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2. Assessment of the Immune Response Status under Conditions of Post-COVID Syndrome and Post-Traumatic
Stress Disorder with Activation of Human Herpesvirus Type 6

Pedepar:

1. IToctkoBiguuit cungpom (PCC) posBuBaeThcs micist roctporo COVID-19 y 61u3bko 30% oci6. BogHouac y nepiof,
[IOBHOMACIITA0HOI BiliHU 3pocTae KibKicTb nauieHTiB 3 [ITCP (mocTTpaBMaTuyYHMil cTpecoBuil posnan). [licas
nepenecenoro COVID-19 i nif BIJIMBOM CTPECY BiIOyBa€eTbCs PeAaKTUBAllisl iIMyHOTPOIIHUX BipyCiB, 30Kpema -
repriecsipycy joauHu 6 Tuny. 3miHa imyHHOI Bignosigi 3a ymos PCC i [ITCP Ha i peaktnsoBanoro HHV6 moxe
CTaTU NPUYMHOI0 MaHidecTalii iMyHONaTOIOrYHNX CUHIPOMIB i TSDKKMX CUCTEMHMX 3aXBOPIOBaHb. MeTO0 po6oTH
0yJ10 BUBYEHHS 0COOIMBOCTEN iMyHHOI Bifnosini 3a ymos PCC, IITCP i ix komb6inauii Ha Ts1i HHV6, po3pobka
TepareBTUYHOI TAKTVKYU BEIEHHS TaKUX [aLli€HTiB i MPOTHO3yBaHHS PU3NKY (POPMYBAaHHS iMyHOIIATOJIOTIYHUAX

cuHppomiB. O6creskeHo 124 nauientu 3 PCC BinnosigHo 1o TskKocTi nepebiry COVID-19 B anaMHe3i (Jierkui,



CepeHbOI TSDKKOCTI Ta TSKKUAN) Ta HasIBHOCTI peakTuBoBaHoro HHVG6; 79 nauienTis - 3 IITCP 3/ 6e3 akTuBaii
HHV®6; nBi rpynu nauienTis - 3 PCC + IITCP 3 /6e3 aktusauii HHV6. KontposbHa rpymna - 20 30opoBux ocib. ¥V
nanieHTis nicyst COVID-19 i cTpecy B aHamMHe3i BCTAaHOBJIEH] KJIiHIYHI XapaKTepUCTUKY, 1o Bignosimanu [ITCP i PCC
i CynIpoBOIXyBaJIMCh JOCTOBIPHMMHU 3MiHaMU J1abOPaTOPHUX NMOKa3HUKIB: Jim¢ornenisa- y 18,9 % ocib, nimdponuTtos
-y 32,9 %, morouuros - y 39,2 %, HeutponeHis - 22,8 %, a B 34,1 % nauieHTiB — NiaBUIIEHHS KiJIbKOCTI
HelTpodinis, nigsuieHHs piBHiB CPII -y 234 %, IIIOE - y 24,1 %, nediHkoBux ¢pepmeHTiB y 11,4 %. Busipneni
KJIiHi4Hi Ta 1ab0OpaTOPHi JaHi CBiIYWI/IN [P0 NUCPETYJISLII0 iIMyHHOI BifIlIOBiZli Ta BKa3yBayd HA BUCOKU PU3UK
(opMyBaHHS iIMyHOTIATOJIOTI], [0 TOCUJIIOBAaBCA Ha TJ1i peaktuBalii HHV-6. Y nauienTis 3 PCC nicss TsSKKoro
nepeb6iry COVID-19 B anamHe3i Ha T1i peaktuBauii HHV-6 BusiBnieHo: 3HwkeHHs1 CD3+ T kiituH (p=0,009), NK
(p=0,013), CD8+T kuituH (p=0,008), CD4+ T xnitus (p=0,045) i Treg ky1iTUH Ha TJi NiABUILEHHS KiNbKOCTI B
saim@ouutis CD19+ (p=0,0002) nopiBHsHO 3 BinnosigHumMu natjeHtamu 6e3 HHV-6, mo cBiguuTh npo GpopMyBaHHSs
nediuuTy 3a KJIITUHHUM TUIIOM 3 [TIOPYLIEHHSIM PETYJISITOPHOTO KOHTPOJIIO iMyHHOI BifnoBigi. BusisieHo, mo y
naujeHTiB 3 PCC Ha 111i peaktusauii HHV-6 6ynu goctoBipHO 3HUKeHi piBHi Fas (p<0,01), ekcripecis iHribiropHoro
peuentopa TIM-3 (p<0,01) i BucoKa exclnpecist akTuBaliliHO-peryasTopHoro mapkepa CD38 (p<0,01) micius
cepennboro crynenst COVID-19 B anamHesi Ha BiMiHy Bif nauieHTiB micis Tsbkkoro nepebiry COVID-19. Bussnene
nocuyeHHs exkcnpecii CD38 (p<0,01) HaBiTs micsig nerkoro nepe6iry COVID-19. Y nanienTis 3 IITCP Ha Tii
peakruBalii HHV-6 BusBieHe TOCTOBipHE 3HIKEHHS KilbKocTi CD3+, TeHneHjio 1o 3HmwkeHHs CD8+, Treg KiiTuH,
CD4+ nipu omHO4YacHOMY migBuiieHHi KibkocTi CD19+ 1 NK. BussieHi 3MiHM BKasyBaiu, o peakruBauis HHV-6
PO36aIaHCOBYE XeJIIIePHO-CYIIPECOPHUI TUIL PETYJIALii i TOCUJIII0E PU3KK aBTOArpecii 3a ryMOpaJibHUM i
LJUTOTOKCMYHUM MeXaHizmaMu. BcranossieHo, mo y naunienTis 3 PCC ekcripecis iHri6iTopHoro peuentopa TIM-3 Ha
NK xrniTnnax 6ysa 3HMXEHOIO IIOPiBHSHO 3 KOHTPOJILHOIO IPYIIOI0, IPUUYOMY JOCTOBIPHO HIDKYi PiBHI BUSIBJIEH] Ha
T71i peaktuBauii HHV-6 (p<0,01), mo BKa3yBaao Ha IPUTHIYEHHS allONTUYHOI aKTUBHOCTI 3 IMOBIPHMM PU3UKOM
dopmyBaHH# aBTOIMyHHO] natosorii 3a Thl-tunom. OTpuMaHi faHi fo3BoJIsI0Th posrisgaTu Fas, TIM-3 i CD38+ sk
IIpeIuKTUBHI Mapkepu gopmyBaHHs PCC miciig serkoro ta cepeHboro nepebdiry COVID-19. 3HmKeHHs eKcpecii
Fas (p=0,019) y nauieHnris i3 [ITCP Mmo>XXe 6yTy BUKOPUCTAaHE [J151 IPOTHO3YBaHHS PO3BUTKY HEBPOJIOTIYHUX i
KOTHITUBHUX YCKJIQJHEHb JAHOI naroJiorii. byso noseneno, mo peakrusauis HHV-6 y nauientis 3 PCC i IITCP
IIPU3BOJUTH 10 3HIKEHHSI HIUTOTOKCUYHOI aKTUBHOCTI iIMyHOKOMIIETEHTHUX KJIITHH i po36aslaHCyBaHHsI
aKTUBIi3aLiiHO-PEryISaTOPHUX MexaHi3MiB iMyHHOI Bianosiai. PiBeHb ekcrpecii TIM-3 nouibHO BUKOPUCTOBYBATU
SIK OOI'DYHTYBaHHS HEOOXiIHOCTi KOPEKI|l JIiIKyBaJIbHOI TAKTUKY 3 BKJIIOUEHHSIM IIPOTUBIPYCHOI iIMyHOMOZYJIIOI0UO]
teparii. [Tanientam 3 PCC, IITCP i komop6inHOI0 natosiorieo 3 peaktupauieio HHV-6 6yso 3anporoHoBaHO
JIiKyBaHHS iHO3MH NPAaHOGEKCOM MPOTSToM 12 THXXHIB 3 IIPSIMOIO IPOTUBIPYCHOIO Ta iIMyHOMOIYJIIOI0YO0IO Ji€l0.
Kniniyny epexTuBHicTh cTaHoBUIIA 60,4%, BipycosoriuHa - 62,9% Ta iMyHOJI0TiYHa €(PEKTUBHOCTD
CyIPOBOJIXKyBasach MifcuieHHIM nponecis anontody Ha NK i CD8 nUTOTOKCMYHUX JiM@OLIUTAX 3 TIOCUIEHHIM
peryasTopHoi akTuBHOCTI T-xesnmnepis. BctaHoBnenuit imyHoMopynowounii epekt iHo3uH npaHobekcy mono CD8+
LJUTOTOKCUYHUX JIiIMQOLUTIB peasizyBaBcsl 4epe3 aKTHBallil0o MEXaHi3MiB «paHHbOT'0» aIlOITO3Y BipyCiH(iKoBaHUX
KJIiTYH 32 y4yacTio PD-1/PD-L1 mnsgxom Gal-9/TIM-3 Ta akTuBallii Npolecy 0CTaTOYHOTO AOBENEeHHS iX [0
anonto3y NK- kiiTuHamu 3a ydactio cuctemu Fas /FasL, 110 Mae KirouoBe 3Hau€HHS B OOMEXX€EHHI IIOMMPEHHS
BipycHoi iHdeKkuii B opraHi3mi. Kito4osi csioBa: nocTkoBigHuil cuappom, COVID-19, cTpec, nocTTpaBMaTUYHUN
crpecosuii posnag, (IITCP), Bipyc repniecy ntogunu 6 tuny (HHV6), kniHiYHI XapaKTepuCTUKY, iMyHHA BifTIOBiIb,
KJIITUHHUI iMyHiTeT, cyononysuii T gimonntis, NK kaituay, T GUTOTOKCUYHI KITITUHYA, KOMOPOIIHICTS,
IIPOTUBiIpyCHA Ta iMyHOMOZYJII0I04a Teparlisi, iHoO31H ITpaHObEeKC, ITPOTHO3.

2. Post-COVID-19 condition (PCC) develops after acute COVID-19 in approximately 30% of individuals. At the same
time, during the period of full-scale war, the number of patients with post-traumatic stress disorder (PTSD) is
increasing. After COVID-19 and under stress exposure, reactivation of immunotropic viruses occurs, particularly
human herpesvirus type 6 (HHV-6). Alterations in immune responses in PCS and PTSD in the context of HHV-6
reactivation may lead to the manifestation of immunopathological syndromes and severe systemic diseases. The
aim of the study was to investigate the features of immune responses in PCC, PTSD, and their combination in the
context of HHV-6 reactivation, to develop therapeutic management strategies for such patients, and to predict the



risk of immunopathological syndrome development. Materials and Methods A total of 124 patients with PCC were
examined according to the severity of previous COVID-19 (mild, moderate, and severe) and the presence of HHV-6
reactivation; 79 patients with PTSD with or without HHV-6 activation; and two groups of patients with combined
PCC + PTSD with or without HHV-6 activation. The control group included 20 healthy individuals. Results In
patients after COVID-19 and stress exposure, clinical characteristics consistent with PCC and PTSD were identified
and accompanied by significant laboratory changes: lymphopenia in 18.9%, lymphocytosis in 32.9%, monocytosis in
39.2%, neutropenia in 22.8%, and neutrophilia in 34.1% of patients; elevated C-reactive protein (CRP) levels in
23.4%, erythrocyte sedimentation rate (ESR) in 24.1%, and liver enzymes in 11.4%. These clinical and laboratory
findings indicated immune dysregulation and a high risk of immunopathology, which was enhanced by HHV-6
reactivation. In PCC patients after severe COVID-19 with HHV-6 reactivation, a decrease in CD3+ T cells (p=0.009),
NK cells (p=0.013), CD8+ T cells (p=0.008), CD4+ T cells (p=0.045), and Treg cells was observed, along with an
increase in CD19+ B lymphocytes (p=0.0002) compared with PCS patients without HHV-6. These findings indicate
the development of cellular immune deficiency with impaired regulatory immune control. In PCC patients with
HHV-6 reactivation, significantly reduced Fas levels (p<0.01), decreased expression of the inhibitory receptor TIM-
3 (p<0.01), and high expression of the activation-regulatory marker CD38 (p<0.01) were detected after moderate
COVID-19, in contrast to patients after severe COVID-19. Increased CD38 expression (p<0.01) was also detected
even after mild COVID-19. In PTSD patients with HHV-6 reactivation, a significant decrease in CD3+ cells and a
tendency toward decreased CD8+, Treg, and CD4+ cells were observed, along with an increase in CD19+ and NK
cells. These changes indicate that HHV-6 reactivation disrupts helper-suppressor immune regulation and
increases the risk of autoaggression via humoral and cytotoxic mechanisms. It was established that in PCC
patients, TIM-3 expression on NK cells was reduced compared with controls, with significantly lower levels in the
presence of HHV-6 reactivation (p<0.01), indicating suppression of apoptotic activity and a probable risk of Thi-
type autoimmune pathology. Conclusion and Clinical Implications The obtained data allow Fas, TIM-3, and CD38 to
be considered predictive markers of PCC development after mild and moderate COVID-19. Reduced Fas expression
(p=0.019) in PTSD patients may be used to predict neurological and cognitive complications. HHV-6 reactivation in
PCC and PTSD patients was shown to decrease cytotoxic activity of immunocompetent cells and disrupt
activation-regulatory immune mechanisms. TIM-3 expression levels can be used to justify therapeutic correction
with antiviral and immunomodulatory therapy. Patients with PCC, PTSD, and comorbid pathology with HHV-6
reactivation were treated with inosine pranobex for 12 weeks, providing direct antiviral and immunomodulatory
effects. Clinical efficacy was 60.4%, virological efficacy 62.9%, and immunological efficacy was associated with
enhanced apoptosis in NK and CD8+ cytotoxic lymphocytes and increased regulatory activity of T helper cells. The
immunomodulatory effect of inosine pranobex on CD8+ cytotoxic lymphocytes was mediated by activation of early
apoptosis mechanisms of virus-infected cells via the PD-1/PD-L1 pathway involving Gal-9 /TIM-3 and activation of
final apoptosis execution by NK cells through the Fas/FasL system, which is crucial for limiting viral spread in the
organism. Keywords: post-COVID syndrome, COVID-19, stress, post-traumatic stress disorder, human herpesvirus
type 6, clinical characteristics, immune response, cellular immunity, T-lymphocyte subpopulations, NK cells,
cytotoxic T cells, comorbidity, antiviral and immunomodulatory therapy, inosine pranobex, prognosis.
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Koz, 3a €IPITIOY: 02010681

MiCIICSHaXO,T.[)KeHHH: ByJ1. Boopumupa Bepragcekoro, JJHinpo, JJHinposcbkuit p-H., 49044, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHiCcTepPCTBO OXOPOHH 3/10POB's YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. JlapmoBa TeTrsiHa IBaHiBHA

2. Tetiana I. Liadova

KBasigikamis: 1. men. u., npodecop, 14.03.08

InenTudikarop ORCID ID: 0000-0002-5892-2599

JopaTrkoBa inpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKuil HallioHaMbHKT yHiBepcUTeT imeni B. H. Kapasina
Kog, 3a €IPIIOY: 02071205

Micuesnaxo;pxeum:: MangaH CBobonu, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. PaxmaH JIropMuiia BosiogumupiBHa

2. Liudmyla V. Rakhman

KBasigikamis: 1. men. u., npodecop, 14.01.16
InenTudikarop ORCID ID: 000-0002-0952-6282
JoparkoBa indpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHE HEKOMEPLiHE TiANpUeMCTBO "JIbBIBCHKUIA

HalliOHAJILHUI MEIUYHUI yHiBepcuTeT iMeHi JJanumna anmnbpkoro”
Kopg 3a €IPIIOY: 02010793

Micue3Haxoa KeHHS: By [lekapchka, JIbBiB, 79010, Ykpaina
dopma ByracHOCTI: [lepxasna

Cdepa ynpaBJIiHHﬂ: MiHicTepcTBO OXOPOHM 30POB 'Sl YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I10-6aThKOBI:
1. KannyctuHcbka Okcana CrenaHiBHa

2. Oksana S. Kapustynska
KBasigikamis: k. men, u., nouenr, 14.01.02
Imentudikarop ORCID ID: 0000-0002-3280-9141

JopaTrkoBa indpopmamnist:



IIoBHe HaflMeHYBaHHﬂ IOpI/I,uH‘{HOi 0COOM: Jlep>kaBHE HEKOMEpLiMHE MiAIPUEMCTBO "JIbBIBCbKUN

HalliOHAJIbHUI MEeIMYHUH YHiBepcUTeT iMeHi Jlanusa ['anuipkoro”
Kopg 3a €IPIIOY: 02010793

Micue3HaxoaKeHHS: By [Tekapchka, JIbBi, 79010, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCTBO OXOPOHU 3/10POB 51 YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi CxyapoB €Brex SIKoBUY

TOJIOBH pajgu

Biacue IlpisBume Im'st [To-6aThKOBI Cxasapos €sre SkoBnY

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBizanbHMil 32 NiATOTOBKY Hapixko Onena Mukosaisra
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi IOpuenko TeTsHa AHaToiiBHA

OisIJIBHOCTI




