHanbHi Wwnaxu. Eksocomu TpomGouuTiB
BUKNMKaTb HagMipHe yTtBopeHHs NET uepes wnsx
ayTodarii Akt/mTOR [69].

Huska pocnimkeHb mnokasana, WO €eK30COMM, OTpu-
MaHi 3 aKTMBOBaHUX Makpodaris, MOXYTb BNnuBaTu
Ha IMYHHY (YHKLiO iHakTBOBaHWX Makpodaris vepes
ayTOKPUHHMI | napakpuHHuMi BnnuB. Kpim TOro, ek3o-
COMM, OTpMMaHi 3 MakpodoariB, TakoX BMMBaKOTb Ha
HenTpoinK, anbBeonsApHi enitenianbHi KNITUHW, eHOo-
TenianbHi  KNITMHWM | renatounTn npu cencuci [69].
Kpim Toro, eksocomu, WO BUAINATbLCA Makpodaramm
nauHK, MIcTATb depMeHTU ansa 6iocnHTe3y NnemnkoTpi-
€HiB (LTC4S, LTA4H, 5-LO), cnpustoTb Mirpadii rpaHyno-
LUMTIB, @ TaKOX ChpuATb agresii 3ananbHuMX KiTUH
npu cencuci LWnaxom nocuneHHs ekcnpecii ICAM-1
B anbBeONAPHUX eniTenianbHUX KnitnHax [69, 70].

MoHoumnTK, CTUMYNBbOBaHI 3ananeHHsM Ta iHdekuieto,
BMBIMbHAOTb  €K30COMM, WO MICTATb  MOMEKynsapHi
CTPYKTYpW, MOB’A3aHi 3 MOLUKOMKEHHAM MITOXOHAPIN
(mt-DAMP), siki 3MeHLUYIOTb XeMOTaKCuC i ctepunisauiio
HelTpodinie Yepes iHribyBaHHs TLR9, onocepenkoBaHe
eHgocomanbHUM nigkucneHHam [71]. Ek3ocomun, oTpu-
MaHi 3 nonimopdHosaepHux nerikoumnTis (PMN), micTaTtb
dyHKkuioHanbHU aHekcnH 1 (AnxA1), akuii € eHpgo-
reHHUM npoTu3ananbHUM GinkoM, WO KOHTPOSOE aKTu-
BaLil0 Ta TpaHCNOPTYBaHHA 3ananbHUX KNiTUH [72].

The Role of Endogenous Exosomes
as Mediators of Immune Response in Sepsis

Exosomes derived from both immune and non-
immune cells play a significant role in immune
regulation, which can contribute to the pathology of many
diseases through mediation of immune stimulation or
suppression [64]. The immune regulation by exosomes
may be due to the transfer and presentation of antigenic
peptides, cGAS-STING signaling in recipient cells
induced by DNA transfer, regulation of gene expression
by exosomal microRNAs, and the induction of various
signals by surface ligands on exosomes (such as PD-L1
and FaslL) [65]. Notably, exosomes also provide
innate immunity-like protection by actively neutralizing
bacterial toxins [66].

Exosomes are involved in antigen presentation [67].
They participate in antigen presentation primarily
through three mechanisms:

1) direct presentation: exosomes derived from
dendritic cells carrying MHC-peptide complexes,
costimulatory, and adhesion molecules bind directly
to T-cells;

2) indirect presentation: exosomes transfer their
antigenic peptides to the MHC molecules of recipient
antigen-presenting cells;

3) captured exosomes retained on the surface of
antigen-presenting cells present their MHC-peptide
complexes directly to T-cells [64, 68].

Serum exosomes can promote T-cell differentiation,
proliferation, and chemotaxis through pro-inflammatory
cytokines, GM-CSF, and chemokines, while also playing
an opposing role via the PD1/PDL1 pathway. Addi-
tionally, exosomes can attenuate T-cell apoptosis
through miR-7-5p-mediated caspase inhibition. However,
exosomes can also induce T-cell apoptosis through the
FasL/Fas signaling pathway. Moreover, serum exosomes
promote macrophage migration, proliferation, and
M1 polarization through various microRNA-mediated
signaling pathways. Platelet-derived exosomes induce
excessive NET formation via the Akt/mTOR autophagy
pathway [69].

Several studies have shown that exosomes derived
from activated macrophages can influence the immune
function of inactivated macrophages through autocrine
and paracrine effects. Furthermore, macrophage-derived
exosomes also affect neutrophils, alveolar epithelial
cells, endothelial cells, and hepatocytes in sepsis [69].
Additionally, human macrophage-derived exosomes
contain enzymes for leukotriene biosynthesis (LTC4S,
LTA4H, 5-LO), promote granulocyte migration, and
enhance the adhesion of inflammatory cells in sepsis
by increasing ICAM-1 expression in alveolar epithelial
cells [69, 70].

Monocytes stimulated by inflammation and infection
release exosomes containing mitochondrial damage-
associated molecular patterns (mt-DAMPs), which
reduce neutrophil chemotaxis and sterilization through
endosomal acidification-mediated TLR9 inhibition [71].
Exosomes derived from polymorphonuclear leukocytes
(PMNss) contain functional annexin 1 (AnxA1), an endo-
genous anti-inflammatory protein, controlling the
activation and transport of inflammatory cells [72].

In summary, exosomes derived from antigenpre-
senting cells (dendritic cells, macrophages, and B-cells)
primarily promote immune activation, including the
activation, differentiation, maturation, and proliferation of
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Y3aranbHO4M HaBedeHi BiOOMOCTI chnif 3a3aH4yuTy,
L0 eK30COMM, OTPMMaHi 3 aHTUTEHMPE3EHTYHUNX KIITUH
(OeHApUTHUX KNITWUH, Makpodaris i B-kniTuH), ronoBHUM
YMHOM CMPUAIOTb aKTMBALii IMyHITETY, BKMOYaOuM cnpum-
SHHA aKTMBaLii, andepeHuiadii, [o3piBaHHIO Ta Nponi-
depauii iIMyHHUX KNiTUH, SKi JonoMaraloTb BPOKEHIN Ta
afanTMBHIN IMYHHIN cucTemi pearyBaTW Ha BTOPrHEHHS
natoreHie 6inbLwoi edekTuBHOCTI. B TOM 4yac sk ekso-
comn, oTtpumaHi 3 MCK, B OCHOBHOMY BUSBMSAIOTb
iMyHOCYMNpecuBHY Ta npoTusanansHy Aito [67].

BUCHOBKMU

Huska pocnimkeHb NPOAEMOHCTPYBanu, Lo CeKpe-
ToM, oTpumaHuii 3 MCK, nokasaB TepaneBTUYHi edeKkTu,
nopibHi 4o TUX, WO CnocTepiraloTbCs Micns TpaHcnnaH-
Tauii MCK. Ek3ocomun, oTpumaHi $IK 3 iMyHHUX, Tak i 3
HeiMYHHUX KNiTWH, BidirpaloTb BaXMMBY pPOrib B iMYHHI
perynauii, fka MoOXe CnpuaTM po3BUTKY natonoril
HaraTbox 3axBOplOBaHb Yepe3 NocepenHUUTBO iIMYHHOT
ctumynsuii abo npurHiyeHHs. Ek3ocomu, OTpuMaHi
3 MCK, maroTb MpOTEKTUBHY aKTUBHICTb NPW MPOBIAHUX
CMHAPOMax Cencucy — MNpu rocTpoMy YPaXKeHHi nereHb,
NPy  YWKOMKEHHI HUPOK, MNpU  CepLeBO-CYAUHHUX
po3nagax Ta Ha Tni MOLKOOXEHHS MeYiHKW, cnpuyn-
HEHOro Cencucom.
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immune cells, thereby aiding the innate and adaptive
immune systems in responding more effectively to
pathogen invasion. In contrast, MSC-derived exosomes
mainly exhibit immunosuppressive and anti-inflam-
matory effects [67].

CONCLUSIONS

A number of studies have demonstrated that the
secretome derived from MSCs shows therapeutic effects
similar to those observed after MSC transplantation.
Exosomes derived from both immune and non-immune
cells play a significant role in immune regulation, which
can contribute to the pathology of many diseases
through mediating immune stimulation or suppression.
MSC-derived exosomes exhibit protective activity in
major sepsis syndromes, including acute lung injury,
kidney damage, cardiovascular disorders, and liver
damage caused by sepsis.
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MepcnekTMBU NOAAABLLUMX AOCAIAXEHD

OaHi ormagy nitepaTypy cnyryioTb MNiAFPYHTSAM NpOBeOeHHS
nornubneHnx ekcnepMMeHTanbHUX Ta, y ManbyTHbOMY, KIiHi4-
HUX [OCMiMKeHb MPOTEKTUBHUX BNAacTUBOCTENW E€K30COMM,
oTpuMaHoi 3 MCK, npu roctpomy ypaxKeHHi nereHb, yLKOMKEHHI
HUPOK, CEepLEBO-CYAMHHMX po3najax Ta Ha Thi MOLLUKOOAXEHHS
neyiHKW, CNPUYMHEHOTO CENCUCOM.
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ABTOpPU pyKONMCY CBIAOMO 3acBiAYylOTb BIACYTHICTb hakTuy-
Horo abo NOTEHLNHOrO KOHMMIKTY iHTEpeciB Woao pesynbraTie
uiei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOBHMKaMM
GiomMmeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisiMu, Yni NPoayKTH,
nocnyru, iHaHcoBa nigTpUMKa MOXyTb OyTW NOB’sI3aHi
3 NpeaMeToM HagaHux Matepianie abo ski cnoHcopysanv
nposeeHi JOCMNiaXEHHS.
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Prospects for further research

The data from the literature review provide a foundation for
conducting more in-depth experimental and, in the future,
clinical studies on the protective properties of MSC-derived
exosomes in acute lung injury, kidney damage, cardiovascular
disorders, and liver damage caused by sepsis.
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PE3IOME

AkTyanbHicTb. BiiHa Ha cxogi YkpaiHu, wo posnovanacs y 2014 poui, Ta noganbiui
BiliCbKOBI [ii, BKMoYauM MaclutabHe BTOpPrHeHHs y 2022 poui, cnpuyavHunm 36iin
y poboTi cucteM enigemionoriyHoro Harnsgy. Binbynucsa 3HayHi nepemilleHHs Hace-
NEHHS1, MOTiPLIEHHSI YMOB XWUTTS, 3HULLEHHS IHPacTPyKTypu Ta 3aknagis MeauyHol
gonomoru. HacnigkoM UbOro cTano CTBOPEHHS CNpUSITAMBUMX YMOB ANS MOLUMPEHHS
iHbeKLiNHMX XBOpob cepes LMBINbHOrO HaceneHHs Ta BiiCbKOBUX B YKpaiHi.

MeTa po6oTM — BM3HAYEHHs Ta aHani3 enigemionoriyHux ocobnMBOCTEN PO3NOB-
CIOOKEeHHS! iHdEKUiiHUX XBOpoO cepen HacerneHHs! y KOHTEKCTi BOEHHOro CTaHy
B YkpaiHi 3 2014 poky i 4o cborogHi. Po3rnsgaloTbCs OCHOBHI hakTopw, WO CpUsioTb
NiOBULLEHHIO PU3NKY PO3MOBCIOKEHHIO IHEKLiNHMX XBOPO6, Ta 3axodu, sKi MOXyTb
ByTW BXWTI ANs AOro MiHiMizauii.

MaTtepianu Ta metoau. AHani3 6a3yeTbcsi Ha BiOKPUTUX Axepenax iHgopmadii, 3BiTax
MDbKHapOoOHWX opraHidauiv, AOChIOXKEHHSAX BYEeHUX 3 YKpaiHu Ta CBiTy 3 BUKOpPUCTaH-
HsIM BibnioceMaHTUYHOrO MeToAy Ta MEeToAdy CTPYKTYPHOIONYHOMO aHaniay.
PesynbTaTu Ta ix 06roBopeHHsi. BctaHoBMNEHO, WO BIACHKOBI Aii cnpuyYnHUnmn 36inb-
LUeHHs BUNagakiB iHeKLiNHMX 3aXBOptOBaHb, TakMX sIK: NIENTOCMIPO3, Kip, Ty6epKynbos,
Bipyc imyHogediuuty nogmHu, COVID-19 Ta iHwi. OcobnunBo KpUTUYHa cUTyauis cno-
CTepiraeTbCs y TMMYacoBO OKYMOBaHWUX Ta NPUEPOHTOBUX paiioHax, Ae obmexeHuin
[ocTyn Ao meauyHoi gonomorn. Macosa Mmirpauisi HaceneHHs noripwuna cutyadito i3
BYaCHMM BaKLMHYBaHHSIM HACENEHHS Ta NonepemkeHHaM iHeKLinHUX 3aXBOPIOBaHb.
BucHoBku. BiilHa B YkpaiHi CyTTEBO BNnUHYMa Ha enigemionoriyHy cutyadito. [1nsa 3ano-
BiraHHs NOLUMPEHHIO IHGEKLiINHMX 3axBOpIOBaHb HEOOXiAHi ChinbHi 3ycunnsa ypsgoBux
Ta HEKOMEpLiNHMX opraHi3auin, 3abe3neyeHHs [OCTyny A0 MEAUYHOI AOMOMOrv Ans
BCiX HYXOEHHMX KaTeropin UMBINbHOIO Ta BilICbKOBOrO HAaCeneHHsl, a TakoX npoBe-
[OEeHHs1 iHopMaLinHUX KamnaHin cepen HaceneHHs.

iH(eKUinHNX 3axBoploBaHb

BHacMigoK BiiHM B YkpaiHi B nepiog 3 2014 poky i Ao cborofHi. KapasiHcbkull iMyHonoaiyHul xypHan. 2024. T. 7,
Ne 1(13). C. 98-108. DOI: https://doi.org/10.26565/3083-5615-2024-13-10
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ABSTRACT

Background. The war in eastern Ukraine that began in 2014 and subsequent military
actions, including a full-scale invasion in 2022, have caused disruption of epidemio-
logical systems, significant population displacement, deterioration of living conditions,
and destruction of infrastructure and health care facilities. As a result, favorable
conditions were created for the spread of infectious diseases among the civilian
and military population of Ukraine.
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Purpose — the purpose of this article is to identify and analyze the epidemiological
features of the spread of infectious diseases among the population in the context
of martial law in Ukraine from 2014 to the present. The main factors contributing
to the increased risk of infectious diseases and measures that can be taken to
minimize it are discussed.

Materials and methods. The analysis is based on open sources of information,
reports of international organizations, and research by scientists from Ukraine
and abroad. The report uses data on outbreaks of infectious diseases, statistics
on visits to medical institutions, and an analysis of the socio-economic impact of
the war on the healthcare system. For this purpose, methods of comprehensive
epidemiological analysis were used.

Results. It has been established that hostilities have led to an increase in cases of
infectious diseases, such as leptospirosis, measles, tuberculosis, HIV, COVID 19
and others. The situation is particularly critical in the temporarily occupied and
frontline areas, where access to medical care is limited. Mass migration of the popu-
lation has worsened the situation with timely vaccination of the population and pre-
vention of infectious diseases.

Conclusions. The war in Ukraine has significantly affected the epidemiological
situation in the country. In order to prevent the spread of infectious diseases, joint
efforts of governmental and non-profit organizations are needed, as well as access
to medical care for all categories of civilian and military population in need, and

public awareness campaigns.
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BCTYN

BiriHa B YkpaiHi, wo Tpuae 3 2014 poky, cnpuynHmna
mMacluTabHi rymaHiTapHi BUKNWKW, cepef SKnx ocobnuee
MicLle 3aMiMaE PO3MNOBCIOAXKEHHS iH(EKLIMHUX 3axBOpHo-
BaHb. [opaii, noB’a3aHi 3 BOEHHUMW AiAMU, 3HAYHO nNiA-
BULLYIOTb PU3VKN 4Yepe3 pyMHYBaHHsS iHPaCTPyKTypw,
nepemMilLleHHs HAaceneHHs Ta NOTipLUEHHS YMOB XUTTS.

Migppue Kaxoscbkoi MEC, wo crtaBca B 2023 poui,
npu3BiB A0 MaclTabHWX NigTONNEeHb, 3pyWiHYBaHb XWUT-
NOBWX PaNoOHIB, a TAKOX [0 CEPUAO3HUX NOPYLUEHb Y CUC-
Temax BOAOMNOCTa4YaHHs Ta caHiTapii. Boga, wo posnuna-
Cs, cTana NoTeHLUiNHUM [XXepernom Ans po3noBCIOAXKEHHS
iHdeKUin 3 (hekanbHO-OpanbHMM MeXaHi3MoOM nepegadi,
Takux 9K renatuT A, canbMOHENbO3, AU3EHTEPIsA, Xornepa,
a Takox nentocnipo3. BogHouac, 3aTonneHHs CinbCbKo-
rocnofapcbkyx yrigb NPU3Beno Ao BTPAT! NpoaoOBONbCT-
Ba Ta MOripLUEHHs] YMOB Xap4yyBaHHSI cepef, HacerneHHs,
Lo 36inbLuye BpasnuBICTb 0 iHDEKUiNHMX 3aXBOPIOBaHb.

Mirpauia HaceneHHs yepes3 BOEHHI Aii Ta eBakyalis
3 NIATONNEHNX PaNoHIB CTBOPHOE 4OAATKOBI BUKIUKN ANS
OXOPOHW 3740poB’ss. Tabopwu AnNs BHYTPIWHLO MNepeMi-
LeHnx ocibé yacTo nepeHacerneHi, MalTb HeLOCTaTHIN
piBeHb caHiTapii Ta 0OMeXeHuin JOoCTyn OO YMCTOI BOAW,
O CTBOPKE CNPUATIMBI YMOBWM [ANS PO3MNOBCIOOKEH-
HA iH(eKUin 3 dekanbHO-OparbHUM Ta aepo30fibHUM
mMexaHiamom nepepadi [1, 2].

3pyriHyBaHHA MEAWYHOI iHPPACTPYKTYpU B pe3yrib-
TaTi 6OMOBMX il 3HAYHO YCKNAAHKE CBOEYACHE BUSIB-
NEeHHs Ta nikyBaHHA iH(eKUiNHMX 3axBoptoBaHb, Mia-
BULLYKOYM PU3MK iX mepexody B enigemii. HegocrtatHe
BaKLMHYBaHHSA Yepes BiACYTHICTb AOCTYNy 0O MEOUYHUX
nocnyr nigBuULLYE BPa3NMBICTb [0 3aXBOPIOBaHb, SKi
KepylTbecst 3acobamu cneumndivHoi NpodinakTukm, Takmx
SK Kip, KpacHyxa, NosioMieniT Ta iHLwi.

Hacnigkn BiHM TakoX BKMOYaOTh MNOLUMPEHHS iHLLIMX
iHDEeKLiIMHMX 3axBOptoBaHb, Takux sk TyOepkynbo3 Ta
BIN1/CHIO yepe3 nepeboi B nikyBaHHi Ta npodinakTuui,

INTRODUCTION

The war in Ukraine, which has been ongoing since
2014, has created major humanitarian challenges, of
which the spread of infectious diseases is of particular
concern. Events related to the hostilities have signifi-
cantly increased risks due to the destruction of infra-
structure, displacement of people and deterioration of
living conditions.

The explosion of the Kakhovka hydroelectric power
plant in 2023 led to widespread flooding, the destruction
of residential areas, and serious disruptions to water
supply and sanitation systems. The spilled water
became a potential source for the spread of infections
with a fecal-oral transmission mechanism, such as hepa-
titis A, salmonellosis, dysentery, cholera and leptospi-
rosis. At the same time, the flooding of agricultural land
has led to food loss and a deterioration in the nutritional
status of the population, increasing their susceptibility
to infectious diseases.

Population migration due to hostilities and evacuation
from flooded areas pose additional health challenges.
Camps for internally displaced persons are often over-
crowded, with inadequate sanitation and limited access
to clean water, creating conditions conducive to the
spread of infections with fecal-oral and aerosol trans-
mission mechanisms [1, 2].

The destruction of medical infrastructure as a result
of hostilities significantly hampers the timely detection
and treatment of infectious diseases, increasing the risk
of their transition to epidemics. Insufficient vaccination
due to lack of access to health services increases
vulnerability to diseases controlled by specific prophy-
laxis, such as measles, rubella, polio and others.

The consequences of war also include the spread
of other infectious diseases, such as tuberculosis and
HIV/AIDS, due to disruptions in treatment and preven-
tion, limited access to health services and medicines,
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obMexeHu OocTyn [0 MeaudHMX Mocnyr Ta nikis,
a TakoX 4Yepes3 MOripLUEHHsT YMOB XUTTS Ta 36iNblUeHHS
piBHs BigHocTi. MMigBuWmMBCA pM3uK iHGIKyBaHHS cTaTte-
BMM LUMISIXOM BHacMifoK CeKCyanbHOro HacunbcTBa, BYm-
HEHOro POCINCHKMMU BINCLKOBOCIY>XKOOBLSMM Ha OKyMo-
BaHWX TepUTOPIsX, abo BHAcNiAoK cekcyanbHOro Hacusb-
CTBa, BYMHEHOrO Haj BPA3NUBMMU KaTeropisiMuM Hace-
NeHHs, ki Hamaranucs mirpyesaTu B 6e3nedHe micue [3, 4].

BigHOBNEHHs1 iHppacTpykTypu, 3abe3neyeHHs Hace-
NEHHS1 YUCTOK NMUTHO BOAOHD, BaKUMHALLSA Ta NOKpaLLeH-
Hsl YMOB MpPOXMBaHHS MNEPEMILLEHNX OCIO € KPUTUYHO
BaXNMBUMW 3axodaMu AOnsi 3MEHLUEHHSI PO3MoBCHoa-
KEHHS iH(eKUinHnX 3axBoptoBaHb. MixHapogHa nig-
TpMMKa Ta cniBnpaus B ranysi rymaHiTapHoi gornomoru
Ta OXOPOHW 300pOB’s BifirparoTb KIHHOBY posb Y Noao-
NaHHI UnX BUKNUKIB.

B ymoBax BiltHM B YkpaiHi 3 2014 poky ocobnusy yBary
cnig 3BEpHYTV Ha KOMMMEKCHWI niaxia Ao 3abesneveHHs
rPOMaACbKOro 300pPOB’s, WO BKNHOYAE MOHITOPUHT iH(peK-
LiMHUX 3aXBOPIOBaHb, BaKUMHaLiO, NiGTPUMKY MeanyHOT
iHppacTpykTypn Ta 3abe3neveHHsi 6GasoBux noTped
HaceneHHs B ymoBax kpuau [5].

MeTta po6GoTtu — ouUiHUTKM enigemionoriyHi ocobnu-
BOCTi PO3MNOBCIOMKEHHS iHeKUinHNX xBopob cepen
HaceneHHs YkpaiHu 3 2014 poky i 4O CbOrogHi, 3 MeTo
BUSIBUTM TeHOEHUiI0 3MiH, MOB’A3aHMX 3 BOEHHUMU
DisiMWN Ha TepuTopii KpaiHu.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Ons  pocnimkeHHs ©ynu  BukopucTaHi  AaHi Bce-
CBITHbOI OpraHisauii oxopoHun 3gopos’ss (BOOS), 3BiTu
MiXKHapoAHUX HeaepKaBHUX opraHisauiv (Takmx sk World
Health Organization, International Committee of the Red
Cross), cratuctuka MiHicTepcTBa OXOpOHWM 300pOB’SA
YKkpainn. MeTtogonoris JocnigpKeHHs BKYana adanis
OWHaMiKM 3axBOPHOBAHOCTI Ha iHMEKUiiHi xBopobu B
YKpaiHi 3a nepiog 3 2014 no 2023 pik, BUBYEHHSA BNNK-
BY COLjianbHO-EKOHOMIYHMX Ta €eKOomMoriYHnX akTopis,
BUKINMKAHWX BiINHOO, HA 340POB’st HACENEHHS.

PE3YABTATU TA iX OBTOBOPEHHS

MoyaTok moBHOMacLTabHOI BilHW B YkpaiHi npu3sis
[0 3POCTaHHSA PU3NKY BUHUKHEHHS IHMEKLINHWUX 3axBo-
ptoBaHb. Lle ctano pesynsratom NOripLIeHHs eKonoriYHoT
cuTyauii, BXvBaHHSA 3abpyaHeHOi Boan Ta HU3bKOT SKOCTI
NpoaykTiB, nepepadi iHMEeKUin 4epe3 nepeHOCHNKIB,
a TakoX 4Yepe3 MOripLWEHHs YMOB poboTM MeguyHMX
3aknagiB Ta oOMexeHOoi AOCTYNHOCTI MeaWKaMEHTIB Ta
NpoinNakTMYHMX 3axOfQiB Ha OKYNMOBaHUX TEPUTOPISX.
Lle Takox npu3seno A0 3pOoCTaHHA Mirpauii HaceneHHs
Ta NepenoBHEHHS NPUTYNKIB Ansa GixeHuiB. PyiHyBaHHS
Kaxoecbkoi MEC cnpuumHuno macwitabHe 3aTonneHHs,
Wo npu3Beno Ao MacoBoi 3armbeni TBapuH i nogewn,
a TakoxX pynHyBaHHSA OydiBenb. Lle Buknukano dopmy-
BaHHA Yy BOAOMMAaxX CKOTOMOMWUMbHUWKIB, KINagoBMWLL,
CMiTTE3BaNULWY, i KaHanisauiiHux CUCTeM, Lo Cnpuyun-
HMNo MmacoBy 3arnbenb pubu. Bucoka Temnepatypa
NOBITPSA Y LIbOMY PanoHi cnpusna WBMAKOMY MOLUMPEH-
HIO iHEKUiHMX 3axBoploBaHb. 3abpyaHeHHs MNUTHOI
BOAM CTasno cepio3Hol npobrnemoto, sika npussena Ao
NOPYLUEHHSA CaHiTapHO-TiriEHIYHNX CTaH4apTiB Yy NPUroTy-
BaHHi xi. TOMy MeLLUKaHLi LbOro perioHy mManu BUCOKWUIA

deteriorating living conditions and increased poverty.
The risk of sexual transmission has increased as
a result of sexual violence perpetrated by Russian military
personnel in the occupied territories or against vulner-
able populations trying to migrate to safety [3, 4].

Restoration of infrastructure, provision of safe drinking
water, vaccination and improvement of living conditions
for displaced persons are critical measures to reduce
the spread of infectious diseases. International support
and cooperation in humanitarian aid and health care
play a key role in addressing these challenges.

In the context of the war in Ukraine since 2014,
particular attention should be paid to a comprehensive
public health approach, including infectious disease
surveillance, vaccination, support for medical infra-
structure and meeting the basic needs of populations
in crisis [5].

Objective. To evaluate the epidemiological features of
the spread of infectious diseases among the population
of Ukraine from 2014 to today, with the aim of identifying
the trend of changes associated with military actions
on the territory of the country.

MATERIALS AND METHODS

The study used data from the World Health Organi-
zation (WHO), reports of international non-governmental
organizations (such as the World Health Organization
and the International Committee of the Red Cross), and
statistics from the Ministry of Health of Ukraine. The re-
search methodology included analyzing the dynamics
of infectious diseases in Ukraine from 2014 to 2023
and studying the impact of socio-economic and environ-
mental factors caused by the war on public health.

RESULTS AND DISCUSSION

The outbreak of a full-scale war in Ukraine has led
to an increase in the risk of infectious diseases.
This was the result of the deteriorating environmental
situation, the consumption of contaminated water and
poor-quality food, the transmission of infections through
vectors, the deterioration of healthcare facilities, and
the limited availability of medicines and preventive
measures in the occupied territories. This has also led
to increased migration and overcrowding in refugee
shelters. The destruction of the Kakhovka hydroelect-
ric power plant caused large-scale flooding, which
led to massive deaths of animals and people, as well as
the destruction of buildings. This led to the formation
of cattle cemeteries, landfills, and sewage systems in
the water bodies, which caused massive fish Kills.
The high air temperature in the area contributed to the
rapid spread of infectious diseases. Drinking water
contamination became a serious problem, leading to
violations of sanitary and hygienic standards in food
preparation. Therefore, residents of this region were
at high risk of contracting intestinal infections. People
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pPU3MK 3axBOPITM Ha KuWKOBi iHdekuii. Ocobun, ski
Opanu yyacTb B eBakyalii nocTpaxganux, nepebysanu
B [JOBrOTPMBAaNoMy KOHTaKTi 3 BOAO, 3abpyaHeHo
Bipycamu Ta OGakTepisMu, WO NigBMWMIO iX pPU3MK
3apaxeHHs1 Tynsipemielo Ta nentocnipo3oMm. 3 yacom
MOXIMBE MOLUMPEHHSI EHTEPOBIpYCY, Bipycy renatuty A
Ta XOnepHoro BiOpiOHY, SkUiA MOXe 3anuaTucst B piy-
koBoMy myni [1]. Hapasi Hamnbinbw 3abpygHeHumun €
piukoBe pycno [Hinpa Ta akBaTopia YopHoro Mops
3 BENMKOK KINbKIiCTIO BigxuneHb 3a MikpobionoriyHumu,
napasuTonoriYyHMMKM Ta BipyCOMOrYHUMU MOKa3HUKaMM.
Cepen naToreHis, WO BUSBMNEHI Yy BoAi, HandacTiwe
3ycTpivaloTbCs canbMoHena, poTasipyc, snus abo nu-
YMHKM FeNbMIHTIB Ta KULLKOBA Nanu4ka. Y nocrpaxaanmx
perioHax CTBOpPEHO 3anack HeobXigHUX nikiB, 3okpema
aHTMGIOTMKIB Ta coOpOeHTIB ANs MiKyBaHHS TOCTpUX
KMLLKOBUX iHdpekuin. Takox nigrotoeBneHo 3anac Tabne-
TOK Ansa gesiHdekuii nuTtHOI BogM Ha MukonaiBLymHi
Ta XepCOoHLWMHI. MellkaHuaM nocTpaxganux panoHiB
PEKOMEHOYETLCA YHMKATU KOHTakTy 3 OpyaHOH BOAOH
i YTPUMyBaTUCS Bifl BXWMBAHHS PiYHOI Ta MOPCbKOI pubu
Ta pakiB. Bci npoayktu xapyyBaHHS B LbOMY perioHi
060B’sI3KOBO MakoTb MPONTM TepMiuyHy 0OpobKy. Y pasi
NnosiBM NepLunX CUMMTOMIB TFOCTPOI KWULLKOBOI iHApeKUii
cnig HeramHo 3BepHyTUCS A0 nikaps [6].

Kpim Toro, nangemis COVID-19 cTtBopuna HanbinbLu
KPUTUYHUI  PU3NK  cepen  iHPEKUIMHNX 3axBOpoBaHb,
SKUA MOXHA Oyno yHWKHYTW. MNoynHaoum 3 neplumx gHiB
BTOPrHEHHA B €Bponi Ta CBIiTi, NMOLWMPIOBABCA BUCOKO-
KOHTario3Hmin BapiaHT SARS-CoV-2 Omicron. Makcu-
MarbHa KinekicTb BUnagkis byna s3adpikcoBaHa NpoTsirom
nepworo TwxkHA ntotoro 2022 poky — 241000, i 3meH-
wunaca go 111000 BunagkiB Ha TWXAEHb OO MoyaTky
kKoHonikTy. 3a gaHumm BOOS, YkpaiHa cTana ogHieto
3 KpaiH 3 HaMBULLMM piBHEM 3aXBOPHOBAHOCTI B €Bponi.
Micna BiicbkoBOro Hamagy cuctema enigHarnsgy 3a
COVID-19 B YkpaiHi cyTTeBO NocTpaxgana.

Micns noyatky BTOprHeHHs B YkpaiHi Binbynocs piske
3MeHLUEeHHs1 obcsariB TecTyBaHHst Ha COVID-19 4yepes
3aKPUTTA MeguYHUX LEeHTPIB NO BCil KpaiHi, a giarHoc-
TU4YHI nabopaTopii NpautoBany Ha NOMoBUHY MOTYXKHOCTI.
[aHi npo KinbKicTb cumMnTOMaTUYHMX BUNAAKIB cepen
yKpaiHcbkux Aiten 6ynn abo HegocTynHi, abo HETOYHi
yepes BUCOKUW piBEHb MepemileHHs monogi. Joctyn
[0 cTauioHapHoro nikyBaHHs Tsbkkux Bunagkis COVID-19
CTpiMKO noripwmBcs 3 3pocTaHHAM GoloBux  AOii.
B palioHax, wo notpanunu nig obCcTpinu Ta KOHTPOrto-
Banucs YkpaiHot, MeguuHi 3aknagu Oynu  noLukoa-
XeHi abo 3HuWLeHi, BigdyBanacs roctpa Hectada Me-
OudHoro nepcoHany. 3a piarpamoto (puc. 1) BuAHO
3Ha4YHe 3pPOCTaHHsi BMMNAAKiB 3aXBOPIOBaHHA 3 MOMEHTY
noyaTKy BTOPrHeHHsi [16].

[o novaTky BTOPrHEHHSI HaceneHHst YkpaiHn 6yno
BKpan cxunbHum o nepegadi COVID-19 yepes HuM3bkui
piBeHb BakumHauii. 3rigHo 3 gaHMMKM AOCMiIAHWULBKOro
nigpo3ainy Okcdopackkoi wkonu MapTtiHa npyu Okcdopa-
cbkoMmy yHiBepcuTeTi, Benvka Bputania (Unicef 2021),
CTaHOM Ha KiHeub 2021 poky, nuwe 32% HaceneHHs
YkpaiHn 6yno MOBHICTHO BakKLMHOBAHO, LU0 3HAYHO MEH-
e cepenHboro MoKasHWKa Ans KpaiH €Bponencbkoro
Cotosy (71%). Lia Hu3bka BakuuHauis B YKpaiHi NOSACH0-
€TbCsl, 30Kpema, HeOoBipOK HaCeNeHHs [0 npouecy
BaKLMHaLii, Lo 6yno BUSBNEHO Yy Pi3HMX OOCNIMKEHHSIX.
Cnienpausa 3 BOOS 3a uMm nutaHHsaM posnodanacs
wey 2012 p., a 32019 p. ue cTano ogHieto 3 Hancepmos-
Hilunx rmobanbHMX 3arpo3 340POB’H0 HACENEHHS.

who participated in the evacuation of the victims were
in prolonged contact with water contaminated with
viruses and bacteria, which increased their risk of
contracting tularemia and leptospirosis. Over time, the
spread of enterovirus, hepatitis A virus, and cholera
vibrio, which can remain in river silt, is possible [1].
Currently, the Dnipro riverbed and the Black Sea are
the most polluted, with numerous deviations in micro-
biological, parasitological, and virological indicators.
Among the pathogens found in water, the most common
are Salmonella, rotavirus, worm eggs or larvae, and
E. coli. In the affected regions, stocks of essential
medicines, including antibiotics and sorbents for the
treatment of acute intestinal infections, have been
created. A stock of tablets for disinfecting drinking
water has also been prepared in Mykolaiv and Kherson
regions. Residents of the affected areas are advised
to avoid contact with contaminated water and refrain
from eating river and sea fish and crayfish. All food in the
region must undergo heat treatment. In case of the
first symptoms of an acute intestinal infection, you
should immediately seek medical attention [6].

In addition, the COVID-19 pandemic has created the
most critical risk among infectious diseases that could
have been avoided. Starting from the first days of the
invasion, the highly contagious SARS-CoV-2 Omicron
variant was spreading in Europe and around the world.
The maximum number of cases recorded during the
first week of February 2022-241,000, which decreased
to 111,000 cases per week before the conflict. Accor-
ding to the WHO, Ukraine has become one of the
countries with the highest incidence rate in Europe.
After the military attack, the COVID-19 surveillance
system in Ukraine was significantly damaged.

After the start of the invasion, Ukraine experienced
a sharp decline in COVID-19 testing due to the closure
of medical centers across the country, and diagnostic
laboratories were operating at half capacity. Data on the
number of symptomatic cases among Ukrainian children
were either unavailable or inaccurate due to the high
level of youth displacement. Access to inpatient treat-
ment for severe COVID-19 cases has deteriorated rapidly
with the increase in hostilities. In the areas under fire
and controlled by Ukraine, medical facilities were
damaged or destroyed, and there was an acute short-
age of medical personnel. The chart (Figure 1) shows
a significant increase in cases since the beginning
of the invasion

Before the invasion, the population of Ukraine was
highly susceptible to COVID-19 transmission due to
low vaccination rates. According to Unicef 2021,
a research unit of the Oxford Martin School at the
University of Oxford, UK, only 32% of the population
of Ukraine was fully vaccinated as of the end of 2021,
which is significantly lower than the average for the
European Union (71%). This low vaccination rate in
Ukraine is explained, in particular, by the population’s
distrust of the vaccination process, which has been
identified in various studies. Cooperation with the
WHO on this issue began in 2012, and since 2019,
it has become one of the most serious global threats
to public health.

At the outbreak of the war in February 2022, only
35.7% of Ukraine’s population had received two
doses of the vaccine, which was much lower than in
most EU countries.
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Puc. 1. uHamika pocTy KinbKkocTi BUnagkis 3axsoptoBaHHA Ha COVID-19 i3 nouyaTkom BiiCbKOBOIO BTOPrHEHHS B YKpaiHi
Fig. 1. The dynamics of COVID-19 incidence since the beginning of the military invasion in Ukraine

Ha MmomeHT noyatky BiiHM B nitoTomy 2022 poky nuvile
35,7% HaceneHHs YKkpaiHn manu OBi J03M BaKUMHW, LLO
BUSIBUNOCHA HabaraTto MeHLWMM, Hixk y BinbLiocTi kpaiH €C.
MeHwe 2% HaceneHHs BaKUMHOBaAHI TPETbLOK 40300
BaKUWHW, sika 3abesneyye BULIWUIA piBEeHb 3axUCTy BiA
BapiaHTy OMikpoHy Ta woro niatuny BA.2, W0 akTMBHO
nowmptoBaBscsi. HauioHanbHa kamnaHis 3 BakuuHauii
aiTen ctapwe 12 pokiB Oyna npunvHeHa 4epe3 KOoHd-
NiKT BCbOro Yepes LWiCTb TWXKHIB 3 MOMEHTY 1i movaTtky
13 ciunga 2022 poky [7].

Micna npubyTTa ObKeHUiB OO €BPONEMCHKUX KpaiH,
Xod i Oyna 3abesneyeHa neBHa Gesneka iXHbOMY XUTTHO
Ta 340pOB’l0 Bif HerapasziB, MOB’A3aHMX 3 BiAHOW, BOHM
3anvwanuca B 30Hi MiOBULLEHOTO PU3MKY 3apaXkeHHs
Ha COVID-19 yepes TicHe NPOXMBaAHHA Ta OOMEXeHUI
AOCTyn OO MeauyHoi gonomoru. barato eBponencbkux
KpaiH Haganu 6e3koWTOoBHI BakuuMHM npotn COVID-19
ONS yKpaiHCbKMX BibkeHUiB Ta 3a0e3ne4mnm MOHITOPUHT 3a
iXHIM 300pOoB’AM.

Puankn nepepadvi COVID-19 ycknagHo0TbLCA Maco-
BUM MepeMilleHHsIM MINbMOHIB YKpaiHCbKMX AiTen Ta
mMonogi. 3 ypaxyBaHHSAM Lj€i CknagHoi cuTyauii, €Bpo-
NENCbKUA LIEHTP 3 KOHTPONIO Ta NpodinakTUKM 3axBo-
ptoBaHb (ECDC) onybnikyBaB [oknagHe KepiBHULTBO
ONS opraHiB OXOpOHW 340poB’s €Bponu, B skoMy Oynu
BM3HAYEHi pU3MKM Ta peKkoMmeHgauii ana MiHimizauii
NoLUNPEHHS iHdekuin cepen GixkeHuiB [2].

PosnoBclogkeHi CyMHiBM CTOCOBHO BakuuHaLii B
Ykpaini y nepwi gecatunitta 2000-x pokiB npusBenu
00 OyXe HU3bKOro piBHA BaKuMHAUil AiTerd NpoTu Takmx
XBOpPOO, sk AndTepisa, npaBeLb, KalUmK, Kip, NapoTut
i KpacHyxa, a Takox npoTtu noniomienity. Y 2018 poui
CcTaBcs cnanax Kopy B YKpaiHi, BHaAcnigok 4oro 6yno
3apeecTtpoBaHo 12000 Bunagkie, WO NpuUBENO OO HEOO-
XiQHOCTI HeramHoi BakuuHaujii. Ha MOMeHT novaTtky
6onosux gin y nwotomy 2022 poky nuwe 81,9% Hace-
neHHst Oyno BaKUMHOBaHe MpPOTM KOpy ABOMa A03aMu,
WO, XO04 i nepeBuWye PpiBeHb BakuuHaUii npoTn
COVID-19, ane He 3abesneyye AOOCTATHLOIO 3aXWUCTY
Bif LUBMOKOrO MOLUMPEHHSA BIipyCcy KOPY, BpPaxoByH4M
BUCOKMN piBeHb nepepadi iHdekuii. Lle cTtBopuno
BUCOKMI PU3MK, 0COONMBO Ans GinblIOCTi YKpaiHCbKMX
4iTen, AKi NOCTIMHO NepecyBalOTbLCA.

Less than 2% of the population received a third
(«booster») dose of the vaccine, which provides a higher
level of protection against the Omicron variant and its
subtype BA.2, which was actively spreading. The national
vaccination campaign for children over 12 years of
age was suspended due to the conflict just six weeks
after it began on January 13, 2022 [7].

After the refugees arrived in European countries,
although they were provided with some security for
their lives and health from the hardships associated
with the war, they remained at high risk of contracting
COVID-19 due to close quarters and limited access
to medical care. Many European countries have provi-
ded free COVID-19 vaccines for Ukrainian refugees
and ensured their health monitoring.

The risks of COVID-19 transmission are compoun-
ded by the massive displacement of millions of Ukrai-
nian children and youth. In light of this challenging
situation, the European Center for Disease Control
and Prevention (ECDC) published detailed guidance
for European health authorities, which identified risks
and recommendations to minimize the spread of
infections among refugees [2].

Widespread doubts about vaccination in Ukraine
in the first decades of the 2000s led to very low vacci-
nation rates for children against a number of diseases,
such as diphtheria, tetanus, pertussis, measles, mumps
and rubella, as well as polio. In 2018, there was
a measle’s outbreak in Ukraine, resulting in 12,000 cases,
which necessitated immediate vaccination. At the out-
break of hostilities in February 2022, only 81.9% of
the population had been vaccinated against measles
with two doses, which, although higher than the
COVID-19 vaccination rate, does not provide sufficient
protection against the rapid spread of the measles
virus given the high transmission rate. This has created
a high risk, especially for most Ukrainian children,
who are constantly on the move.

Insufficient vaccination has also created significant
vulnerability to polio, especially for children under
6 years of age. In 2021, nationwide polio vaccination
coverage was 80%, with variations from 60% to 99%,
necessitating an urgent nationwide vaccination cam-
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HepoctaTH BakumHauisi TakoX CTBOpUIa 3HaYHy
BpasnuBicTb 40 noniomienity, ocobnueo aons fiter Jo
6 pokiB. Y 2021 poui 3aranbHOHaUiOHanbHE OXOMMEHHS
BaKkuUmHauieto npoTu noniomienity ctaHosuno 80%, 3 Ba-
piauismu Big 60% Ao 99%, WO BUKNMKaNo HeobxigHicTb
TEPMIHOBOI 3aranbHOHaLUiOHaNbHOT KamMnaHii BakuuHauii,
wo posnoyanacsa 1 ntotoro 2022 poky, ane 6yna npunu-
HeHa Yepes TpY TUXHI Yepe3 pocilicbke BTOPrHEHHS.

Ha MOMEHT no4aTtky pOCIAiCbKOrO BTOPrHEHHSI LIMPKY-
noBaB Ce30HHWI rpun, npote nuwe 167000 ykpaiHuiB
(0,4% HaceneHHs1) 6yno BakuuHoBaHo [8].

Tybepkynbo3 3anuvIIaeTbCa KPUTUYHOK Npobnemoto
rpoMagcbkoro 34opoB’st B YkpaiHi (puc. 2), ocobnueo
Yepes BMCOKMI piBEHb 3aXBOPHOBAHOCTI Ha doopmm Tybep-
Kynbo3y 3 MHOXWHHOIO MiKapCbKoto CTinkicTio [17]. Ykpai-
Ha TakoX Mae BUCOKMI piBeHb KkoiHdekuii BIJl/Ty6ep-
Kynbo3, Lo CTaBuTb il Ha Apyre Micue cepepn eBponen-
CbKWX KpaiH 3a LM NOKA3HMKOM.

70}
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paign that began on February 1, 2022, but was suspen-
ded three weeks later due to the Russian invasion.

At the time of the Russian invasion, seasonal influen-
za was circulating, but only 167,000 Ukrainians (0.4% of
the population) had been vaccinated [8].

Tuberculosis remains a critical public health prob-
lem in Ukraine (Figure 2), especially due to the high
incidence of multidrug-resistant tuberculosis [17].
Ukraine also has a high rate of HIV/tuberculosis
coinfection, which ranks it second among European
countries in this regard.

Puc. 2. [lInHamika 3axBoptoBaHOCTI Ha TybepKynbo3 B YkpaiHi 3a nepiog 2016-2023 pp.
Fig. 2. The dynamics of tuberculosis incidence in Ukraine in the period from 2016 to 2023

YkpaiHcbki AiTv, wo npnbyBanu 4o KinbKox KpaiH €B-
ponwu, BkMoYaouy [MonbLyy, NPoOAWNM MeanyHUn ormssa
Ta oTpumanu HeobxigHy BakumHauito. BOO3 cnienpauto-
Bana 3 KpaiHamu, siki npunmaroTb ObkeHUiB, 30Kkpema
3 YropwumHow, PymyHieto Ta MongoBoto, Anst yAOCKOHa-
NEHHs IXHIX cucTem enigHarnsagy Ta nocnyr 3 iMyHisawii.
Barato giter BTpatMnM CBOI MeAMYHI 3anucu nig 4ac
BTEYI 3 MiCLb KOH(MIKTY, O YCKNaaHMIO 3abe3nevyeHHs
MOBHOI iMYHi3aLii Big pisHUX iHeKLinHNX xBopob [9].

KnimatuyHe Ta reorpadpiyHe mnonoxeHHs YkpaiHu
Cnpusie BUCOKOMY PiBHIO nowwmpeHHs nentocnipody [10].
XBopoba nolumpeHa B ycix obnacTsax, 0cobrnmBo akTMBHO
y 3akapnarckkin, MukonaiBcbkin, TepHoNinbCbkin, YepHi-
riBcbkin, IBaHO-PpaHkiBCbKi, KuiBcbkini, KipoBorpaa-
CbkKili Ta YepHiBeLbkin obnactsax.

BpaxoBytoum NiTHbO-OCIHHIO CE30HHICTb, MOKa3HWUKM
3axsoptoBaHocTi y 2022 poui 6ynu BuwwmmMm, Hix y 2021 p.
3a3HaveHo nigBulieHHs piBHA y yepBHi — 0,03 Ha
100 Tuc. HaceneHHsa (13 Bunagkis) y 2022 poui, 3 Makcu-
ManbHUM NiAMOMOM 3aXBOPHOBAHOCTI y ceprHi 2022 poKy —
0,09 Ha 100 Tnc. HaceneHHsa (39 Bunagkis) (puc. 3) [11].

2019 2020 2021 022 2023
Pokuf Years
Ukrainian children arriving in several European

countries, including Poland, have been medically
examined and immunized. WHO worked with refugee
host countries, including Hungary, Romania and Moldova,
to improve their surveillance systems and immunization
services. Many children have lost their medical records
while fleeing conflict areas, making it difficult to ensure
full immunization against various infectious diseases [9].
The climatic and geographical location of Ukraine
contributes to the high prevalence of leptospirosis [10].
The disease is widespread in all regions, especially
in Zakarpattia, Mykolaiv, Ternopil, Chernihiv, Ilvano-
Frankivsk, Kyiv, Kirovohrad, and Chernivtsi regions.
Given the summer-autumn seasonality, the incidence
rate in 2022 was higher than in 2021. There was an in-
crease in June of 0.03 per 100 thousand people
(13 cases) in 2022, with a maximum increase in
August 2022 — 0.09 per 100 thousand people (39 cases)

(Fig. 3) [11].
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Puc. 3. [lInHamika 3axBOpIOBAHOCTI Ha NeNToCnipo3 cepen HaceneHHs Ykpainu 3a 2021-2022 pp.
Fig. 3. The dynamics of leptospirosis incidence among the population of Ukraine in the period from 2021 to 2022

3rigHo 3 gaHMMK iCHye pearbHa MOXIMUBICTb BUHMK-
HEHHS BUMNAaAKiB 3aXBOPIOBAHHA cepen HaceneHHs npu
3aHeCeHHi 30yaHuKa 3 eH300TMYHUX TepUTOpIN. Y 30HYy
NigBWLLIEHOrO PU3NKY Ha NEenTocnipo3 BXOAATb Taki 06-
nacti: MukonaiBcbka, Opecbka, XepcoHcbka. 3a gaHumn
OpecbKoro NpoTUYYMHOrO IHCTUTYTY iM. |. |. MeyHukoBa
3a OCTaHHi JBa AeCATUPIYYSA BiAMIYAETHCS NOMITHE 3pOC-
TaHHA 3axBOPIOBAHOCTI HaceneHHs perioHy. BigmiueHo,
WO Uus iHdeKUia nowmpeHa mawmke Mo BCil TepuTopil
Opecbkoi, MukonaiBcbkoi Ta XepCOHCbKOi obnacten.
IHikyBaHHA niogen 34ebinboro noe’sasaHi 3 BUKOpUC-
TaHHAM BOAM 3 BigkpuTUx Boaonm (84%) Ta 3a nobyToBmx
KOHTaKTiB 3 MMLLIONOAIGHNMM rpnsyHamu. OCHOBHOIO 3a-
rpo3oto, WO CrpusAe MOLUMPEHHIO 3axBOPIOBaHOCTI Ha
nenTocnipos, € rymaHiTapHa karactpodpa, crnpuunHeHa
nigpneom Kaxosckkoi MEC [11, 12].

Okpim uporo, YkpaiHa 3avimae gpyre micue y CxigHin
€sponi 3a piBHeM nowwupeHocTi BIT-iHdekuii, Yepes wo
nUTaHHA pu3nky iHdikyBaHHs BIJT noctpaxpganux Big
BilHW € 0co6nMBO KpuTu4HuM. LLlopiyHO peecTpyeTbes
260000 Bunapgkis iHikyBaHHs Ta Big 3000 o 5000 cmep-
Ten cepen Aopocnux i nignitkis. fonoBHMMK cnocobamm
nepegadi iHeKUii cepen AOPOCNUX Ta NIAMITKIB € BHYT-
PiLUHBOBEHHE BXMBAHHSA HapKOTMKIB Ta CTaTeBWIN LLUMAX
nepegadi iHdekuii [13].

Kinbkicte BunagkiB BlJ1-iHdekuii B YkpaiHi 3poctana
maike Ha 10% koxHoro poky 3 2007 no 2017 pik.
Mpu ybomy nuwe 40% BlJ1-no3nTuBHUx gopocnux i 54%
BIJ1-no3nTnBHMX AiTen OTpuMyBanm aHTUPETPOBipyCHE
nikyBaHHA 00 BiiHW. AHTUpeTpoBipycHa Tepanis Oyna
HanomnernMBo pekoMeHAoBaHa Ans 3anobiraHHA BepTu-
KanbHoi nepeavi BIJ1 Big iHikoBaHMX maTepiB 0o aiTen;
OfHaK cuTyauis B YkpaiHi, WO LWBMAKO MoriplyBanacs,
pisko obmexuna pgoctyn Ao nikyBaHHA BlJ-iHdekuii
Y BariTHMX >iHOK 3 NOAAanbLUMM PU3UKOM iH(ikyBaHHS BIN
i HoBOHapomkeHux. BiHa Takox BMKNMKana 3aHenoko-
€HHHA TVM, WO iHLWI iCHytodi Bap’epy Ha WnNsxy Ao nocnyr
3 npocpinaktukm nepepadi BIJ1 Big maTtepi oo ouTMHM
MOXyTb CTatu wWe 6inbw BupaxeHumn. BinHa B YkpaiHi
CrpuvyMHUNA XaocC Yy BCii CUCTEMi OXOPOHM 300pOB’A Ta

According to the data, there is a real possibility of
cases of the disease among the population when the
pathogen is introduced from enzootic areas. The high-
risk area for leptospirosis includes the following regions:
Mykolaiv, Odesa, and Kherson. According to the
Mechnikov Odesa Anti-Plague Institute, over the past
two decades, there has been a marked increase in
the incidence of the region’s population. It has been
noted that this infection is widespread almost throughout
Odesa, Mykolaiv, and Kherson regions. Human infections
are mostly associated with the use of water from open
water bodies (84%) and household contacts with mouse-
like rodents. The main threat that contributes to
the spread of leptospirosis is the humanitarian catas-
trophe caused by the explosion of the Kakhovka hydro-
electric power plant [11, 12].

In addition, Ukraine ranks second in Eastern Europe
in terms of HIV prevalence, which makes the issue of
the risk of HIV infection among war-affected people
particularly critical. 260,000 cases of infection and 3,000
to 5,000 deaths among adults and adolescents are
reported annually. The main modes of transmission
among adults and adolescents are intravenous drug
use and sexual transmission [13].

The number of HIV infections in Ukraine increased by
almost 10% each year from 2007 to 2017. At the same
time, only 40% of HIV-positive adults and 54% of
HIV-positive children received antiretroviral treatment
before the war. Antiretroviral therapy was strongly
recommended to prevent vertical transmission of HIV
from infected mothers to their children; however, the
rapidly deteriorating situation in Ukraine has severely
limited access to HIV treatment for pregnant women,
with subsequent risk of HIV infection for newborns.
The war has also raised concerns that other existing
barriers to services for the prevention of mother-to-child
transmission of HIV may become even more pronounced.
The war in Ukraine has wreaked havoc on the entire
healthcare system and led to the closure of more than
40 facilities that provided antiretroviral therapy and
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npussena go 3akputTta noHag 40 3aknagis, ski Hagaesanu
nocnyru 3 aHTUPETPOBIPYCHOI Tepanii Ta NpodinakTuku,
O MOXe MOCTaBWUTM KpaiHy nig 3arposy BiAHOBMEHHS
enigemii BlJT-iHgekuii. MoHag 100 000 nwogen 3 BIJI
NpoXuBanu Ha TepUTopisx, Wo 6e3nocepeaHbLO NOCTpax-
aanu Big BiiHW, 3 HMX 59 000 oTpumyBanu nikyBaHHS.
MeHwe 40% 3 unx nogen 3amMornm BUixaTn 3a Mexi 30HK
OoMoBuX AjK, WO 3anuWNO 3HaYHy KinbkicTb noaen
B YyMOBax OOMEXeHOro focTyny [0 Mocnyr 3 NikyBaHHS
BlUJT-iHdekuii. Takox, oyxe cknagHo oxonutu niogen 3 BIJT,
sIKi nepebyBaloTb B OKyNOBaHUX 30HaxX Ta Ha MiHii ppoHTY.

€Bponencbki NPUKOPAOHHI  KpaiHW, SKi npuamanu
yKpaiHCbKunx BOikeHUiB, He Manu JocTaTHIX pecypcis Ansi
3abe3neyeHHs nikyBaHHA nogen, saki xueyTb 3 BIJIL
HenikoBaHi BIJl-iHdikoBaHi OGixkeHUi cTaHOBUNN pPU3UK
cepriosHoi nepegadi BIJT iHWKM GbxeHUsM Ta npeactas-
HMKaM 3ararbHOro HacerneHHsi NpurMMaroumnx KpaiH. YcBi-
aomnioouK Lo cutyatio, FOHEWAC (O6’egHaHa nporpa-
mMa Opranizauii O6’eagHaHmx Hauii no BIJI/CHI[) Ta BOO3
aKTMBHO cniBnpautoBann 3 KpaiHamu E€BpOnencbLKoro
Cotosy 3 meToto 3abe3nevyeHHs1 aHTUPETPOBIPYCHOI Tepa-
nii ans GixeHuis [13].

Bnnue BiiCbKOBOro KOHQNIKTY Ha CUCTEMY OXOPOHMU
300poB’st B YkpaiHi nopomkye Ge3npeueneHTHi BUKIUKA
Ta notpebye KOMMMEKCHOro niaxogy A0 iX BUpILLEHHS.
BinHa 3HayHO obMexuna [ocTyn OO0 MELUYHUX MOCIyT,
0Ccob6nMBO y 30HaxX aKTUBHUX GOMOBKX A, Ta CNPUYNHU-
na nepeposnofin pecypcis, Lo 3aroctpuno npobnemy
6opoTbbn 3 COVID-19. Husbkuii piBeHb BakuuHauii
nepen KOHMMIKTOM i BUKMMKKW, NOB’si3aHi 3 iMyHi3auielo
nig Yac BiiHW, BUMararTb 3yCUNb AK Ha HaUioHanbHOMY,
Tak i Ha MiKHapogHOMY piBHI ANS NiABULUEHHSA PiBHS
OXOMMEHHS BaKUMHALE.

Okpim TOro, MmacoBsa Mirpauisi HaceneHHsl, 3okpema
4iTen, 36inbluye pu3nKM NOLUMPEHHS iHheKUINHUX 3axBo-
ptoBaHb Ta NoTpebye akTMBHUX Ain Ans 3abesneveHHs
OOCTyny A0 BakuuHauii Ta MeanyHoro obCryroByBaHHS.
BoagHouac, pgoctyn Ao aHTMPETPOBIpyCcHOI Tepanii Ang
nogewn, wo xmneytb 3 BIJT, ctae we 6inbw KPUTUYHUM
Yy KOHTEKCTi BilHW. TakoX, B yMOBaxX Kpu3n pU3MK NOLIN-
PEeHHs iHdEeKUin € Haa3BMYaNHO BUCOKMM 4epes Mnorip-
WeHHs caHiTapHux HopM. [ligpne Kaxoscbkoi [EC
MaTMMe OOBroTpusani Hacnigky, BKAYa4M iHEKUINHI
32aXBOPIOBAHHSI Ta CEPUO3HE MOLUKOMKEHHS EKOCUC-
TeMu, 30kpeMa 3abpyaHEHHS I'PYHTIB Ta NoBiTps. KoxeH
i3 Hac nepebyBae nig 3arpo3oto, TOMY [AOTPMMAaHHS
npoTuenigemiyHMx 3axodiB Bkpal BaxnuBe Ansa 36e-
PEXEHHS 300pOoB’s.

Y BignoBiAb Ha Ui BUKMUKN BaXXNMBO 3MiLHIOBaATU
MiKHapoAHy cnisnpauto Ta nigTpUMKY, 3anyyatu rymaHi-
TapHi opraHisauii Ta MiXHapogHi opraHisauii OXopoHu
300pOB’'SE AN HagaHHa gonomorn Ykpaidi. Lle moxe
BKMO4aTU 3abe3neyeHHss MegUYHUX NMOCTaBOK, MiaATPUM-
Ky B pO3ropTaHHi KamnaHin BakuuHalii, Ta gonomory
y 3abesneyveHHi KOHTUHYyMYy [ornsgy Ans XPOHIYHO
XBOPMX Ta BPasnvBKX rPyn HACENEHHS.

BUCHOBKHU

Y3aranoHiow4M BULLEHaBeaeHy iHdopmaLito, MoXHa
3pO6UTN BUCHOBOK, LLO BOEHHUA KOHMMIKT B YKpaiHi
3 2014 poky CyTTEBO MiABULUMB PU3MK PO3NOBCIOOKEHHS
iHpekUiiHMX 3axBOploBaHb cepep HaceneHHs. PyiiHy-
BaHHA MeauYHOl iH(PacTPYKTypW, NepepuBaHHsA BakLm-
HaUiHWX nporpamM, MacoBi MNepeMillleHHs HaceneHHs

prevention services, which could put the country at risk
of a resurgence in the HIV epidemic. More than 100,000
people living with HIV were living in the areas directly
affected by the war, of whom 59,000 were receiving
treatment. Less than 40% of these people were able
to travel outside the war zone, leaving a significant
number of people with limited access to HIV treatment
services. It is also very difficult to reach people with HIV
in the occupied areas and on the front lines.

European border countries that received Ukrainian
refugees did not have sufficient resources to provide
treatment for people living with HIV. Untreated HIV-
infected refugees posed a risk of serial transmission
of HIV to other refugees and members of the general
population of host countries. Recognizing this situa-
tion, UNAIDS (the Joint United Nations Programme on
HIV/AIDS) and WHO actively cooperated with the
European Union to provide antiretroviral therapy for
refugees [13].

The impact of the military conflict on the health care
system in Ukraine poses unprecedented challenges
and requires a comprehensive approach to addressing
them. The war has significantly limited access to
healthcare services, especially in the areas of active
hostilities, and has led to a redistribution of resources,
which has exacerbated the problem of fighting COVID-19.
Low vaccination rates before the conflict and the
challenges associated with immunization during the
war require efforts at both the national and international
levels to increase vaccination coverage.

In addition, mass migration of the population, inclu-
ding children, increases the risk of spreading infectious
diseases and requires active efforts to ensure access
to vaccination and health care. At the same time, access
to antiretroviral therapy for people living with HIV
becomes even more critical in the context of war.
Also, in a crisis, the risk of spreading infections is
extremely high due to deteriorating sanitary standards.
The explosion of the Kakhovka hydroelectric power
plant will have long-term consequences, including
infectious diseases and serious damage to the eco-
system, including soil and air pollution. Each of us is
at risk, so adherence to anti-epidemic measures is
essential to maintaining our health.

In response to these challenges, it is important
to strengthen international cooperation and support,
engage humanitarian organizations and international
health organizations to assist Ukraine. This could
include securing medical supplies, supporting the rollout
of vaccination campaigns, and helping to ensure
a continuum of care for the chronically ill and vulner-
able populations.

CONCLUSIONS

Summarizing the above information, it can be
concluded that the military conflict in Ukraine since 2014
has significantly increased the risk of spreading infectious
diseases among the population. The destruction of
medical infrastructure, interruption of vaccination pro-
grams, massive population movements and deterioration
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Ta MOripWEeHHs1 TiriEHIYHNX YMOB CTanu OCHOBHUMM
hakTopamu, siKi CpUANUN LIbOMY PU3KKY.

[nsi 3MEeHLWEeHHs1 HEraTUBHOMO BMNSINMBY BOEHHOMO KOH-
dnikTy Ha enigemionoriyHy cutyadito B YkpaiHi Haa3su-
YanHO BaXNMBO NPUMAHATU HEBiAKNAgHI 3axoau. Lle Bknto-
Yae BiOHOBMEHHS Meau4HOoi iHpacTpykTypu, 3abesne-
YeHHS JOCTyny OO0 BakuuHalii Ans BCiX rpyn HaceneHHs
Ta NigBULLEHHS TririeHiYHUX CTaHOapTiB Yy TUMYacoBUX
YKPUTTSIX Ta MiCLISIX MacoBOro npoxueaHHs [14, 15].

3axuct 300poB’A  HaceneHHs nig 4Yac BOEHHOro
KOHGNIKTY € CNifbHOI BiANOBIAANbHICTIO ypaay, ryMaHi-
TapHUX OpraHisaui, Mean4HMx npauiBHMKIB Ta rpomag-
cbKoCTi. TiNbkU LWMASIXOM CMiNbHUX 3YCWUMb Ta Koopawu-
Hauii BOacTbcsi 3abe3neynTn 3axucT BpasnUBUX Tpyn
HaceneHHs Ta MiHIMI3yBaTW PU3UKM MOLUMPEHHS iHdEK-
LiHWUX 3aXBOPIOBaHb Y BOEHHWI Nepioa.

HanpukiHui, BaxnuMBo Big3HA4MTK, WO noganblue
OOCNiMKEeHHS Uiel npobrnemMn Mae Benvke 3Ha4YeHHs ans
po3pobkn edeKkTMBHUX cTpaTerin 3anobiraHHa Ta niky-
BaHHA iHEKLUIHMX 3axBOPlOBaHb Yy BOEHHWX YMOBaXx.
Tinbky WNSXOM NOEAHaHHS HAYKOBMX 3HaHb 3 MpPaKTUy-
HOK [JisiNbHICTIO MM 3MOXeMo 3abe3nedynTty 300poB’s
Ta Onaronony4yst BCbOrO HacerneHHst nig 4Yac BOEH-
HOTrO KOHQIIKTY.
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of hygienic conditions have been the main factors con-
tributing to this risk.

In order to reduce the negative impact of the military
conflict on the epidemiological situation in Ukraine, it is
crucial to take urgent measures. This includes restoring
medical infrastructure, ensuring access to vaccination
for all population groups, and improving hygiene
standards in temporary shelters and places of mass
residence [14, 15].

Protecting public health during armed conflict is
a shared responsibility of the government, humanitarian
organizations, healthcare workers and the public.
Only through joint efforts and coordination will it be
possible to protect vulnerable populations and minimize
the risks of spreading infectious diseases in wartime.

In conclusion, further research in this area is essen-
tial to develop effective strategies for the prevention
and treatment of infectious diseases in wartime. Only by
combining scientific knowledge with practical action
will we be able to ensure the health and well-being of t
he entire population during a military conflict.
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on the identified risks to the reduce the level of morbidity among
the population of Ukraine.
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