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PeakTuBauus repnecBMpycoB —
OoAiHa U3 BO3MOXHbIX NPUYMH
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CornacHo onpepeneHunio BcemypHoi opraHu3aummn 3apaBoOXpaHeHus, MOCTKOBUAHBIA CUHOPOM — 3TO «COCTOsiHME nocne
COVID-19, koTopoe pasBMBaeTCs Y NUL, C aHaMHEe30M BEPOSITHOM UMM MOATBEPXAEHHON MHMDEKLMM, BbI3BAHHOW BMPYCOM
SARS-CoV-2, kak npaeuno, B Te4eHne 3 mec. oT MmoMeHTa gebrota COVID-19 n xapakTepmusyeTcs Hanm4mem CUMMNTOMOB Ha
NPOTSKEHNMN HE MEHEE 2 MEC., a TakKe HEBO3MOXHOCTBIO MX 0ObACHEHUS anbTepHATVBHBIM AUArHo30M». OKCMepTbl CHATAIOT,
410 okono 20-50% nepexmeLunx COVID-19 nmetoT KnMHUKY Takoro popa coctosiHus (Post-COVID Conditions/PCC). Mpu4mnHbl
passutusa PCC go cux nop Ao KoHua He icHbl. MNpegnonaratoT, YTo NOCTKOBUAHBIV CUHAPOM MOXET ObITb CBA3aH C AIMTENbHON
nepcucteHumert SARS-CoV-2, KonmyecTBEHHbIMU U Ka4eCTBEHHbIMU CABUraMn MUKpobuoma/Bupoma, ayToMMMYHHbIMW peak-
LUMsAMK, runepkoarynsaumen, sHaoTenmanbHon gucyHkumen n np. Bee 6onblue gaHHbIX HAaKanIMBaeTcs B OTHOLLEHUN peak-
TMBaLUMM reprnecBupycoB Kak ogHon n3 segymx npuyuuH PCC. Yalue Bcero B Ka4ecTBe «MpuU4MHHOro dhaktopa» paccMmarpu-
BatoT SnwrenHa—-bapp Bupyc.

KnroueBbie criosa: repriecsupycei, noct-COVID, Post-COVID Conditions
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Reactivation of herpesviruses is one
of the possible reasons of post-COVID-19
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Post-COVID syndrome is "a post-COVID-19 condition that develops in people with a history of probable or confirmed infection
with the SARS-CoV-2 virus, usually within 3 months of the onset of COVID-19 and characterized by the presence of symptoms
for at least 2 months, as well as the inability to explain them with an alternative diagnosis, according to the WHO definition,
Experts believe that about 20-50% of COVID-19 survivors have a Post-COVID Conditions (PCC) clinic. The reasons for the
development of PCC are still not founded. Post-COVID syndrome may be associated with long-term persistence of SARS-
CoV-2, quantitative and qualitative changes in the microbiome/virome, autoimmune reactions, hypercoagulability, endothelial
dysfunction, etc More data is accumulating regarding the reactivation of herpesviruses as one of the leading causes of RCC.

Most often, the Epstein—Barr virus is considered as a "causal factor".
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aHgemmsa COVID-19 3Ha4MTeNbHO M3MEHUIA HaLL XXU3Hb.

Celtyac, no npoLecTBMU TPEX JIET, MOXHO C YBEPEHHO-
CTblO CKas3aTb, YTO HET HanpaBfieHus B MeOUUMHCKOM Hayke,
KOTOPOro 6bl HE KOCHYNUCb MU3MEHEHUsl, CBA3aHHble C HOBOW
KOPOHAaBMPYCHOWN NH(EKLIMEN.

Cama COVID-19 un cBaA3aHHble C Hel MpPOTUBO3NUAEMUYE-
CKVe MeponpusiTUa 3Ha4MMO U3MEHWUSIN CTPYKTYPY MHMEKLIMOH-
Hoi 3aboneBaemoctn. OdmumanbHble OTHETHI AenapTaMeHTOB
3[paBoOXpaHeHNst AEMOHCTPUPYIOT POCT rnokasarens obLen 3a-
6onesaemoctn B Poccuickon depgepaunm (Ha 35,2% B 2021 .
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PeakTuBaumnsi repnecBMpycoB — ofHa U3 BO3MOXHbIX MPUYNH paseutus post-COVID-19

Reactivation of herpesviruses is one of the possible reasons of post-COVID-19

no cpasHeHuto ¢ 2020 r.). Mpu 3TOM 4YacTo perucTpyvpyemble
paHee MHMEKLMOHHbIe 6O0ME3HN OTOLLNM Ha BTOpou nnaH [1].
OT1yacTu 370 CBA3aHO C (DEHOMEHOM MHTEepdEPEHLMM BUPYCOB,
0THaCTW C OrpaHNyYeHnemM JOCTYNMHOCTM MEAULIMHCKOM MOMOLLM,
HO OCHOBHOW MPUYMHOW, KOHEYHO Xe, CTanu MacluTabHble npo-
TMBO3NUAEMUYECKME MepOonpusaTUs, 3dEKT KOTOPbLIX pacnpo-
CTPaHWUIICA Ha BCIO rpynny OCTPO MPOTEKALLMX aHTPONOHO30B
C a3po30s1bHbIM U dheKasnbHO-0panbHbIM MexaHM3Mamu nepepa-
yun. MNprvmMepom TOMy MOTYT CAYXWUTb FPUMM, KOKMIOLL, BETPSiHAsA
ocna, OCTpble KULUIE4YHble MHMEKUUN, reHepannsoBaHHas Mme-
HWHIOKOKKOBas MHdeKuus n T7.4. Cenvac MHOrme cTpaHbl ctanu
0TKasblBaTbCA OT OrPaHNYUTENIbHLIX MEPOMNPUATUIA, MOCKOMbKY
CcpefHeMHOroneTHe nokasatenu 3a6oneBaeMoCcTy CTabunmamn-
pytoTcsi. Ho nonHoro Bo3epara K «A0KOBUAHOW» CTATUCTUKE HET.
OTO KacaeTcsi He TONbKO KOMMYECTBEHHBIX, HO N KAYeCTBEHHbIX
rnokasaTenen nHumgeHTHoctTu. B cootBeTcTBUM C 3TUM B Mex-
JyHapofaHyto knaccudwmkaumio 6onesHent 10-ro nepecmoTpa
6blIM BKITIOYEHbI HOBbIE PYOPUKK, KacaloLmecss HOBOW KOPOHa-
BUPYCHOM WMH(EKLMM U aCCOLMMPOBAHHBLIX C HEW MNaTonorvm.
B nocnepHee Bpems HakannmBaeTcs Bce 60MbLLUE AAaHHbIX O CO-
CTOSIHMAX, BO3HUKAIOLMX nocne ocTporo nepuoga COVID-19.

Bnepsble ynoMMHaHNA 0 CUMNTOMaXx, BOSHUKAIOLLMX UK Npo-
OOMKaKLWNXCSA NOCNe MNepeHEcCeHHON HOBOW KOPOHABMPYCHOW
WMHIEKLUMN, CTann MOsIBAATLCA B COLMAsbHbIX CETAX BECHOM
2020 r. MNonb3oBatenu HasbiBanu 310 coctosHme Long-COVID
(«monrun koBng»). OuumnanbHO «onpeaeneHne KIMHUYECKOro
cnydaa coctosHua nocrne COVID-19 cornacHO KOHCEHcycy
Delphi» 6b1n0 gaHo BcemupHowm opraHn3daumen 3gpaBooxpaHe-
Hus (BO3) 6 oktabpsa 2021 r. [2]. 16 despana 2023 r. BO3
onyénukoeana «OnpegeneHve KNMHUYECKOro cryyasi cocTosi-
Hus nocne COVID-19 y peTer 1 NoapOCTKOB HA OCHOBE KOHCEH-
cyca akcnepTtoB» [3].

CornacHo npeacTaBneHHbIM [OKYMEHTaM, MOCTKOBUAHbBIN
CUHOPOM — 3TO «cocTosiHue nocne COVID-19, koTopoe passu-
BaeTcsA y /ML, C aHaMHEe30M BEPOSITHON MNWN NOATBEPXAEHHOM
MHpekunn, BbidBaHHOW Bupycom SARS-CoV-2, kak npaswno,
B Te4yeHne 3 mec. oT momeHTa gebiota COVID-19 n xapakrepu-
3yeTcs HanM4nem CUMMNTOMOB Ha MPOTSXEHUN He MeHee 2 MecC.,
a TakxXe HEeBO3MOXHOCTbIO MX OOBACHEHMS anbTepHaTUBHBLIM
OMarHo3om». JKCnepThbl CHUTAIOT, YTO OKONo 20-50% nepexus-
wnx COVID-19 nMeloT KNMHUKY Takoro poga coctosHus (Post-
COVID Conditions/PCC) [4-8].

MpuyumHbl pasButns PCC Oo cux nop A0 KOHUA He SCHbI.
BospgelicteBne camoro Bupyca, TAXecTb 3aboneBaHus U arpec-
CMBHas Tepanusa onpeneneHHo BHOCAT CBOM BKMag B passutue
CMHOPOMA, HO MOCTKOBUAHbIE COCTOSIHUSI PerncTpuposann u
y 60nbLLOro Yncna nogen, paHee nepeHecumnx COVID-19 B cy6-
KNMHUYECKON nnn nerkon cpopme [5, 7, 9]. B kavyectBe ofHON
M3 MNPUYUH paccMaTpuBaloT W OIUTENbHYIO MEePCUCTEHLMIO
SARS-CoV-2. /I3BeCTHO, 4TO PeuenTopoM Ans BMpyca CIY>XWUT
aHrnoTeHauHnpespatlarowmn depmeHT Il Tuna (AMd2), akc-
npeccupyemMbin pas3nuyHbiMu knetkamm [10, 11]. Ero HecyT Ha
CBOE NOBEPXHOCTU afibBeoNspHble KneTku Il TMna, aHTepouunThbl,
KNEeTKN 3HAOTENUS COCYA0B, NULLIEBOAA, MOYEK, HAAMOYEYHNKOB,
MUoKapaa, KneTkm kposu (Makpodbarm) u np. [12]. O6cyxpaetcs
BO3MOXHOCTb O/iMTenbHoln nepcucteHummn SARS-CoV-2 B aTux
KneTkax gaxe nocrne 3AMMUHaUMM ero co CIIM3UCTbIX BEPXHUX
ObixatenbHbix nyten [13, 14].

BblpaXeHHy0 yCcTanocTb U CHUXEHWe paboToCMOCOBHOCTY,
xapakTtepuaytowime PCC, akcnepTbl CBA3bIBAT TakXe C AMWC-
byHKLUMEN NEerkMx, B OCHOBE KOTOPOW, NO-BMAMMOMY, NnexaT
hrnbpoTnHeckme N3MeHeHa anbLBeonspHON TkaHu. B nccnepo-
BaHuM Limei Liang et al. (2020) 6b1M nokasaHbl HapyLLIEeHUs
OYHKLUUN NErKUX, COXPaHAIOLLMECS B TeYEeHVWEe KakK MUHWMYM
3 mec. nocne octporo nepmoga COVID-19 [15]. 3T nameHeHus
CBA3bIBAIOT C (PEHOMEHAMM MMNepBOCMaNeHns, akTuBaumm MOHO-
uuMTapHo-makpodharanbHOM CUCTEMbI, C COCYAUCTbIMU HapyLue-
HUSMW B COYETaHMM C BbICOKOW KOHUEHTpauuen gakTtopos
pocTa aHpgoTenusa cocynos u np. [16].

BbickasbiBaeTca MHEHME O TOM, 4TO B3ammopeicTemne SARS-
CoV-2 ¢ MMKpo6OMOM 1 BUPOMOM YesioBeKa NpUBOAUT K KO-
YeCTBEHHbIM M Ka4eCTBEHHbIM CABUram NOCnegHux, YTo CTaHo-
BMTCS MPUYMHOWN LUMPOKOrO CMEKTpa CMMMNTOMOB, perncrTpupye-
MbIx npyu PCC [17].

CyLlecTByeT Teopusi U T.H. «MNEPCUCTEHTHbIX MUKPOCIYCTKOB»,
KOTOpble, O6pa3oBaBLUNCL B pe3ynbrarte ruvnepkoarynsauum,
«CaMOCTOATENbHO» (POPMUPYIOT CUCTEMHbIE 3O(PEKTLI B opra-
Hu3me [18].

Pag akcnepToB OTHOCHAT K OCHOBHBIM MEXaHW3mMaM pas3BuTus
NOCTKOBUAHBIX COCTOSIHUM ayTOMMMYyHHble peakuun [9]. Ooka-
3aHO CyLLEeCTBOBaHNE MOMIEKYNSAPHOW MUMUKpUM 6enkoB SARS-
CoV-2 nop 6enku opraHu3ma 4Yenoseka [17]. B akcnepumeH-
Te OblIM MNOKasaHbl NepekpecTHble peakuMn BO3OyAUTENs
CQOVID-19 ¢ aHTUreHamu nerkux, cepaua, KpOBEHOCHbIX COCY-
00B, KMLLEYHMKa, Novek n moara 3abonesLumx [19]. B gononHe-
HVWe K 3TOMy MpegnonaraeTcs, YTO B YCIOBWSAX runepsocnane-
HWA npepcTaBMTenM MuKpobroma/BMpoma 4enoseka MoryT
crnoco6cTBOBaTh MPOAYKUMW ayTOaHTUTEN W MpoBOLMPOBATHL
pasBuTUEe MMMYHHbIX peakumi [9, 19].

B kayecTBe eLle ofHOM BO3MOXHOW npuynHel PCC paccma-
TPUBAIOT HEKOHTPONMPYEMYIO BOCMANUTENbHYIO peakuuio Ha
VMHUUMPOBaHNEe KOPOHaBUpPYCOM. Bbino nokasaHo, 4To 60sb-
Hbleé C KIIMHUKON MOCTKOBUOHOIO CMHAPOMA OEMOHCTPMpOBav
BbICOKME YPOBHW LMTOKMHOB (hakTopa Hekposa Onyxonu-a,
nHTEepdepoHa-p, MHTepnerikmHa-6) [20, 21]. JomuHupoBaHue
B CTPYKType 3a60fieBLUMX WMMEHHO >XEHLUMH KOCBEHHO MOA-
TBEPXAAET 3TOT TE3UC: U3BECTHO, YTO KaK BPOXAEHHbIE, TaK U
NprMoBpeTEHHbIE WMMYHHbIE peakuuMu Yale ¢OopPMUpPYOTCS
y npefcTasutensHuL, cnadoro nona [19].

Ony6nukoBaHbl AaHHble, CBUOETENbCTBYOLWME O TOM, YTO
OfHOW M3 BEepoATHbIX NpuynH paseutus Long-COVID moxeT
6bITb MacCVBHOE MOBPEXOEHNE OpPraHOB W TKaHe’h B OCTPOM
aze nHpekumn [22]. OnuTenbsHas BOCnanuTenbHas peakuus
NEeXWUT B OCHOBE (POPMMPOBAHUSA MNaTONOMMN LieHTpasnbHON HepB-
HOWM CMCTEMbI, XenyAo4HO-KULLEYHOro TpakTa, CTAHOBUTCA Npu-
YMHOW SHOOTENNaNbHOM OUCHYHKLUMM, HAPYLUEHWIA MPOLIECCOB
CBepTbIBAHMSA KPOBM U Mp.

OyeBnAHO, 4TO Ha POHE BO3HUKLLUMX MMMYHHbIX COBWUIOB,
KacaloLLMXCs B NEPBYIO 04epefpb KIETOYHOMO 3BeHa BPOXAEHHO-
ro MIMMYHUTETA, BO3MOXHA 1 peakTnsaums NepcuCTEHTHbLIX BUPY-
coB. KnvHu4yeckne npusHaku aToro oeHoMeHa B MOMHOM Mepe
COOTBETCTBYIOT NPOSBIIEHNAM MOCTKOBUAHOIO cuHpgpoma [23].

HaHHbIX No peakTuBaumm repnecsupycos (I'B) kak peaynbra-
Ta nepeHeceHHoro COVID-19 crtaHoButca BCe 60sblue. Tak,
amepuKaHckue y4deHble B 2021 r. BbIIBUNKW, YTO peakTuBauums
XPOHMYECKOW BUPYCHOW WHpekummn InwrteriHa-bapp (EBV)
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PucyHok. [lonsi naumeHTOB ¢ peakTuBauuen B Ha poHe COVID-19
Nno AaHHbIM UCCNeA0BaHUNA, NpeacTaBNeHHbIM B Tabnuue.

Figure. The proportion of COVID-19 patients with HV- reactivation,
according to the studies presented in the table.

C MNOSsIBNEHNEM B KPOBM TUTPOB IgM Hanmpsimyto koppenupyet
¢ PCC [283, 24]. B aToM e nccrnegoBaHmm 6bI10 NoKasaHo, 4To
BbIPa>XEHHOCTb aKTUBHOCTW CNeLMdUYHBbIX K LIMTOMEranoBupy-
cy (CMV) T-kneTok accouuupoBanacbk C 4acTOTOM pa3BUTUSA
Long-COVID [24]. PeTpocnekTMBHOE WCCNedoBaHWe, KOTOpoe
Bkntoyano 100 naumeHToB ¢ Tsxenon dhopmon COVID-19, noka-
3ano, 4to y 56% obcnenosaHHbIx B TedeHue 10 gHen Habnoga-
nacb peaktMsauus reprneTmyeckorn nHdekummn: y 12% — nHdek-
umn Bupyca npoctoro repneca (HSV), y 58% — EBV ny 19% —
CMV [25]. Psag wuccnemoBaHWiA, KacaroLMXCA OMUCbIBAEMOro
sBNeHuns, npegcrasneH B Tabnuue. Ctatbn otébupann B 6a3ax
PubMed, SCOPUS, eLibrary no knto4eson dpase «reactivation
of herpesviruses in patients with COVID-19» (nonHoTekcToBblE
B CBOGOOHOM [OCTYMeE).

JaHHble, NpeAcTaBneHHble B Tabnuue, U No 4YacToTe peru-
CcTpaumu, 1 No BblpaXXeHHOCTN HabngaeMoro eHoMeHa UMetoT
JOCTaTO4HO LUMPOKUIA pasbpoc. ITO BMOSHE OOGBACHUMO, MO-
CKOMNbKY BbIGOPKM 3HAYMMO pasnmnyanmcb No OCHOBHbLIM Xapak-
TEpUCTUKaAM MNaumMeHTOB, CpokaM HabnwaeHus n nepuogam
3aboneBaHuns. YacTb WCCnemoBaHU BKNOYana HabnwoaeHus
B YCNMOBMAX CTaUMOHAPOB, OTAENIEHUA WHTEHCUBHOW Tepanuu,
4YacTb — B aMbynaTopHbIX ycnosusx. O4eBngHO, Y4TO 1 reHoBapu-
aHTbl SARS-CoV-2 otnmyanmcb B pasHbIX UCCNEAOBaHUNX, Mo-
CKOMNbKY CO0p AaHHbIX HE OrpaHMyMBarcs onpeneneHHbIM nepu-
0foM naHgemun. TeM He MeHee yxe cendac CTano O4eBUAOHO,
YTO Cpeaun BCEro cemencTBa Herpesviridae caMmbiM «pearnpyto-
wum» Ha COVID-19 aBsnsaetca EBV (pucyHOK).

W, BManmo, MMEHHO OH, 3TOT BUPYC — OfHA U3 IMaBHbIX «MHGEK-
LIMOHHBIX» NPWYUH Pa3BUTUSA NOCTKOBMAHOro cuHapoma. MNyénu-
Kauun, noaTBepXaarLmx JaHHOe npeanonoXeHne, CTaHOBUTCA
Bce 6onbLue [23, 24, 44—49]. IHTepec K 3TOMy npeacTaBuTento
cemMelictBa B cBs3aH co cxo4CTBOM KJIMHUYECKOW CUMMTOMA-
Tk PPC n peaktuBaumm xpoHudeckon EBV-nHbekumm: 6bICT-
pasi yTOMNSeMOCTb, HAPYLLEHWE CHa, «MO3roBON TyMaH», Ledan-
rMv, apTpanrun, nMXopagka, >XenyaoyHO-KULLEYHbIe >Xanobbl,
pasnnyHbie KOXHbIE BbiCbiNaHusa v np. [24, 44—48]. Bonee TOroO,

ncecnefosaHusa nokasanum, 4to obHapyxeHue OHK EBV Bo Bpe-
Ms ocTpoi uHdpekumm SARS-CoV-2 kKoppenuposano ¢ nosiene-
Huem cumntomoB PCC 4vepe3 30-60 pHein nocne BbI3OO-
poBneHus [24]. OcHoBbIBasCb Ha 3TWX peaynerartax, Peluso M.J.
et al. (2022) «cy3nnu» Bo3MOXHbIN dpeHoTun PCC y naumeHToB
c peaktmBaumen EBV Ha doHe uHduumposaHus SARS-CoV-2
[45] n nokazanu, 4To heHOMEH peaKTMBaLmMmM MOXET ObITb Crew-
nuyeckn cBA3aH C YTOMSIAEMOCTBIO W HEBPONOrnNY4eCKNUMU
cumntomamum Long-COVID.

MpuyKrHbI, NpUBOAALLME K peakTMBauun nepcucTUpyoLmx
BUPYCOB Yy nHuumMpoBaHHbix SARS-CoV-2 naumeHToB, Haxo-
[OATCA NOKa Ha aTane nay4eHus. CyLLLeCTByeT HEeCKOJ1IbKO r'mno-
Te3. OgMH 13 BO3MOXHbIX MEXAHM3MOB BKIIOHAET CHMXEHME
konnyectea CD3*CD8* kneTok, KOTOpble OTBEYalOT 3a «Mep-
BYIO JIMHUIO» (HOPMMPOBAHUA WMMYHHOro OTBETa MNPOTUB
EBV-uHdekuuu [50]. B nccnegosanunsx Chen T. et al. (2021)
nokasaHo, 410 4ymcno CD8* y nmaumeHTOB C KO-UHMeKUunen
(kopoHaBupycHol 1 EBV) 6b1no Ha NOPAJOK HWXe, YeM y na-
LUMEHTOB C MOHOMHQEKLUMOHHLIM npoueccom SARS-CoV-2
[30]. ABTOpbI cyMTalOT, YTO LUTOTOKCUYECKME NUMMOLMUTEI
MOXHO paccmaTpuBaTb Kak CBOEro pofa «KpaeyrosibHbli Ka-
MeHb» EBV-cneunmgunyeckoro MMMYHHOro KoHtpons [51].
N nmeHHO aTa cybnonynauua NemkounToB uUcTowaeTcs y na-
uneHtos ¢ COVID-19. NccnepgosaHue Paolucci et al. (2021)
NMO3BONUIIO BbIBUTL KOPPENAUMIO MeXAY CHUXEHHbIM KOMu-
yecteoM CD3+*CD8* n NK-knetok, yposHsmu AHK EBV u Taxe-
cTteto COVID-19 [37].

OOHUM 13 BO3MOXHbIX MEXaHW3MOB, C MOMOLLIbIO KOTOPOro
EBV vnpyumpyet passutne Long-COVID, aBnseTca nospexge-
HVe KNeTOK W HapylleHne MWUTOXOoHApuanbHbIX nyTen. lNpeg-
nonaratoT, YTO UBMEHEHHbIV MeTabonMyecknin Npodnsb U MUTO-
XOHApWanbHbI 61MoreHe3 B 060MX BMpycax MOryT MpuBECTU
K YCTOMYMBOW BOCNANMUTENLHON peakuun npu UHUUMpoBa-
HuM SARS-CoV-2 [52]. Joka3aHo, 4TO perynstopHble 6efku
Bupyca EBV wuHgyumpyloT pgerpapaumio 6enka p53, KoTopbIn
06bI4YHO «ynpaBnseT» penapauunen nospexaeHnn OHK 1 anon-
To30M [49, 52]. NHTepecHo, 4To SARS-CoV-2 Takxe pacnona-
raet MOMEKYNSAPHbIMA MeXaHu3Mamu KOHTpona Hag p53, 4To
B KOHEYHOM WUTOre Crnoco6CTBYeT 6ecrnpensiTCTBEHHOW pennu-
KauMm n pasMHOXeHuIo Bupyca [52].

Ewe oonH BO3MOXHbIN MexaHuU3M, NocpefcTBOM KOTOPOro
yxe EBV yuacteyeT B «yTaxenenun» nHdekumm SARS-CoV-2,
onucaH Verma D. et al. (2021). MiccnegosaTtenu nokasanu, 4to
pennukauma EBV B nutnyeckyto dasy nHoyLmpyeT 3KCnpeccuio
ACE2 Ha anuTenuanbHbIX KneTkax, obrnerdas NpoHWKHOBEHWE
Bupyca SARS-CoV-2 B knetku [53]. B To Xe Bpemsi NpomMoTop
ACE2 ycunuBaeT peakumio aktMeartopa TpaHckpunuun Z (Zta).
Zta, B CBOIO 04epenb, CNOCO6CTBYET peakTMBaunm naTeHTHOro
EBV n ero nepexopa B nutnyeckyto dasy [49, 53].

Takmm 06pasom, ncxogpl nHdmumposanns SARS-CoV-2 pas-
NMYalTCA: OT MOSIHOMO BbI3AOPOBIEHNA [0 (HOPMUPOBAHUA
knnHukn PCC ¢ BO3MOXHbIM pa3BuUT1EM MyNLTUOPraHHOro nopa-
XEHUSA N HebnaronpuaTHOro mcxoda. MNpuynHbl Takmx cobbITUiA
[0 KOHUa He 13y4yeHbl. MNpoBoauMble nccnenosaHnsa JOMNOMHAT
NMOHMMaHNe BO3MOXHbIX MEXaHW3MOB, K KOTOPbIM BrOJHe 060C-
HOBAHHO MOXHO OTHECTW peakTUBaLUMIO MEePCUCTEHTHbIX BUPY-
COB U3 cemencTa Herpesviridae.
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Tabnvua. UccnepoBaHus, oLeHUBalOLLME peakTMBaLUIo repnecBupycoB y 6onbHbIX ¢ COVID-19
Table. Studies evaluating the reactivation of herpesviruses in patients with COVID-19

AgTopsl / Autors

Gold J.E. et al.,
2021 [23]

Saade A. et al.
2021 [25]

Shafiee A. et al.,
2023 [26]

Meng M. et al.,
2022 [27]

Banko A. et al.,
2023 [28]

Brooks B. et al.,
2022 [29]

ChenT.etal,
2021 [30]

Zubchenko S.
et al., 2022 [31]

Yueno v xapakTepucTuka nauneHTos /
Number and parameters of patients

30 naumneHToB B Bo3pacte 21-74 roga,
nepexvsLUKe NabopaTopHO
noaTBEPXAeHHbIn COVID-19 /
30 patients aged 21-74 years
who survived laboratory-confirmed
COVID-19

100 naumeHToB € TAXENbIM
Teyenmem COVID-19.

CpepnHuin Bo3pacT 59 net
(mmanasoH 53-67).

WccnepoBaHue npoBogmnmv

B OTAENEHWNN NHTEHCMBHOW Tepanuu
(OUT) oHKorematonorum /

100 patients with severe duration

of COVID-19. The median age was
59 years (range 53-67).

The study was conducted in the
intensive care unit of oncohematology
BONbLUMHCTBO BKIHOHEHHbIX
MauMeHTOB 6binn C TAXENbIMMI
thopmamu COVID-19 /

Majority of the patients were

with a severe duration of COVID-19

217 nauneHToB, NOCTYNMBLLMX

B YXaHbCKY0 MH(PEKLMOHHYIO
60mbHULY K 12 mapTa 2020 1. /
217 patients admitted to Wuhan
Infectious Diseases Hospital by 12
March 2020

MaumneHTbI NpenmyLLEeCTBEHHO
npoxomaunu neyenme 8 OUT.

VIx Bo3pacT Bapbuposan ot 2 fo 99 net
C MOYTN PaBHbIM PacrpefeneHnem

o nofty (48% My>X4WH U 52% XEHLLWH) /
Patients were predominantly treated

in the ICU. Aged from 2 to 99 years

with almost equal gender distribution
(48% of male and 52% of female)

67 naumeHToB cTapLue 18 ner,
rocnuTan13npoBaHHbIX B OCTPOM
nepvoge COVID-19/

67 patients over 18 years who were
treated in inpatient department in the
acute period of COVID-19

67 nauveHToB (cpegHuii Bo3pacT

37 ner), rocnuTanuavpBaHHbIX

B MepBble 2 Hefleny 0T Havana
KNuH14eckvx npossneHuii COVID-19 /
67 patients (mean age 37 years) who
were treated in inpatient department

in the first 2 weeks from the onset

of clinical manifestations of COVID-19
88 naumeHTos ot 18 go 65 net ¢ PCC /
88 patients aged from 18 to 65 years
with PCC

OcHoBHble peaynbtarsl / Main results

Y 66,7% (20/30) naumMeHTOoB ¢ ANUTENbHBIM TEHEHWNEM
COVID n'y 10% (2/20) 3 rpynnbl KOHTPONSA 6bina
BbIIBNIEHa peakTuBaumst EBV, p < 0,001 /

66.7% (20/30) of patients with long-term COVID

and 10% (2/20) of the control group had EBV reactivation,
p < 0.001

Y 63 naumeHToB Habnoganm peaktmeauuto 'B:

12% onsa HSV, 58% EBV n 19% CMV.

O6Luas KyMynaTMBHAA YacToTa peakTueaumv B
cocraeuna 56,1% [55,9-56,4] 4epe3 10 gHeit /
Herpesviruses reactivation was observed in 63 patients:
12% for HSV, 58% EBV and 19% CMV.

The total cumulative rate of HV reactivation

was 56.1% [55.9-56.4] in10 days.

CymmapHas KyMynsTUBHas oLieHKa 3a6011eBaeMoCTu
cocTasuna 38% ansa HSV, 19% ans CMV, 45% ans EBV,
18% anst HHV-6, 44% ans HHV-7 n 19% ans HHV-8 /

The cumulative incidence score was 38% for HSV,

19% for CMV, 45% for EBV, 18% for HHV-6,

44% for HHV-7, and 19% for HHV-8

Y 25,3% (55/217) naumeHToB 6bina BbifBNEHA
peakTuBauus BOB. B cpaBHeHWe C KOHTPONEM Takwe
nauueHTbl 6binu cTaplLue (p < 0,001), XeHLMH cpeam HuX
6bino 6onbLue (p = 0,02) /

EBYV reactivation was detected in 25.3% (55/217)

of patients. The patients were older (p < 0.001)

and there were more women (p = 0.02) in comparison

with the control group

PacnpocTtpaHeHHOCTb akTuBHOW WHbekuun EBV, HHV6,
HSV, CMV, HSV1 n VZV B nonynsuun COVID-19 coctasuna
4 %, 3%, 28%, 25%, 22% 1 18% COOTBETCTBEHHO.
BeposiTHocTb akTuBHOM EBV-MHMEKLMM Y NaLumeHToB

¢ Txenoit hopmoit COVID-19 6bina B 6 pas BbiLLe,

4eM B KOHTporbHoii rpynne 6e3 COVID-19, p = 0,04 /

The prevalence of active EBV, HHV6, HSV, CMV, HSV1
and VZV infection in the COVID-19 population was 41%, 3%,
28%, 25%, 22% and 18%, respectively. The likelihood

of active EBV infection in patients with severe duration

of COVID-19 was 6 times higher than in the control group
without COVID-19, p = 0.04

Y 22,4% (15/67) naumneHToB 06HapYXunn akTueHyto EBV-
nHekLmto, y 4,5% (3/67) — HHV6. ABTOpbI KOHCTATMPYIOT,
Y4TO YacTOTa aKTMBALMW HECKONBKO BOrbLLE,

4em B 3[0POBbIX KoropTax /

In 22.4% (15/67) of patients were found the active EBV
infection, and in 4.5% (3/67) — HHV6. The authors say that
the frequency of activation is s higher than in healthy
cohorts

55,2% (37/67) naumeHToB 6binM CEPONO3UTUBHBIMM

B OTHOLLEHUW aHTuTen IgM KancuaHoro aHTUreHa

EBV (VCA). PeakTnBaums BOB MoxeT 6bITb CBA3aHa

C TXeCTbI0 Te4eHns COVID-19 /

55.2% (87/67) of patients were seropositive for EBV capsid
antigen IgM antibodies (VCA). EBV reactivation may be
associated with the severity of COVID-19

Y 72,3% (68/88) BbisiBunM peaktusaumio 'B:

EBV -y 42,6% (29/68), HHV6 -y 25% (17/68),

EBV 1 EBV -y 32,4% (22/68). BHK CMV He 06Hapyxwunu
HW Ha Kakux 61ONOrnyeckmnx cpepax /

In 72.3% (68/88), HV reactivation was detected:

EBV in 42.6% (29/68), HHV6 in 25% (17/68),

EBV and EBV in 32.4% (22/68). CMV DNA was not found
in any biological media

lMpumeyanus / Notes

AkTuBaumto EBV nogreepxpanv
onpepenenvem VCA IgM, VCA IgG,
EBNA-1 I9G 1 EA-D IgG B kpoBu MeTOAOM
V®A v IHK EBV B kposu meTogom MLP /
EBYV activation was confirmed by
determination of VCA IgM, VCA IgG,
EBNA-1 IgG and EA-D IgG in serum by
ELISA and EBV DNA in serum by PCR
OHK EBV, HSV u CMV onpegensnu

B kpoBu MeTopom [MLIP /

EBV, HSV and CMV DNA were determined
in serum by PCR

MeTa-aHanu3, BKIO4YMBLUMIA 32
uccnenoBaHus /
Meta-analysis including 32 studies

Axtveaumto EBV n CMV nogteepxpany
onpeaeneHvem VCA-IgG, EBNA-IgG,
VCA-IgM, EA-IgG B KpoBU C MOMOLLIbIO
VOA /

Activation of EBV and CMV was confirmed
by the determination of VCA-IgG,
EBNA-IgG, VCA-IgM, EA-IgG in serum
using ELISA

MeTa-aHanums, BK/IOHYMBLLWIA

36 nuccnenoBaHuii /

Meta-analysis including 32 studies

[HK Bupycos onpepensnu

B nnasme kposu Metogom MLP /
The DNA of viruses was determined
in serum by PCR

Peaktusauuio EBV onpegensnu
M0 HanM4Mio B KPOBK aHTUTEN
metopiom VDA /

EBV reactivation was determined
by the presence of antibodies

in serum by ELISA

Boisienenne OHK EBV, HHV6, n CMV

B Nepnhepuyeckomn KpoBu, CltoHe

1 poTOr/oTKe npoBoaunn metogom MLP /
Detection of EBV, HHV6, and CMV DNA
in peripheral blood, saliva, and oropharynx
was performed by PCR
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Luyt C.E. et al.,
2022 [32]

Chiesa A.F. et al.,
2022 [33]

Simonnet A. et al.,
2021 [34]

Naendrup J.H. et
al., 2021 [35]

Katz J. et al., 2021
[36]

Paolucci S. et al.,
2021 [37]

Gatto I. et al., 2022
[38]

Meyer A. et al.,
2021 [39]

Reizine F. et al.,
2021 [40]

SeeBle J. et al.,
2021 [41]

145 B3pOCHbIX NAUVEHTOB C TAXENON
NHEBMOHMEN, Bbi3BaHHOW COVID-19,
HY>XOAIOLLMXCS B UCKYCCTBEHHOM
BeHTUnAumun nerkux (MBJ) /

145 adult patients with COVID-19
severe pneumonia whish is needed
mechanical ventilation (MV)

83 B3pocnbix naumenta ¢ SARS-CoV-2,
rocnutanuanpoBanHble B OUT ons
nposegenus MBI/

HSV reactivation was observed

in 21.7% (18/83) of patients on mucous
membranes after an average of 17 days
34 B3pOCHIbIX NALMEHTA, MOCTYNUBLLINX
8 OUT ¢ COVID-19/

83 adult patients with SARS-CoV-2
admitted to ICU for mechanical
ventilation. 34 adult patients admitted
to ICU with COVID-19

117 naumeHToB € TXeNbIM TEYEHNEM
COVID-19, B OUT, rpynna KoHTpons —
126 naumeHToB € CEencrucoM 13 Toro Xe
otoeneHus 6ea COVID-19 /

117 patients with severe COVID-19,

in the ICU, control group — 126 patients
with sepsis from the same department
without COVID-19

889 naLmeHToB ¢ NOATBEPXAEHHLIM
puarHosom COVID-19.

Viccnepyemas nonynsaums Bknoyana
ambynaTopHbIX W CTaLMOHaPHbIX
NaLlmeHToB /

889 patients with a confirmed diagnosis
of COVID-19. The study population
included outpatients and inpatients

104 naumeHTa, MHULMPOBaHHbIX
SARS-CoV-2. 113 Hux 42/104 (40,4%)
6bIn1 rocnuTanuanposaHbl B OUT

1 62/104 (59,6%) — B oTOENEHNE
cybpeaHumaumm /

104 patients with SARS-CoV-2. 42/104
of them (40.4%) were inpatients

in the ICU and 62/104 (59.6%)

in the intensive care unit

431 naument ¢ COVID-19 n OPIC,
noctynusLuve B OUT /

431 patients with COVID-19 and ARDS
admitted to ICU

153 nauueHTa rocnuTanu3npoBaHHbIX
¢ COVID-19/

153 inpatients with COVID-19

122 naupenta ¢ OPIC, cBsi3aHHbIM
¢ COVID-19. CpepHuit Bo3pact
cocTaBun 66 net /

122 patients with ARDS associated
with COVID-19. The median age was
66 years

25 nauvenToB ¢ SARS-CoV-2,
HaxopsLwmxes Ha MBI/

25 patients with SARS-CoV-2 on
mechanical ventilation

Y 50% n 42% c Tsixenon chopmort COVID-19 (OPLC)
Habnopanu peaktueaumio HSV n CMV cooTBeTcTBEHHO /
In 50% and 42% with severe COVID-19 (ARDS),

HSV and CMV reactivation were observed, respectively

Y 21,7% (18/83) nauueHToB Habnoganm peaktmeaumio HSV
Ha cnuancTbix 06on04Kax B cpegHeM Yepes 17 gHen /

83 adult patients with SARS-CoV-2, hospitalized in the ICU
for conducting (MV)

Buvpemus EBV, CMV n HHV6 Bbisienera y 82% (28/34),
15% (5/34) 1 22% (7/34) NauMeHTOB COOTBETCTBEHHO.
Peaktusaums EBV npousoLuna Bckope nocne nocTynneHns
B OTAE/EHNE MHTEHCUBHOW Tepanuu 1 6bina cef3aHa

c 6onee pnUTeNbHBIM NPe6bIBaHNEM B OTAENEHUM |

In 21.7% (18/83) of patients, reactivation of HSV

on the mucous membranes was observed after an average
of 17 days. Viremia of EBV, CMV and HHV6 was detected
in 82% (28/34), 15% (5/34) and 22% (7/34) of patients,
respectively. EBV reactivation occurred shortly after
admission to the intensive care unit and was associated
with longer ward stays

Y 16% (19/117) naumeHTOB 6biNa BbISBIEHA PeaKT1BaLMA
EBV, uto conocTaenmo ¢ 14% (18/126) 13 KOHTpOnbHO
rpynnel 6e3 COVID-19 (p = 0,672). Y 9% (11/117) -
peaktusauus CMV, uto conoctaeumo ¢ 13% (16/126)

13 KoHTpona (p = 0,296) /

EBV reactivation was detected in 16% (19/117)

of patients, which is comparable to 14% (18/126)

of the control group without COVID-19 (p = 0.672).

9% (11/117) had CMV reactivation, which is comparable
to 13% (16/126) of the control (p = 0.296)
PacnpoctpaneHrocTs HSV y naumentos ¢ COVID-19
coctaeuna 2,81% (25/889) no cpasHeHuio ¢ 0,77%

B 60NTbHNYHOM NMONYNALWM C OTHOLLEHWEM LLIAHCOB 5,27.
PacnpoctpaHerHocTs VZV'y naumneHTos ¢ COVID-19
cocrasuna 1,8% (16/889) no cpasHermio ¢ 0,43% cpepu
NaLUYeHTOB GONbHILL, OTHOLLEHME LLAHCOB 5,26 /

The prevalence of HSV in COVID-19 patients was 2.81%
(25/889) compared to 0.77% in the hospital population
with a 5.27 odds ratio. The prevalence of VZV in patients
with COVID-19 was 1.8% (16/889) compared to 0.43%
among inpatients patients, odds ratio 5.26

[OHK EBV 6bina o6HapyxeHa y 95,2% (40/42) nauueHToB
OWUT ny 83,6% (51/61) naumeHToB cy6peaHnmaLmi.
[lpyrvie oNNOPTYHUCTUHECKWE BUPYCHBIE MHADEKLMM

He Habnopanm /

EBV DNA was detected in 95.2% (40/42) of ICU patients
and 83.6% (51/61) of subcritical care patients. No other
opportunistic viral infections have been observed

Peaktusaumtio CMV B kpoBwv Habnoganv

y 20,4% (88/431) 6onbHbIX /

Reactivation of CMV in the blood was observed

in 20.4% (88/431) patients

Y 26,1% (40/153) naumeHTOB NOATBEPAUNN PeaKTUBaLMIO
HSV-1 (y 31,1% (19/61) 13 gbixatenbHbIx nyTen 'y 24,7%
(36/146) n3 kposu) / HSV-1 reactivation was confirmed in
26.1% (40/153) of patients (31.1% (19/61) from the
respiratory tract and 24.7% (36/146) from the blood)
B-nHdpexumto BbifBMUAM y 38,5% (47/122) 60MbHBIX:
21,9% (27/122) — HSV, 10,7% (13/122) - CMV,

5,7% (7/122) — KonHdeKuys /

HV-infection was detected in 38.5% (47/122) of patients:
21.9% (27/122) — HSV, 10.7% (13/122) — CMV,

5.7% (7/122) - coinfection

Y 83,3% (15/18) nauueHTos Bbigenvunn OHK HSV-1 /
HSV-1 DNA was determined in 83.3% (15/18) of patients

Onpepenexne OHK HSV u CMV meTogom
MLIP B kKpoBM 1 6pOHX0ANEBEONFPHOM
nasaxe /

Determination of HSV and CMV DNA

by PCR in serum and bronchoalveolar
lavage

OHK HSV onpepensnv B Mmatepuane

13 o4ara MopaxeHms KOXM UM CU3UCTON
060m04KM ¢ nomoLLsto MLIP /

HSV DNA was determined in the material
from skin or mucosal lesions shells by PCR

O6Hapyxenue AHK EBV, CMV n HHV6
MPOBOAMIM C MOMOLLbIO KONMYECTBEHHOM
MLP B uenbHo kpoBM /

HSV DNA was determined in material from
the lesion of the skin or mucous membrane
by PCR. Detection of EBV, CMV and HHV6
DNA was carried out by quantitative PCR
in whole blood

PeaktvBauuo EBV nu CMV
nogTEpXKany ¢ nomolbto MLUP /
The reactivation of EBV and CMV
was confirmed by PCR

Hannune 'B-nHtbekumn nogTeepxaanu

¢ ucnons3osannem N®A (tutp aHtuten) /
The presence of HV infection was
confirmed using ELISA (antibody titer)

Onpepensinu aHtn-VCA, aHTu-EBNA,
aHtn-HCMV IgG ¢ ncnonb3oBaHuem
XEMUIIIOMUHECLIEHTHOMO aHann3a.
Harpyaky OHK LIMB n IHK B3b
onpegensnv ¢ nomotusto MLP /
Anti-VCA, anti-EBNA, anti-HCMV IgG were
determined using chemiluminescence
analysis. The load of CMV DNA and EBV
DNA was determined by PCR.

Hannuve OHK CMV B KpoBu
nogTeEPXAan ¢ nomowbto MLUP /

The presence of CMV DNA in the blood
was confirmed by PCR

OHK HSV-1 onpepensnu B kposw,
3HJOTpaxearbHbIX acnuparax,
6poHx0anbBeoNspHoOu xuakoctn / HSV-1
DNA was detected in blood, endotracheal
aspirates, and bronchoalveolar fluid

OHK CMV v HSV onpegensnu

B peCnmpaTtopHbIx 06pasLiax

meTogom MLUP /

CMV and HSV DNA were determined

in respiratory tract samples by PCR

B XmpKocTn 6poHX0anbBeonsipHoro
naBaxa unu acnuparax 13 Tpaxeu
onpepensnu OHK HSV /

HSV DNA was determined

in bronchoalveolar lavage fluid

or tracheal aspirates
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Conoman T.B. 95 B3pocnbIx nauueHTos ¢ COVID-19 BbIsIBUNW OTCYTCTBME [OCTOBEPHBIX PA3NNYUIA MEXLY Onpegenetuie cneumndnyecKnx aHturen
C C0aBT., 6€e3 [bIxaTeNlbHOWN HeAO0CTaTOYHOCTH rpynnamu NauWeHToB 1 AOHOPOB MO 4YaCTOTE BbISBIIEHWS metogom VDA B kposw /
2021 [42] / 1 92 foHopa (YCNoBHO 3A0POBLIX) / IgG k HSV-1 (88-91,6%), HSV-2 (20-20,7%), Determination of specific antibodies
Solomay T. etal., 95 adult patients with COVID-19 without  EBV (98,9-100%), CMV (82,1-83,7%), by ELISA in blood.
2021 [42] respiratory failure and 92 donors HHV-6 (48,4-51,1%); Hu3KkoaBuaHbIx IgG k HSV (6,5-8,4%);

(conditionally healthy) EBV (2,2-6,3%) n CMV (0-1,1%); IgM k HSV-1 (0%),

HSV-2 (0-1,1%,), CMV (0-2,2%) 1 HHV-6 (5,4-8,4%).
Mapkepbl peaktveauum EBV-nrdekumm (IgM VCA, 1gG EA,
IgG VCA v IgG EBNA) focToBEpPHO HaLLie BbISBASMN

B rpynne nauueHTos — 70,5% u 56,8% (p < 0,05) /

There were no significant differences between the groups

of patients and donors in terms of the frequency of detection
of IgG to HSV-1 (88-91.6%), HSV-2 (20-20.7%),

EBV (98.9-100%), CMV (82.1-83.7%), HHV-6 (48.4-51.1%);
low-avid IgG to HSV (6.5-8.4%); EBV (2.2-6.3%) and

CMV (0-1.1%); IgM to HSV-1 (0%), HSV-2 (0-1.1%),

CMV (0-2.2%) and HHV-6 (5.4-8.4%). Markers of EBV
reactivation (IgM VCA, IgG EA, IgG VCA and IgG EBNA)
were significantly more often detected in the group

of patients — 70.5% and 56.8% (p < 0.05)

CaseHkosa M.C. 72 pebeHka cTapLue 1 roga, EBV o6Hapyxwunun y 61,1% (44/72) nauneHTos, Onpepenenue cneuun4eckx aHTuTen

C COagT., nepexusLune COVID-19 / HHV-6 — y 56,9% (41/72), CMV - 41,7% (30/72), metofnom VDA B kposu 1 JHK mMeTogom

2023 [43] / 72 children over 1 year old who HSV -y 15,3% (11/72). MoHouH(beKums ycTaHoBNEHa MLIP B cntoHe, Moye, KpoBM /

Savenkova M. survived COVID-19 y 41 (56,9%) pebeHka, kombuHaums BupycoB —y 31, u3 Hux  Determination of specific antibodies by

et al., 2023 [43] coyeTaHue Ayx BupycoB — Y 22 (71,0%), TpEX BMPYCOB — ELISA in blood and DNA by PCR in saliva,
y 6 (19,3%), 4eTbipex BupycoB — y 3 (9,7%) geteit / urine, blood

EBV was found in 61.1% (44/72) of patients, HHV-6

in 56.9% (41/72), CMV in 41.7% (30/72), HSV in 15.3%
(11/72). Monoinfection was found in 41 (56.9%) children,
the combination of viruses in 31, which are the combination
of two viruses in 22 (71.0%), three viruses in 6 (19.3%),

four viruses in 3 (9.7%) children

UHcpopmauusa o chuHaHcupoBaHum

Pa6ota BbinonHeHa npu uHaHcoBov nognepxke ®rbOY
BO «KasaHckumii TMY» MunsgpaBa Poccun (MpaHt Ne2/22-1
ot 1.08.2022).
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