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AHoTauin. KopoHaBipycHa xBopoba cTana BMKINKOM ANs Me-
AULUMHK YCbOro CBITY. Ii NOWMPEHHS CPUUYNHMIO BaXKi Hacnia-
KW ANna 340pOB’S Ta XWUTTHA N04EN, 3yMOBOOYM AOBroTpMBa-
Ni ycknagHeHHs nicna po3BUTKY rocTpoi da3n 3axXBOPHOBAHHS.
IMyHHa cucTeMa neplioto pearysasia Ha NoTpanisgsHHSA BipyCHOI
iH(pekUii B opraHi3M. JlereHesi, HEBPONOriyHi, NCMXiyHi, cepue-
BO-CYAMHHI MOPYLIEHHS CTann MNepLlioto NaHKOK Yy 3asy4yeHoMy
naTosioriyHoMy npoueci. XpoHidHi 6oni Ta 3ananeHHs, ki cy-
NPOBOAXYBaJN PO3BUTOK LbOro iHMDEKLIMHOro 3aXBOPOBaHHS,
€ OCHOBHMMW CKapramy y MauieHTIB CTapLlloro BiKy, OCKi/IbKU
BOHM LWOAHSA CTUKAKOTbCA 3 TakuMu npobnemamu. Apxe ncu-
XiyHi po3naan, xsopoba AnbureriMepa, aiabet, mianrii Ta ap-
Tpanrii, Ha Xanb, CIPUYNHAIOTb BaxKi 3MiHW Y NOBCAKAEHHOMY
XUTTI cTapwmx nogen. OuiHka 34aTHOCTI IMYHOKOMMNETEHTHUX
KNITUH, IK OCHOBHUX KNITUH iIMYHHOI CUCTEMU, CTaNa BaXX/IMBUM
axxepenoM iHdopMauii ana nikapie. T-niMmdounTn BiANOBIAAOTL
3@ KAITUHHI iIMYHHI peakuii Ta 34iNCHIOTb IMYHOMOMYHUA MO-
HITOPUHI @HTUFEHHOro rOMeocCTa3y B OpraHi3Mi. Y nauieHTiB 3

COVID-19 cepeaHs KinbKicTb T-KNITUH Byna HMXKYOK, HIXX Y KOHTPONI, i KiNbKiCTb T-KNITUH 3MeH-
wyBanacs 6inbLe, HiX KinbkicTb B-kNiTnuH i NK-kniTuH. JlimdoneHis B nauieHTiB 3 COVID-19 Moxe
BKa3yBaTW sIK Ha rinepakTuMBaLito Ta Mirpauito NiMmdounTiB y flereHi, Tak i Ha anonTo3 Ta Cynpecito
T-nimcoumTie. JocnigxeHHs 3aceigunnam, wo COVID-19 nos’A3aHUi i3 MOCUAEHHAM 3ananbHoi
peakuii, WO CAPUYNHAE «LUUTOKIHOBUI LUTOPM>», AKMUWA MOTEHLIMHO MOXE NPU3BECTU A0 CEPMO3HUX
MYJIbTUCUCTEMHUX MOLWKOAXEHb OpraHis. BigoMo, Wo uMTOKIHOBaA ANCPerynauis Bidirpa€ pynHisHy
posnb B ocriabneHHi iMyHHOI cncteMmn nrogen crtapuworo Biky. MNMpu cTapiHHi 3pocTatoTb piBHI Npo3a-
NanbHUX Ta 3HMXKYIOTbCS PiBHI @aHTM3ananbHUX UMTOKIHIB, WO NPU3BOANTb A0 3HMXKXEHHS DYHKLIT,
onocepenkoBaHoi T-KniTMHaMK. JIioamM NOXMAOro BiKy CTakoTb 0COH6AMBO YYTAMBUMWU A0 BipyCHUX
3axBoOpoBaHb, 30kpeMa A0 COVID-19, iM TakoX YacTilwe npuTaMaHHi HepBOBO-MNCUXIYHI po3naau,
TaKi K KOrHITUBHI nopyweHHs Ta MNMTCP. Pe3ynbTaTn AoCnig)KeHb CBig4aTb Npo Te, Wo 3MiHW 40-
cnigxyBaHux 6iomapkepiB, NOB’A3aHNX 3 TAXKICTIO 3aXBOPIOBAHHS, MOXHA BUKOPUCTOBYBATWU ANS
MOHITOPUHIY CTYMEHIB TSXKOCTI XBOpobwu Ta NpOrHO3yBaHHS TpuBanocTi peabiniTauii. Bukopu-
CTaHHS WTYYHOrO iHTeNneKkTy Aano 3mMory 06pobuTtn Ta npoaHanisyBaTu AaHi 4OCNIAXEHb MaLieHTIB
3 COVID-19 ang nporHo3yBaHHSA NMPUCKOPEHOro CTapiHHA.

KnrouoBi cnoBa: tpmeanuit COVID, cTapiHHS, KAITUHHO-ONOCEpeAKOBAHMI IMYHITET, NCMXocoMa-
TUYHI po3n1aan, UMTOKIHOBUIA WUTOPM, MalUMHHE HaBYaHHS.
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Abstract. The coronavirus disease has challenged the global
medical community. Its progression led to severe health and
life consequences, resulting in prolonged complications follow-
ing the onset of the acute phase of the disease. The immune
system was the first to respond to the viral infection entering
the body. Pulmonary, neurological, psychiatric, and cardiovas-
cular disorders became the initial stage in the pathological pro-
cess. Elderly patients commonly experience chronic pain and
inflammation as the main complaints associated with the de-
velopment of this infectious disease; it is a daily struggle for
them. Unfortunately, mental disorders, Alzheimer’s disease,
diabetes, myalgias, and arthralgias cause severe changes in
the daily lives of senior people. Evaluating the ability of im-
mune-competent cells, which are the main cells of the im-
mune system, has become an essential source of information
for doctors. T-lymphocytes are responsible for cellular immune
responses and immunologically monitor the antigenic homeo-
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stasis in the body. Patients with COVID-19 displayed fewer T

cells than the control group, and the decrease in T cells was more significant than in B cells and
NK cells. Lymphopenia in COVID-19 patients may suggest the hyperactivation and migration of
lymphocytes in the lungs and the apoptosis and suppression of T lymphocytes. Studies have in-
dicated that COVID-19 is linked to an intensified inflammatory response, leading to a “cytokine
storm” that may result in multisystem severe organ damage. Cytokine dysregulation is vital in
weakening the immune system in older age. Elevated pro-inflammatory cytokines mark aging,
reduced anti-inflammatory cytokines, and decreased T-cell-mediated function. Older people are
also at high risk for viral illnesses, including COVID-19, as well as mental health disorders like
cognitive impairments and PTSD. The findings suggest that alterations in the examined biomark-
ers associated with disease severity can be utilized to monitor the seriousness of the disease
and forecast the duration of rehabilitation. Artificial intelligence made it possible to process and
analyze data from the studies of patients with COVID-19 to predict accelerated aging.

Keywords: long-COVID, aging, cell-mediated immunity, psychosomatic disorders, cytokine
storm, machine learning
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MounHatoun 3 rpygHsa 2019 poky, naHAemis
KopoHaBipycHoi xBopobu 2019 (COVID-19)
ctana rnobanbHMM BWKINMKOM AN CBIiTOBOI
MeaAVUUWHWN, CNPUYMHUBLUM BUCOKUA piBEHb
CMEpPTHOCTI i 3pOCTaHHA KiJIbKOCTi XPOHIYHUX
3axBoptoBaHb. XBopoba byna BUKIMKaHa Bi-
pycoMm SARS-CoV2, kMl OocCi € OAHi€0 3 ae-
CATU FOSIOBHUX MPUYUH NIETANIbHOCTI B YCbOMY
cBiTi [1]. COVID-19 € TSXKMM roCTpuUM pec-
nipaTopHMUM 3axBOptoBaHHAM [2]. Xo4da 6inb-
WiCTb XBOPMX MOBHICTIO OAYXYIOTb, iHOAI 3a-
TSKHI YCKNAAHEHHA He MOoNuLlakTb NauieHTIB
NMPOTAroM TPMBAJIOroO Yacy nicisa nepeHeceHHs
roctpoi ¢asu iHdekuii SARS-CoV-2. 3aranbHo
BM3HAHO, WO TSAXKICTb 3axBoptoBaHHA SARS-
CoV-2 3anexuTb K Bif CynyTHbOI NaTosorii,
Tak i Big CTaHy iMYHHOI CUCTEMW nNaLUi€eHTa.
LLiBuaka i ckoopauMHOBaHa iMyHHa BignoBiab
€ NepLloto NiHiEl0 060POHU NPOTU BipYCHOI iH-
dekuii. OgHak HeagekBaTHa HaagMipHa iIMyHHa
BiANOBiIAb MOXe 6yTWU MPUYMHOI iIMyHO3anex-
HOro NMOWKOAXEHHSA opraHis noanHu. Bigomo,
WO MNaUiEHTN, AKi NepeHec/In TSXKY Tpusany
dopmy COVID-19, MOXYyTb BiguyBaTu MyJb-
TUOpraHHi Hacniakm nicng xsopobu COVID-19.
BueHi BU3Hauunu ABi cTaaii TpMBanoCTi NOCT-
KoBiAHMX npossiB. PaHHi Hacniaku COVID-19
BM3HaBaAM $IK CTiMKi CUMNTOMM Yy NaUIEHTIB
NPOTAroM TpbOX MICALUIB BiA Mo4YaTKy 3axBO-
pIOBaHHSA, a XpoHiyHui/TpuBanui COVID-19
(long-COVID) Bka3sye Ha 36epexeHHs CUMMNTO-
MiB noHaa 12 TmxHis [3].

HalinowunpeHiwnmMn nposBamMmum AOBroTpuBainx
NOCTKOBIAHUX edeKTiB € nereHeBi, HEBPONO-
FiYHi, NCUXiYHi, cepLeBO-CYAMNHHI MOPYLUEHHS,
AKi NOTEHLINHO MOXYTb NPU3BECTU A0 MNEBHUX
360iB y xuUTTi Ta 3g0poB’i nauieHTiB [4, 5].
OmTxe, oyeBMAHUM € 3B'A30k Mix COVID-19
i NCUXIYHUMWU HacnigKkamu, WO MOoXe 3yMOo-
BUTW PO3BUTOK MOCTTPaBMaTUUYHOIO CTPeco-
Boro posnaay (MTCP) [6], nowwupeHoro ce-
pea Manxe 30 % [OpoCinx, He3anexHo Big
CTyneHsa TSXKKOCTI roctpoi ¢asm COVID-19
[7]. 3 iHworo 60Ky, XpoHi4Ha O06CTpPyKTUBHA
xBopoba nereHb, cepLeBO-CYAUHHI 3axBOpHO-
BaHHS, Aenpecis, NcuxidyHi posnaan, xsopoba
AnbureriMepa, aiabet, mianbrii Ta apTpanrii —
XBOpobu, aKi HanuacTile BpaxarkwTb naen
NOXMAOro BiKy, BUSIBMEHI i y nauieHTiB 3 long-
COVID-om [3, 8]. Mix 2015 i 2050 pokamu
yacTKa HacesieHHsd, ctapworo 3a 60 pokis, y
cBiTi NoaBoiITbCA 3 12 % A0 22 % [9]. I knto4o-
BMM BUKIMKOM nicng naHaemii COVID-19 cra-
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He KepyBaHHA AOBroCTPOKOBUMMW HacCnigKaMu
uiei naHaemii ana MinbMOHIB Noaen, sSKi oay-
XYHOTb BiA XBOpo6U, o6 3MEHLWNTM HaBaHTa-
XXEHHS Ha CUCTEMY OXOPOHU 340pOB’A, MiABU-
WNTK edEeKTUBHICTb NliKkyBaHHA Ta peabinitauii
NauieHTIB i3 THXKMMK DOpMaMm 3axBOPIOBAH-
HS, 3MEHLLINTN PU3NKN PAHHBOIO CTapiHHA, AKi
npu3BOAATb A0 NOJIiOpraHHoi NaTosorii.

IHTepBeHUia 6yab-9KOro NaToreHHOro YMHHMU-
Ka B OpraHi3Mm, 30Kpema i BipyCcHOI iHdekKLUil,
CYMPOBOAXYETbLCHA PO3BUTKOM B OpraHi3Mi XBo-
poro CMCTEMHOI 3ananbHOIl BiAMOBIAiI, CnpsaMo-
BAaHOI Ha YCYHEHHS HacniaKis BMAMBY Bipycy,
LLIO CBOEI Yeprow BUKIMKAE naTtodiszionorivHi
Ta NaTob6iOXiMiYHI 3MiHW, SKi 3peLTor OpiEH-
TOBaHi Ha BIAHOBMEHHA GYHKUIA ypaXeHnx
OpraHiB Ta o4y>XaHHS BCbOro opraniamy [10].
[MpoTe, 3 BiKOM Ta Yy iIMYHOCKOMMPOMETOBAHNX
nauieHTiB 3 COVID-19, Ui caHauiiHi MexaHi3Mu
nocnabntoTbcs, ocobnuso npu long-COVID,
TOMY Y HUX BMHWKAKTb YMOBM AN XPOHi3auii
3ananeHHsa Ta Moro Hacnigkis, WO NpU3BOAUTL
[0 nepenyacHoOro CtapiHHa opraHismy [11].

Halibinbly 3ax1MCHY ponb BidirpatoTb KNITUHHI
MexaHi3Mu IMyHHOT BiAMOBiAl, @ Npy NopyLleH-
Hi 3aXMCHOI YyHKUii B OpraHiaMmi BMHMKAIOTb
YMOBU A/19 PO3BUTKY TPWMBAIOro 3anasibHOro
npouecy Ta OpMyBaHHS MeXaHi3MiB nepej-
YacHOro ctapiHHs y nauienTis 3 long-COVID.

[lieBO MpPOTUCTOATW BIpyCy MOXYTb NvLLE crie-
uianisoBaHi KIiTMHW IMyHHOI cuctemun 3i 36e-
pexeHnMn GYHKLIIMU.  AHTUIEHMpEe3eHTYoui
knituHn (APC) po3ni3HatoTb, 06pobnsatoTb Ta
Npe3eHTyTb aHTUreHn BipyciB. [licng akTMBa-
uii T-knitnH, CD4+ T-kniTMHM 3a0e6inbworo am-
depeHUioTbCs B ePeKTOpHI T-KNITUHKW, Npo-
OYKYOUM UMTOKIHM i XeMoKiHn, ToAdi sk CD8+
T-KNITUHW NepeBaxHO ANQEpPEeHLIoTbCA B
LUMTOTOKCUYHI T-KNiTMHM ANg  crneuianbHOro
3HULLEHHS iHDIKOBAHOI BipyCOM KAITUHU-MilLe-
Hi. Peakuia T-knitnH Ha SARS-CoV-2 Mae 3Ha-
YHUI BNAMB Ha KJIIHIYHWIA pe3ynbTaT nauieHTa.
3rigHO 3 BUCHOBKaMu AOCMIAHUKIB, cepes AKnX
Lian Liua (2020) i Yujie Jianga (2020), cepeaHs
KiNbKiCTb T-KNITUH 6yna HUXYOK Y NauieHTIB 3
COVID-19, HixXX y KOHTPONI i KiNbKiCTb T-KNIiTUH
3MeHLWyBanacs 6inbLue, HXX B-KAITUHY | KNITUHU
NK. Tak caMo nNpu TAXKOMY Ta CepefHbOMY CTy-
neHi TsHxkocTi COVID-19 rpynu nauieHTiB Manu
HMXYY KiNbKiCTb T-KNITUH, NOPIBHAHO 3 KOHTPO-
neM. JlimdoneHis Ha yCix eTanax CrocTepexeH-
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The COVID-19 pandemic has posed a chal-
lenge to global medicine and led to a signifi-
cant increase in mortality and chronic illness-
es since December 2019. The disease was
caused by the SARS-CoV?2 virus, which contin-
ues to be among the top ten reasons for mor-
tality globally [1]. COVID-19 is a severe acute
respiratory disease [2]. While most patients
recover completely, long-lasting complications
can persist in patients for an extended period
following the acute stage of SARS-CoV-2 in-
fection. The severity of SARS-CoV-2 is widely
recognized to be influenced by the patient’s
underlying pathology and their immune sys-
tem condition. A fast and coordinated immune
reaction is the primary protection from viral in-
fection. An excessive and inadequate immune
response may damage human organs due to
immune-mediated causes. COVID-19 patients
who have suffered a severe and prolonged
type of disease may experience multi-organ
consequences following the illness. Scientists
have identified two stages of the duration of
post-COVID manifestations. Persistent symp-
toms in patients within 3 months of disease
onset were recognized as early consequences
of COVID-19, and persistent symptoms indi-
cate the persistence of symptoms for more
than 12 weeks [3].

The main disorders of long-lasting post-COVID
effects include pulmonary, neuropsychological,
and cardiovascular disorders, which have the
potential to result in specific disorders in the
patient’s lives and health [4; 5]. Therefore, a
link has been observed between COVID-19 and
psychological effects, which could result in the
onset of post-traumatic stress disorder (PTSD)
[6], a condition that affects up to 30% of peo-
ple, irrespective of the acuteness of COVID-19
[7]. Conversely, chronic obstructive pulmo-
nary disease, cardiovascular disease, depres-
sion, mental disorders, Alzheimer’s disease,
diabetes, myalgias, and arthralgias are some
of the conditions that commonly impact elder-
ly individuals and are present in patients with
long-term COVID-19 [3; 8; 9]. The share of
the global population aged over 60 will double
from 12% to 22% from 2015 to 2050 [10].
Managing the long-term effects of COVID-19
for millions of recovering individuals will be a
crucial task post-pandemic. The goal is to alle-
viate strain on the healthcare system, enhance
the efficiency of treatment and rehabilitation
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for severe cases, and mitigate the risks of pre-
mature aging leading to multi-organ pathology.

Any pathogenic factor entering the body, in-
cluding a viral infection, develops a system-
ic inflammatory response in the patient. Its
goal is to remove the effects of virus expo-
sure, which in turn leads to pathophysiologi-
cal and pathobiochemical changes, ultimately
aimed at restoring the functions of the affect-
ed organs and overall body recovery [11].
However, as individuals age and in immuno-
compromised patients with COVID-19, these
restorative mechanisms become less effec-
tive, particularly in cases of long COVID, lead-
ing to the development of conditions that pro-
mote the chronicization of inflammation and
its effects, ultimately resulting in premature
aging of the body [12].

Cellular mechanisms of the immune response
play the most significant protective role, and
their disruption creates conditions for the de-
velopment of prolonged inflammation and the
formation of premature aging mechanisms in
patients with long-COVID.

Specialized immune system cells with pre-
served functions are the most effective in
fighting the virus. Antigen-presenting cells
(APC) recognize, process, and present an-
tigens from viruses. Upon T cell activation,
CD4+ T cells primarily transform into effector
T cells and generate cytokines and chemo-
kines, whereas CD8+ T cells mainly differ-
entiate into cytotoxic T cells for the specific
elimination of virus-infected target cells. The
T-cell reaction to SARS-CoV-2 significantly
affects the clinical outcome of patients [13].
Researchers, including Lian Liua (2020) and
Yujie Jianga (2020), found that the average
number of T cells was lower in COVID-19 pa-
tients compared to the control group, and the
decrease in T cells was more significant than
that of B cells and NK cells.

Similarly, severe and moderate COVID-19
patients had fewer T-cells than the control
group. Lymphopenia at all stages of observa-
tion was a predictor of fatal outcomes for pa-
tients with COVID-19 [14; 15]. Other research
has demonstrated that the adaptive immune
response, specifically T-cells, is crucial in pre-
venting severe disease progression in both
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Ha 6yna MpOBICHMKOM fETaNbHOrO pe3ynbraTy
ans nauieHTieB 3 COVID-19 [12, 13]. IHwi ago-
CNiOAXEHHS MnoKas3asnu, Wo afanTUBHWUI iMYyHi-
TeT, 30KpeMa T-KNiTUHU, MaKTb BUpillanbHe
3Ha4YeHHs ANns 3anobiraHHS TAXKOMY Nporpecy-
BaHHIO 3aXBOPIOBAHHS Y JIErKUX | BaXXKnX op-
max COVID-19 [14-16]. Woao cybnonynsuin
T-xennepis, TO BOHW TaKOoX Bynu 3HUXEHI, 0COo-
6nmBo y rpyni 3 Baxxkmm nepebirom COVID-19.
Y pocnigxeHHi Lombardi et al cniBBigHOWEHHSA
Thl / Th2 6yno 3MiHEHe y NauieHTIB 3 BaXKOH
(OpMOIO 3aXBOPIOBAHHS, LLO BKA3ye Ha Te, WO
nimpoumtn CD4+ nauieHTtiB 3 COVID-19 ua-
cTiwe andepeHuioBanmca B 6ik cybnonynauin
Th2 [17]. BusBneHHs nimdoneHii B NauieHTIB 3
COVID-19 Moxe cBiguMTK K Npo rinepakTmsa-
uito Ta Mirpadito nimpounTiB y nerexi, Tak i Npo
anonTo3 i gnsperynsuito T-nimpoumTie [18, 19].
lMpoTe noci HeBiAOMO, UM € 3rafaHi BiAMIHHOCTI
NPUPOAHUM HACNIAKOM TSXKOI iHdekuii, un vy
LMX KOHKPETHMX NauieHTIB 6y/10 MOpyLUEHO piB-
HOBary MiXX BpoA>XeHO iMyHHOIO BiANOBIAA Ta
MeXaHiamMammn KoHTposnto [20].

Takox 6yno BuseneHo, wo npu COVID-19
TEHAEHLII0 A0 3HWXEHHS KinbKicTi nimpoum-
TiB Mann CD8+ T- i NK-knituH. LWono iMmyHo-
noriyHux gyHkuii CD8+ T- i NK-kniTuH, 10 y
xBopux Ha COVID-19 6yno BMSIBNEHO CTaH aK-
TUBaUii Ta NiABULWEHY LUTOTOKCUYHICTL CD8+
T- i NK-KkniTuH. [21]. Pe3ynbTaTi nokasanu, o
CD8+ T-kniTMHM nauieHTiB 3 COVID-19 6ynn
MOMITHO aKTMBOBaHi Ta MOMM Matu BWCOKWUM
LUMTOTOKCMYHUIA MOTEHLian i3 MOCUSIEHOIO eKC-
npecieto nepdopuHiB Ta rpaH3umie (GrA/B),
0cobnmMBO B rpyni 3 BaXKnM nepebirom xsopo-
6u. Li pe3ynbTati ceigyatbh Npo Te, WO Xoya
KinbKictb CD8+ T-KNiTUH 3MeHLWYETbCA Nig vac
nporpecyBaHHa COVID-19, ixHilh pyHKLiOHanb-
HUI CTaH MOXe MaTW KOMMEHCATOPHY aKTuBa-
uito, ocobnmeBo B KpuUTUYHWUI nepioa [19]. Ic-
HYIOTb CyrnepeudnuBsi AaHi WoAo npoayKyBaHHS
umTokKiHiB CD8+ T-nimdoumTtamun, agxe Bigo-
MO LU0 BOHM CeEKpeTyTb iHTepdepoH (IFN)-y,
dakTop Hekpo3y nyxnuHu anbda (PHM-a) i iH-
TepnenkiH (IL)-2. CkaximMo, y NauieHTIB 3 TSX-
Knum nepebirom COVID-19, 3HMXYBanocb npo-
AYKYBaHHSA uuToKiHiB CD8+ T-niMmdoumntamm
nicng ctumynauii [22]. IHwi gaHi ceigyaTb, Wo
CD8+ T-KNiTUHM MOXYTb 3a3HaBaTu rinepakTu-
BaLii, 30KpeMa, MaTn BUCOKWUI piBEHb eKCnpecii
NPUPOAHUX MapKepiB KNITUH-KisiepiB i NigBu-
LWEeHY UMTOTOKCUYHICTb [22; 23].
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Y pasi HeAOoCTAaTHOCTI 3aXUCHUX IMYHHUX MeXa-
Hi3MIiB Ta 3amanbHOro NMpouecy y MNauieHTIB 3
COVID-19, ocHoBHY ponb nepebupae Ha cebe
roctpocasHa 6araToKkOMMNOHEHTHa niporeHHa
LMTOKIHOBa peakLis 3 GOpMyBaHHAM YiTKO OK-
pecsieHoro CUCTEMHOrO 3anaseHHs i 3a3Buyan
i3 CEpNO3HNUMM NOPYLUEHHSAMU, 30KpEMa B CUC-
TeMi romeocTtasy [24]. 3a yMOB XpOHi3aLii Ha-
cnigkie COVID-19 ocobnnBo akTUBHUMKU CTa-
IOTb PIi3Hi BUAM UWUTOKIHIB. BigomMo, LWLO BOHU
BiAirpaloTb BaXX/MBY PpoOJSib B iMyHOMNATONOrII
BipyCHMX iH(eKUin Ta il HacniakiB i MOXYTb
NPUCKOPIOBATWU CTapiHHA.

KniTUHW IMYHHOro 3axuUCTy MpoAYyKYHTb rnpo3a-
nanbHi Ta aHTU3ananbHi Mediatopu. o npo3a-
nanbHUX MegiaTtopiB Hanexatb: ®HIM-a, IL-1, -2,
-6, -8, -15, koMnoHeHTN kOoMNnemeHTy C3a, C5a,
enacrasa HenTpodinis, BiNbHi KNCHEBI paamKanu
Ta iHWi. JocnigxeHHs suasmnm, wo COVID-19
NoB’A3aHWNIA i3 NOCUIEHHSM 3ananbHOi peakuii,
BUK/IMKAKOUM «LUTOKIHOBUI LUTOPM», SIKWUI MO-
TEHLINHO MOXe NPU3BEeCTU A0 CEPNO3HUX MYSlb-
TUCUCTEMHUMX NOLLKOAXKEHb OpraHis. Bigomo, Lo
LMTOKIHOBA ANCPErynsuis Mae pymHiBHUN BNNB
Ha IMYHHY CUCTEMY Yy Maui€HTIB CTapLloro BiKy
[3]. Y pa3i COVID-19 iHdekuii, nna3MoumToigHi
OEHAPUTHI KNITUHM Ta aKTUBOBaHI B-nimdounTn
CEKpPeTYTb BUCOKi piBHI iHTepdepoHiB. [po-
aykysaHHs IFN-y abo IFN-a i -B € kno4oBmMMM
iIMYHHMMW CKNAZ0OBUMU 3aXUCTY NPOTU BipyCHOI
iHbekuUii. B ekcnepuMeHTi Ha KynbTypi KNiTUH
6yno nokasaHo, L0 Ha paHHIX CTaAisiX PO3BUTKY
COVID-19 o4yeBuaHa 3aTpuMKa MpoAyKyBaHHS
LUTOKIHIB eniTenianbHMMKU KITUHaAMU AnxXanb-
HUX WNAXiB, AEHAPUTHUMU KNITUHAMU | Makpo-
haramm, WO KNiHIYHO NPOSIBNSETLCSA HEBMpPAXe-
HUMW NPOSIBAaMK BIpYCHOr0 3ananeHHs / iHbekuii
Ha paHHiX cTagisgx 3axBoptoBaHHS [25]. MisHiwe
Ui KIITUHU CEKPETYIOTb HU3bKI PiBHI aHTUBIPY-
cHux akTopie (iHTepdepoHiB) i BUCOKI piBHi
npo3anasbHNX LUMTOKIHIB, Takmx Ak IL-1-B, IL-6,
®HI1-qa, i xeMokiHiB — CCL-2, CCL-3, CCL-5, axi
aKTUBYIOTb XEMOTAKCUC Makpodaris, L0 CBOEI
Yepror Crpusge X BUXoay i3 CyAWHHOro pycrna
B TKaHWHW [26]. HagMipHe HeKOHTpo/bOBaHe
rinepnpoAyKyBaHHSA npo3ananbHUX LNTOKIHIB i
XEMOKIHIB BiAirpaBasio Baromy poJsib y naToreHesi
SARS (TSKOro roctporo pecnipatopHOro CuH-
apomy) i MERS (6nu3bkocxiaHoro pecnipatop-
HOro CMHAPOMY) Y CTapLUMX MALIEHTIB Ta iHWMX
iIMYHOCKOMMNPOMETOBaxX MaLiEHTIB Ta pPO3BUTKY
roCcTporo pecnipaTtopHoro AUCTpec-CUHAPOMY
(rPAC). Mpo3ananbHU «UUTOKIHOBUIM LUTOPM>»
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mild and severe cases of COVID-19 [16-18].
T-helper subpopulations were also decreased,
particularly in the severe COVID-19 group.
The investigations by Lombardi et al. showed
that the Th1/Th2 balance was altered in se-
vere patients, indicating that CD4+ lympho-
cytes of COVID-19 patients more commonly
differentiated towards Th2 subpopulations
[19]. Lymphopenia in COVID-19 patients may
suggest a hyperactivation and migration of
lymphocytes in the lungs, as well as apopto-
sis and dysregulation of T lymphocytes. [20,
21]. However, whether these differences are a
fundamental consequence of complicated in-
fection is still unknown, just as whether the
balance between the innate immune reac-
tion and control mechanisms was disturbed in
these patients [22].

There was also a tendency for a decrease in
CD8+ T- and NK-cell lymphocytes in case of
COVID-19. Regarding the immune function
of CD8+ T- and NK-cells, an activation state
and increased cytotoxicity of CD8+ T- and NK-
cells were found in patients with COVID-19
[23]. The findings indicated that CD8+ T cells
in COVID-19 patients were markedly activat-
ed and may possess a heightened cytotoxic
potential due to increased expression of per-
forins and granzymes (GrA/B), particularly
in the severe disease group. These results
suggest that although the number of CD8+
T cells decreases during the progression of
COVID-19, their functional state may have
compensatory activation, especially during
the critical period [21]. There were conflicting
data on the production of cytokines by CD8+
T-lymphocytes because it is known that they
secrete interferon (IFN)-y, tumor necrosis
factor-alpha (TNF-a), and interleukin (IL)-2.
In patients with complicated COVID-19, the
production of cytokines by CD8+ T-lympho-
cytes decreased after stimulation [24]. Other
evidence suggests that CD8+ T-cells can un-
dergo hyperactivation, particularly with a high
level of expression of natural killer cell mark-
ers and increased cytotoxicity [24; 25].

In the case of insufficiency of protective im-
mune mechanisms and the inflammatory pro-
cess in patients with COVID-19, the primary
role is played by an acute-phase multicom-
ponent pyrogenic cytokine reaction with the
formation of pronounced systemic inflamma-
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tion and often with severe disorders, in partic-
ular in the homeostasis system [26]. Differ-
ent types of cytokines are particularly active
under chronic COVID-19 consequences. It is
known that they play a crucial role in the im-
munopathology of viral infections and their
consequences, and they may contribute to ac-
celerating the aging process.

Immune defense cells generate inflammato-
ry and anti-inflammatory mediators. Pro-in-
flammatory mediators include TNF-a, IL-1,
-2, -6, -8, and -15, complement components
C3a, C5a, neutrophil elastase, and free ox-
ygen radicals and others. Studies have indi-
cated that COVID-19 is linked to a height-
ened inflammatory response, triggering a
“cytokine storm” that has the potential to
result in multisystem severe organ damage.
It is known that cytokine dysregulation plays
a vital role in weakening the immune system
in older patients [3]. In the case of COVID-19
infection, plasmacytoid dendritic cells and
activated B-lymphocytes secreted elevated
levels of interferons. Interferon (IFN)-y or
IFN -a and -B production is crucial for im-
mune defense against viral infection. In an
experiment on cell culture, it was shown that
in the early stages of the development of
COVID-19, there is a delay in the production
of cytokines by epithelial cells of the respira-
tory tract, dendritic cells, and macrophages.
This delay is clinically manifested by unex-
pressed manifestations of viral inflamma-
tion/infection in the early stages of the dis-
ease [27]. Later, these cells produce small
amounts of antiviral substances (interfer-
ons) and large amounts of pro-inflammatory
cytokines, including IL-1-B, IL-6, TNF-a, and
chemokines such as CCL-2, CCL-3, CCL-5,
which trigger the movement of macrophages
out of the blood vessels and into the tissues
[28]. The overproduction of pro-inflammato-
ry cytokines and chemokines has significant-
ly contributed to the development of SARS
(severe acute respiratory syndrome) and
MERS (Middle East respiratory syndrome) in
elderly and other immunocompromised pa-
tients, as well as the onset of acute respira-
tory distress syndrome (ARDS). The immune
system’s response to inflammation can lead
to pathological lung changes. Patients with
COVID-19 were found to have elevated lev-
els of IL-1-B, IFN-y, y-interferon-induced
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CNPUYUHSAE IMYHOMATOSIOMYHI 3MIHN B NEereHax.
Y nauienTiB 3 COVID-19 6ynu BUSABNIEHI BUCOKI
piBHi IL-1-B, IFN-y, y-iHTepdepoH-iHAyKOBaHO-
ro npoteiHy-10, MOHOUMTApPHOro XxemoaTpak-
TaHTHOro npoTeiHy-1. Li npo3ananbHi UNTOKIHU
3[4aTHi akTMByBaTh T-niMpounTn-xennepm nep-
Lworo TUny, Sk npoaykye IL-2. Ha BigmiHy Big
SARS nauieHTn 3 COVID-19 e MaloTb BUCOKMIA
piBeHb T-nimgoumnTiB-xennepis Apyroro Tuny,
AKi CeKpeTyloTb aHTu3anasbHi UMTOKIHM IL-4 Ta
IL-10. Mna3smatnyHa KoHueHTpauis IL-2R i IL-6 y
nauieHTiB 3 COVID-19 HanpsMy KOPEentoeE 3 TaxX-
KicTio nepebiry 3axsBoptoBaHHS [24]. Y nauieHTiB
6yno BMSIBNEHO NMiABULLEHHS PIBHS LMTOKIHIB i
nposiB MNCUXiaTPUYHUX CUMMTOMIB, WO TAKOX
NoB’sA3aHi 3 TSHKKICTIO cMMNTOMIB iHdekUii SARS-
CoV-2 i € nposiBOM <«UUTOKIHOBOIO LUTOPMY>.
Y MauieHTiB TaKOX MOXHa criocrepirati nigsu-
LEeHHS pPiBHSA Pi3HMX UMTOKIHIB Ta Aeski ncuxia-
TPWUYHI po3naaun, K iIMyHHY peakLito Ha iHdek-
uito SARS-CoV-2, Wwo ga€ 3Mory giarHocTyBaTu
iM MTCP. PO34KMHHI Npo3ananbHi LMTOKIHW BRIN-
BalOTb Ha CMHTE3 HelpoMeaiaTopiB. 3MiHM B Me-
Tabonismi umx Hempomeaiatopie 6epyTb y4yacTb
y naTtodizionorii pi3HMX NCUXiYHUX pO3najis,
Takmx sk genpecia, Tpusora, MNTCP Ta iH. Mpwn
3axBOPIOBAHHAX MNepudepuyHoi i LLeHTpanbHOoI
HepBOBOI cucTeMu y nauieHTis 3 COVID-19 Bu-
SABNeHO niaBuileHi piBHi IL-1B Ta IL-6, ski ak-
TUBHO BMIMBAKOTb Ha NpoLecKn CTapiHHs [27].

Biomapkepu, W0 BKa3yTb Ha CTapiHHA, 6ynu
obpaHi K MNiAMHOXWHA O3HaK, i perpeciiHui
aHanis 6y 3actocoBaHuin o uiei mogeni. Oc-
HOBHMMW KJ/IHIYHMMM O3HAKaMU nepeayacHo-
ro CTapiHHS BBaXaltTb XPOHiYHi Honi Ta 3a-
nasbHi Npouecu, SAKi TakoX CyrnpoBOAXYIOTb
Hacnigkn long-COVID. BaxnmBo 3ayBaxwuTw,
Wo peski inameiayanbHi 6ionorivyHi xapakte-
PUCTUKMK, MOB'A3aHi 3 MOpPYLUEHHAM iMYHITETY,
MOXYTb 3MiHIOBAaTUCHA He JiMle 4yepes3 BrJIUB
COVID-19. ¥ ubOMYy KOHTEKCTi OXWPiHHA, fKe
nos’si3aHe 3 CUCTEMHMM 3ananeHHsM i nopy-
LUIEHHAM IMYHITETY, MOXe NiABULLUUTW Bpasnu-
BicTb o COVID-19 [28], cnpusTn Helposa-
NaneHHIo i € BaXIMBMM (haKTOPOM pU3NKY ANS
pPO3BUTKY Ta MPUCKOPEHHSA MpPOLECIB CTapiHHA
[29]. IHWKNM BaxxNMBUM (PAKTOPOM € CTapiHHSA,
nos’asaHe 3 gucbanaHcoM piBHIB npo3ananb-
HMX (BMCOKI piBHI) Ta aHTU3ananbHUX (HU3bKiI
PiBHI) LUMTOKIHIB i 3HMXEHHS (YyHKLUIl, onoce-
peakoBaHux T-kniTuHamu [30]. Y gocnigxeHHi
6yB NMpoAEeMOHCTPOBAHMM 3B'A30K MiX CTapiH-
HAM | CMMNTOMaMu TpMBOIK, Aenpecii y NauieH-

170

Original research: Clinical sciences

TiB, iHpikoBaHMX SARS-CoV-2 nig yac rocrpoi
da3n, a npossis MTCP - npun XpoHiyHin da3i
[1, 29, 30]. OTKe, 9K OXMPiIHHSA, TaK i NiTHIN
BiK MiABULLYIOTb PU3MK HENPOMNCUXIYHUX CUMM-
TOMiB Yy nauieHTiB 3 COVID-19. Biomapkepw,
noBs’si3aHi 3i ctapiHHAM, a came: CD3, -4, -8,
-22, pocnigxysanu ANS MaTeEMaTUYHOro aHa-
Ni3y NpOrHo3yBaHHSA MNPUCKOPEHOro CTapiHHSA
y MauieHTiB, AKi NnepeHecnu Tsaxkuii COVID 19
Ta long-COVID. HanBuwa To4HicTb byna no-
CArHyTa Npu BMKOPWUCTaHHI ONOPHOI BEKTOPHOI
MaluHU 3 NiHinHUM sapom (MAPE = 0.0787)
i knacmdikatopa Rendom forest (Bunaakosui
nic) (RMSE = 1.822).

COVID-19 nocBiguuB ypasnuBIiCTb CTapitoyo-
ro HaceneHHsa A0 HOBUX 3axXBOPKBaHb i yBU-
pa3HMB Hebe3neky npoueciB 3ananeHHs, sike
MOXE CTaTW roJIOBHUM (haKTOPOM CMpPUUYUHEH-
HS TSOKKMX Hacnigkie COVID 19 cepep niTHIX
MauieHTIB Ta MOCUNEHHA MpPOLECiB CTapiHHSA
cepen nwoger MoONoAoro Ta cepeaHboro BiKy
[31]. NMonepenHi AocnigXXeHHS BUSIBUMU, WO
Pi3Hi CUrHasbHi WNAXW, aKTUBOBAHI 3anasneH-
HSM i CTpecoM, 3'€gHYI0TbCSA 3 SAEPHUM (PaKTo-
poMm TpaHckpunuii (NF)-kB, akuiA € ronoBHMM
KOHTpPONIepOM iIMYHHOI BignoBiai i 3anasnbHOro
Kackagy [32]. BMKOpUCTaHHS KNITUHHUX Map-
KepiB nopsa 3 aHasnizoM HU3KW MNpo- Ta aH-
TU3ananbHMUX UWTOKIHIB CNpUATMME TOYHILLIN
OUiHUI CTaHy iMyHHOI cuctemn nwogmHu. Cta-
piHHS NoB’A3aHe 3 MOpYLIEHHSAM IMYHHOro ro-
MeoCTa3y Ta HeperynbOBaHWM nepefaBaHHAM
curHanis NF kB [33]. ToMmy cTapiHHS Ta Biko-
Bi 3aXBOPIOBaHHA Nicna naHAeMii noTpebyoTb
0cobnuBOi yBaru ranaysi OXopoHW 340pOB’S B
yCbOMY CBITI.

Lle pocnigxeHHs 6yno cnpssMoBaHe Ha po3po-
6neHHa Ta nepeBipky MoAeni KOMMAEKCHOro
MalUMHHOINO HaBYaHHA Ha OCHOBI K/IHIYHUX Ta
IMYHOJTOMYHUX XapaKTEPUCTUK AN OLIHKN pU-
3UKY TSHKKOCTI Ta TpMBanocTi peabinitauii nicns
COVID-19 agng nauieHTiB 3 SARS-CoV-2. Habip
JaHWX, WO aHanisyBanncs, MicTuB iMyHosoriy-
Hi MapKepu, BUKOPUCTOBYBaHi AN NPOrHO3y-
BaHHS 3B'SA3KYy MiX TPMBanicTioO 3aXBOPHOBaHHS
Ta 6iomapkepamMu 3a AONOMOroK MiaxoAy Mma-
LWIMHHOIMO HaBYaHH4A. Pe3ynbTaTn cBig4aTb Npo
Te, WO 3MiHKM JocnigxysaHux 6iomapkepis,
NOB’SI3aHMX i3 TSXKKICTIO 3aXBOPIOBAHHSA, MOX-
Ha BUKOPUCTOBYBATU AN MOHITOPUHIY CTaHy
TSXKKOCTI MauieHTa Ta NpPOrHo3yBaHHA TpuBa-
nocri roro peabiniTauii.
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protein-10, and monocyte chemoattractant
protein-1. These pro-inflammatory cyto-
kines activate type 1 helper T lymphocytes,
producing IL-2.

In contrast to SARS, COVID-19 patients still
exhibit elevated levels of type 2 helper T lym-
phocytes, which produce the anti-inflamma-
tory cytokines IL-4 and IL-10. The plasma
concentration of IL-2R and IL-6 in patients
with COVID-19 directly correlates with the
severity of the disease course [26]. Patients
exhibited elevated cytokine levels and psy-
chiatric symptoms, which are also linked to
the severity of SARS-CoV-2 infection symp-
toms and represent a “cytokine storm.” Pa-
tients may also experience increased levels
of various cytokines and certain psychiatric
disorders as an immune reaction to SARS-
CoV-2 infection, leading to PTSD. Soluble
anti-inflammatory cytokines impact the
production of neurotransmitters. Alterations
in the metabolism of these chemical mes-
sengers play a role in the physiopathology
of different mental problems, including ag-
itation and restlessness, PTSD, and others.
Elevated levels of IL-1B and IL-6, which ac-
tively impact the aging process, were ob-
served in patients with COVID-19 who had
diseases of the peripheral and central ner-
vous system [29].

Biomarkers indicative of aging were selected
as a subset of traits, and regression analy-
sis was applied to this model. Chronic pain
and inflammatory processes accompanying
the effects of long COVID-19 are consid-
ered the primary clinical indicators of pre-
mature aging. It is important to note that
certain individual biological traits related to
immune system impairment can change not
only due to COVID-19. In this context, ad-
iposity, associated with general inflamma-
tion and weakened immunity, may increase
susceptibility to COVID-19 [30], promote
neuroinflammation, and be an essential de-
velopmental risk factor for accelerated ag-
ing processes. [31]. Another crucial factor is
senescence, associated with a disproportion
of levels between the high pro-inflammato-
ry and low anti-inflammatory cytokines and
a decline in T-cell functions [32]. A study
demonstrated an association between se-
nescence and mental disorders in patients
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infected with SARS-CoV-2 and PTSD symp-
toms during the chronic phase [1, 31, 32].
Both adiposity and senescence can elevate
the possibility of neuropsychiatric symptoms
in COVID-19 patients. Biomarkers associat-
ed with aging, namely CD3, -4, -8, and -22,
were researched for mathematical analy-
sis to predict accelerated aging in patients
who experienced severe COVID-19 and long
COVID-19. The support vector machine with
a linear kernel achieved the highest accuracy
(MARE = 0.0787) and a root mean squared
error (RMSE = 1.822).

COVID-19 has demonstrated the susceptibil-
ity of the elderly population to new illnesses
and emphasized the significance of inflam-
matory processes, which could have a pri-
mary role in causing severe consequences of
COVID-19 in older patients and accelerating
the aging process in young and middle-aged
people. [33]. Previous research has indicated
that different signaling pathways activated
by inflammation and stress are linked to the
nuclear transcription factor (NF)-kB, a vital
regulator of the immune response and the
inflammatory cascade. [34]. Employing cell
markers in conjunction with analyzing vari-
ous pro- and anti-inflammatory cytokines
will aid in evaluating the condition of the hu-
man immune system. Aging is linked to the
disruption of immune homeostasis and un-
controlled NF kB signaling. [35]. Therefore,
post-pandemic aging and age-related diseas-
es demand particular attention in the global
healthcare sector.

Finally, this research-validated a comprehen-
sive machine-learning model using clinical
and immunological characteristics to evaluate
the severity of risk and recovery duration for
patients with SARS-CoV-2 after COVID-19.
The analyzed dataset included immunolog-
ical markers used to predict the association
between disease duration and biomarkers
through a machine-learning approach. The
findings suggest that alterations in the exam-
ined biomarkers associated with disease se-
verity can be utilized to monitor the serious-
ness of the disease and forecast the duration
of rehabilitation.
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