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Pe3tome

COVID-19 — mHheKLMOHHOE 326011eBaHNE, Bbi3biBaeMoe 6eTa-kopoHasupycom SARS-CoV-2, koTopoe nony4mno pacnpocTpaHeHune
no scemy mupy 8 2020 1. Y 6051bLUNHCTBA TSHKESbIX NALMUEHTOB KIIMHNYeCKas KapTHA HAYMHAETCA C AbIXATeIbHON HeLOCTATOYHOCTH,
B NOCNEAYIOLLEM NPOrpeccMpyioLLeid BNaoTh SO NOANOPraHHON HeJ0CTaTO4HOCTU. CaMbIM He6aronpusTHLIM NPOrHOCTUYECKNM
NPU3HaKOM ABNSETCSA Pa3BUTME Koarynonatuu. Ha 0CHOBaHWW aHanm3a LOCTYMHbIX HA CErOAHALLHNIA JeHb KITMHUYECKUX JaHHbIX,
y 71,4 % norubwmx ny 0,6 % BbDKMBLUNX UMENNUCb NpuaHaku fBHoro [JBC-cuHapoma. MoHUTOPUHT cogepxanusa [-anmepa,
NPOTPOMOGMHOBOrO BPEMEHU, KONMYECTBA TPOMOOLMTOB W YPOBHA (DMOPUHOTEHA BaXKEH ANA ONpefeneHus nokasaHuii
K Ha3Ha4eHUI NedeHns n rocnutanusauum y naunentos ¢ GOVID-19. Mpu yxyaweHnn atux napameTpoB A0MKHA NPOBOAUTLCA
6onee «arpeccuMBHan» peaHMMauoHHaa nomoLlb. HuzkomonekynspHoli renapud (HMI) cnefyeT HasHadath BCEM MauueHTam
C AnarHocTtmposaHHoi nHekumern COVID-19 (BKNtOYas HEKPUTUHECKUX BOJTbHBIX), KOTOPbIM TPeByeTcs rocnutanusauus, npu
OTCYTCTBUM Y JaHHbIX 601bHbIX NPOTMBONOKa3aHnin K HMI .

Kntouesbie cnosa: SARS-CoV-2, COVID-19, kopoHaBupyc, CUHAPOM AUCCEMUHUPOBAHHOIO BHYTPUCOCYAMCTOrO CBEPTLIBAHMUS,
OBC-cuHapOM, aHTUKOArYNSHTHAA Tepanus, HUSKOMONEKYNAPHBbIA renapuH, HMI
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Abstract

COVID-19is an infectious disease caused by the beta-coronavirus SARS-CoV-2 that in 2020 has spread worldwide. In most severe
patients, the clinical picture begins with respiratory failure further deteriorating up to multiple organ failure. Development of
coagulopathy is the most adverse prognostic. Analyzing currently available clinical data revealed that 71.4 % and 0.6 % of survivors
and fatal cases, respectively, demonstrated signs of overt disseminated intravascular coagulation (DIC). Monitoring D-dimer level,
prothrombin time, platelet count and fibrinogen content is important for determining indications for treatment and hospitalization
in COVID-19 patients. In case such parameters deteriorate, a more pro-active “aggressive” intensive care should be applied. Low
molecular weight heparin (LMWH) should be administered to all patients with diagnosed COVID-19 infection (including non-critical
patients) requiring hospitalization, but having no contraindications to LMWH.

AxymepcTBo, I'mHekoaorna u Penpoaykitmsa [PIPIKEseve LX)

Key words: SARS-CoV-2, COVID-19, coronavirus, disseminated intravascular coagulation, DIC, anticoagulant therapy, low
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BBempenue

31 pekabpsa 2019 r. KUTanckne perynsaTopHble OpraHb!
co06LLKMNK 0 27 cnyvasnx 3aboneBaHns MHEBMOHUEN HEN3-
BECTHOI aTonoruu. Mo3xe BbISICHUNOCH, YTO BO36YAUTE-
neM, KOTOPbIA NPUBOAMUT K PA3BUTMIO TSXKENOr0 TEYEeHNs
PECNUPATOPHOro CUHAPOMA, ABAAETCA 66TA-KOPOHABMPYC
SARS-CoV-2 [1, 2]. 3a nocnegHue rofbl B Ka4yecTBe
NPUYNHBI PA3BUTUS THKENOMO TEHEHMs OCTPOro pecnupa-
TOPHOrO CUHAPOMA MMENU MecTo 2 fpyrue 3nuaemuun
6eTa-kopoHasupyca. Tak, B8 2003 r. anuaemusi NOX0Xero
Bupyca SARS-CoV Bbi3biBana TSHXENbIiA OCTPbIA pecnupa-

Introduction

On December 31, 2019, Chinese regulatory authorities
reported 27 cases of pneumonia of unknown etiology.
Later, it was uncovered that the causative agent leading to
development of a severe respiratory syndrome was identi-
fied as beta-coronavirus SARS-CoV-2 [1, 2]. Over the last
years, two other beta-coronavirus epidemics causing
development of severe acute respiratory syndrome
occurred. In particular, in 2003 an epidemic of similar
virus SARS-CoV caused Severe Acute Respiratory
Syndrome (SARS), whereas in 2012 it was highlighted
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TOpHbIA cuHapom (TOPG, aHrn. Severe Acite Respiratory
Syndrome, SARS), a 8 2012 r. pacnpocTpaHuncs 65mx-
HEBOCTOYHbIA pecnupatopHblii cuHgpom (aHrn. Middle
East Respiratory Syndrome, MERS). BaXHO 0TMeTUTb,
YTO WCTOYHMKAMW WHEEKUUU, No-BUAMMOMY, BO BCeX
Cnyyasx BNAKTCA XNBOTHbIE; UnBeTbl npu SARS 1 ofgHo-
rop6bie Bepbntoasl npu MERS, 1 xoTs HENnocpeacTBeH-
HbI XXWBOTHbIA MCTOYHMK Ans areHTa 2019-CoV-2 elwe
NpeacTouT OnpeaennTb, BOSMOXHO, YTO NIETY4ME MbILLK
MOTYT ABNATLCA O6LMM pe3epByapoM Ans BCEX 3TUX
PHK-6eTa-kopoHasupycos [3, 4].

JABC-cuHAPOM IPU BUPYCHOH HH(PEKITHH

CWHAPOM AMCCEMMHWPOBAHHOIO BHYTPMCOCYAMCTOrO
ceepTbiBaHus (OBC-cuHgpoM) — 310 npuo6peTeHHas,
BTOPMYHAA 0CTPas Koarynonarus notpebaeHns, B 0CHOBE
naToreHe3a KOTOPOIA IEXUT reHepannaoBaHHas guys-
Has remokoarynaums ¢ o6pasoBaHneM 60MbLIOr0 KONu-
yecTBa (DUOPUHOBBIX CrYCTKOB U MUKPOTPOMOOB B COCY-
Jax MUKPOLIMPKYNATOPHOrO pycna, BeyLlas K BTOPUYHOM
akTuBaumn UOPUHONN3A, CHWKEHWIO/UCTOLLEHUIO aK-
TUBHOCTW aHTUKOArynsaHTHON CUCTEMbI U XapakTepusyto-
wascs pas3BUTMEM MONIMOPraHHOM  Heg0CTaTOYHOCTH
BCMeACTBME HApYLIEHNs MUKPOLIMPKYNALMN U BOSHUKHO-
BEHUS MHOXXECTBA KpoBomanuaHmin [5-8]. MonnopranHas
HEeOCTATOYHOCTb NPOTEKAeT Hambosfiee TAXKENO y Tex
60NbHbIX, Y KOTOPbLIX Pa3BKBAETCA Koarynonatus.

[lo HepasHero spemeHn [OBC-cuHapom knaccuduum-
poBanu no ctaguam (puc. 1).

B HacTosLee BpeMs OT 3TOW KnaccmdukaLmm oTkasa-
NINCb 1 BbIAENAIOT «ABHbIA» [BC-cuHApomM — 310 ombpu-
HOJIMTUYeCKas/remopparnyeckas oopMa 1 «HesiBHbIN» —
6e3 KpoBoTeYeHus/TpomboTUYECKas dhopma. pu BUpYyC-
HbIX WHMeKUMAX 06pasyeTcd MMMYHHbIA KOMMJIEKC
«aHTUreH—aHTUTENo», BCIIEACTBME Yero MpouCXoamT
reHepasM30BaHHOE MOPAXEeHWe SHAOTENIMA Kanunnsapos,
pa3BMBAETCA CenTMYecKas Koarynonartus, NpPOUCXoAuT

with spread of the Middle East Respiratory Syndrome
(MERS). Itis worth noting that in all cases animals seemed
to be a source of infection: civets in SARS and Arabian
camels in MERS. Although a direct animal source for
2019-CoV-2 has yet to be determined, it is possible that
bats may serve as a common reservoir shared by all such
RNA-beta-coronaviruses [3, 4].

Disseminated intravascular coagulation
in viral infection

Disseminated intravascular coagulation (DIC) is an
acquired, secondary acute coagulopathy of consumption,
which pathogenesis is based on generalized diffuse
hemocoagulation with formation of a large number of
fibrin clots and microthrombi in the microcirculatory
vessels, resulting in subsequently activated fibrinolysis,
decrease/exhaustion of anticoagulant system activity and
characterized by development of multiple organ failure
due to impaired microcirculation and multiple hemor-
rhages [5-8]. Multiple organ failure proceeds most
severely in patients with developed coagulopathy.

Until recently, DIC was classified according to stages
(Fig. 1).

However, such classification was rejected. Currently,
“obvious” (fibrinolytic’/nemorrhagic form) and “unobvi-
ous” (lacks bleeding/thrombotic form) DIC types are
distinguished. Viral infections are coupled to formation of
antigen—antibody complex resulting in the generalized
endothelial capillary injury, septic coagulopathy, uncon-
trolled release of pro-inflammatory cytokines, generalized
activation of the blood coagulation system and DIC devel-
oping (a diffusion induced coagulation occurs in case of
generalized endothelial activation). In various infections,
DIC is mainly featured with inflammatory course being
manifested as systemic inflammatory response syndrome
(Fig. 2).

JABC-cunapom
Disseminated intravascular
coagulation

1-g cTagus:
THIEPKOATYJISIHUS

TUTOKOATYJISIUS
Stage 1: 2-9 CTAMMS: Stage 3:
hypercoagulation HapacTalomas hypocoagulation
KOATYJIONATHS MOTPEOIeHHS
Stage 2:
increasing consumption

coagulopathy

3-g cragug:

PucyHok 1. Knaccudpmkaums [BC-cunapoma, npuMeHsBLIAsCS A0 HEAABHErO BPEMEHM.

Figure 1. Recently used DIC classification.
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HEKOHTPOSIMPYEMBbIA BbIGPOC NMPOBOCNANIUTENBHBIX LUTO-

KWHOB, TeHepann3oBaHHas akKTMBaLMA CBEpPTbIBAKOLLEN

CUCTeMbl KpOBW 1 passueaeTcsa [JBC-cuHapom (npu rexe-

pann3oBaHHO 3HLOTENNANIbHON aKTUBALMI NPONCXOAUT

andbdpyaHas mHAyKumMs ceepTbiBaHus). [1BC-cuHapom

MpuW pasfnyHbIX MHADEKLMAX HOCUT B OCHOBHOM BOCManu-

TeSIbHbIA XapakTep W NposBnfeTcs B hopme CUHAPOMA

CUCTEMHOr0 BOCNANUTENLHOMO OTBETA (PUC. 2).

Maronorn4yeckunin NpoLecc B JaHHOM Cry4ae NpoTekaeTt
no TWNY 3KCMepuMeHTanbHOro goeHomeHa GCaHapennin—

LLiBapumaHa' (MpoMcxXoauT CHKEHWNE KONMYECTBA TPOM-

60UMTOB U pa3BMBaETCA Koarysionatua notpedneHuns).

Peakums Canapennu-lLIBapumaHa - ocobas dopma

BOCMAJSIMTENbHON PeakLuun Ha 3HLOTOKCUH. AKTUBMPOBAH-

Hble CD4 T-KneTkn n NeiikoumTbl NPOAYLMPYHOT NPOBOC-

nanuTenbHble  COEAWMHEHMS,  BKJIKOYawOLWmMe  daktop

HeKpo3a onyxonu-anbda (aHrn. tumor necrosis factor-a,

TNF-o.), uHTEpneiikuHbl (IL), LMTOKUHBI 1 Ap., YTO NPKUBO-

ONT K «UMTOKMHOBOMY LWTOPMY». [lOTOM BKNHOYalOTCA

pasHble hOpMbl KIIETOYHOrO OTBETA, KOTOPbIE CTUMYMN-

PYIOT CEKPELNIO NPO- 1 NMPOTUBOBOCNANNTESIbHBIX COeAN-

HEHWIA, aKTUBALMIO NPOKOArynsiHTOB, aKTMBALMIO TEHOB,

perynauuio peLenTopos n UMMYHOCYNPECCUID. JHAO0TOK-

CUH CTUMYMNNPYET CeKpeLio TKaHeBOro pakTopa aHaoTe-

NNanbHbIMKU - KNETKamn 1 Takum  06pasom npuBOANT

K NPOAYKLMW NPOKOAryNIAHTOB, B TO XK€ BPEMS YMeHbLLas

AHTUTPOMOOTNYECKOE  [EMCTBME  aKTMBMPOBAHHOIO

npoteunHa G [9, 10].

! Tpuropuit Lsapuman (1896-1965) — omeccuT, BbINYCKHUK bptoccens-
CKOro yHuBepcuteTa, yBnekanca 3KCI'IepI/IMeHTaJ'IbHOI7I I/IMMyHOJ'IOFI/IeI?I.
UJBapLI,MaH ﬂOﬂOGHO Apnocy BBOAWN 3HAOTOKCUMH KpPOJNiKam ABaxkabl, HO
C WHTepBanom B 1 JeHb (4TO AN NPOLYKUWN aHTUTEN HeLOCTATO4HO).
LlBapumaH nokasasn, 4To BTOpas MHLEKLMS BbI3bIBAET HA MECTe NepBoil
MOAKOXKHbIA UHADUALTPAT 1 remopparnyeckuii Hekpo3. [hkysenne CaHa-
pennu (1864-1940) — Bpay-rurneHnCT; 4 roga u3y4as natoreHes Xonepsl,
BnepBble B 3KCMepuMeHTe BbI3Bas Pa3BUTUE IHAOTOKCMHOBOrO LLOKaA

Y 3apaXeHHbIX KPONUKOB, BBOAS UM MOBTOPHO Yepe3 CyTKU (punbtpar
6YNbOHHOW KYNbTYPbl FPamMOTPULATENTbHBIX 6AKTEPWIA.

AxymepcTBo, I'mHekoaorna u Penpoaykimmsa [PLARIKE SV EE

In this case, the pathological process is similar to
the experimental Sanarelli-Shvartzman' phenomenon
(lowered platelet count and developing consumption
coagulopathy). Sanarelli-Shvartzman phenomenon is a
specific body reaction to endotoxins, which cause
thrombosis in the affected tissue. Activated CD4 T cells
and leukocytes produce pro-inflammatory compounds
such as tumor necrosis factor-a (TNF-a), interleukins
(IL), cytokines etc., which lead to a “cytokine storm”.
After that, diverse cellular responses become activated,
which stimulate secretion of pro- and anti-inflamma-
tory substances, activation of procoagulants, gene
activation, receptor regulation and immunosuppres-
sion. Endotoxin stimulates tissue factor secretion by
endothelial cells, thereby resulting in production of
procoagulants, while reducing antithrombotic effect of
activated protein G [9, 10].

Clinical manifestations and laboratory
data
The range of COVID-19 clinical manifestations includes
fever, myalgia, cough and shortness of breath, less
frequently headaches, diarrhea, nausea and vomiting [11].
In most severe patients, the clinical picture begins with
respiratory failure further progressing towards multiple
organ failure. Developing coagulopathy represents the
most adverse prognostic sign in such patients [12]. In
particular, patients diagnosed with COVID-19 requiring
' Grigory Shvartzman (1896-1965), was born in Odessa (Russian Empire,
currently Ukraine); graduated from the University of Brussels, was inter-
ested in experimental immunology. Like Arthus, Shvartzman administered
endotoxin to rabbits twice, but at one-day interval (insufficient for antibody
production). Shvartzsman showed that the second injection triggered
a subcutaneous infiltration and hemorrhagic necrosis locally. Giuseppe
Sanarelli (1864-1940) was a hygienist; studied cholera pathogenesis for
four years , for the first time caused development of endotoxin shock

experimentally in infected rabbits by repeatedly injecting one day later
a broth culture filtrate containing Gram-negative bacteria.

Nudexmus
Infection

A

A

IIpoBonpoBocnanuTe/IbHbIE
HUTOKUHbI
Pro-inflammatory cytokines

Y

AKTHBAIMSA UMYHHOU Vrpara
CHCTEMBI M TPOMOOIIUTOB aTpoOMOOTeHHOCTH
Activation SHAOTEJU
of immune system Loss of endothelial
and platelets protective function

PucyHok 2. MatoreHes pa3sutua OBC-cunapoma.

Figure 2. The pathogenesis of DIC development.

Y

HcTomenne DKcnpeccHs
€CTeCTBEHHbIX NPOKOATYJISHTHBIX
AHTUKOATYJISIHTOB (akTopos
Depletion Expression
of natural of procoagulant
anticoagulants factors
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Kinnnuueckue nposaBICHUA
M JIA00PATOPHBIE JAHHBIE

B cnekTp KIMHWUYECKUX NPOABNEHUIA, BO3HUKAKOLLMX NPU
COVID-19, BxomsaT nuxopamgka, MWanrus, KawleNb
11 OAbILLKA, PeXKe rosioBHas 6071k, Anapes, TOLLUHOTA U pBOTa
[11]. VY 6onbwmHCTBA THAXKENbIX NALUEHTOB KNUHUYECKas
KapTiHA HAYMHABTCA UMEHHO C AbIXaTeNbHOI HeA0CTaTou-
HOCTW, B MOCNEAyoLEeM MpPOrpeccupyloLiein  BMOTb
[0 NOSIMOPraHHo HegocTatoqHocTH. CambiM Hebnaronpu-
ATHbIM MPOrHOCTUYECKUM MPU3HAKOM Y 3TUX 60MbHbIX
ABNETCA pa3BuTue koarynonatum [12]. Tak, y naumeHToB
¢ amarHoctuposaHHbiM COVID-19, koTopbiM Tpe6oBanach
rocnuTanuaaums, yposeHb [-aumepa 6bi BbllLe HOPManb-
Horo [13]. Y)Ke TOYHO WM3BECTHO, YTO WMEHHO MOXWUIble
NAN U LA ¢ ConyTCTBYIOWMMI 3a60/1eBaHNAMU MOTU-
6atoT 0T UHeKLMK, BbI3BaHHOM BUpycom 2019-CoV-2 (06e
3TV Tpynnbl UMEKOT MOBbILIEHHbIA YpOBEHb [I-aumepa).
Ha CerogHsWHUA MOMEHT YXe [LOCTYMHbl Pe3ynbrarbl
60/bLIOr0  KMWUHWYECKOro MCCNeaoBaHWs, B KOTOpOe
Bxoguno 1099 nauneHToB ¢ NabopaTopHO MOATBEPXKMEH-
HOIA KOpOHaBMPYCHOI MHgekumen COVID-19 u3 6onee Yem
550 meamumMHCKMX LeHTpoB Kutad. MccnenoBaHue noka-
3ano, 410 yposeHb [-gumepa 6bi1 > 500 Hr/mn y 46,4 %
nauueHToB, npu atom y 43,0 % 13 HUX 3a60neBaHmne NpoTe-
Kano B nerkoii coopme u okoso 60,0 % umenu Taxenoe
TeyeHue [12]. N. Tang ¢ coaBT. B Apyrom WCCref0BaHUM
ONpesenuiu, 410 3Ha4YUTEeNIbHO MOBbILIEHHbIA YPOBEHb
[-ammMepa sBnseTcs 0gHUM W3 NPeaUKTOPOB CMEPTHOCTH.
OHW OTMETUNM, YTO Y yMepLuux cogepxxaque [-aumepa
cocTasnsno B cpegHem 2,12 mkr/mn (0,77-5,27 mkr/mn),
B TO BPEMSl KaK Yy BbDKUBLUMX CPEAHWIA nokasaTeNb
coctasnan 0,61 mkr/mn (0,35-1,29 mkr/mr) npu Hopme
< 0,5 mkr/mn [13]. C. Huang n ero Konmneru Takxe oTme-
TUNKW, 4TO ypoBeHb [-Aumepa npu NocTynneHun 6bin
BbIlIE Y MALNEHTOB, HYX[JABLUMXCA B peaHWMAaLMNOHHOM
nofaaepxke. Takxe 66110 NPOAEMOHCTPUPOBAHO, YTO Y L
¢ TshKenbIM TeyeHuem SARS-CoV-2, nocTynuBLLvX B 0Tae-
NIEHUS  WHTEHCMBHOW Tepanuu, Onpejensnv BbICOKUe
YPOBHW NPOBOCMANNTENbHBIX LMTOKMHOB: UHTEPSIEKNHOB
IL-2 n IL-7, rpaHynouuTapHo-MakpodaranbHOro KosoHue-
CTUMYNUPYIOLLEro hakTopa, UHTEPHEPOH-y-NHAYLMOESTb-
Horo 6enka (IP-10), MOHOLMTApHOro XemoaTTPaKTHOro
6enka (MCP-1), makpodparanbHoro 6enka BocnaneHus
(MIP-1t) n TNF-o.. 310 NO3BOASAET NPEANONA0KMUTb, HTO
Y HUX MOT pa3BUTbCA 3CDGEKT LUTOKNHOBOO WwTopma [11].

Kpome 3T10ro, y 60JbHbIX ONPeAeNani KoU4ecTBo TPOM-
6ouutos 1 npotpombuHosoe Bpems (MB). N. Tang ¢ coasr.
NPULLINK K BbIBOAY, YTO By norubLmx Takxe 6bIro He3Ha-
YNTENbHO YBESIMYEHO NpU MOCTYMNEHUN W COCTABNSO
B cpeaHem 15,5 ¢ (14,4-16,3 ¢) npotus 13,6 ¢ (13,0-14,3 ¢)
Y BbDKVBLLMX NpyY HopManibHOM ananasore 11,5-14,5 ¢ [13].

113B€CTHO, 4TO TPOMOOLMTONEHMS Y MALMEHTOB C TXe-
MbIM  CEMCMCOM  SIBNSIETCA  MAOXMM  NPOrHOCTUYECKUM
NPU3HAKOM 1 NPUBOAUT K 6ONee BbICOKOMY MPOLEHTY
cmepTHocTy [14, 15]. G. Lippi ¢ coaBT. NpoBenu CpaBHUTESb-
HbIi MeTaaHanu3 9 uccneaoBaHWii ¢ y4acTueMm B 06LLEI

hospitalization contained D-dimer at higher level compared
to normal range [13]. It has been uncovered that elderly
and subjects (both bear elevated D-dimer level) with
comorbidities solely die due to 2019-CoV-2 virus infec-
tion. To date, the results of a large-scale clinical study on
1099 patients with laboratory-confirmed COVID-19 from
more than 550 Chinese medical centers are now available.
[t was reported that in 46.4 % of patients D-dimer level
was > 500 ng/ml, 43.0 % and about 60.0 % of which had
mild and severe symptoms, respectively [12]. In another
study N. Tang et al. found that a significantly increased
D-dimer level was one of mortality predictors noting that
deceased patients vs. survivors contained mean D-dimer
level at 2.12 pg/ml (0.77-5.27 pg/ml) vs. 0.61 pg/ml
(0.35-1.29 pg/ml) compared to normal range below 0.5
pg/ml [13]. C. Huang et al. also noted that on hospital
admission D-dimer level was higher in patients requiring
intensive care as well as that patients with severe COVID-
19 admitted to intensive care units had high serum levels
of pro-inflammatory cytokines such as IL-2 and IL-7,
granulocyte-macrophage  colony-stimulating  factor,
IFN-y-inducible protein (IP-10), monocyte chemoattract
protein (MCP-1), macrophage inflammatory protein (MIP-
1a) and TNF-oo suggesting developed cytokine storm
[11].

In addition, platelet count and prothrombin time (PT)
were measured in patients. N. Tang et al. concluded that
on admission platelet count and PT were also slightly
increased in deceased patients vs. survivors that averaged
15.5 5 (14.4-16.3 s) vs. 13.6 s (13.0-14.3 s) (normal
range was 11.5-14.5 s) [13].

Thrombocytopenia in patients with severe sepsis is
known to be a poor prognostic sign and leads to higher
mortality rate [14, 15]. G. Lippi et al. performed meta-anal-
ysis of 9 studies totally involving 1779 COVID-19 patients,
among which 399 (22.4 %) had severe disease. It demon-
strated that platelet count was significantly lower in
patients with more severe course of SARS-CoV-2 infection
(VRS = -31x10%n; 95 % CI from =35 to —29x10%n).
Analyzing subgroups by comparing patient survival rate
showed that platelet count was even lower in case of lethal
outcomes (VRS = —48x10%n; 95 % Cl from -57 to
-39x10%n). Four studies (n = 1427) showing data on
thrombocytopenia rate demonstrated that low platelet
count was associated with more than a 5-fold increase in
risk of severe COVID-19 (OR = 5.1; 95 % Cl = 1.8-14.6)
[16].

It is very important to continuously monitor hemostatic
parameters (D-dimer values, PT and platelet count) in
intensive care units to detect deterioration of patients
(Table 1). In addition to these indicators, H. Wada et al.
recommended to estimate plasma fibrinogen level if
necessary [17].

Based on published data on septic coagulopathy, moni-
toring D-dimer, PT, platelet count and fibrinogen measure-
ment is important for determining indications for treat-
ment and hospital admission of COVID-19 patients
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cnoxHocti 1779 naumentos ¢ COVID-19, y 399 (22,4 %)
113 HUX 3a60/1eBaHNe NPOTEKaNo B TS0t dpopme. [JaHHbIA
MeTaaHann3 npoAeMOHCTPUPOBAN, YTO KONMYECTBO TPOMOO-
LIMTOB BbINI0 3HAYMMO HIDKE Y NALMEHTOB C 6ONEE THKENbIM
TeueHnem SARS-CoV-2 (BPC = -31x10%n; 95 % [ o1 -35
00 —29x10°%n). AHanu3 noArpynn, CPaBHUBAIOLLMX NaLMEH-
TOB N0 BbDKMBAEMOCTW, NOKA3ar, 4TO B CIy4asx NeTanbHbIX
NCXOLO0B  YPOBEHb  TPOMOOLMTOB  Oblll  eLle  HuKe
(BPC = —48x10%n; 95 % [W ot -57 po -39x10%n). B 4
ncecnenosanuax (n = 1427), B KOTOPbIX OblM NPeACTaBneHbl
AaHHbIE 0 4acTOTe TPOMOOUMTOMEHMM, HU3KOE KONIMYECTBO
TPOMOOLMTOB aCCOLMMPOBANOCH C 60/ee 4em NATUKPATHBIM
MoBbLILLEHUEM puUcKa passuTus  Tsxenoro  GOVID-19
(Ol =5,1;95 % AW =1,8-14,6) [16].

OyYeHb B@XHO MPOBOAUTL MOCTOSHHBIE MOHUTOPUHT
remocTaTtuyeckux nokasareneii (3Hadvenwin [-gumepa, B
W KOMWM4YecTBa TPOMOOUMTOB) B OTAENEHUAX peaHuMaLumn
1 MIHTEHCUBHOWN Tepanun Ans BbIABMEHNA YXYALIEHNS COCTO-
AIHUA NauueHTos (Tabn. 1). B gononHeHve K aTum nokasare-
nam H. Wada ¢ coaBT. npu He06XOAUMOCTU PEKOMEHYHOT
OLIeHMBATb YPOBeHb (hmbpuHoreHa B nnasme [17].

OcHoBbIBasACb Ha ONYBNKOBAHHBIX LaHHbIX MO CenTnye-
CKOIl Koarynonaruu, MOHUTOPUHI 3HaveHuiA [I-aumepa, [1B,
KONMM4ecTBa TPOMOOLMTOB W COfiepXkaHus (OMOpUHOreHa
BXEH [/ ONpeaeneHns NoKasaHuii K Ha3Ha4eHo neyeHns
1 rocnutanusaumm y naumeHtos ¢ COVID-19 [18-20]. Mpu
YXYAOLIEHWN 3TWX NapaMeTpoB AOMKHA MpPOBOAWTLCS Gonee
«arpeccuBHas» peaHMMaLMOHHas NOMOLLb. 3TO OTMETUIU
N. Tang ¢ coaBT. B CBOeW paboTe, B KOTOPOI OMMCbLIBAETCA
ncxon 183 naumeHToB, MOCTYNMBLMX B 60SbHMLY TyHL3U
B YxaHe ¢ PHK-noarBepxaeHHOI nHeBMOHUen 2019-nCoV2
B nepuog ¢ 1 aHBaps no 3 doespans 2020 r. CpeaHuit Bospact
nauueHToB cocTasun 54 roaa, 41,0 % uMenun conyTCcTBYHOLLME
XPOHUYECKWe 3ab0seBaHns (CepLevHo-CocyaucTble, pecnu-
PaToOpHbIE, OHKONOrMYeCKMe, NeYeHN 1 NoYek). Bee nauneHTbl
nonyyanu nofaepK1BatoLLLYI0 Tepanuio U NPOTUBOBUPYCHbIE
npenaparbl. Ha MOMEHT cocTaBneHus ot4eta 42,6 % naumeH-
TOB OblN BbINMCAHbI 13 60NbHULLI, 49,9 % OCTaBaIUCH
Ha CTaLMOHAPHOM NeYeHnn, 061Las neTanbHOCTb COCTaBMUNa
11,5 %. Y naumeHToB Kaxble 3 [Hs B TeHeHWe NEPBbIX 2 Hep
npebbIBaHKsA B cTaumoHape onpegensnu 1B, akTuBupoBaHHoe
YacTU4HOE TPOMOOMNIACTUHOBOE BPEMSs, aHTUTPOMOUH Il
(pubpuHoreH, [-Aumep M NPoAyKTbl pacnaga hubpuHa.
OueHMBas faHHbIe, OHWU MPULLAK K BbIBOAY, YTO Y 71,4 %
normémx ny 0,6 % BbPKMUBLLKX UMENTUCH NPU3HAKKA ABHOTO
[NBC-cunapoma, npu 3TOM MefnaHa BpeMeHN 0BHapY»XeHns
[BC-cuHapoma cocTasuna 4 gHs [13].

[18-20]. Upon deterioration of such parameters, a more
“aggressive” resuscitation aid should be provided as
noted by N. Tang et al. describing the outcome of 183
patients admitted to Tongji Hospital in Wuhan with
RNA-SARS-CoV-2 confirmed pneumonia, within the Janu-
ary 1 — February 3, 2020. Patients were characterized by
mean age of 54 years, 41.0 % of which had comorbid
chronic diseases (cardiovascular, respiratory, oncologi-
cal, liver and kidney diseases). All patients received main-
tenance therapy and antiviral drugs. At the time of repor-
ting, 42.6 % of patients were discharged from hospital,
45.9 % continued inpatient treatment, and the total
mortality rate was 11.5 %. Every 3 days during the first 2
weeks of hospital stay; all patients were measured for PT,
activated partial thromboplastin time, antithrombin Ill,
fibrinogen, D-dimer and fibrin degradation products.
Assessing the data, they concluded that 71.4 % and 0.6 %
of deceased patients and survivors, respectively, displayed
signs of “obvious” DIC, with median time to detection of
DIC comprising 4 days [13].

COVID-19 treatment

Pathophysiology of DIC is complex and multifactorial,
as cellular and plasma elements of hemostasis and
components of the innate immunity interact in response
to persistent infectious pathogen [21]. In case of the coro-
navirus infection, vascular endothelium is damaged, plate-
let and leukocyte activation occurs, which in turn leads to
affected regulation of thrombin formation both systemati-
cally and locally (e. g., in the lungs of patients with severe
pneumonia), resulting in fibrin deposition and subsequent
tissue damage as well as development of microangio-
pathic pathology [22]. It just solely accounts for so great
importance of timely inhibited thrombin formation. Current
widely available therapeutic intervention in this regard is
administration of low molecular weight heparin (LMWH)
at prophylactic dose. All patients diagnosed with COVID-
19 infection requiring hospitalization (including non-criti-
cal patients) should be administered with LMWH if they
lack any contraindications (active bleeding, platelet count
< 25x10%L, intolerance to LMWH). The advantage of this
approach has recently become evident. In particular,
N. Tang et al. presented the study with 449 patients suffe-
ring from severe GOVID-19, 99 of which received heparin
(mainly LMWH) at prophylactic dose. It was found that
regardless of the heparin administration on day 28 morta-
lity rate did not differ. Despite this, while assessing

Ta6nuua 1. MOHUTOPMHI reMOCTaTUYeCKMX NOKa3aTeneil AN BbIABNEHUS YXYALLEHNS COCTOAHUS.

Table 1. Monitoring hemostatic parameters to reveal deteriorated patient condition.

lopsaok onpeaenesns remocTaTuieckux nokasarenei / A procedure for measuring hemostatic parameters
[-aumep / D-dimer
MpoTpom6uHoBoe Bpems / Prothrombin time (PT)
Tpom6ouutsl / Platelets
®ubpuHoreH / Fibrinogen
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Matocpuamnonorus ABC-cuHapoma cnoxHa u MHorogak-
TOPHA, TaK Kak MPOWUCXOAWT B3aWMOAENCTBIE KNETOYHbIX
M NNasMaTMYecKMx 3reMEeHTOB  CMCTEMbl  remocTasa
M KOMMOHEHTOB BPOXAEHHOr0 WMMyHUTETA B OTBET
Ha NepCUCTEHLMIO UHAPEKLMOHHOrO BO3OyauTens [21]. MMpu
KOPOHABMPYCHOW MHCDEKLMM MPOUCXOAUT MOBPEXLAEHNE
COCYAMCTOr0 3HAOTENNA, aKTUBALMSA TPOMOOLMTOB U NEIAKO-
LIMTOB, 4TO B CBOIO 04epeib BEAET K HAPYLLEHWIO perynauum
06pa3oBaHMUA TPOMOMHA KaK CUCTEMHO, TaK W JIOKaIbHO
(Hanpumep, B NErknx y 60SbHbIX TSKESON MHEBMOHUER),
NPUBOAA K OTIIOKEHUIO (PUOPUHA C MOCNESYHOLLMM MOBpPE-
XOEHWEM TKaHeW U pasBUTUEM MWUKPOAHrMOMNATU4ECKOM
naronoruu [22]. AMeHHO NO3TOMY TaK BaXKHO CBOEBPEMEHHO
UHrMbMpoBatb 06pa3oBaHue TPOMOWHA. EAMHCTBEHHOE
LUMPOKOAOCTYNHOE HAa [aHHbIA MOMEHT fie4eHne B 3TOM
OTHOLUEHWM — 3TO Ha3HadYeHWe NPOCHUIAKTMYECKMX [03
HU3KOMoONekynapHoro remapuHa (HMI). HMI  crnegyer
Ha3Ha4aTb BCEM MauMeHTaM C AMarHoCTUPOBAHHON WHDEK-
umen COVID-19 (Bkntovast HEKPUTUHECKUX 60MbHBIX), KOTO-
pbIM Tpe6yeTCs rocnuTanu3aums, npyu OTCYTCTBUMN Y JaHHbIX
60/IbHbIX  MPOTWBOMOKA3aHWIA (AKTUBHOE KPOBOTEYEHUE,
KONMYeCTBO TPOMOOLMTOB < 25x10%n, HEnepeHOCUMOCTb
HMT). MpeumyLLiecTBO Takoro Noaxona B nocneaHee Bpems
ctano oyesuiHbiM. Tak, N.Tang C coasT. npencraBunu
paboTy, B KOTOPYHO 6bini BKITHOYEHbI 449 NaLMEHTOB C TXXe-
non cpopmoii COVID-19; m3 Hux 99 monyyanu renapuH
(8 ocHoBHOM, HMI') B npodomnaktuyeckux fosax. YposeHb
CMEPTHOCTM Ha 28-1 ieHb He pasnuyanca BHe 3aBUCMMOCTU
0T npuema renapuHa. HecMoTps Ha 310, eci K nauueHTam
NPUMEHNTb LKAy Cencuc-MHAYLMPOBAHHOM Koarynonatuu,
MOXHO C[enatb BbIBOA, YTO aHTUKOArynsHTHas Tepanus
HMI 6bina accouumnpoBaHa ¢ ny4qwum nporHosom (40,0 %
npotus 64,2 %; p = 0,029) [23, 24]. Takxe 6b1110 OTMEYEHO,
yto npu npueme HMI y nuu ¢ 6onee Yem LLECTUKPATHbIM
yBeNN4eHneM cofepxxaHus [O-auMepa ypoBeHb CMEpTHOCTM
cHusuncs (32,8 % npotus 52,4 %; p = 0,017). HMI cnegyert
Ha3HayaTb BCEM TSXeN060/bHbIM NauueHTam Ans npegnot-
BpALLLEHNS BEHO3HOM TpoMboambonun. Kpome Toro, 6bi10
nokasaHo, 4to HMI o6rnagaet Takxe NpoTUBOBOCNAIUTENb-
HbIMW CBOMCTBaMU, KOTOPbIE MOTYT ObITb JOMOSTHUTENbHbIM
NPEeMMYLLIECTBOM NPU KOPOHABMPYCHOI MHAIEKLMM, TaK Kak
npy 3TOM 3260/1eBaHNM 3aMETHO MOBbILLEHO COLEpXKaHue
NPOBOCNATUTENbHbIX LUMTOKMHOB [11, 12, 25]. Takxe npuem
HMT B npochunaktnyeckoit o3e cnoco6CTBYET NPeaynpex-
JEHUI0 NOBPEXAEHNs 3HAOTENMS.

B Hactosllee Bpemsa CyLUECTBYIOT 1 ApYyrue 3Kcnepu-
MeHTanbHble MeToabl neyeHns COVID-19, koTopble BKIHO-
YalT NPUMEHEHWE aHTUTPOMOWHA, PEKOMOWHAHTHOIO
TPOMOOMOAYNIMHA W TUOPOKCUXNOPOXMHA, 4TO TaKXe
OMpasAaHo Ansd MpepbiBaHWA NATOTEHETUYECKOW Lenu,
KOTOpas CnocobHa NPUBECTM K NeTabHOMY UCX0aY.

3axiaroyeHue
MexxayHapoaHOoe 061LecTBO N0 TPOMBO3Y U reMocTasy
(aHrn. International Society on Thrombosis and

patients by sepsis-induced coagulopathy score, it allowed
to conclude that LMWH anticoagulant therapy was asso-
ciated with better prognosis (40.0 % vs. 64.2 %; p =
0.029) [23, 24]. It was also noted that LMWH administra-
tion in patients having more than six-fold elevated D-di-
mer level, mortality rate was decreased (32.8 % vs. 52.4
%; p = 0.017). LMWH should be administered to all seri-
ously ill patients to prevent venous thromboembolism. In
addition, it was shown that LMWH also exerts anti-inflam-
matory properties, which may serve as an additional
benefit during coronavirus infection, as this disease was
highlighted with markedly elevated pro-inflammatory
cytokine level [11, 12, 25]. Also LMWH applied at prophy-
lactic dose aids to prevent endothelial damage.

Finally, other experimental COVID-19 therapeutic
approaches are currently available, which include use of
antithrombin, recombinant thrombomodulin and hydroxy-
chloroquine, which are also justified for interrupting a
pathogenetic chain potentially resulting in lethal outcome.

Conclusion

International Society on Thrombosis and Haemostasis
(ISTH) recommends to measure D-dimer, PT and platelet
count in all COVID-19 patients. Decline in platelet count is
caused by formation of thrombocytic clots (thrombosis),
which in turn leads to disturbed tissue microcirculation
(increased platelet consumption for formation of primary
platelet thrombi occurs). Elevated plasma D-dimer level
(@ product of fibrin degradation) points at fibrinolytic
process, a key indicator of the thrombotic state. PT
(reflects blood clotting time) is increased in DIC. Decrease
in platelet count and markedly elevated D-dimer level is a
prognostically unfavorable factor.

Use of LMWH preparations (enoxaparin sodium,
nadroparin calcium, dalteparin sodium) at prophylactic
dose is also justified. It is worth noting that upon admin-
istering LMWH at prophylactic dose, no special control is
required. Such drugs can and should be administered to
all patients even with a mild course of the disease, exclud-
ing active bleeding, platelet count < 25x10%n, LMWH
intolerance, and severe renal failure.

In conclusion, we would like again to note that DIC
develops in many diseases as well as virtually all terminal
conditions. In case of previous patient history featured
with thrombosis, cardiovascular diseases, malignancies
(especially during chemotherapy), antiphospholipid
syndrome, homozygous thrombophilia, etc., they further
increase a risk of DIC developing. Therefore, it is highly
important to take into consideration a pre-morbid back-
ground for developing pathological processes.
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Haemostasis, ISTH) pekomeHayeT onpefensTb YpoBeHb
[-numepa, MNB 1 KONUYECTBO TPOMOOLMTOB Y BCEX NaL-
eHTOB ¢ COVID-19 wuHcbekuueir. lNMageHue konnyectsa
TpOMOBOUNUTOB 06YCNOBNEHO 06pa30BaHWEM TPOMOOLN-
TapHbIX CryCTKOB (TPOMOOB), KOTOPbIE B CBOK 04epelb
NPUBOAAT K HapyLIEHWIO MWKPOLMPKYNALUUM B TKaHAX
(MponcxoanT noBbILWEHHOE noTpebnieHne TPOMOOLUTOB
ans - 06pa3oBaHMs  MEepPBUYHOrO  TPOMOOLMUTAPHOrO
Tpom6a). VYeenuyenne YypoBHA [-Aumepa B nnasme
(npoayKT pacnaga pubpuHa) ykasbiBaeT Ha QUOPUHONN-
TUYECKNIA MPOLLECC W ABNSAETCS KMHOYEBLIM NOKA3aTenem
TPOMO60TUYECKOro COCTOAHUSA. B (0TpaxXaeT Bpems cBep-
TbiBaHWS Kposm) npu OBC-cuHapome yBennyeHo. CHuxe-
HUE KONN4YecTBa TPOMOOLMTOB M 3HAYMTESIbHOE MOBbILLEe-
Hue comepxxaHns [-gumepa ABNAETCS NPOTHOCTUYECKU
He61aronpuATHLIM (hakTOpOM.

OnpaspgaHo u npumeHeHne npenapatos HMI (3HoKca-
napuH Hatpus, HagponapuH Kanbuus, gantenapud
HaTpusd) B npodounakTuyeckoin Aose. Gtout 06paTuTh

0co60e BHUMaHWe, 4To npu npueme HMI B npodunaktu-
4eCKOM [03e CneLmnanbHbIl KOHTPONb He TpebyeTcs. AT
npenaparbl MOXKHO W HY>XHO MPUHUMATL BCEM NaLUeHTam
JKe C JIerkum TeveHnem 3a60s1eBaHus, UCKITHYas akTuB-
HOE KPOBOTEYEHUE, KONMYECTBO TPOMBOLMTOB < 25x10%/n,
HenepeHocumocTb HMI, Tskenytd no4YeyHyl HeaocTa-
TOYHOCTb.

B 3akntoyeHme XoTesoch Obl ele pas 0TMETUTb, YTO
[BC-crHapoM pa3BuBaeTCs Npu MHOTMX 3a601eBaHNAX
W NPAKTUYECKN NPW BCEX TEPMUHANbHbBIX COCTOSAHUSAX.
Ecnn y 4venoseka umeloTcs TPOM603bl B aHamHe3e,
3a60neBaHNA CepaevyHO-COCYANUCTON CMCTEMbI, 3/10Ka-
4eCTBEHHble HOBOOGPa30BaHWUA (0COBEHHO Npu Nnpueme
XMMuoTepanun),  aHTUOCMONUNUAHBIA  CUHAPOM,
roMo3nuroTHas copma Tpombodunnm n T.M., T0 370
ewe 6onblle yBenuymBaeT puck passutus [BC-CuH-
apoma. IMeHHO nO3TOMY 04YeHb BAXHO Y4YUTbIBATH
NpPeMopouaHbIi OOH LNA pa3BUTUA NATONIOMMYECKUX
npoLeccos.
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