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B Mupe As of Jan. 20: COVID-19

B uetoBeke:

VIHpummpoBaHMe — MHTepHAIM3alMA B pa3/JIMYHBIX OpraHax — pa3MHOXKeHNe BUpyca
— B KJIeTKaX, B OTBeT Ha 3TO MaCCMPOBaHHBIN CMHTE3 11 0BOCHAINTeIbHBIX IMTOKMHOB
— IIMTOKMHOBBIN IITOPM— M30BITOK IMTOKMHOB IPUBOAUT K 2111epBOCIaIeHUIO

B MMKPOCOCYAVCTOV CcTeMe M B MH(PUIMPOBaHHBIX OpraHax ¥ BbI3bIBaeT TsKeJIble OCJI0>KHEeHM
— cUnepKoarysinauro,

— IIOBpEe>KOeHms MmokKkapaa,

— IIOBPE>KIE€HMs IIOYEK M IIeYECHM,

— OaKTepMaIbHYIO V/VIM IPUOKOBYIO cynep-MHEEKIIMIO M Cericiic



NuaTepnanmuszanms COVID-19:
HaTMBHO HeynopsAao4vYeHHasi 0071acTh IIUIIOB
MIOBBIIIaeT KOHTaIrMO3HOCTh
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Disordered proteins (or regions) can fold into ordered
structures when encountering and binding to their target

Goh GK-M, Dunker AK, Foster JA, Uversky VN, Shell disorder analysis predicts greater resilience of the SARS-CoV-2 (COVID-
19) outside the body and in body fluids, Microbial Pathogenesis, 2020

George Tetz Victor Tetz SARS-CoV-2 prion-like domains in spike proteins enable higher affinity to ACE2, 2020

https://medium.com/medical-myths-and-models/what-makes-the-novel-coronavirus-so-contagious-e677e825¢c566



https://medium.com/medical-myths-and-models/what-makes-the-novel-coronavirus-so-contagious-e677e825c566

Opransbl, Ha HIOBEPXHOCTU KOTOPBIX
pacmosiokeHsl perentopsl a1 COVID-19
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Saba L, Molecular pathways triggered by COVID-19 in different organs: ACE2 receptor-expressing cells
under attack? A review Eur Rev Med Pharmacol Sci. 2020 Dec;24(23):12609-12622




COVID-19 iMTOKMHOBBIN LITOPM: APOCTH BOCIIaJICHWMS

Mahmudpour M et al. COVID-19 cytokine storm: The anger of inflammation. Cytokine. 2020 Sep;



COVID-19 nponukaer
B pa3/IMYHbIe OpraHbI
Y BBI3bIBaeT B HUX
LUTOKMHOBBIN IIITOPM
" I'UIIepBOCIIajieHne




COVID-19: BpicoKast uacTOTa pa3BUTMs MHPEeKIINUN
y nmi ¢ npenmecrsoBasummmm CC3
Y APYIMMU I1aTOJIOTUAMMU

U.S. COVID-19 hospitalizations estimated to be
due to cardiometabolic risk factors

Obesity - 30.2%

Diabetes 20.5%

Hypertension 26.2%

Heart failure e 11.7%

Above cardiometabolic

)
risk factors combined 63.5%

Black bars indicate uncertainty intervals.

O’Hearn, M., Liu, J., Cudhea, F, Micha, R., & Mozaffarian, D. (2021). COVID-19 hospitalizations attributable
to cardiometabolic conditions in the U.S.: A comparative risk assessment analysis. JAHA.

Gerald J. and Dorothy R. Friedman School of Nutrition Science and Policy at Tufts University

O'Hearn M et al. Coronavirus Disease 2019 Hospitalizations Attributable to Cardiometabolic
Conditions in the United States: A Comparative Risk Assessment Analysis. ] Am Heart Assoc. 20217
Feb;10(5):e019259.



PRE-EXISTING MEDICAL
CONDITIONS AND COVID-19

COVID-19 death rate by pre-existing medical condition

Cardiovascular
disease

Diabetes

Chronic respiratory
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Hypertension

Cancer
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COVID-19;: vacToTa OC/TIOOKHEHUM

OcoxHeHmue Y Bcex manimeHTOB, % YV nanmenToB OUT, %
ITHeBMOHMS 27,6 81,2

PecnimparopHas 22,6 75,3

HEeI0CTaTOYHOCTH

OIII1 11,8 50,7

Cenicuc 104 541

httpsy//www.medicalnewstoday.com/articles/analysis-of-patient-data-reveals-most-common-complications-of-covid-
19#Some-things-to-keep-in-mind



COVID-19: YacroTa pasBuTmsa MMOKapaMUIbHBIX
IIOBPeXXIeHUM BO3pacTaeT C TAXKeCThI0 MHQeKIIun
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Cardiovascular biomarkers in patients with COVID-19. Eur Heart J Acute Cardiovasc Care. 2021 Feb 28:zuab009
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EDITORIAL

Jason R. McCarthy

Direct SARS-CoV-2
infection of the
heart potentiates
the cardiovascular

sequelae of
COVID-19

™

Chegk for
updates

Dear Editor,

The ongoing pandemic, caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has wreaked havoc world-
wide, infecting over eight m n people and killing at least 437,604
as of the mid-end of June. Whereas the primary organ system

affected by the virus is the lungs, over 20% of hospitalized patients
present with significant myocardial injuries, including infection-
related myocarditis with reduced systolic function and arrhyth-
mias [1]. Unfortunately, the mechanisms responsible for these
sequelae are not fully understood. While this injury could be
secondary to severe lung damage (e.g., cytokine storm or acute
hypoxia-induced cell death), direct infection of the heart is be-
coming a more plausible option, particularly for those patients
with pre-existing co-morbidities.

It is thought that one of the primary mechanisms through
which SARS-CoV-2 gains entry into ce
tion is through binding to the angiotensin-converting enzyme 2
(ACE2) [2]. To determine whether there was a direct role for ACE2

in the heart, Tucker et al. measured ACE2 expression levels in

s to facilitate viral replica-

human myocardial samples from the Penn Human Heart Tissue
Biobank using both bulk and single nucleus RNA-sequencing
(RNA-seq) analyses [3]. Using bulk analysis, they found that
ACE2 levels were similarly expressed in both non-diseased and
diseased hearts, including in pericytes, vascular smooth muscle
cells, fibroblasts, and cardiomyocytes. However, when hearts were
analyzed using single-cell RNA-seq, investigators revealed that
diseased hearts showed significantly increased levels of ACE2 in
cardiomyocytes, but significantly reduced levels in fibroblasts,
pericytes, and vascular smooth muscle cells, as compared to
healthy controls. Together, these data indicate that 1) patients
with underlying heart conditions have increased levels of ACE2 in
cardiomyocytes, and 2) are consequently more likely to develop an
infection due to SARS-CoV-2. In addition to ACE2 expression, the
associated proteases transmembrane protease serine 2 (TMPRSS2)
and Cathepsin L (CTSL) facilitate viral entry into cells via the
priming of the spike protein [4]. Single-cell analysi

across organ
systems  demonstrated  that  double-positive  populations
(ACE2*™CTSL**) were abundant subsets of heart cells, including

1359-6446/© 2020 Elsevier Ltd. All rights reserved.
hitps://doi.org/10.1016 /jdrudis.2020.06 021

www.drugdiscoverytoday.com 1559
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COVID-19 nadnunmpyer KyJabTypbl
KapIMOMMOLIUTOB YesIoBeKa in vitro

SARS-CoV-2 infects human induced pluripotent stem cell-derived
cardiomyocytes in culture
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L’T THAgiY
%j} i ’g is
Case Report

VHdekmsa nEAynupyeT OTUTOTOKCcMIecKui 3dpdexT,
KOTOPBIVI MHIMOMpPYyeTCcs peMaeCuBUpPOM.

Bojkova D et al.. SARS-CoV-2 infects and induces cytotoxic effects
in human cardiomyocytes. Cardiovasc Res. 2020 Dec 1;116(14):2207-2215. 12



CC3 npuBoaat Kk noBbinieHnI0 cuHTe3a ACE2
B MMOIIMTAX

ACE2 expression in normal and diseased human myocardial samples
from the Penn Human Heart Tissue Biobank by bulk and single
NIIOBBIIIeHM TpacKpuIimm us RNA-seq.

IIpenmecrBoBaBmme CC3 -

IpeMyILIeCTBEHHBIV JpaviBep IIOBBIIIIEHHOM
TpaHckpununu ACE2. B KapaoMuuTonmrax.

Prior cardiovascular disease is a predominant of cardiomyocyte-
specific increased transcription of ACE2.

Tucker, N.R. et al. (2020) Myocyte specific upregulation of in cardiovascular disease:
implications for SARS-CoV-2 mediated myocarditis. medRxiv 2020.04.09.20059204
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IToBeimenHas npu CC3 npomykumsa ACE2

yBeJIndMBaeT MHTEHCMBHOCTh MHPVPOBaHMS cepalia
Bupycom COVID-19

DTO OPUBOOUT ONUCPYHKIIVM MUKPOCOCYAOB, K PUCKY
pa3BUTHA MUKPOTPOMOO30B 1 cepaedHbIX IIPUCTYIIOB.
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Chen L,et AL.ACE2 expression in human heart indicates new potential mechanism of heart
injury among patients infected with SARS-CoV-2. Cardiovasc Res. 2020 May 1;116(6):1097-1100. 14



VISUAL ABSTRACT

COVID-19 uaduimpyet Mmuokapz
" BbI3bIBaeT B HEM NUTOKMHOBBIV IITOPM
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HIGHLIGHTS

¢ SARS-CoV-2 directly infects
cardiomyocytes in patients with COVID-19
myocarditis and does not infect cardiac
macrophages, fibroblasts, or endothelial
cells.

+ COVID-19 myocarditis is characterized by
a myeloid-rich inflammatory infiltrate.

¢ SARS-CoV-2 infects cardiomyocytes
through an ACE2 and endosomal cysteine
protease dependent pathway.

+ Infection of hPSC-derived cardiomyocytes
and engineered heart tissues show that
cytokine production, sarcomere disas-
sembly, and cell death were a direct
consequence of cardiomyocyte infection.

¢ SARS-CoV-2 reduces cardiomyocyte
contractility through sarcomere

breakdown and cardiomyocyte cell death.

Bailey AL et al. SARS-CoV-2
Infects Human Engineered Heart
Tissues and Models COVID-19

Myocarditis. bioRxiv 2020 Nov 5:

KapananbHblie
OCJIO>KHEHMSI
OVID-19: npsimoe
MHUOMpOBaHME
MMOKap/a M pa3BuUTHe
B HeM BUpyca WiINn
CcTEMHOe BOcCIHaJIeHle
" /vsiv TpoMO003.
Iloka3aHo, uTO
COVID-19 nadpunmupyer
KapaAMOMMOILIUTHI,
BbI3bIBaeT B HUX
IIMTOKMHOBBIN IIITOPM,
OVICCOLIVIAITMIO
CapKOMepOB, CHV>KeHMe
COKpPaTHMMOCTH
" CMepTh
KapaOMOMMIIUTOB 15



COVID-19: naTtorenes MmmokapamajJibHBIX OC/IO>KHEHUM

¢ rI/Il'IepBOCl'IaJ'IEHI/Ie U IIUTOKMHOBBIN orropMm, Be€AYT K pa3BUTUIO
MMOKapAanrTa,

¢ PecnnpaTopHaﬂ HEOOCTATOYHOCTD M1 I'MIIOKCEMMS ITIOBPEXKIAIOT
KapamnoMmnouamThbl,

¢ HaPYIJ_IEHI/Ie Oas1aHca HOCTYHJICHMSI/HOTPEﬁJIeHI/I}I Kncdjiopoaa,

* IIpu Hasmmunm npemuiecrsyrommx CC3, moBblllIeHMe CMHTE3a
AIl®D2, crumyaupymomiee IpsiMmoe MHPUIOIMPOBaHMeE ceplia,

* T'mnmepkoarysnsims, MUKPOCOCYOMUCTBIVI TPOMOO3;
* Inddy3Hoe noBpe>xmeHMe 3HAO0TEINS, IHAOTETIUNUT
B pa3/IMYHBIX OpraHax, BKJIIOYas cep/lie,

* Bocnanenwue w/mam crpecc - arTepoTpoM003

Bavishi C, et al. Special Article - Acute myocardial injury in patients hospitalized with COVID-19
infection: A review. Prog Cardiovasc Dis. 2020 Sep-Oct;63(5):
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COVID-19: nmoreHIIMa/IbHBbIE MeXaHM3MbI
IIOBpEe>XKIEeHMI MMOKapaa

CENTRAL ILLUSTRATION Potential Mechanisms of Myocardial Injury in COVID-19
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Atri, D. et al. J Am Coll Cardiol Basic Trans Science. 2020;5(5):518-36.

ASCVD — atherosclerotic cardiovascular disease; COVID-19 — coronavirus disease-2019; DIC — disseminated intravascular coagulation; MI — myocardial infarction.

Atri D, et al.. COVID-19 for the Cardiologist: Basic Virology, Epidemiology, Cardiac 17
Manifestations, and Potential Therapeutic Strategies. JACC Basic Transl Sci. 2020 Apr 10;5(5):518-536.



COVID-19: naTorenes MmoKapavajabHBIX OCJIOJKHEHUN

imemmu4aeckme Henmemmnueckmue

Nonischemic

.

Ischemic : >
e Cardiogenicshock
* Viral myocarditis

* Acute C
S oDy * Stress cardiomyopathy

Syndrome o ki Heart failure
* Plaque rupture * Hemophagocytic
* Coronary lymphohistiocytosis G
rambacis * Electrolyte imbalance Myocarditis
* Adverse drug effects
Arrythmia

KomopOugHOCTH

e Acute coronary syndrome
Comorbidities
e Cardiomyopathy

* Hypertension

Diabetes Pericardial effusion
* Coronary Artery Disease
* Heart Failure

* Atrial Fibrillation

* Cerebrovascular Disease

Mishra AK et al. A. A review of cardiac manifestations and predictors of outcome
in patients with COVID - 19. Heart Lung. 2020 Nov-Dec;49(6):848-852.
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YerBepToe BceoOI1Iee ontpenesienue VM, 2018

Pexomennyer BY m3mepenne TH
KaK Ba>KHeEMIIINUM AuarHocrnueckmni Kkpurepmun VIM.
Tepmunu VIM ciienqyeTt Mcnio1b30BaTh PV BBIABJIEHUM IIOBpeXXAeHMsI MUOKapaa
6 couemanuu ¢ KAUHUYECKUMU 00KA3AmMeAbCmBamu uwieMuy Muoxapoa.
Hvarnocrnueckme Kkpurepun VIM:
- IIOBBIIIeHWMe M/WiIu CHV KeHNne ypoBHs TH (IpM ycs10BUM, 9TO XOTS OBI OTHO
3HaueHMe ero KOHIIeHTpaIlMu IIpeBhIlIaeT ypoBeHb 99-011 IpOoHeHTII;
- B COYeTaHWMM € XOTsI ObI ¢ OHMM IPM3HAKOM M3 HU>KelepeuncJIeHHBIX:
- CMMIITOMbBI MIIIeMUV MHUOKapaa;
- BHOBBb BO3HMKIIIVE UIneMuueckme nimenenmns Ha JDKI;
- II0sIBJIEHMe I1aTOJIOTMYecKoro 3yoma Q;
- BBIsSIBJIEHVE 110 JaHHBIM BU3YyaJIM3VUPYIOIIMX METOOMK:
- HOBBIX YYaCTKOB He>XM3HeCII0COOHOT0 MMoOKap/a,

- JIM00 HOBBIX Y4aCTKOB HapYyIIIeHMA JIOKAJIbHOM COKpaTmMMOCIN
HHPpEeaInoji102KuTe/IbHO MIIIEeMUYECKOV 3TMOJIOI M.

Thygesen K, Alpert JS, Jaffe AS, et al., Fourth Universal Definition of Myocardial Infarction (2018).
J Am Coll Cardiol 2018;72:2231-64.



I';1aBHBIE aHAIUTHMYECKMEe XapaKTepUCTUKN
TponnoHMHOBEIX BU TecToB

99-as nponeHTIIH
(Upper Reference Limit - URL) - Bepxanui pedepentusniii npenein - BPII,
(BepxHMII IIpees1 HOpMbI) - KOHIIeHTPAaIMsi TPOIIOHMHA,

npu Koropon 99 n3 100 3mopoBeix jimi; OyayT MMeTh OTpHUIIaTeIbHbBIN
avarao3 VIM m tosipKo 1 13 100 - J10>KHOII0/I0>KUTEe/IbHBIV AVMarHo3.

Koagppuyuenm Bapuayuu

KB (coefficient of variation - CV) - 310 aHaTMTHMUECKasi TOUHOCTh TeCTa:
OlleHMBaeT cTereHb aycrnepcun (pa3dpoca) cepuitHbIX pe3yIbTaToB,
II0JIyYeHHBIX IIPY M3MepeHUN TPOIIOHVHA B OJTHOM TOM >Ke o0pasie;
BbIpakaeTcsi B mporteHTax (%0).

IIpenmes nereKumm
(Limit of Detection - LoD) - MuHMManbHasi KOHIIEeHTpaIysi TPOIIOHMHA,
KOTOpas onpenessieTcsa y 340POBbIX JIMII.

Wu AHB, et al. Clinical Laboratory Practice Recommendations for the Use of Cardiac Troponin in Acute Coronary
Syndrome: Expert Opinion from the Academy of the American Association for Clinical Chemistry and the Task Force
on Clinical Applications of Cardiac Bio-Markers of the International Federation of Clinical Chemistry and
Laboratory Medicine. Clin Chem 2018;64:645-55.
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Eur Heart J. 2018 Aug 25.

DESC/ACC/AHA/WHF 2018



@ESC ...

European Society do
of Cardiology

r Heart Joumal (2018) 00, 1-33 EXPERT CONSENSUS DOCUMENT

093/eurheartjehyd62

Fourth universal definition of myocardial

i S ~ IlpumMeHMMBI JIN
Kristian Thygesen* (Denmark), Joseph S. Alpert* (USA), Allan S. Jaffe (USA), A

Bernard R. Chaitman (USA), Jeroen J. Bax (The Netherlands), David A. Morrow El

(USA), Harvey D. White* (New Zealand): the Executive Group on behalf of the Joint ¢

European Society of Cardiology (ESC)/American College of Cardiology (ACC)/ F r I 1 r I 1 r l 1

American Heart Association (AHA)/World Heart Federation (WHF) Task Force for s K M M M B r

the Universal Definition of Myocardial Infarction g

Authors/Task Force Members/Chairpersons: Kristian Thygesen* (Denmark), Joseph 2

S. Alpert* (USA), Allan S. Jaffe (USA), Bernard R. Chaitman (USA), Jeroen J. Bax 3 B C e O e I‘O O H e eJ—I e H Mﬂ
(The Netherlands), David A. Morrow (USA), Harvey D. White* (New Zealand), 2

Hans Mickley (Denmark), Filippo Crea (Italy), Frans Van de Werf (Belgium), Chiara

Bucciarelli-Ducci (UK), Hugo A. Katus (Germany), Fausto J. Pinto (Portugal), Elliott
M. Antman (USA), Christian W. Hamm (Germany), Raffaele De Caterina (Italy), g

James L. Januzzi Jr (USA), Fred S. Apple (USA), Maria Angeles Alonso Garcia g M K M I 1 I I T I 'M K
(Spain), S. Richard Underwood (UK), John M. Canty Jr (USA), Alexander R. Lyon a
(UK), P. ). Devereaux (Canada), Jose Luis Zamorano (Spain), Bertil Lindahl g

(Sweden), William S. Weintraub (USA), L. Kristin Newby (USA), Renu Virmani 5
(USA), Pascal Vranckx (Belgium), Don Cutlip (USA), Raymond ). Gibbons (USA),

Sidney C. Smith (USA), Dan Atar (Norway), Russell V. Luepker (USA), Rose Marie g M H )I( TB H H I I
Robertson (USA), Robert O. Bonow (USA), P. Gabriel Steg (France), Patrick T.
O’Gara (USA), Keith A. A. Fox (UK)

~ OCJIOKHEeHUWM IIpu
nHdexkunu COVID-19?

"




Kosug OMII - octpoe MuokapavasibHOe IIOBpeXXIeHe
COVID-AMI - acute myocardial injury

COVID-AMI has been defined as the elevation of high sensitivity cardiac troponin (hs-
cTn) above the 99th percentile of its upper limit of normal or evidence of new
electrocardiographic or evidence of new electrocardiographic (ECG) or
echocardiographic abnormalities.

Kosug OMII omnpenesnsiercss Kak yposeHb BU TH, npeBpIimiarommmn
3HadeHMe 99-071 NponeHTU/IN (BepXHMUI IIpeaesl HOPpMbI) MJIN
cortacHO DKI', mnm corstacHo aHOMaIVsIM P 3XOKapauorpadpmmn.

Cameli M, COVID-19 and Acute Coronary Syndromes: Current Data and Future Implications. Front Cardiovasc
Med. 2021 Jan 28;7:593496.

Meta-anaim3. N=1527; 8% mnanmmenToB mmean OMII
ITpwu Tsixenovt madekimmu (mammeHTs OUT)
puck OMII Bo3pacrasn B 13 pas

Li B, et al. Prevalence and impact of cardiovascular metabolic diseases on COVID-19
in China (ECG) or echocardiographic abnormalities Clin Res Cardiol. 2020 May;109(5):531-538. 23



COVID-19:ummieMmmueckoe 1M HeMIIIeMmMuIecKoe
IIOBBILIIeHVE TPOIIOHMHOB

cTn 'T‘ MmuokapanasibHOe
OBpeXIIeHMe

I‘ \ ‘ Myocardial injury
XpoHuUecKoe NOBbIIIEHNE OcTpoe noBBIIIEHME ‘ v (ﬂ—,]_(m
chronic ¢cTn P acute cTn /I\ -

)
/
( CK
\ ¢TnT ¢Thl

o 00,"0 )

* Pre-existing cardiac disease Heumemnueckne npuunabl  VleMirdeckie NpuU4MHbI ~ -
(known or unknown) non-ischemic causes ischemic causes
Ipenmecrsosasmuie CC3 * Direct effect on * Type 1l Ml
myocardial cells via * Type 2 MI
* ACE2-receptor * shock
* cytokine storm * hypoxia
* hypoxia-induced * tachycardia
apoptosis

*  Myocarditis
* Takotsubo syndrome
*  Pulmonary embolism

Mueller C et al. ESC Study Group on Biomarkers in Cardiology of the Acute Cardiovascular Care
Association. Cardiovascular biomarkers in patients with COVID-19.
Eur Heart J] Acute Cardiovasc Care. 2021 Feb 28 24



Frequency

COVID-19 v BY Tn

N=277, noctrynuiu B OUT, TsKkenas nHdeKkms,
90% na naBasusHON VIBJI, 31,8 % ymepiu,

hs-TnT npwu nocryruieEun - y BbpkusBinmx 12.0 (8.0 - 27,8)
He BbDKUBIIMX 28,5 (14.0 to 81.0) ur/n

IIpv mocrynieHun IInkoBble 3HaUEH WA

99 npor. 99 npoti.

Frequency

.‘ Admi;si(;r; Hs-TnT | N | Peak ;;-TnT
Demir OM et al.. Impact and Determinants of High-Sensitivity Cardiac Troponin-T Concentraztsion

in Patients With COVID-19 Admitted to Critical Care. Am J Cardiol. 2021 Feb 20



IIvarHocrmyeckoe 3HaUeHme
avHaMuku BY Ta npu COVID-19

VIHTepBasibl cEpUITHBIX M3MepeHUN (TesIbTa) 3 CyTOK

350 —
300 — 290-6
250 —
200 — N
150 W A 1345

100 —

o — 32-0/,-—5"'-—-’;5?-6
5 a.g 247 | _——
—t 133 T41 144 2.5 25 3-8
—— -
. —
7

4

BY TH, HI/1

High-sensitivity cardiac troponin | (ng/mL)

Zhou F, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet. 2020, 28;395(10229):1054-1062.
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CMmepTHOCTB, %0

COVID-19: mporHocruyeckoe 3HaYeHMe
avHaMuKy BY TH y manimenToB
c npeamecrsoBaBmmmmu CC3

Martality, %

With CvD+elevated TnT +CC3+BYTH

Without CVD +elevated TnT -CC3+BUYTH

voraity-1535 | +CC3-BYTH

Without CVD + normal TnT

Mortality=7.52 -CC3-BYTHu

1004
B0+
Mortality =69.44
604 -
a0 Martality=37.50
04
204
['1 —
T T
i} 1 0 30 40

SIE' ”:['HM

Guo T, et al. Cardiovascular Implications of Fatal Outcomes of Patients
With Coronavirus Disease 2019 (COVID-19 JAMA Cardiol. 2020
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Hospitalization Before death
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Admission Hospitalization Before death
MNOon-Survivors 331.7902 940.8796 2533.0035
He BpDKMBIIINE Fatal patients




EI TnT changes

L
- 8B H o272

Admission Hospitalization Impending Admission Hospitalization Approaching
death

discharge
0000001

Fatal patients Cured patients




300

hs-cTnl (pg/mL) hs-cTnl (pg/mL.)

r=0.260
la . P < 0001 *
‘ *e ¢

IL-6 (pg/mL)
IL-8 (pg/mL)

hs-cTnl (pg/mL) hs-cTnl (pg/mL)




COVD-19:Anropurm BY TH nsmepeHMUM

bes3 umemmumn

COVID-19: Asrropur™m BY T n3mepenwmit C mimemmen

Without overtischemia BY TH > 99-011 IIPOLIEHTMIN 0

With overtischemia

Increased cTn concentration (s) >99t" percentile URL in patients with confirmed COVID-19

¥

Myocardial injury

Henbra < 20%

Delta <20%

MT/IOKapHT/IaJ'IBHOG IIOBPEXXIIEHIIE

i oM
- |
mcggzr::;al Acute nonischemic i Acute myocardial
YOS ' myocardial injury il infarction
injury I
XpoHuy. ‘/ OcTpoe He nieMmd. \ 1 Iz oM mn\
MVOKap..
IIOB ep Primary HAIATOIONSE AR Primary i Type 1 Type 2
PEXIL. cardiac IIOBpEXEeHIIE. non-cardiac i myocardial myocardial
iliness illness 1 infarction infarction
Mcxomuooe IKapm/m. Wcxogroe Helkapm/xo. i l’ l'
3abos1e e 3a00s1eBMiTIE :
Examples: Examples: N . Examples:
eaenighicarhialiue i Avecarditis -E:\a(;:i%[ceaslrillness I :tchuetSOSt;lerotic ?'elsp"a}'g?
- Cardiomyopathy - girect SARS-CoV-2 injury ~ e i SiEc e nffp“Jﬁg“'
- Hypertension - tress cardiomyopathy B . " A Tachyarrhyvthmi
_  CKD/ESRD _  Acute heart failure Pulmonary embolism : disruption H?;o-ts:si'onmlas

Increased prevalence of
chronic cardiovascular
conditions in COVID-19
that can explain chronic
myocardial injury

Sandoval Y etal. Cardiac Troponin for the Diagnosis and Risk-Stratification of Myocardial Injury in COVID-19: JACC Review Topic of the Week, JACC (2020),

= Increasedinflammatory responses (1 CRP, 1 interleukins, t procalcitonin, t ferritin) and prothrombotic state (1 D-dimer) can contribute to acute
nonischemic myocardial injury and acute myocardial infarction, with increasesand/or dynamic changes in NT-proBNP and/or hs-cTn possible

across allthese conditions.

- For several conditions, such as criticaliliness, sepsis, orrespiratory failure, there is a spectrum, with cTn increases categorized as acute non-
ischemic myocardial injury in the absence ofischemia, and as acute myocardial infarction if clearischemia is present

= The suggested classification is based on the most common designation, but clinicians /researchers should recognize that patients with conditions
such as heart failure can potentially be classified in distinct categories based on their clinical presentation, presencefabsence ofischemia, and serial

cTn results (stable/dynamic).




COVID-19: yposau BU TH npu pasaeix CC3 mjis TecT-cucreM

c¢T'nT (Roche Diagnostics), cTnl ( Abbott Diagnostics),
cTnl (Singulex Clarity System)

A B
B NSTEMI Bl NSTEMI
A VIMBST [a7 .- B
o B Non-ACS cardiac disease - B Non-ACS cardiac disease
- O Other diseases - O Other diseases
B B NCCP - B NCCP
2 1000 =
100 -
! 100
10k |
E i i | i i
1 | ﬁ 1 m |%| ﬁ @iﬂ
cTnTy, o [ FPTRIn Tl .o cTnTy, CTnliannarmin cThlgaan
IIpu nocryruieann OPUT Yepes 1 uac

Tjora HL et al. Cardiac Troponin Assays With Improved Analytical Quality: A Trade-Off
Between Enhanced Diagnostic Performance and Reduced Long-Term Prognostic Value.
J Am Heart Assoc. 2020 Dec;9(23):
33




COVID-19: Anropurmer BU TH nsmepermnn 0 -1 4gac
117151 TeCT-CVCTeM

cI'nT (Roche Diagnostics), cTnl ( Abbott Diagnostics),
cInl (Singulex Clarity System)

Admission single sample rule-out

cTnTesc <5 ng/L CTNnl ppbotesc < 2 NG/L CTNsgemeumann < 1 NG/L  CTNlggug0q, < 1.5 Ng/L CTnleg <2 NG/L
Rule-out: 235 (24%) Rule-out: 174 (18%) Rule-out: 87 (9%) Rule-out: 237 (24%) Rule-out: 360 (37%)
Sensitivity: 98.9 % Sensitivity: 97.9% Sensitivity: 100% Sensitivity: 99.2% Sensitivity: 99.2%
NPV: 99.5 % NPV: 98.8% NPV: 100% NPV: 99.6% NPV: 99.7%

0/1 hour rule-out & rule-in protocol

CTnTFQC cTn I(Abbott}ESC cTn I(sgx)l‘\leLlnwann cTn I(.SQX:'

Rule out: cTnTy< 12 ng/L and Ay, < 3 ng/L Rule out: cTnlg< S ng/L and Ay, < 2 ng/l Rule out: ¢Tnly < 2 ng/L and Ay, < ng/l Rule out: cTnly< 10 ng/L and Ay, < 3 ng/l
Rule in: cTnT,2 52 ng/Lor 8,2 5ng/L Rule in: cTnly = 52 ng/L or Ay, = 6 ng/l Rule in: ¢Tnlg= 25 ng/Lor B8y, > 6 ng/L Rule in: cTnly= 70 ng/L or Ay, = 5 ng/l
Rule-out: 300 (64%) Rule-in: 62 (13%) Rule-out: 264 (57%) Rule-in: 78 (17%) Rule-out: 186 (40%) Rule-in: 74 (16%) Rule-out: 358 (77%) Rule-in: 67 (14%)
Sensitivity: 100% Specificity: 96.5% Sensitivity: 100% Specificity: 94.6% Sensitivity: 100% Specificity: 95.3% Sensitivity: 100 % Specificity: 97.0%
NPV: 100% PPV: 77.4% NPV: 100% PPV: 71.8% NPV: 100% PPV: 74.3% NPV: 100 % PPV: 80.6%

Tjora HL et al. Cardiac Troponin Assays With Improved Analytical Quality: A Trade-Off Between
Enhanced Diagnostic Performance and Reduced Long-Term Prognostic Value.
J Am Heart Assoc. 2020 Dec;9(23) 34



COVID-19:yrouHeHne nOIrpaHNMYHBIX YPOBHEM
IJIs1 KapayoMapKepoB

Cardiac injury
marker level

< Cutoff

>ULN @
v

COVID-19 Survival curves

3219 nanmeHTOB, 9 TOCIITAJIEN,
31-12-2019 - 04 — 03-2020,
IlorpaHn4HBIe ypPOBHU
KapAMoOMapKepoOB, yCTaHOBJIEHHBbIe
IJIs O0IeN IIony ALY,

Ha OCHOBE 3HaY€HMV BEpXHEro
peaesia HOpMbl HeIOOIIEHMBAIOT
pvicKM 28 THEBHOW JIeTaJIbBHOCTH
g i ¢ COVID-19

¥ BEpOSITHOCTh MXBBBDKMBaHMSA

Upper Limit of Normal ULN
Bepxaumn IIpenesr Hopmel - BITH

Qin JJ et al., Redefining Cardiac Biomarkers in Predicting Mortality 35
of Inpatients With COVID-19 Hypertension. 2020 Oct;76(4):1104-1112.



COVID-19: norpanm4Hble yPOBHM IIPOTHOCTUYUECKMX
KapamMoMapKepoB JO/DKHBI ObITh CHVDKEHBI Ha ~ 50%

BepxmBaemMmoctsn, %

Percent survival, %

100 4

90

80+

0=

60+

hs-cTnl £ cutoff

cutoff < hs-cTnl = ULN

hs-cTnl =ULN

djusted HR, 8.54 (95% Cl, 4.9¢

liusted HR 12 85 (Q5 | 776

20
0

No. at nsk

hs-cTnl = cutoff 1278
cutoff < hs-clnl s ULN 89
hs-cTnl >ULN 95

| | |
4 8 12 16 20 24 28
Time (Days since admission)

1258 1116 989 828 801 746 696
g9 4 60 a7 45 42 38
a7 73 61 49 43 37 28

Qin JJ et al. , Redefining Cardiac Biomarkers in Predicting Mortality
of Inpatients With COVID-19 Hypertension. 2020 Oct;76(4):1104-1112.
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COVID-19: norpanm4Hble yPOBHM IIPOTHOCTUYUECKMX
KapamnoMapKepoB JO/DKHBI ObITh CHVDKEHBI Ha ~ 50%

C

100 —
(NT-pro)BNP = cutoff
= 90 e U
© ' i
59 g cutoff < (NT-pro)BNP < ULN
N 2 80 .
) [
O e 707 (NT-pro)BNP >ULN
Adjusted HR, 8.70 (95% CI, 4.50 - 16.82)
Qz) A TJ I- R, 22.72 (95% CI, 11.38 - 45.36)
o 60 | | | . | |
- 0 4 8 12 16 20 24 28
~ Time (Days since admission)
E MNo. at risk
e (NT-pro)BNP s cutoff 904 898 817 745 636 611 566 530
FR Cutoff < (NT-pro)BNP < ULN 533 523 476 424 340 316 296 273
(NT-pro)BNP >ULN 213 203 179 151 124 104 85 73

Qin JJ et al., Redefining Cardiac Biomarkers in Predicting Mortality
of Inpatients With COVID-19 Hypertension. 2020 Oct;76(4):1104-1112.
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BrIBOIBI

«AHOMaJIbHBIV ITAaTTEePH KapanoMapkepos y nanyeHTos ¢ COVID-
19 nocToBepHO CBA3aH C MMOBBIIEHHBIM PVICKOM CMEPTHOCTW,

3aHOBO yCTaHOBJIEHHBIE IIPOTHOCTMYeCKe yYpoBHM i hs-cTnl,
CK-MB, (NT-pro)BNP, CK 1 MO poykHBI OBITh HAMHOTO HVDKE
(=50%),

yeM pedpepeHCHBIe 3HaYeH S BEpXHero mpejiejia HOPMBI,
yCTaHOBJIEHHBIE JIJIs1 0011Vt IOy JIALIVIN.

KimHyaeckyt oueHb 3HAUMMO, UTO PIIYKTYUPYIOLIyie yPOBHU
KapayoMapKkepoB HeOOXOOMMO IToBepraTb MHTEHCMBHOMY
MOHUTOPVHIY

¥ MalVieHTaM C [IOBBIIIEeHHBIM VX YPOBHEM [JIst YTy YllleHVIs
rrporaosa COVVD-19 noypkHO cBoeBpeMeHHO IIPOBOAUTHCI
jleuebHOe BMeIlIaTe/IbCTBO»

Qin JJ et al., Redefining Cardiac Biomarkers in Predicting Mortality of Inpatients
With COVID-19 Hypertension. 2020 Oct;76(4):1104-1112



COVID-19 u cepaue

- IIpmu COVID-19 - mmmpokun cinextp CC3, sxirogarommx UMST n
pasnanaHbie «MMUTaTOpbI» IMST (MMoKapanuT, KapamMoMuonaTmus
Taxoiy0o, 1 np). Cepaeunas 6os1p y 78%. VicciienoBanmus
MalMeHTOoB c nogskemMoM ST cermMeHTa y JIMIL ¢ OOCTPYyKTMBHBIMMU U
HeOoOCTPYKTMBHBIMM 3a00/IeBaHMAMM KOPOHapHBIX apTepun
(aarmorpadmus).

- O0cTpyKTHBHBIE 3a0071eBaHNA KOpOoHapHBIX apTepuit,(O3KA)
nmesnm -83%. He-O3KA- 13%.

ITamnenTsl ¢ He-O3KA mmennu 0osiee nnudPpys3ae nogrem ST
cermeHTa, ueM mnanmeHThI ¢ O3KA (10% mporus 1% cooTBeTCTBEHHO)
u tuddy3Hyro aHomannio asvokeHusa creHkn JIDK (23% mporus 3%).
- BHyTpurocnurajabHas j1eTaJIbHOCTh B 00enx rpynmnax - 30%.

- B me;s1oM, oTHOCHMTEIBPHO OOJIBIIIASI JOJIA HAIIMEHTOB ¢ moabeMoM ST
cerMmeHTa mMesia He-O3KA

Diaz-Arocutipa C, et al.. ST-segment elevation in patients with COVID-19:
a systematic review. ] Thromb Thrombolysis. 2021 Mar 1:1-8..
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Lockdown
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Carokenne nnocryrieHun ¢ OKC Bo BpeMs maHgeMmun
4 senenvt MaprTa, ABCTpuUs

250 Ilocmynaenue 6es COVID-19
200
150
100
50
0
Calendar week 10 Calendar week 11 Calendar week 12 Calendar week 13

VIMBST  gall patients admitted for ACs  mSTEMI  mnNsTEmi VIMBST

ITocremume 3 Hemesn MapTa (110 cpaBHEeHMIO ¢ 1-071) cHM>KeHMe Ha 39%

Metzler B et al. Decline of acute coronary syndrome admissions in Austria since the outbreak

of COVID-19: the pandemic response causes cardiac collateral damage. Eur Heart J. 2020 May
14;41(19):1852-1853.



I[MTaanemmsa. CHYKeHMe rocumuTam3aliii ¢ VIM, moBbireHmne
JIeTaJibHOCTU. ViTarms

Ilocmynaenue 6es COVID-19

Admissions for Myocardial Infarction During Covid-19 Pandemic in Italy

16 p<0.001
Number of Patients admitted in one week
T 13.7%
a > B 2019 S ]
700 = — p<0,001
- S8 N -48.4% . 2020 @ 12 :
g 600 \ & 9.7%
£ \ 10 -
E 500 .?
@ -26.5% o=, -65.1% ™ 8 p=0.309
£ 400 P 350 N\ © 4.1% '
2 &/ \ \ - . %
.- . | ) 4 .
a 300 el ':\ 5 I; % 2.8% -
"é 197 14 J 3 . 1.7% ‘]
: B = [
g 123
g 10 ‘ 0
< ‘ 2019 2020 2019 2020 2019 2020
0
AV i i AMI STEMI NSTEMI
T UMBST - — . .
Admission diagnosis Admission diagnosis

NMST

De Rosa S et al. Societa Italiana di Cardiologia and the CCU Academy investigators group. Reduction
of hospitalizations for myocardial infarction in Italy in the COVID-19 era. Eur Heart J. 2020 Jun
7;41(22):2083-2088.



HwviarHOCTMKa KpuTndeckux ociaoxxHeHui COVID-19
M OIleHKa PVMCKOB MX IPOrpeccupoBaHMsI

V3smepeHns npu:
- nocrymieaun, nepesoge B OUT, nepesone Ha VIBJI, mpwu BeImcKe.

- VIJI-6 - tMTOKMHOBBIN INTOPM; YeM Bblile VJI-6, TeM cTpeMuTesibHee
IIPOTrPeCcCUPYIOT OCIOKHEHMS;

- [I-aymep - ovdeHb BBICOKMI PUCK KOAryJI0IIaTUM M He0J1arOnpUMATHBIX MCX0/I0B;

- CPb - moBpexxneHme JITKMX; JIMHEeMHAasi KOPpPeJIAls ¢ TSXKeCTbI0 CMIITOMOB
«MaToBOro crexsia» npm KT;

- [IKT - GakTepmasibHasi ¥ BUPycHasi KO-MHPeKIMs U cynep-mHEeKIs;
- 'emoxynerypsl u I1LIP - Ko-mHPeKIMM 1 cynep-MHPeKIIMn

- BY Tponnornn, KK Mb, muoriodmnn - areporpom003 m nmemmsi, IM;

- NT-proBNP - ocTrpas cepaeuHast HeJOCTaTOYHOCTE;

- llnictratuH C - B CBIBOPOTKE M B MOYe - MapKep OCTPOTro TyOy/IApHOro HeKpo3a
u pucka passutusa OIIII
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VIMMyHOXeMUJIIOMVHECIIEeHTHBIN aHa/IN3aTop
PATHFAST (LSI Medience Corporation, fIrroHsi)

Tounoe KoyMYecTBeHHOE M3MepeHe:
B LIeJIBHOVI KPOBY, CEIBOPOTKE W IUIa3Me
3a 15 MyHyT

OnyH aHa/IM3 — OAVH KapTPUIK
6 KaHaJIOB ISl OTHOBPEMEHHOTO
M3MepeHVIs B peXIMe «IIPOVI3BOJIbHBIN
BBIOOP»

Usmeperusa npu COVID-19:
H-ovumep

IIpecenncuua
BeicokouyscrBUTeIbHBIT CPb

BbIcOKOYYyBCTBUTEIBHBIV TPOIIOHMH |
NTproBNP

Mmwuors100mMH
~ / KK-MB




STOP

COVID-19

Cnacu0o 3a BHUMaHHue




MpgI paboTaem
OoJibIlIe,
YTOOBI BBI
COMHEeBaJICh
MEHBbIIIe

sale@diakonlab.ru
www.diakonlab.ru

www.presepsintest.ru
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142 290, ITymyno, MO, yn. I'py3osas 1a.

Ter.: (495) 980- 63-39; 980- 63-38.
Ten/daxc: (495) 980- 66-79
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117 105, r. MockBa,

yi1. Haratmackas 1.1, crp.2
Ten.: (499) 788-78-58
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