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Pestome

MaHaemus HOBOW KOPOHaBMPYCHOI MHekLmn COVID-19 cTana HacToSALLMM BbISOBOM HeNIOBEYECTBY U MEAMLIMHCKOMY COOBLLIECTBY.
OHa nocTtasuna Lenblil psa MeauuUMHCKIX 1 coLpanbHbIX BONPOCOB. 13 UMetoLLieiica B HacTosLLee BpeMs MHGYOPMALIMK O KIIMHKYe-
CKUX CIyy4asix Cneayert, 4to y 60mbHbIX COVID-19 B KpUTMHECKOM COCTOSIHUM HABMIOLAETCA KNMHWYECKAS KapTMHA ANCCEMMHUPOBAH-
HOrO BHYTPMCOCYAUCTOrO cBepThbiBaHUA Kposu ([BC), CenTU4eckoro LIOKA C Pa3BMTMEM MOMAMOPTraHHOM HEA0CTATOYHOCTH,
YTO ONPaBAbIBAET HA3HAYEHWE AHTUKOATYNAHTHO Tepanuu naumenTam ¢ COVID-19. Momumo Bbinenenus PHK Bupyca us 6uonorude-
CKOro MaTtepuana u AuarHoCTUKW MEeTOAO0M MONKUMEPA3Holi LeNHON peakuun, ang seaeHus naumentos ¢ COVID-19 Heobxoaumo
onpefeneHue JOCTYMHbIX N1abopaTopHbIX MapKepoB B CbIBOPOTKE KPOBW. ECK akTUBaLUus CBEPTbIBAHWA KPOBW AOCTATOYHO BbIpa-
)KEHa, TO OLeHKa TPOMOOLMTOB M (PAKTOPOB CBEPTHIBAHWUA KPOBM MOXET AMArHOCTMPOBATLCA Nab0paTopHbIMU METO4AMM B BULE
NPOBEAEHNA PYTUHHBIX TECTOB. MMNepuéprHOreHeMus, NOBbILLIEHWE YPOBHSA [-Anmepa, YANMHeHue npoTpOMOMHOBOrO BPEMEHHN,
CHUXEHME KONn4ecTsa TpOMO0LMTOB, IMMOLUTOB 1 J1eKOLIUTOB, NOBLILLIEHWUE COAEPXXaHUs MHTepNeRKuHa 6, dheppuTHa 0TMea-
eTCs Yy 60NbLIMHCTBA NALMEHTOB C UHApeKLUmen COVID-19. CteneHb yBENNYEHMS STUX N3MEHEHWIA KOPPENUPYET C TSXKECTbH BOcna-
NUTENBHOIO NPOLLECCa W ABNAETCA MPOrHOCTUYECKM HEBaronpuATHbIM NPU3HAKOM. B cTaTbe 06CYyXAaKTCa BONPOCHI 1A60PATOPHOro
MOHUTOPUMHIa, KOTOPbIE UrPAIOT CYLLECTBEHHYIO POJib B 3TOM KPU3ICE, CNOCO6CTBYA ONTUMU3ALIMN CKPUHWHIA NALMEHTOB, AMArHO-
CTUKK, a TaKXKe AaSibHELLEro MOHUTOPUHIA, NeYeHns U peabunntaumm.
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Abstract

The pandemic of a novel coronavirus infection COVID-19 has become a real challenge to the mankind and medical community and
has raised a number of medical and social issues. Based on the currently available information on COVID-19 clinical cases, it
follows that COVID-19 patients in critical condition exhibit a clinical picture of disseminated intravascular coagulation (DIC), septic
shock with developing multiple organ failure, which justifies use of anticoagulant therapy in COVID-19 patients. In addition to
isolating virus RNA from biological material and polymerase chain reaction diagnostics, use of simple and easily accessible
laboratory blood markers is necessary for management of COVID-19 patients. If the activation of coagulation processes is sufficient
enough, consumption of platelets and blood clotting factors can be diagnosed by laboratory methods as prolongation of routine
blood clotting tests and increasing thrombocytopenia. Hyperfibrinogenemia, increased D-dimer level, prolonged prothrombin time,
thrombocytopenia, lymphopenia, leukocytopenia, increased concentration of interleukin-6 and ferritin are observed in most COVID-
19 patients. The degree of increase in these changes correlates with severity of the inflammatory process and serves as a
prognostically unfavorable sign. Here we discuss value of laboratory monitoring playing an essential role in such pathological crisis
that contributes to patient screening, diagnosis as well as further monitoring, treatment and rehabilitation.

Key words: COVID-19 diagnostics, laboratory monitoring of COVID-19 patients, coagulopathy, DIC, D-dimer, fibrinogen,
hyperferritinemia, lymphopenia, thrombocytopenia, leukopenia
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J1abopatopHblii MoOHUTOPUHT COVID-19 1 3Ha4eHne onpeaeneHns MapKepoB Koarynonatum

BBegenmne

B ycnoBmsix naHgemMuu HOBOW  KOPOHABMPYCHOMN
nHgpekumn COVID-19 BaxHoe MecTo J1abopaTopHoOi
ANAarHOCTUKN He BbI3bIBAET COMHEHMNIA. IMEHHO cpeacTBa
1 METO[bl TA60PATOPHOI ANArHOCTUKN UMEKOT OCHOBOMO-
naratoLLee 3Ha4yeHue Ans BbIABNEHUS UHULNPOBAHHBIX,
B TOM 4uClie Korga 6051e3Hb NpoTeKaeT 6ecCMMNTOMHO
UM CUMNTOMbI eLLEe He MPOSIBUANCH, @ TAKXe AN 06beK-
TUBHOO OMpefesieHns CTeNeHu TAKECTN COCTOAHNA. ITO
CNOCOBCTBYET NPaBUIbHOI COPTMPOBKE 60NbHbLIX COVID-
19, 4T0 B KOHEYHOM MTOrE NMO3BOJIAET YMEHbLUNTL Hebna-
rononyyHble UCXodpl. Takxe WMEHHO AOCTYN K BbICO-
KOCMeUMdUYHbIM W BbICOKOYYBCTBUTE/IbHBIM METOLAM
nabopaTopHON [MArHOCTUKU OMNpeneNifeT npaBuibHYIo
OLEHKY WHMULMPOBAHHOCTW HACESIeHUs W Nokasaresns
netanbHocTy [1]. OHa HeobXxoaMMa N1 NPUHATUA peLLe-
HUA U NNAHUPOBAHUSA OPraHN3aLMOHHbIX Mep, N03BOJIAID-
WMX CcO6IIOCTM NpaBuNibHbIA GanaHc MeXAy KapaHTWH-
HbIMW OrpaHNUYeHNsMU U NOAJAEPXKKON 3KOHOMUKMW, YTO
04Y€Hb BaXKHO B TekyLlei cutyaumum [2, 3]. OaHako Hako-
MMeHHble JaHHble W Hay4Hble 3HAHMA N0 1a6OPaTOPHOIA
ANarHoCTUKe HOBOW KOPOHaBUPYCHOW uHgekuum GOVID-
19 eLLe He CMCTEMATM3MPOBAHbI.

Takxe B Hay4HbIX HAOGNOAEHNUAX NPOAEMOHCTPMPOBaHa
1 TEOPETUYECKM 060CHOBAHA BAXXHEMLLAA POSib, KOTOPYHO
B natoreHese COVID-19 urpaioT HapyweHne MUKpoLUp-
Kynauum, Tpom6006pa3oBaHue, Koarynonatusa u passu-
TWe AMCCEMUHUPOBAHHOIO BHYTPWUCOCYAUCTOrO CBEPTbI-
BaHua kposu ([1BC-cuHapoma), ApamMaTUyHO yXyALwarw-
LLero nporHo3 [4-6]. 3T0 u onpedenser Uenb AaHHOIA
paboTbl.

Llenb: cuctematnsauns UMELOLLMXCS AaHHbIX N0 METO-
[am 1abopaTopHOIA JUArHOCTUKY 1 ONPeSeneHno Mapke-
POB CBEPThIBAHNS KPOBK y naumeHToB ¢ COVID-19.

Jduaraoctuka COVID-19 meTogamu
IIIP 1 HOA

basoBble N0AX0Abl K AWArHOCTWKE KOPOHABMPYCHOW
nHdbexkuun COVID-19, HecMOTps Ha KpaiHe KOpOTKOe
BPEMSs OT MOMEHTa NepBbIX COOOLLEHNA 0 HOBOM 3abose-
BaHWW, NOCTYNMBLUKUX B KOHLE AeKabps NpoLunoro roaa,
yXKe CCOPMYNMPOBAHbI M OMMCaHbl B PEKOMEHAALMSAX
Mo BEAEHMI0 KOPOHABUPYCHbIX 60MbHbIX [9, 7]. He noane-
XKUT COMHEHWIO, Y4TO AWNArHo3 CTaBUTCA NpW NOATBEPXAe-
HUM BUpyCa B OpOChapuHreanbHblX Maskax, B3ATbIX
B HyXHoe Bpems (!) METOAOM MONUMEPA3HON LenHou
peakumu (MLP), a TakKe Ha OCHOBAHWW HANN4NA B KPOBY
AHTUTEST UM UMMYHOINOBYNUHOB Knacca IgM (1 B koHeu-
Hom wuTore, 1gG) k Bupycy GOVID-19 [8, 9]. MeHbLie
pacnpocTpaHeH MeToA U30TEPMUYECKON aMnnduKauui.

[Mpn TAXENOM TeYeHUM NMHEBMOHWUM AN ANArHOCTUKM
COVID-19 Ha paHHeit cTaguu 3aboneBaHns mccnefoBa-
HUI0 Noanexar 6pOHX0aNnbBEONAPHbLIA NaBax, opoda-
pUHreanbHble MaskW, aHann3 kana u o6pasubl KPOBW.
06pasubl M3 HWKHWUX [AblXaTeSbHbIX NYyTel ABNAOTCA
NyYWUM  MaTepuanom Ans  BbIIBEHUS BUPYCa, YeM
COLIEPXMMOE M3 BEPXHUX AbIXaTeNbHbIX MyTe.

Introduction

Laboratory diagnostics, no doubt, plays an important
role during the novel coronavirus COVID-19 pandemic.
Means and methods of laboratory diagnostics are of
essential importance for detecting infected subjects,
including cases with asymptomatic disease or when
symptoms have not appeared yet, as well as for objective
assessment of disease severity. It contributes to proper
sorting of COVID-19 patients, which ultimately reduces
rate of adverse outcomes. In addition, availability of highly
specific and highly sensitive methods of laboratory diag-
nostics per se accounts for correctly assessed popula-
tion-wide infection and mortality rate [1]. Altogether, it is
necessary for decision-making and planning organiza-
tional measures allowing to keep a proper balance between
quarantine restrictions and supporting national econom-
ics, which is extremely important under current circum-
stances [2, 3]. However, the data accumulated as well as
scientific knowledge on laboratory diagnostics of the
novel coronavirus COVID-19 infection have not been
systematized yet.

Moreover, research observations have demonstrated
and theoretically justified that microcirculation disorders,
thrombosis, coagulopathy, and development of dissemi-
nated intravascular coagulation (DIC) dramatically wors-
ening prognosis [4-6] are of top importance in the patho-
genesis of GOVID-19. All in all, these issues underlie the
objective of the current study.

Aim: to systematize available data on laboratory diag-
nostics methods and determining blood clotting markers
in COVID-19 patients.

PCR and ELISA in COVID-19 Diagnostics

Despite extremely short period of time spent after the first
reports on novel disease emerged at the end of December,
2019, basic approaches to the diagnosis of COVID-19 coro-
navirus infection have already been formulated and described
in the recommendations for management of coronavirus
patients [5, 7]. Undoubtedly, the diagnosis is verified after
identifying culprit virus in oropharyngeal smears collected at
proper time (!) by polymerase chain reaction (PCR), as well
as based on detecting serum anti-virus antibodies or IgM
class immunoglobulins (and finally IgG) to the COVID-19
virus [8, 9]. In this case, isothermal amplification method is
less common.

In case of severe pneumonia, bronchoalveolar lavage,
oropharyngeal smears, fecal analysis, and blood samples
are used to diagnose COVID-19 at early stage. Samples
collected from the lower respiratory tract most properly fit
to detecting the virus compared to any discharge from the
upper respiratory tract.

The virus is also found in non-respiratory samples,
including stool, blood, and eye secretions, but their role in
transmission of infection is unclear.

Smears should be collected into separate containers
added with special viral transport medium and stored at a
temperature of 2-8 °C [5, 8, 9].

m http://www.gynecology.su
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Bupyc o6HapyxunBaeTcs TaKxe 1 B 06pasLax, He ABJs-
IOLLMXCS PEeCnUpPaTOPHbIMI, BKIKOYAS CTYI1, KPOBb 1 BblAE-
NIEHMSA N3 INa3, HO POJb COLEPXMMOr0 U3 3TUX Y4ACTKOB
B nepejaye MHMEKLNN HescHa.

Maskn cregyet 6patb B OTAENIbHble KOHTEWHEepb! CO
CneumnanbHOM BUPYCHON TPAHCMOPTHOW CPeAoil U XPaHUTb
npu Temnepartype 2-8 °C [5, 8, 9].

MUP-puarHocTuka

MLUP-AnarHoCcTMKa npu3HaHa OCHOBHLIM  METOLOM
naboparopHoi guardoctuku COVID-19 [9]. B ocHoBHOM
ucnonbayerca metog MLUP ¢ o6paTHOA TpaHCKpunumei
B peanbHOM BpemeHn (aHrn. reverse transcription
polymerase chain reaction, RT-PCR). llepBble TeCTbl,
paspaboTaHHble B siHBape 2020 r., UMENN HEBbLICOKYHO
YyBCTBUTENbHOCTb 1 CNELUMDUYHOCTD, 4TO ObINO 06YCNOB-
NEHO BbICTPOTON Pa3paboTKu U BHEAPEHUS, CTONb HEoOb-
XOAUMOIA B yCNIOBUAX passuBatoLLeiics anuaemun GOVID-
19. B panbHeliwem 6binn pa3paboTaHbl TECT-CUCTEMbI
C onpeaeneHneM HeCcKoNbKUX ChneunuyHbIX y4acTKoB
reHoma (cneunuynble ans kopoHasupyca SARS-CoV-2
yyacTkm reHa N u reHa E, a TakxKe KOHCepBAaTWUBHbLINA
y4qactok reHa E, obwmii gna SARS-CoV n SARS-CoV-2),
YTO NOBBLICUNO YYBCTBUTESIBHOCTb 1 CMELMAUYHOCTS [3].

Boissnenne  SARS-CoV-2  (aHrm.  Severe Acute
Respiratory Syndrome Coronavirus) metogom RT-PCR
B COAEPXXMMOM BEPXHWUX U HUKHWUX AblXaTeSbHbIX NyTel
NOATBEPXXAAeT [AWarHO3 KOPOHABMPYCHOW UHGeKumMn
COVID-19, ofHaKO He UCKIHOYAET CONYTCTBYIOLLLYHO KO-UH-
(hbekunio, BbI3BAHHYID APYTUMW  MUKPOOPraHU3Mamu
(6akTepuu, BUpYCbl, TpubKM). TaKxe [OaHHbIA MeToq
He N03BONSAET ONPeAennTb, NEePEHOCUI NN paHee YenoBek
nHgexumo COVID-19, BO3MOXXHO NpOTEKaBLLYHO 6eCCUM-
NTOMHO WM YCMELLHO pa3peLunBLLYOCS.

Ceponoruyeckas JMarHocTKa

Kak 1 no6on nHgekLnoHHbIA npouecc, SARS-CoV-2
NPOBOLMPYET pa3BUTUE WMMYHONOrMYECKOr0 OTBETa,
KOTOPbIA ONpeaensieTca coaepXXaHMeM B KpOBM UMMYHO-
rnobynuHoB knaccos IgM, 1gG, IgA [10-12]. CpeaHee
BpEMS NOSIBNIEHNS QHTUTEN B KPOBM 6OMbHbIX NOCIE M0SIB-
NEHNs CUMNTOMOB BapbUpyeT 0T 3 40 6 AHel 4N u3oTun-
nos IgM n IgA u no 10-18 aHen ans IgG:

— lgM - B 85,4 % cny4aes, Bpems nosisfieHns 3—6 aHen;

— lgA -8 92,7 % cny4aes, Bpems NosiBNeHns 3-6 aHen;

— 1gG -8 77,9 % cnyyaes, Bpems nossneHuns 1018 gHeii.

Cepornoruyeckas auarHocTnka Heo6xoauma anis noHu-
MaHus, 6bIs NN YesI0BeK HGULMPOBAH, U NPOU3OLLJIO NN
bOpMUpPOBaHNE AHTMTEN, KOTOPbIE HERTPANU3YT BUPYC
N ABNAKTCA 3P@eKTUBHBIMM NS NPeAoTBpaLLeHMs
peuHdeKUnn. BaxKHbIM acnekToM CreuuguyHoCcTU cepo-
norunyeckux TectoB K COVID-19 sBnsetcs BO3MOXHOE
Pa3BUTUE HEXenaTenbHOW KPOCC-PeakTUBHOCTM C ApY-
TMMN KOPOHABMPYCAMK, KOTOPas MOXET NPOBOLMPOBATb
NOXHOMOMNOXUTENbHbIA  Pe3ynbTaT TeCTUPOBAHMS  Ha
SARS-CoV-2. OcHOBHble ycunns pa3paboT4inKkoB, KOTO-
pble  3aHMMAKOTCH Pa3paboTKoii U  NPOWU3BOMACTBOM
TECT-CMCTEM ANS AWArHOCTUKKM KOPOHAaBWpYyCa, Hanpas-

PCR diagnostics

PCR diagnostics is recognized as the main method of
laboratory diagnostics for COVID-19 [9]. Polymerase
chain reaction with real-time reverse transcription is
mainly used (RT-PCR). The first tests developed in Janu-
ary, 2020, were of low sensitivity and specificity due to
rapidity of its development and implementation that was
so extremely needed while developing spread of COVID-
19 epidemic. In the future, test systems identifying several
specific virus genome sites (specific for SARS-CoV-2
coronavirus sites in N and E genes, as well as a conserved
site of E gene common to SARS-CoV and SARS-CoV-2)
were developed that resulted in increased sensitivity and
specificity [3].

Detection of SARS-CoV-2 (Severe Acute Respiratory
Syndrome Coronavirus) by using RT-PCR in discharge
from the upper and lower respiratory tract confirms the
diagnosis of coronavirus COVID-19 infection, but does not
rule out concomitant co-infection caused by other micro-
organisms (bacteria, viruses, fungi). In addition, this
method does not reveal whether a person previously
contracted COVID-19 infection, potentially proceeded
asymptomatically or successfully resolved.

Serological diagnostics

Similar to any infectious process, SARS-CoV-2
provokes the development of an immune response
accounted for by amount of serum IgM, IgG, and IgA
immunoglobulins [10-12]. The average time to detection
of blood antibodies in patients after the onset of symp-
toms varies from 3-6 days for IgM and IgA isotypes and
up to 10-18 days for IgG:

— IgM —in 85.4 % cases, time of emergence comprises
3-6 days;

- IgA-in92.7 % cases, time of emergence comprises
3-6 days;

- lgG-in77.9 % cases, time of emergence comprises
10-18 days.

Serological diagnostics is necessary to assess
whether a person was infected before and the virus-neu-
tralizing antibodies effective in preventing reinfection
were produced. An important aspect of specificity of
serological tests for COVID-19 is accounted for by poten-
tial development of undesired cross-reactivity with other
coronaviruses able to provoke false positive test results
for SARS-CoV-2. The main efforts of researchers
engaged in development and production of test kits for
diagnosis of coronavirus are currently aimed at reducing
their potential cross-reactivity [13, 14].

Patient condition during severe SARS-CoV-2 may
rapidly deteriorate resulting in development of secondary
infection, septic shock, acute respiratory distress
syndrome, kidney damage, which ultimately lead to multi-
ple organ failure, fulminant myocarditis as well as lethal
outcome [6, 15]. In these conditions, it is necessary to
determine blood serum markers as soon as possible,
which would timely verify disease prognosis.

vononpoxdoy pue A30[000UAn) ‘sO1191sq() KENER M X114




o2

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PAXIEIEIYEEE

J1abopatopHblii MoOHUTOPUHT COVID-19 1 3Ha4eHne onpeaeneHns MapKepoB Koarynonatum

NeHbl B HACTOALLEE BPEMS UMEHHO Ha CHIKEHIE BOSMOX-
HOI KPOCC-peakTMBHoCTM Tectos [13, 14].

CocTosiHMe nmauueHToB ¢ Txenon dopmoir SARS-
CoV-2 MOXeT BbICTPO YXyALIATbCA C Pa3BUTUEM BTOPWY-
HOW MHPEKLWMN, CEeNnTUYECKOro LIoKa, 0OCTPOro pecnupa-
TOPHOTO [MCTPECC-CUHAPOMA, MOPAXKEHWA MOYeK, HTO
B KOHEYHOM MTOre MpPUBOAUT K MONMOPraHHOW HegocTa-
TOYHOCTW, (DYNbMWUHAHTHOMY MUOKApAMTY W ABNSETCA
NPUHUHON CMEPTN TUX 60MbHBIX [6, 15]. B 9TUX yCnoBuUsx
HE0OX0AMMO [MHAMUYeCKOe OnpefeneHne MapkepoB
B CbIBOPOTKE KPOBW, KOTOPble MOMOrYT CBOEBPEMEHHO
YTOYHUTb NMPOrHO3.

JIa0OpPaATOPHBIF MOHUTOPHHI ITAITHEHTOB
¢ COVID-19

Momumo pamarHocTmkm BupycHoit [OHK w aHTuten
K SARS-CoV-2, pns BepeHus naumentoB ¢ GOVID-19
HEo6X04MMO MCMOMb30BaHWe NPOCTLIX W NErkogocTyn-
HbIX NTaBopaToOPHbIX MApKepOB B KPOBM Kak Mpu MocCTy-
MNeHUK, TaK 11 BO BPEMS NpebbiBaHMs B CTALMOHApE.

Y naumeHtos ¢ COVID-19 moXeT 6biTb MOBbILLIEH
YPOBEHb CMEAYIOLWMX MapKepoB B CbIBOPOTKE KPOBW
[16-19]:

- H-Anmep;

— npotpom6éuHosoe Bpema (MB);

— (onBpUHOreH;

— (heppuUTHH;

— KOMNYEeCTBO HENTPODUIOB;

— naktatgerngporenasa (Jian);

— anaHuHamuHoTpaHcdepasa (ANT);

— 06LLMIA 6UNMPY6UH;

— KpeaTuHuH;

— TPOMOHWH;

— NPOKaNbLUTOHWH;

— C-peaktusHbiit 6enok (GPB).

Y nauueHtoB COVID-19 moxeT HabnwoaatbCs CHMKE-
HUe cregytoLLnx nokasarenei [20-22]:

— KONNYeCTBO NIMMOLNTOB;

— KOMNYecTBO TPOMOOLNTOB.

Koaryiaonarusa y maigueHToB ¢ COVID-19

PasnnyHble HapyweHus, BKNKOYasa UHGEKUUIO, TsXe-
NbliA Cerncuc, CenTUYecKMn LUIOK, CMCTEMHble BoOCnanu-
TenbHble 3260/71€BaHNUS, TPABMbl W 3J10KAYECTBEHHbIE
3a60/1eBaHMs, NPUBOAAT K aKTMBALMW CUCTEMbl CBEPTbI-
BaHMS KPOBM. BO MHOMMX cnydasx Takas runepkoaryns-
UMS He NPUBOLAMUT K KIMHUYECKMM OCNTOXXHEHMAM U JaXe
He BbISABNAETCA PYTUHHLIMM 11260PATOPHLIMU UCCNE0Ba-
HUAMU (aKTUBMPOBAHHOE YaCTMYHOE TPOMOONIACTUHOBOE
Bpems — A4TB, MB), Ho MOXeT 6bITb 06HAPYXXeHa TONbKO
Npu WUCMNOSIb30BAHUM HYBCTBUTENbHBLIX MOMEKYNAPHbIX
MapKepoB aKTuBaLMK CBEPTbIBAHWSA KPOBU [6, 15].

Ecnu akTmBaums CBepTbIBAHUA KPOBW [OCTATO4HO
BblpaXKeHa, TO noTpe6/ieHne TPOMOOLMTOB M (haKTOPOB
CBEpPTbIBAHUS KPOBW MOXET ANArHOCTMPOBATLCA labopa-
TOPHbIMW METOAMU B BUZE NPOANEHNA PYTUHHbIX TECTOB
CBEPTbIBAHUS KPOBWM M YCUNEHWUS TPOMOOLUTONEHMN.

Laboratory monitoring of COVID-19
patients

Along with detection of viral DNA and antibodies to
SARS-CoV-2, maintenance of COVID-19 patients requires
use of simple and easily accessible blood laboratory mark-
ers both on admission and during hospital stay.

COVID-19 patients may be featured with elevated serum
levels of the following markers [16-19]:

— D-dimer;

— prothrombin time (PT);

—fibrinogen;

— ferritin;

— neutrophil count;

— lactate dehydrogenase (LDH);

— alanine aminotransferase (ALT);

— total bilirubin;

— creatinine;

— troponin;

— procalcitonin;

— C-reactive protein (CRP).

COVID-19 patients may experience decline in the
following parameters [20-22]:

— lymphocyte count;

— platelet count.

Coagulopathy in COVID-19 patients

Various disturbances, including infection, severe sepsis,
septic shock, systemic inflammatory diseases, injuries and
malignancies, lead to activation of the blood clotting system.
In many cases, such hypercoagulation does not result in
clinical complications not even being detected by routine
laboratory tests — activated partial thromboplastin time
(APTT), PT, but solely by measuring sensitive molecular
parameters of blood clotting activation [6, 15].

In case activation of blood clotting is prominent
enough, consumption of platelets and blood clotting
factors can be detected by using laboratory methods as
continued routine blood clotting tests and enhanced
thrombocytopenia. In the most extreme form, systemic
activation of coagulation is known as DIC typically char-
acterized by disseminated deposition of platelet-fibrin
clots that disrupts adequate blood supply to various
organs, thereby contributing to development of multiple
organ failure. Severe infectious process caused by
viruses, bacteria or fungi is accompanied by DIC as a
non-specific generalized pathological bodyresponse.
Factors associated with DIC complicating infection are
associated with development of powerful immune
response and release of pro-inflammatory cytokines
(cytokine storm) as an additional prominent trigger that
exacerbates coagulopathy [6, 23]. In addition, recent
studies have demonstrated an important role of neutro-
phil extracellular traps (NETs) consisting of denatured
DNA derived from damaged cells that involve neutro-
phils, platelets, fibrin and cationic proteins such as
histones in the process of blood clot deposition [24].
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CucTemHas akTUBauUMs Koarynauum B ee Hambornee
3KcTpeManbHoit popme wu3BectHa kak [BC-cuHapom,
KOTOPbI KNAcCUYecKn XapakTepusyeTcsi AWCCEMUHUPO-
BaHHbIM [1eMOHNPOBaHWEM TPOMOOLMTAPHO-UOPUHOBBIX
CryCTKOB, Hapywas afeKkBaTHOE KPOBOCHabXeHue
Pa3nnYHbIX OPraHoB W TEM CaMblM CMOCOGCTBYS Pa3BM-
TWIO NONUOPraHHOW HeA0CTaTOMHOCTU. TAXeNo npoTeka-
OLLMA UHGDEKLMOHHBIA MpoLecc, 06YCNOBMEHHbIA BUPY-
camu, 6akTepuamm unu rpubamMun, COMPOBOXAAETCH
[BC-cMHapOMOM KaK Hecrneumuyeckum o6LenaTono-
FMY4ECKUM OTBETOM OpraHuama. ®akTopbl, accouumupo-
BaHHble ¢ [IBC-CMHAPOMOM Kak OCMOXHEHMEM WHMEK-
Li1K, CBSA3AHbI C Pa3BUTMEM MOLLHOrO MMMYHHOMO OTBETA
1 BbICBOGOXJEHNEM NPOBOCMANUTENbHbIX LMTOKUHOB
(UMTOKMHOBbIV LUTOPM) KaK AOMOSHUTENIBHOTO MOLLHOTO
Tpurrepa, ycyrybnsioero koarynonatuio [6, 23]. Kpome
TOr0, WCCNefOBaHUA  MOCMEAHWX NeT  YKasblBalT
Ha BAXXHYK PONb HEATPOUNbHbIX BHEKNETOYHbIX N10BY-
wek (aHrn. neutrophil extracellular traps, NETS), cocTos-
LMX 13 feHatypupoBaHHoi [HK noBpexaeHHbIX KNeTok,
BOBJIEKas HeWTpodmnbl, TPOMOOLUTBI, OUOPUH W KaTU-
OHHble GeSiKK, TaKue KakK rICTOHbI, B NMPOLECC LenoHMpo-
BaHWs TpoM60B [24].

13-3a npogosmkatoLencs akTmeauum CUCTEMbl CBep-
TbIBAHUS, HAPYLUEHUS CWUHTE3a W NOBbLILEHHON Aerpaja-
UMK (PaKTOPOB CBEPTLIBAHMA KPOBW MOXXET MpPOW30ATH
UCTOLLEHNEe (haKTOPOB CBEPTbIBAHUA W TPOMOOLMTOB,
NOTEHUMANbHO NPUBOASA K NPOMY3HOMY KPOBOTEYEHWIO
3 PasfIM4HbIX y4acTKOB. Kpome TOro, BbICOKME YPOBHU
NPOAYKTOB pacnaga ouépuHa MoryT BNUATb HA OYHKLMIO
TPOMOOLMUTOB W MONMMEPU3aLNI0 MOHOMEPOB pubpuHa
(nonepeyHyto «CLUMBKY>» pnbpKUHA) U TeM cambIM JOMON-
HUTENbHO CMOCOBCTBOBATL TEHAEHLUMN K KPOBOTEYEHMIO.
B TaXKenbIX cnyvasx puck TpoM603MOONTIMYECKMX OCIIOX-
HEHWIA MOXKET NPEBbILLATL PUCK KPOBOTEHEHMS UMK CYLLIE-
CTBOBATb OIHOBPEMEHHO C PUCKOM KPOBOTEYEHUS.

Y Bcex COVID-19 nauueHToB ¢ NeTanbHbIM WCXOLOM
HabnogaoTcs npuaHaku [IBC-cuHapoma. KoHevHo, kpae-
YrofibHbIM KaMHeM Tepanuy Koarynonatuu sBfsercs
NeYyeHne 0CHOBHOrO 3a60neBaHmns, BOCMOMHEHNE YPOBHS
(P1310N0OrN4ecKNX aHTUKOAryNAHTOB M (DAKTOPOB CBep-
TbIBAHUS NYyTEM BBEAEHMSA CBEXE3AMOPOXXEHHON Nia3mebl
UM npenapaTos KpoBu. OfHaKO NPUHLMNNANTBHO BAXKHbIM
Ana NpounakTuku TpoOM603IMB0SINYECKMX OCNOXKHEHUI
Yy 9TUX BOMbHbIX ABMAETCSA HA3HAYEHNE AHTUKOATYNISIHTHON
Tepanuu. lMpenapatom Bbl6Opa ABAAKTCA HU3KOMOSIEKY-
nspHble renapuisl (HMI), BBeeHUE KOTOPbIX Mbl CHUTAEM
o6s3atensHbIM y Beex nauueHTos ¢ COVID-19 [6, 15].

JIaGopaTopHbBIE MAPKEPHI
A-pumep

[ToMUMO AbIXaTeNbHOI HeJ0CTaTOYHOCTU, Y MaLneH-
TOB 4aCTOM HAXOKOW ABNAETCS NOBbLILIEHWE COAEPXaHUA
[-numepa v pmubpuHoreHa. -aumep — NpoaykT pacnaaa
hubpuHa. 3TOT PparMeHT, 06pasylolmUincs Npu pasno-
XKEHUN CTyCTKa KPOBW, CBUAETENIbCTBYET 06 aKTMBHOCTM
cuctembl hombpuHonusa. Hanudne [-aumepoB B KpOBU

Due to ongoing activation of the coagulation system,
impaired synthesis, and increased degradation of blood
clotting factors, depletion of clotting factors and platelets
may occur, potentially leading to profuse bleeding from
various sites. Moreover, high level of fibrin degradation
products can affect platelet function and polymerization of
fibrin monomers (fibrin ross-linking) thereby further
contributing to the bleeding tendency. In severe cases, a
risk of thromboembolic complications may exceed that
one of bleeding or occur in parallel with bleeding risk.

All COVID-19 patients with lethal outcome display DIC
signs. Surely, the cornerstone of coagulopathy therapy is
treatment of the main disease, replenishment of physio-
logical anticoagulants and clotting factors by administer-
ing freshly frozen plasma or blood products. However,
administration of anticoagulant therapy is essential for
prevention of thromboembolic complications in such
patients. The drug of choice is low-molecular weight
heparins (LMWH), which administration is considered
mandatory in all COVID-19 patients [6, 15].

Laboratory markers

D-dimer

In addition to respiratory failure, an increase in D-dimer
and fibrinogen level is a common finding in such patients.
D-dimer is a fibrin degradation product, being a fragment
formed during decomposition of a blood clot, and indica-
tive of activity of the fibrinolysis system. Presence of
D-dimers in the blood serves as a reliable sign that blood
clotting has been started. It was named so because it
contains two D fragments derived from fibrin clot. “D”
stands for the D domain, whereas “dimer” points at two
identical units, in this case two identical D domains
[25-27].

During fibrinolysis, plasmin elicits sequential asym-
metric degradation of fibrinogen/fibrin, whereas emerging
fragments are highly heterogeneous: 1) fibrin-originated
products; 2) soluble products of fibrinogen degradation;
3) products of unstabilized fibrin. Initially, low-molecular
fragments are cleaved from the fibrinogen/fibrin - and
B-chains. After that, a large-molecular fragment X is
remained in the blood plasma, still being able to form
fibrin (clot) under the influence of thrombin. Next, influ-
enced by plasmin, fragment X splits into Y and D frag-
ments, whereas fragment Y — into D and E fragments.
Large-molecular fibrinolysis-related fragments (fragments
X andY) are called «early», whereas D and E fragments —
«late» or terminal. These fragments of fibrinogen and
fibrin degradation are called fibrinogen/fibrin degradation
products (FDP). D-dimer results from complete degrada-
tion of a blood clot.

In human blood plasma, it is rare to detect circulating
terminal products of fibrin degradation (D-dimer-E
complex), while soluble high-molecular fragments
containing solely D-dimer antigen are present in patients
with DIC and other thrombotic disorders. FDP level
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ABNAETCH HAAEXHbIM MPU3HAKOM TOr0, 4TO Ha4anoch
cBepTbiBaHue KpoBu. OH Ha3BaH Tak NOTOMY, YTO COAep-
Xut 2 D doparmeHTa ¢om6pUHOBOro Cryctka. «[» ykasbl-
BaeT Ha AomeH [1. «[lumep» yKa3biBaeT Ha 2 WAEHTUYHbIE
eIMHNLbI, B JAHHOM CNy4ae Ha 2 UAEHTUYHbIX AoMeHa [
[25-27].

B npouecce pubpuHONIM3a NNasMuH Bbi3bIBAET Nocse-
[0BaTeNbHOE aCUMMETPUYHOE pacluenneHne oubpuHo-
reHa/pubpuHa. 06pasyiolmecs ¢parMeHTbl  BeCbMa
reTeporeHHbl: 1) NpoLyKTbl, MPOUCXOAALLME U3 (PUBPUHA;
2) pacTBOpWMble NPOAYKTbl pacnafa (oM6pPUHOreHa;
3) NpOAyKTbl HECTAbUNKU3MPOBAHHOIO hmbpmHa. BHavare
0T o~ U PB-Leneit PubpuHoreHa/mbpuHa OTLLENNATCA
HU3KOMOJIEKYNApHble parMenTsl. llocne ux oTwienne-
HUA B Nia3mMe KPOBW OCTAETCA KPYMHOMONEKYNAPHbIA
(bparmeHT X, KOTOPbIA €Lle COXPaHAET CMOCOOHOCTb
06pa3oBbiBaTh (hMOPUH (CBEPTLIBATLCA) MOL BIMSAHWEM
Tpom6uHa. 3aTeM noj BAUSHMEM MNa3MuHa pparmeHT X
pacuiennsercs Ha parmentbl Y un D, a cparmeHT Y —
Ha cpparmeHTbl D 1 E. KpynHomMonekynspHble oparmeHTbl
(pnbpuHonmaa (pparmeHTbl X 1 Y) nony4mam HaszsaHue
«paHHue», a oparmMeHTbl D 1 E — «no3aHue» namn KoHey-
Hble. ITU pparmMeHTbl pacuiensieHns ubpuHoreHa
W UbpMHa ¥ HasbIBAOT NPOAYKTaMK [erpagaunuu
(pnbpuHorena/cpubpuHa (MAP). [O-aumep obpasyetcs
B pesysnibTare NnosiHoro pacnaga cryctka Kposu.

B nnasme KpoBw 4eNi0BeKa PeAKO YAAEeTCA 06HAPYXMUTb
UMPKYNUpYOLWMe TepMUHamNbHble MPOAYKTbl  pacnaja
(pnbpuHa (komnekc D-gumep-E), B T0 BpeMs Kak pacTso-
PUMBbIE BbICOKOMOJIEKYNIAPHbIE hparMeHTbl, CoLepKaLime
aHTUreH TOMbKO [l-aumepa, NPUCYTCTBYIOT Y MaLUEHTOB
¢ [BC-cuHapoMom n apyrumu TpOMGOTUHECKUMM Hapy-
weHuamu. YposeHb LD nosbiwaercsa nocne no6oro
anu3oga TpomM603a M MOXET UCMOJSIb30BATLCA Kak TecT
Ha [BC-cuHapom. B HOpmarbHbIX YCNOBMAX NpOLECC
(hubpuHonm3a MKCUpOBaH Ha Cryctkax qombpuHa, Tak
KaK anba-2-aHTUnIasMMH U UHTMOMTOPbI akTueatopa
nnasMuMHOreHa  NPeAoTBpallalT  pacnpocTpaHeHue
mbpuHonusa. Mpu OBC cubpuHonma pacnpocTpaHs-
eTCA 1 CTAHOBWUTCA CUCTEMHbIM, U B 3TOM Ciy4yae 6yaeT
MMETb MECTO [erpagauma LuMpKynupyrowero ¢uopuHo-
reHa, o6pasosaHve hmbpuHa [28, 29].

Vposens []-aumepa n ucxogsi

MoBbiweHne [-AnMepa 0TMeYanoch y BCeX NaLMeHToB
C JeTajibHbIM WUCX0A0M, CBUAETENbCTBYS 00 akTuBauuu
CUCTEMbI remocTasa u runepcubpuHonuse. B nurtepa-
Type YXXe NOosSBUMIOCh HECKONIbKO COOOLLEHMA 06 0YeHb
BbICOKOW 4acTOTe Kak apTepuanbHONM, Tak W BEHO3HOM
Tpom6oaméonuu (BT3) y naumentos ¢ COVID-19 paxe
Ha (DOHE AaHTMKOArynaHTHOW Tepanuu. YOUBMTENLHO,
HO BbICOKas 4acToTa TPOMB0IMBOSINYECKIX OCITOXHEHUI
Habnoganach gaxe y naumedtos ¢ COVID-19, nonyyas-
LNX aHTUKOAryNAHTHYIO Tepanuio B TepaneBTUYECKMX
po3ax [30]. Y aTux naumeHToB Obinn penieBaHTHbI 2 1abo-
paTopHbIX Mapkepa, Bkno4as [-aumep. ABTOPbI UCMOMb-
30Banu onpegenedue [d-gumepa 1,5 MKr/Mn ans nporHo-

increases after any episode of thrombosis and can be
used as a test for DIC. Under normal conditions, the
process of fibrinolysis is bound to fibrin clots, since
alpha-2-antiplasmin and plasminogen activator inhibitors
prevent spread of fibrinolysis. In DIC, fibrinolysis spreads
and becomes systemic, so that in this case degradation of
the circulating fibrinogen and fibrin formation may take
place 28, 29].

D-dimer level and outcomes

Elevated D-dimer level was observed in all patients
with a lethal outcome evidencing about activation of
hemostatic system and hyperfibrinolysis. Several
reports have been published regarding extremely high
incidence rate of both arterial and venous thromboem-
bolism (VTE) in COVID-19 patients, even after antico-
agulant therapy. Surprisingly, high incidence rate of
thromboembolic complications was observed even in
COVID-19 patients receiving anticoagulant therapy at
therapeutic doses [30], highlighted with 2 relevant
laboratory markers, including D-dimer. In particular, it
was proposed to rely on measuring D-dimer level at
1.5 pg/ml to predict venous thromboembolism that
revealed 85.0 % and 88.5 % for sensitivity and speci-
ficity, respectively, as well as 94.7 % negative predic-
tive value [31]. Elevated D-dimer amount at hospital
admission and its evidently elevated level (3—4 times)
over time were associated with high mortality, probably
reflecting activation of blood clotting parameter result-
ing from infection/sepsis, cytokine storm, and impend-
ing multiple organ failure.

Increased D-dimer in pregnant women

D-dimer is a marker used as a criterion to exclude VTE.
However, its significance during pregnancy is very limited,
since it is well known that D-dimer level progressively
rises with increasing gestation. Nonetheless, elevated
D-dimer level in pregnant women infected with COVID-19
should not be underestimated, as it serves as a prognosti-
cally unfavorable factor pointing at potential thromboem-
bolic complications.

Prothrombin time and APTT

Prolongation of PT for more than 3 seconds or APTT
longer than 5 seconds may be an independent predictor of
thrombotic complications [32]. At the same time, in some
cases, such increased APTT may be less pronounced than
that of PT, which is associated with circulating increased
amount of coagulation factor VIII.

Fibrinogen

Fibrinogen is another hypercoagulation marker. Hyperfi-
brinogenemia is observed in the majority of COVID-19
patients, and degree of its increase correlates with severity
of inflammatory process and level of interleukin-6 (IL-6)
[33]. In severe cases, a dramatic decline in level of fibrino-
gen less than 1 g/L resulting from aggravated coagulopathy
and emerging risk of hemorrhagic complications may
occur.

m http://www.gynecology.su
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3upoBaHus BTI M NpoaeMOHCTPUPOBANM YyBCTBUTENb-
HOCTb 85,0 %, cneundmnyHocTb 88,5 % 1 oTpuuatenbHyo
MPOrHOCTMYECKY LeHHOCTb 94,7 % [31]. lNoBbIWEHHOE
cogepXaHue [-gumepa npu MNOCTYNIEHUN U 3aMETHO
YBENUYNBAOLLMIACS ero ypoBeHb (B 3—4 pasa) C Te4eHnem
BPEMEHM ObIf CBA3AHbI C BbICOKO CMEPTHOCTbIO, BEPO-
ATHO OTpaXXas akTUBALMIO CBEPTbIBAHUS KPOBU B Pe3ynb-
TaTe  MHJekuum/cencuca, UMTOKUHOBOr0  LUTOPMA
1 HAZIBMraloLLencs nonuopraHHon HegoCTaTO4HOCTH.

oBbierne []-aumepa y 6epemeHHbIX

[-numep  ABNAeTcA  Mapkepom,  MCMOJSib3yeMbIM
B Ka4yecTBe Kputepus uckntoveHus BTI. OpHako ero
LLeHHOCTb BO Bpems 6epeMeHHOCTI BeCbMa OrpaHuyeHa,
NOCKOJIbKY XOPOLLO N3BECTHO, YTO MPOUCXOLMUT NPOrpec-
CUPYIOLLMIA POCT coaepXxaHus [1-amvepa ¢ yBesimieHnem
cpoka 6epemeHHOCTU. TeM He MeHee HeNb3sl HeAooLe-
HWBATb NOBbILIEHNe [I-Aumepa y 6epeMeHHbIX, UHPULK-
poBaHHbIXx COVID-19. V 9T0oli KaTeropum O60JbHbIX
COVID-19 noBbileHne YpoBHA [-aumepa sBnseTcs
MPOrHOCTMYECKN He6NaronpuATHLIM (hakTOPOM, YKasbl-
BAlOLWMM HA BO3MOXHOCTb  TPOMGOIMOONNYECKUX
OCNOXHEHWIA.

MpoTtpom6unosoe Bpems u A4TB

MponoHruposaHme MNB > 3 cekyna unu A4TB > 5 cekyHa
MOXET CNYXWUTb HE3aBUCUMbIM NPESUKTOPOM TPOMBOTH-
YECKMX 0CNOXKHEHWiA [32]. [pn aTOM B HEKOTOPbIX Cy4asnx
yanuHeHne AHTB MoXeT 6bITb MeHee BbIPaXEHHbIM, Yem
[1B, 4TO CBA3aHO C LMPKYNsALMeil NOBbILLIEHHOr0 KoNnye-
ctBa VIl dpakTopa cBepTbIBaHMS.

®ubpuHoreH
®ubpUHOreH ABMSETCA elle OfHUM MapKepoMm runep-
Koarynsuuu. fMnepdubpuHoreHeMus  OTMEYaeTcs

y 6onblimHcTBa naumeHtos ¢ COVID-19, cteneHb yBenu-
YEHNA KOTOPOW KOPPEeMPYeT C THKECTbI0 BOCMannTesb-
HOrO mpouecca U ypoOBHEM UHTeprieiknHa-6 (IL-6) [33].
B TsXKenbIX cny4asx NpoucxoguT Apamartuyeckoe nage-
HUe COepXaHus mbpuHoreHa < 1 r/n kak cneacrsune
ycyryb6neHus KoarynonaTtun 1 nosiBfieHne pucka remoppa-
TUYECKNX OCNOXKHEHWIA.

Tpomb6ouuTonenus

CHWXeHWe ypoBHA TPOMOOLMTOB ABNSAETCA XapakTep-
HOM Haxofkoi y nauueHtoB ¢ COVID-19 u BcTpeyanach
noytn y 33 % 60nbHbIX. TPOMOOLMTONEHNS ONpeenseTcs
KaK CHVKeHWe YpOBHS TpOMB0LUTOB MeHee 150x10%/n.

Mpennonaraetca HECKOSIbKO BO3MOXHbIX MEXaHU3MOB
pasBUTMA TPOMOOLMUTOMEHUN Y GONbHLIX KOPOHABUPYC-
HON MHAPEKLIMENR:;

1) TpOoMOOUMTONEHUS Kak CheacTBue W36bITOYHOMO
noTpe6neHns TpOMOBOLMTOB B paMKax pasBMBaKOLLErocs
[BC-cungpoma [34]. TloBpexAeHHble TKAHW Merkux
11 JTeroYHbIe 3HAOTENNANbHbIE KITETKWN akTUBMPYIOT TPOM-
6ounTbl  COCYAUCTOr0 pycna Nerkux, 4T0 NpuBOgUT
K arperauum n 06pa3oBaHni0 MUKPOTPOMOOB 1 LEenoHu-
POBAHWIO UX B NIETOYHbLIX Kanunnspax, 4To ewe 60nblue
ycyryonser noTpeobrieHne TpoMOOLUTOB;

Thrombocytopenia

A decrease in platelet count is characteristic finding for
COVID-19 patients observed almost in 33 % of patients.
Thrombocytopenia is defined as decreased count of plate-
lets less than 150x10%/L.

Several potential mechanisms of developing thrombo-
cytopenia in coronavirus infection patients are proposed:

1) thrombocytopenia resulting from excessive platelet
consumption in developing DIC [34]. Damaged lung
tissues and pulmonary endothelial cells activate platelets
in the lung vascular bed, which leads to platelet aggrega-
tion and microthrombosis as well as their deposition in
the pulmonary capillaries that further augments platelet
consumption;

2) increased level of autoantibodies and immune
complexes, leading to excessive platelet destruction;

3) immediate damage of bone marrow cells triggered
by virus activity or due to overproduction of pro-inflam-
matory cytokines, leading to suppressed hematopoiesis,
which accounts for lymphopenia, leukopenia and throm-
bocytopenia in these patients [35].

Clinical significance of monitoring DIC
markers

Dynamic monitoring of DIC markers by using meth-

ods of laboratory diagnostics is of crucial importance
in hospital practice that might be outlined as follows.

1. COVID-19 is a trigger for both venous and arterial
thromboembolic complications due to hyperin-
flammation, hypoxia, immobilization, and dissemi-
nated intravascular coagulation.

2. All COVID-19 patients require systematic screen-
ing for risk of VTE [36, 37].

3. Measuring D-dimer level should be used as a marker
of DIC intensity, micro- and macrothrombosis.

4. D-dimer is a predictor of thromboembolic state
and risk of aggravated patients’ condition.

5. D-dimer level provides a universal approach for
monitoring efficacy of any anticoagulant therapy.

6. Decreased D-dimer level resulting from anticoagu-
lant therapy is indicative of clinically improved
patients’ condition.

7. Elevated D-dimer level, especially in combination
with decreased platelet count, represents one of
the markers for extremely unfavorable prognostic
outcome in SARS-CoV-2 infection.

8. Early therapeutic anticoagulant therapy (drug of
choice — LMWH) is indicated for all COVID-19
patients.

Other parameters for assessing severity
in COVID-19 patients

Hyperferritinemia
Ferritin is a universal intracellular protein widely used
as a laboratory marker to characterize iron metabolism.
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2) MOBbILIEHWE YPOBHA QAYTOAHTUTEN U WMMYHHbIX
KOMMIIEKCOB, MPUBOASLLEE K U3BLITOYHOA AECTPYKUWK
TPOMOOLNTOB;

3) HenocpefCcTBEHHOE MOPAXKEHWE KIETOK KOCTHOro
MO3ra BMPYCOM WAW  [eACTBMEM  TUNepnpoayKuumu
NPOBOCMANUTENbHbIX LUWTOKUHOB, NPMBOASLLEE K NoAa-
BNEHWIO Temonoa3a, Y10 O06bACHAET JIMMONEHUIO,
NeRKOMeHNo 1 TPOMBOLUTONEHMIO Y 3TUX 60bHBIX [35].

KinHH49eCcKoe 3Ha4€HHE KOHTPOJIA
3a mapkepamu [IBC-cuHapoma

JlnHaMuyeckunin KOHTPoNb 3a Mapkepami [1BC-cuHapoma
MeToZammn nabopaTtopHOi OUArHOCTUKU MMEET peluatoLee
3Ha4YeHWe B TOCMUTAILHOW MNpakTuke. Ero 3Ha4MmocTb
MOXXHO CCHOPMYNNPOBATb B CEAYIOLLMX MONOXEHUSX.

1. COVID-19 aBnsieTcs TpMrrepoM Kak BEHO3HbIX, Tak
1 apTepuasnbHbIX TPOMOO3IMOOSIMYECKNX OCMOX-
HEHWIA BCNEACTBWE TMEpBOCNANEHNS, TMMNOKCUMN,
UMMOOUN3ALNYA 1 ANCCEMUHUPOBAHHOTO BHYTPK-
COCYLMCTOr0 CBEPTbIBAHWUA KPOBMU.

2. Bcem naumentam ¢ COVID-10 Heobxogmm cucte-
MaTMYEeCKUIA CKPUHUHT Ha puck BTI [36, 37].

3. Onpepenexue [1-qumepa [OMKHO MCMONb30BATHLCA
Kak Mapkep macuta6oB [BC-cuHapoma, MUKpPO-
1 MaKpoTPOM6030B.

4. [-pumep sBnsetcA npeaukTopom Tpom603Im60-
NNYECKOTO COCTOAHUS M PUCKA  YTSKENeHNs
COCTOSIHWA NALMEHTOB.

5. J-numep sBNSeTC YHWBEpCanbHbIM METOI0M
KOHTpONA 3hheKTUBHOCTM JIHO60A aHTMKoary-
NAHTHOR Tepanuu.

6. CHwKeHne ypoBHa [-gumepa Ha (DOHE aHTMKOAry-
NAHTHOM Tepanuu CBWUAETENbCTBYET O KIIMHWYe-
CKOM YJyHLLIEHUM COCTOAHWUS NauneHTa.

7. [loBblweHune ypoBHa [-aumepa, 0C06EHHO B COYe-
TaHUN CO CHUXEHWEeM KONn4ecTsa TpOMOOLNTOB —
OOWMH M3 MapKepoB KpaiiHe He6naronpusaTHOro
B nporHoctuyeckom nnaHe ucxopga SARS-CoV-2
UHGEKLNN.

8. PaHHfq  TepaneBTUYECKAd  AHTMKOArynsHTHas
Tepanusa (npenapar Bbl6opa — HMI) nokasaHa
BceMm nauueHtam ¢ COVID-19.

Jpyrue nmapamMerpsl OICHKH TAXKECTH
cocToaHuA mamueHToB ¢ COVID-19

TmnepdepputuHemus

@eppuTMH  —  YHUBEPCA/IbHbIA  BHYTPUKIETOYHbINA
6e0K, KOTOPbIiA LWMPOKO MCMOMNb3YeTCA B Ka4eCTBe Nabo-
paTOpPHOrO0 MapKepa, XapakTepu3yiloLlero MeTtabosim3m
xenesa. [pumepHo 75 % n3 3—4 r 06LLero xenesa opra-
HU3MA COAEPXMTCA B remornobuHe B 3puTpoumTax,
10-20 % xpaHuTcs B 6eMKe PeppuTuH, a 0cTarnbHas 4acTb
HaXOAWUTCS B TPAHCMOPTHOM BGEJIKe Xenesa TpaHceppuH,
a TaKXe B MWUOIMO6GMHe, LMTOXPOME W B BUE HECBs3aH-
HOTO CbIBOPOTOYHOIO >Kenesa. Monekyna depputuHa
COCTONT 13 6eNikoBOW 060M104KM — anoeppuTnHa

Around 75 % of the 3—-4 g total body iron depot is contained
in the red blood cell hemoglobin, 10-20 % is stored in
ferritin protein, whereas the remainder is found in the iron
transport protein transferrin, as well as myoglobin, cyto-
chrome, and unbound serum iron. Ferritin molecule
consists of a protein shell called apoferritin and colloid
iron hydroxide. A single ferritin molecule can bind up to
4,500 ferrum atoms, creating an iron depot toxic to the
body and converting it into a soluble non-toxic form.
Hepcidin hormone synthesized in the liver regulates an
overall body iron level, thus controlling iron intestinal
absorption reaching as low as 10 % of daily food iron
intake. Daily 24-hour iron loss comprising 1-2 mg occurs
under strict hepcidin control being compensated by daily
absorption of 1-2 mg dietary iron [38-40].

However, an increased ferritin level does not always
correspond to overloaded body iron level. Due to its
unique biochemical properties, ferritin is involved in vast
range of metabolic processes. For binding iron, ferritin
molecule requires molecular oxygen, wherein ferritin
captures oxygen and transfers electron from reduced
iron atom Fe® onto oxygen, thus resulting in oxidized
iron Fe3*. The product of such reaction is presented as
oxygen radicals, also exerting marked cytotoxic and
cytotropic properties.

Ferritin is an acute phase inflammation protein as well
as most common cause of elevated ferritin levels due to
acute or chronic inflammation, obesity, metabolic
syndrome, liver disease, malignancy, chronic alcohol use,
but not iron overload [41]. Genetic mutations in the hemo-
chromatosis gene is the most common genetic cause
resulting in elevated ferritin level usually observed in white
race descendants of Northern European origin. Hemo-
chromatosis is often misdiagnosed in patients lacking
such disease due to a common misinterpretation that
elevated serum ferritin level represents iron overload as
well as lacked awareness that excessively elevated serum
ferritin level results from inflammation and associated
with inflammatory diseases such as hemophagocytic
lymphohistiocytosis/macrophage activation syndrome,
catastrophic antiphospholipid syndrome (CAPS), septic
shock, juvenile rheumatoid arthritis, adult Still disease,
administration of CD-28 inhibitors, etc. [42, 43].

Serum ferritin is a widely available enzymatic test that
can be performed in most laboratories. Normal serum
ferritin range varies in different laboratories, but usually
concentrations > 300 pg/L in men and postmenopausal
women as well as > 200 pg/L in premenopausal women
are considered elevated.

Lymphopenia

Lowered lymphocyte count is observed in 15 % of
COVID-19 patients (in about 80 % according to some
observations). Lymphocytopenia was defined as the abso-
lute number of lymphocytes below 1.5 thousand cells/pl
(1.00-4.80). The degree of lymphopenia correlates with
severity of patient’s condition.

m http://www.gynecology.su
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W KONMoWgHOro rupgpokcupa xenesa. OfHa mornekyna
heppuTnHa cnocobHa npucoeauHuts Ao 4500 atomoB
)Kenesa, co3fasas Aeno Xkefesa, TOKCUYHOro Ans opra-
HU3Ma, WU NepeBoas ero B PAcTBOPUMYID HETOKCUYHYIO
ansa opraHusma dopmy. CuHTE3UpPYeMbI  MeyeHbHo
FOPMOH TenuuauH perynupyet o6LLWii YpOBEHb Xeresa
B OpraHu3me, KOHTPOSIMPYS BCACbIBAHNE XEne3a B KULLeYy-
Huke. lNornowaetca Tonbko 10 % cyToyHoro noTpebre-
HUA XXenesa ¢ nuiiei. Mloa CTporuM KOHTPONIEM renuu-
OMHa eXe[HeBHble CYTO4YHble NoTepu »enesa B 1-2 mr
KOMMEHCUPYIOTCH €XeAHEBHbIM BCacbiBaHueM 1-2 mr
13 nuwm [38-40].

OpHako MOBbILIEHHbIA YPOBEHb (hEPPUTUHA HEe BCeraa
COOTBETCTBYET Meperpyske opraHu3ma >xenesom. B cuny
CBOWX YHUKANTbHbIX BUOXUMWUYECKUX CBOWNCTB (HEPPUTUH
BOBJIEYEH B OTPOMHbIV CTIEKTP METab0sIM4YecKnx npoLec-
C0B. [N npucoeamnHeHNA xenesa K heppuTUHy HeobXo-
ANM MOJIEKYNAPHBIA KMCIIOPO, NpU 3axBaTe KOTOPOro
(beppuTUH NEpPeHOCUT 3NIeKTPOH C BOCCTAHOBJIEHHOIO
atoma xenesa Fe? Ha kucnopod, 06pasys OKUCIEHHOe
xenes3o Fe*. MpoayKTOM 3TOi peakuumn SBRSOTCA paau-
Karnbl KWUCNOPOAa, KoTopble 06najalT BblpaXKeHHbIMU
LMTOTOKCMYHBIMI W LUTOTPOMHBIMU (PYHKLNAMM.

®eppuTnH — 6e/10K OCTPOII (hasbl BOCMANEHUS, U Han60-
11ee pacnpoCcTPaHeHHbIMU NPUYUHAMI NOBLILUEHHOMO YPOBHS
theppuTUHA ABNAOTCS OCTPOE UMK XPOHIYECKOe BOCNAmNeHme,
0XXMPEeHUe, MeTaboNIn4ecKMini CUHAPOM, 3a60/1EBAHIA NEYEHN,
3M0Ka4eCTBEHHbIE HOBOOOPA30BaHMA, XPOHWUYECKOe YnoTpe-
6rieHue ankorons, a He neperpyska xxenesom [41]. [eHeTnye-
CKIe MyTauun B reHe reMoxXpomaro3a CoCTaBnsoT Hamboree
PacnpoCTPaHEHHYIO TEHETUYECKYH MPUYMHY MOBbILLIEHHOIO
YPOBHS (heppuTMHA M 00bIYHO HABNIOAAKOTCA Y NALMEHTOB
6enov pack! CeBEPOEBPONENCKOr0 MPOMCXoXaeHus. [emoxpo-
Maro3 4acTo JIOXKHO AMarHOCTUPYETCA Y NaUMeHTOB, KOTOpbIe
He WMELOT 3TOro 3ab0seBaHns. 3T0 CBA3AHO C pacnpocTpa-
HEHHbIM HEBEPHbIM UCTOSIKOBAHWEM TOr0, YTO MOBbILLEHHBbI
YPOBEHb CbIBOPOTOYHOTO (PEpPUTMHA NpeacTaB/fer Co6om
Mneperpysky XKenesom, 1 HeLoCTaTO4HbIM 0CO3HAHWEM TOrO,
YTO YPE3MEPHO MOBLILLIEHHBIA YPOBEHL (DEPPUTUHA B CbIBO-
POTKe KpoBWM 06YC/OBNEH BOCNANEHUEM W CBA3AH C TaKUMU
BOCMa/IMTENbHbIMY 3260M1eBaHNAMM, KaK remoarouyTapHbIii
NIMMCPOrMCTUOLMTO3/CUHAPOM aKTUBaLMKU Makpodaros, Kata-
cTpocbuyeckmnii  aHTUcpocchonunuaHblii  cuHapom  (KADC),
CENTUYECKWIA LLOK, HOBEHWbHbIA PEBMATOMAHLIA apTPuT,
6onesHb CTunna y B3pocnbIX, npuem uHrméutopos CD-28
n ap. [42, 43].

CbIBOPOTOYHbII (DEPPUTUH — LIMPOKOAOCTYNHbIA doep-
MEHTaTUBHbIA aHANU3, KOTOPbIA MOXET ObITb BbINOJIHEH
B 60MbLIMHCTBE nabopatopuii. HopmarbHble YPOBHW
CbIBOPOTOYHOIO (EeppUTUHA BapbUPYIOT B Pa3HbIX Nabo-
patopusiXx, HO 06bl4HO KOHLEHTpauun > 300 MKr/n
Yy MY)XXYUH W XKEHLWMH B nocTtMeHonayse u > 200 mkr/n
Y XEHLUMH B NPEMEeHoMnay3e CYMTakTCA NOBbLILUEHHLIMU.

JNumdponenus
Y15 % naumeHTos ¢ COVID-19 (no HekoTOpbIM HabH0-
JeHuam, okono 80 %) HabNIOAABTCA CHUXEHWE YPOBHSA

Lymphopenia represents a prognostically unfavorable
feature [44-46]. Peak significant and reliable decreased
count of peripheral blood cells turned out to be in CD4+
and CD8+T lymphocyte subsets. CD4+ lymphocytes are
crucial for regulating both cellular and humoral immunity
found to be most vulnerable to the virus. CD8+T lympho-
cytes are highly important for immune protection against
intracellular pathogens, including viruses and bacteria, as
well as for tumor control. Whereas CD8+T cells recognize
specific antigen and become activated, the three main
mechanisms are switched on to destroy infected or malig-
nant cells: 1) cytokine secretion, primarily tumor necrosis
factor alpha (TNF-a) and interferon gamma (IFN-y), exhib-
iting antitumor and antiviral effects; 2) production and
release of cytotoxic granules, also found in NK (natural
killers) cells that contain two protein families — perforins
and granzymes. Perforin forms a pore in the target cell
membrane, similar to the complement attacking
membrane complex, and aids granzymes, also contained
in cytotoxic granules, to enter infected or malignant cell.
Granzymes are serine proteases that break down proteins
intracellularly, abrogating production of viral proteins and
eventually resulting in apoptosis of target cell. Interest-
ingly, CD8+T cells in COVID-19 patients contained a very
large amount of cytotoxic granules; 3) Fas/FasL receptor
ligation. Activated CD8+T cells express cell surface FasL
(Fas ligand) that binds to its cognate Fas receptor on
target cell, and ultimately leads to juxtaposition of signal-
ing molecules to activate the caspase cascade also leading
to apoptosis in target cell.

Leukopenia

35-40 % of patients (about 70 % according to some
data) were observed to lower count of white blood cells
(leukopenia). For COVID-19 patients, leukopenia, lympho-
cytopenia and eosinophilic cytopenia are more typical
compared to non-COVID-19 patients, which may be due to
direct virus-mediated effect on cells production in the
bone marrow (suppressed hematopoiesis) [47-49].

Procalcitonin

While being admitted to hospital, procalcitonin level
usually lies within normal range [50]. However, procalci-
tonin level may be elevated over time, which indicates at
bacterial co-infection and being observed in more severe
patients.

Increased amount of IL-6 > 40-100 pg/ml, CRP
> 10 mg/L, and ferritin > 1000 pg/L correlates with the
cytokine storm pattern and serves as a predictor for acute
severe respiratory distress syndrome.

Antiphospholipid antibodies

Chinese researchers recently described the three
severe COVID-19 patients with multiple thrombosis and
ischemic strokes also bearing previous risk factors for
cardiovascular disease [51]. All of them were found to
contain antiphospholipid antibodies (aPL), particularly
antibodies such as anti-cardiolipin IgA as well as anti-be-
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numcpountoB. JlumcpouutoneHus onpepensnach Kak
a0bCOoJIOTHOE KONMUYecTBO NumMdounToB < 1,5 Thic/MKN
(1,00-4,80). CreneHb nuUMcONEHUN  KOppenupyet
CO CTEeNeHbIo TAKECTU COCTOSAHNA 60NBHOTO.

JNlumcboneHus ABNSAETCA NPOrHOCTMYECKW Hebnaronpu-
ATHBIM NpuU3HaKoM [44—46]. CHmKeHne nepudepuyecknx
CD4+ u CD8+T B cybnonynsaumn numcOLUTOB 0Ka3anoch
Hambonee 3Ha4MMbIM M JOCTOBEPHbIM. CD4+ numdoumTbl
MMEIOT peLUaKoLLee 3Ha4eHne ans perynsauun Kak Knetod-
HOr0, TaK M TyMOpanbHOro WMMYHUTETA W OKa3anucb
Hambonee YA3BUMbIMK  ANs  BO3LENACTBUA  BUpYCA.
CD8+T-nuMoUnTbI 04€Hb BaXHbI 4711 UMMYHHOW 3aLLMTbI
OT BHYTPUKNETOYHbIX MATOrEHOB, BKIIKOYas BMPYChI
1 6aKTepum, a TaKxXe Ans KOHTpoONs 3a onyxonsmu. Korga
CD8+T-KneTka pacno3HAeT CBOI aHTUTEH 1 aKTUBMPYETCS,
3 OCHOBHbIX MeXaHW3Ma BKIOYAKTCA AN YHUYTOXEHMS
WHULMPOBAHHLIX ~ WAM  3JI0KaYEeCTBEHHbIX  KIIETOK.
lMepBblil — 370 CeKpeunsi LMTOKMHOB, B MEPBYIO 04epelb
(hakTopa Hekposa onyxonu anba (PHO-o) 1 nHTEpde-
poHa-ramma (VI®H-y), KoTopble OKasblBAIOT NPOTUBOOMY-
X051eBOe W NPOTMBOBMPYCHOE [eiicTBue. BTopon mexa-
HU3M — NPOU3BOACTBO M BbICBOBOXAEHNE LMTOTOKCUYE-
CKUX TpaHyn. 3TW rpaHymbl, TaKkKe OOHAPYXEHHbIe
B NK-knetkax (aurn. natural killers), cogep»xat 2 cemeinctea
6enkoB — nepopuHbI U rpaH3uMsl. MepdopuH o6pasyet
nopy B MembpaHe KNETKU-MULLEHW, aHANOrNYHY0
MemMOpaHHOMY aTakytoLLeMy KOMMIEKCY KOMMeMeHTa. 31a
nopa rMoO3BONAET TPaH3UMaM, TaKXe CoAepXaliumcs
B LMTOTOKCWUYECKMX rpaHynax, NpOHWKaTb B WHUUMPO-
BaHHYIO UIN 3/10KAYECTBEHHYIO KNETKY. [paH3uMbl — 3T0
CEepUHOBbIE MpOTeasbl, KOTOPble PACLLENnNAT  Benku
BHYTPM KIIETKW, OCTaHaBNuBas NpPOM3BOACTBO BUPYCHBIX
6eNKOB M B KOHEYHOM WUTOre NPUBOLA K anonTo3y KIet-
Kn-MulleHn. HTepecHbIM oOKasancd TOT (DakT, 4TO
CD8+T-numdpoumtsl y naumentos ¢ GOVID-19 copepxanu
04YeHb 60/bLLIOE KOSIMYECTBO LIMTOTOKCUHECKMX TpaHyl.
TpeTuit 0CHOBHON MexaHn3m CD8+T-KneTok — 3T0 B3auMo-
neiicteue peuentopoB Fas/FasL. AKTuenpoBaHHble CD8+T-
KneTku akcnpeccupytot FasL (anmn. Fas ligand) Ha nosepx-
HOCTW KNETKWU, KOTOPbIA CBA3bIBAETCS CO CBOMM PELenTo-
pom Fas Ha NoOBEPXHOCTN KNETKWU-MULLEHM, 4TO B KOHEYHOM
UTOre NPUBOAMT K CONMMKEHMIO CUTHANBHBIX MOMEKYM. 3T1
CUrHA/bHblE MOMEKY/bl aKTUBMPYIOT KacnasHblii Kackap,
YTO TAKXXe NMPUBOANT K anonTo3y KIEeTKN-MULLEHU.

Jleiikonenus

Y 35-40 % 60nbHbIX (M0 HEKOTOPLIM AAHHbLIM, OKOJI0
70 %) Hab0aeTCca CHKEHWNE KOMNYecTBa JIeikoLnuToB
(nenkonenus). Ona COVID-19 nauueHTOB nenKoneHms,
NUMAOLUUTONEHNS U 303MHOMDUNBHAR LUTONEHUS SIBAS-
t0TCs 60Mee XapakTepHbiMu, 4em ans He-COVID-19 601b-
HbIX, 4TO BO3MOXHO CBSI3aHO C HEMOCPEACTBEHHbIM BNMNS-
HUEM BMpPYCA HA NPOAYKLMIO KMNETOK B KOCTHOM MO3re
(nopasneHue remonoasa) [47-49].

MpoKanbLUUTOHUH
[Mpu nocTynneHuu naumeHTa B CTaLUUOHApP YPOBEHb
MPOKanbLNUTOHKMHA Yallle BCEro HaXxoAuTCs B mpeaenax

ta-2-glycoprotein 1 1gG and IgA. We suggest no routine
screening of all COVID-19 patients. However, it should be
assumed that severe COVID-19 patients with circulated
aPL develop CAFS. CAFS and COVID-19 coagulopathy
may have common features required to be further investi-
gated.

Blood-brain barrier permeability markers

It was evidenced that damage to the nervous system
due to exposure to SARS-CoV-2, including encephalitic
reaction may develop. In particular, this virus can bind to
the receptors of angiotensin-converting enzyme 2
(AGE2) - a cardiovascular protection factor found in vari-
ous organs, including the nervous system and skeletal
muscles playing an important role in regulating blood
pressure and countering atherosclerosis. This virus can
cause abnormally high blood pressure and increase the
risk of stroke. In addition, interacting with ACE2 expressed
in the capillary endothelium, SARS-CoV-2 can damage the
blood-brain barrier (BBB) and enter the central nervous
system [92, 53].

Breaking through the BBB and direct penetration into
the central nervous system, along with the systemic
inflammation accompanying COVID-19, causes a massive
neuro-inflammatory reaction, manifested by reactive
astrogliosis and microglia activation. Neuro-inflammation
in combination with prolonged hypoxia can contribute to
development of both acute and chronic neurological
disorders and aggravate patient’s condition [54]. There-
fore, it is justified to dynamically monitor level of blood
serum markers for altered BBB permeability, such as glial
fibrillary acidic protein (GFAP), neuron-specific enolase,
etc., that could help to optimize therapeutic strategy and
rehabilitation program.

Conclusion

A deeper insight into the new COVID-19 coronavirus
infection allowed to assume that its pathogenesis is
based on macrophage activation syndrome, cytokine
storm as well as impaired hemostasis. Coagulopathy is
pathognomonic for COVID-19 patients. Monitoring state
of the blood clotting system by using laboratory tests is
of high importance, especially in case of extreme work
overload of medical personnel as well as limited access
to computed tomography examination. In severe cases,
the clinical picture of severe respiratory distress
syndrome is accompanied by laboratory assay-related
shift manifested as lymphocytopenia, leukopenia, throm-
bocytopenia, hyperferritinemia, elevated level of liver
transaminases, proinflammatory cytokines (IL-1, IL-6),
D-dimer, changes in PT, APTT, fibrinogen, and anti-
thrombin.

Understanding immune response against SARS-CoV-2
infection will help to develop successful treatment meth-
ods and vaccines, identify vulnerable population cohorts,
and make proper management decisions regarding
measures to control coronavirus outbreaks.

m http://www.gynecology.su
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HOpManbHbIX 3Ha4YeHuii [50]. OgHAKO NPOKANbLWUTOHWH
MOXXET MOBbLILLATLCA C TEYEHUEM BPEMEHWN, YTO YKa3bl-
BAeT HA 6aKTepuanbHy KO-MHMEKLNIO U HabnogaeTcs
y 6onee TAXKENOo rpynnbl 60JIbHbIX.

MoBbiweHne cogepxanus IL-6 > 40-100 nr/mn, CPb
> 10 mr/n, hepputiHa > 1000 MKr/n KOPPENUPYET C KapTu-
HOW LIMTOKMHOBOrO LUTOPMA W SABNIAETCA MPELUKTOPOM
Pa3BUTUS OCTPOr0 TSHXKENOro PEecnupaTopHOro AUCTPEcC-
CuHapoma.

AuTudhocchonunuaHbie aHTMTENA

Kutaiickme y4eHble HeZjaBHO onmcanu 3 TsXeno60sb-
HbIX 6011bHbIX GOVID-19 ¢ MHOXXECTBEHHbLIMM TPOMO03aMU
M WUWEMWUYECKUMWN WHCYNbTaMU W MpeLLecTBYOLWUMY
(hakTopamMu pucka CepaevyHO-COCYANUCTLIX 3a60JIeBaHWIA
[51]. Y Bcex 3 naumeHTOB 6b1IK 06HAPYXKEHbI aHTUOCHO-
nunuaHble auTuTena (aPL), B 4aCTHOCTW aHTUTENA K Kapau-
onununy (IgA) n 6eta-2-rmukonpotenty 1 (IgG u IgA). Mbl
He mpeanaraem pyTUHHOE 06CNeA0BaHNe BCEX MALMEHTOB
¢ GOVID-19. OgHako cTOWUT NPeanonoXuThb, YTO Y THKENbIX
6onbHbIX COVID-19 ¢ umpkynaumen aPL passuBaetcs
KA®C. KA®C un koarynonatus COVID-19 moryt umeTb
06LLMe YepTbl, 4TO TPEOYeT fanbHENLEro 3y4eHuns.

Mapkepb! NOBbILLEHHS NPOHULLAEMOCTH
remartoaHuetanuyeckoro 6apbepa

VImetoTca CBMAETENbCTBA PA3BUTUS MOPAXEHUS HEpB-
HOW cucTembl BcnefcTsue Bo3feicTBus SARS-CoV-2,
BKIIOYAs 3HUEdAnNTMYecKyo peakuuto. Tak, AaHHbIi
BUPYC MOXET CBS3bIBATbCA C PELENTOpaMK aHTNOTEH-
3uHMpeBpaLyaroLlero dgepmeHta 2 (aurm. angiotensin-
converting enzyme 2, ACE2) — chakTopom 3alLmTbl CepAey-
HO-COCYAUCTON CUCTEMbI, MPUCYTCTBYIOLLMM B Pa3NINYHbIX
OpraHax, BKM4as HEPBHYHO CUCTEMY 1 CKENETHbIE MbILLILIb,
KOTOPbIA UIPAET BOXHYIO POJSib B PEryNUpOBaHUN apTepu-
anbHoro gasneHus (ALl) u NpOTMBOAEICTBMN aTepoCKie-
po3y. Bupyc MOXeT BbI3blBaTb aHOMasbHO MOBbILLEHHOE
Al n yBenu4nBaTh PUCK WHCYNbTa. Kpome TOro, B3anmo-
JEACTBYS C 3KCMPECCMPYeMbIM B SHAOTENNN Kanunnspos
ACE2, Bupyc SARS-CoV-2 MOXeT noBpeauTb remMaToaHLe-
thannyeckuin 6apbep (M36) 1 NPOHUKHYTL B LEHTPaNbHYIO
HepsHyto cuctemy (LHC) [52, 53].

MpopbiB 36 1 npsimoe npoHMKHoBeHMe Bupyca B LIHC
Hapagy C CUCTEMHbIM BOCManeHWeM, CONpoBOXAANLLMM
COVID-19, Bbl3blBaeT MaCCUBHYO HEPOBOCNASIMTENbHYHO
peakumio, NPOABNAIOLLYIOCA PEAKTUBHBIM ACTPOrN030M
1 aKTMBaLMen MuKpornuu. Helipoocnanexue B coyera-
HUM C NPOJOSIKMTENbHON TMMNOKCUE MOXET CNOCO6CTBO-
BaTb Pa3BUTUIO KaK OCTPbIX, TaK M XPOHUYECKUX HEBPOO-
TMYeCKUX PACCTPOICTB U YCyrybnatb COCTOAHME 60Jb-
Horo [54]. [loatomy npencTaBnifeTcs OnpasLaHHbIM
ONHAMUWYECKOE OMpejerneHne COAepXaHus B CbiBOPOTKe
KPOBW MapKepoB HapyLLleHus npoHuuaemoctn 36, Takux
KaK rnuanbHblil PUOPUNNAPHBIA KUCTBIA NMPOTEUH (aHTI.
glial fibrillary acidic protein, GFAP), HelipoHcneundunye-
ckas eHonasa (aurn. neuron-specific enolase, NSE)
1 NpOoY., 4TO MOMOXET ONTUMM3MPOBATb TepaneBTHye-
CKYI0 CTPATErunto 1 nporpammMy peasunurauuiu.

3akiIroyeHue

bonee rny6okoe W3y4yeHUe HOBOW KOPOHABMPYCHOIA
uHdekumn COVID-19 no3sonuno npeanonoXuTb, YTO
B OCHOBE MaToreHe3a NeXxuT CUHAPOM akTUBaLMKN MaKpo-
(haros, UMTOKMHOBbLIA LUTOPM W HApyLIeHWs B cUCTeMe
remoctaza. Koarynonatus SIBASIeTCSA NaTOrHOMOHWYHO
ans nauueHToB ¢ COVID-19. KoHTponb COCTOSHMS CBEp-
TbIBaOLLEN CUCTEMbI KPOBM C MOMOLLbIO 1TA60PATOPHBIX
TECTOB 04YeHb BAXEH, OCOOEHHO KOraa WMMEET MecTo
OrpoMHas 3arpy>XeHHOCTb MeJMLUHCKOro nepcoHana
W OrpaHuMyeH [JOCTYN K KOMMbIOTEPHOW TOMOrpadum.
B TaxKenbIX cnydasx KIMHUYECKas KapTUHA TSKENoro
PECnMpaTopHOro AMCTPeCcC-CUHAPOMA COMPOBOXAAETCA
nabopaTopHbIMK CABUramMn B BUAE NUMADOLMTONEHNH,
nenKoneHnu, TPOMOOLMTONEHUU, runepdeppuTUHEMUH,
NOBbLILIEHMS MEYEHOYHbIX TPaHCaMMHA3, MpPOBOCNANM-
TeNbHbIX UUTOKUHOB (IL-1, IL-6), [-aumepa, n3meHeHus
MB, A4TB, hmbpuHOreHa, aHTUTPOMOMHA.

[MoHMMaH1e UMMYHONOTMYECKOro 0TBETA HA BUPYCHYHO
nHdekumno SARS-CoV-2 NoOMOXeT y4eHbiM pa3paboTaTb
yCreLHble MeTObl NeYeHUs U BaKLMHbI, BbISBUTb YA3BH-
Mbl€ FPYNMbl HACENEHUs U NPUHATL ONTUMASbHbIE YNPaB-
NEHYeCcKMe peLleHns o0 Mepax no 60pb6e Co BCMbILLIKON
KOPOHaBupyca.
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