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Sars-CoV-2 (COVID-19) : >xM3HeHHBI ITUKJT

Bupuon SARS-CoV
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Buenpenne COVID-19 B kiteTkmn:
[IIymbl (S-0e1ku, ciatKoBbIe 0eJTKM) CBA3BIBAIOTCSI C
perenTopoM: aHIMOTEeH-IIpeodpa3yrIum dpepMeHTOM 2

) protein disordered protein disordered region

\ / \ Structured Instrinsically Structured protein with

v .
Proteins

and lipids
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 IOBEePXHOCTU KOTOPBIX
pacnosioKeHsl perentopsl 411 COVID-19

AHrvoreH3uH npespamalomun ¢pepment AIID2 (ACE2)
TpancmemOpaHHas cepHOBas nnporeasa TMPRSS2
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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




Sars-Cov-2 npoHMUKaeT
B pa3/IMYHbIE OpIraHbI
1 BbI3bIBaeT B HUX
OIUTOKMHOBBIN IIITOPM
VI TUIIepBOCIIa/IeHVIe



Sars CoV-2 (COVID-19) : )xu3HeHHBIV IIUKJT -

ruriepBocHasieHe - «cCaMmoyO0uiicTBeHHbBIV» OTBeT OpraHm3Ma Ha MHQEKIIMIO
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COVID-19 ntMTOKMHOBBIN LITOPM: APOCTH BOCIIaJICHWMS

—

Sars Cov-2 - Makpodar npoayuMpyIoT #poBOCHaINTeIbHbIe IMTOKMHBI,
KOTOpbIe CTUMYJIMPYIOT CMHTE3 MaKpodaros, Mx IpoayIUPYIOIIMX,
4TO BeJeT K ere 0osIbIIen NpoayKIuy OUMTOKMHOB, YTO BeJeT K ellle

6OJ'IBIlIeMy CMHTE3y MaKpO(l)al"OB, 9710 BeaerT ....nm T. . 11
Mahmudpour M et al. COVID-19 cytokine storm: The anger of inflammation. Cytokine. 2020 Sep;



HepsHas cucrema:
fonosHbie 6onn
lfonosoKpyxeHUa
JHuedanonartua
lwitena-bappe
Ares3us
Muanrus
AHocmuna
WUHcynbr

COVID-19: BHennerouHnble MaHU@ecTalIMU

KposeHocHbIe cocyabi:
Tpom603 rny6okux seH
TINA
Karerep-accoummpoBaHHbie
Tpom603bi

Moukwu:
onn
MoreuHypua
femarypua

Cepaue:
Kapanomwuonatua Takouy6o
Mwuokapaut/nospexaeHue
MUOKapaa
Aputmumn
KapauoreHHbiit Wok
Mwemmna muokapaa
Ocrpoe nerouroe cepaue

Me4yeHb:
MosblweHue
ANT, ACT,
6unupybuHa

HKT:
Owuapen
TowHora/pBoTa
bonb B uBoTe
AHoOpeKcua

JHAOKPUHHAA cUCTEMa:
Mnepraukemun
Aunabernueckuin
KeToaumMpaos

Koxa:

Metexumn
PeTukynapHas achpukcus
Metexumn
Spurema
KpanusHuua
Besukynbi
NepHuo-nogobHan cbink

Gupta, A et al. Extrapulmonary manifestations of COVID-19. Nat Med 26, 1017-1032 (2020).




COVID-19:

MeXaHM3Mbl Pa3BUTMA OCTIOKHEHUM
IIeYeHmn
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COVID-19: natodpm3smnonorus pasBuTus
OC/IOJKHEHMM IIeUYeHU

IFN,TGFaq,
TSLP,
IL-16,23,33

Immune-mediated injury
HI/ITOKI/IHOBBII/I mrropm

4

Preexisting liver disease
IIpeniecrByromiye

Indirect injury AIIaTOJ IO

Henpsimoe

IOBpeXXaeHne 4
Direct injury ,
IIpsimoe

IIOBpeXIOeHne _ _

Ischemia or hypoxia

I'mokcus
ﬁ E
a
prugs @apMITperiapaTbl

Nasa P et al. COVID-19 and the liver: What do we know so far? 14

World ] Hepatol. 2021 May 27;13(5):522-532.



COVOD-19: natodn31010rMsi 0CIO>KHEHUTI [TeUeHU

I'emaToTOKCHMYHBIE N °
AHTUBUPYCHBIE SR o

% Hepatotoxic antiviral drugs
nmpenaparsl Al

Nudexnmsa Sars Cov-2
KJIETOUYHBIN arloIlTo3

N
b
{:‘} {:} COVID-19 ¢

Cell apoptosis induced by
SARS-CoV-2 infection

g 3 \ Tsxenast runokcms

TKaHen

Severe tissue hypoxia and hypovolemic

hock due to severe dehydration
UITIOBOJIEMHNYECKHNN ITIOK

Liver injury

IOMNTOKMHOBBIN IJ_ITOPM

Immune pathway hyperactivation

and inflammation (IL-6 and Pro-inflammatory
Cytokines like IL-2, Th17 and CD8 T cells)z

/ I'mnepBocmiasienve

\
=®

IIpsiMasA IMTOTOKCMYHOCTb,
PeakTmBanms IpegliecTBOBaIlIMX
Oos1e3HeN mevyeHn

Direct cytotoxicity, as well as
reactivation of pre-existing liver disease

15

Sivandzadeh R, et al. COVID-19 infection and liver injury: Clinical features, biomarkers, potential
mechanisms, treatment, and management challenges. World ] Clin Cases. 2021 Aug 6;9(22):6178-6200
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DnuTeIMaabHbIe KHeTKM}Btcf{d}Iammne
JKeJITUHbIe IMIPOTOKM (XOTTaHTMOIIMTHI)
cogep>kat perenrtop AIId2: \
-nHpnnposanne Sars Cov-2 Bemer:

- K OpsIMOMY uMTOTOKcnquIéfamy 3 dexry,
- K TMIIEPBOCIIA/IEHMIO,

- K TpoM00O00Opa30BaHMIO B co‘cy,n;ax negeHmn
- K HapyllleHWI0 DapbepHON Vi TPaHCIIOPTHOM
PYHKIIVIV X0JIaHTVOLINTOB,

- TUIIOKCHST, CBSA3aHHAs C COVID-19
HPMUBOOUT K UILIeMUYeCKUM
IIOBPE>XIEeHMAIM IIeYeHM

Nasa P et al. COVID-19 and the liver: What de we know so far?
World ] Hepatol. 2021 May 27;13(5):522-532.
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COVID-19 mexaHn3MBI HapyLIeHUN PYHKIMN [IeYeHU

HapymeHMﬂ, Drug induced
BeisBaHHBIe papMm. liver injury

IpernaparaMm
VcxoagHass XpoHMY.
00J/Ie3Hb IIeYeH U

Direct cytopathic
effects of SARS-CoV-2
IIpsiMmoe TOKcHMYecKoe

IevicTBHe BUpyca

Pre-existing
chronic liver disease

Cytokine release
syndrome

IIMTOKMHOBBI

IITOPM
Nimemmus,

TMIIOKCWS,
HapyLIeHWs

penepdy3umn @,

COVID-19-associated
liver injury

Hepatic ischemia/
hypoxia reperfusion injury

Dysregulated
immune responses

Hapymienne
perysanmm MMyHHOI'O

Abnormal coagulation
oTBETa

Koarysionarmsa

Li D et al. COVID-19-associated liver injury: from bedside to bench.
J Gastroenterol. 2021 Mar;56(3):218-230.
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COVOD-19: natodn31mo/10r1si 0CI0>)KHEHUTI ITeUeHN

Pre-existing liver disease (HBV/HCV, NAFLD/NASH, autoimmune, cirrhosis) |

,0OVID-19 infection

@® -
A
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Hepatic congestion

innate & adaptive immunity
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ischemic-hypoxic damage
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Cellular activation
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IL-1, IL-2, IL-6,
IL-10, IFN-y
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systemic
inflammatory

CE2 receptors Cholangiocytes
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Steroids, Steatogenic drugs membrane permeability? Y - Lobular focal necrosis Elevated ALT or AST, LDH
Mitochondria damage? «  Neutrophil infiltration and GGT

Figure 1
Portincasa P et al. Hepatic consequences of COVID-19 infection. Lapping or bitting? 18
Eur J Intern Med. 2020 Jul;77:18-24



Sars Cov-2:

IIpsAaMoe I/IHCI)I/II_U/IPOBaHI/Ie II€UEeHM1
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COVID-19: Sars Cov-2 mHPULIMpYyeT IeYeHb

SARS-CoV-2 binds to target cells via ACE-2 receptors - expressed on cholangiocytes, hepatocytes, sinusoidal
endothelium and Kupffer cells. ACE-2 expression on cholangiocytes is 20-fold greater compared to hepatocytes.

. Cytokine storm

Bile duct

Sinusoidal endothelium

Medications

Bile canaliculus

Hepatocyte

Kupffer cell

ACE-2 receptor ‘Y
SARS-Cov-2 i}

Cholangiocyte

SARS-CoV-2 related cytopathic effects

Deranged liver enzymes often multifactorial in origin Hyperactive innate immune Direct cytotoxic effect — SARS-CoV-2
e COVID-19 complications response leading to cytokine storm  has been isolated from hepatocytes

o Ischemia/hypoxia: elevated LDH

o _ - i ACE-2, angiotensin-converting enzyme 2; .
Thm"_-'l?o emt?o"c comp!lcatlorls AST, Aspartate aminotransferase; Dysregulatlon of the RAAS
o Myositis/Cardiac (especially with elevated ALT, Alanine aminotransferase:
AST>ALT, myoglobin or CPK, TropT) CPK, creatine phosphokinase; Endothelial cell damage and
_f i et LDH, lactate dehydrogenase; . .
* Drug |ncliuced IIVt?r Wy RAAS, renin-angiotensin-y:hogswrone system: thrombo-inflammation leads to both
* Underlying chronic liver disease TropT, troponin T, micro- and macrovascular thromboses

20
Spearman CW et al. COVID-19 and the liver: A 2021 update. Liver Int. 2021 Sep;41(9):1988-1998.



b Organocid models
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IIpsimoe madunmposaame neuenu npmu COVID-19

Bupyc SARS-CoV-2 mo>XeT HermocpeaCTBEeHHO
MHPUIIPOBATh:

- X0JIaHI'MOLIUTHI M rellaTOLMThI, BBICTUJIAIOIIME BHYTPV-
VI BHEIIeUeHOYHbIe JKeTYHbIe IIPOTOKM , TaK KaK OHWU
TakoKe cogep>kar AIIdD2, xoTs1 1 B HU3KOM

KOHIOEHTPAaIIN.

CoryracHO rMcTO/I0TMYeCcKMM JaHHBIM MHeKims SARS-
CoV-2 npuBoaur K:

- HOpTa/IBHOMY PHUOPO3y,

- MUKpOcocyanucromy ¢pmuodposy,
- cTeaTo3y,

- AVcpyHKIIMY MUTOXOHIPUA,

- K JIETKOMY IIOPTaJIbHOMY ¥ JIOOYJIAPHOMY BOCIIaJICHWIO

Marjot T et al. COVID-19 and liver disease: mechanistic and clinical perspectives. 29
Nat Rev Gastroenterol Hepatol. 2021 May;18(5):348-364



Research Article JOURNAL
Viral Hepatitis OF HEPATOLOGY

SARS-CoV-2 infection of the liver directly contributes to
hepatic impairment in patients with COVID-19

Graphical abstract Authors

Yijin Wang, Shuhong Liu, Hongyang Liu,
— ..., Shousong Zhao, Jiangyang Lu,

156 COVID-19 cases LW

Lis | Its 7.~ . .

TN v Jingmin Zhao
—~ \- - i

Correspondence
imzhao302@163.com (J. Zhao).

Comparison botesn abnormal (41%) \

and normal transaminass ~— e .I i La.\,l' summary
LT == Uborsiory R Liver enzyme abnormalities are com-
Conising A2 Famitn - R k) . . . .
r= candlions T mon in patients with coronavirus
— Duf‘:zm :11 ; disease 2019 (COVID-19). We reported
— | e e . the clinical characteristics and liver
bospiima gy ||| DEL || Baum NS pathological manifestations of COVID-
19 patients with elevated liver
enzymes. Our findings suggested that
SARS-CoV-2 infection of the liver is a
crucial factor contributing to hepatic
Highlights impairment in patients with COVID-
s Liver enzyme abnormalities in patients with COVID-19 are asso-  19.
ciated with disease severity. Wang Y et al. SARS-CoV-2

* Patients with liver enzyme abnormalities have higher A-aDO2 and infection of the liver

GGT, lower albumin and decreased circulating CD4+ T cells and B directly contributes to
lymphocytes. hepatic impairment in
* SARS-CoV-2 is able to infect the liver and cause conspicuous patients with COVID-19.
hepatic cytopathy, J Hepatol. 2020 ;73(4):807-
= Massive apoptosis and binuclear hepatogytes were the predom- 816.

inant histological features of SARS-CoV-2-infected liver. 23



SARS-CoV-2 undunupyer nedeHb
¥ pa3MHO>KaeTcsi B Her

* C moMOILIBbIO METOA0B UMMYHOIMCTOXMMWUNU U
TPAaHCMWMCCMOHHOM 3JIEKTPOHHOM MUKPOCKOIIVU
II0Ka3aHoO, UYTO

* B IIMTOILJIa3Me rernaToluToB COOep>KaTCs
BUpycHbIe YacTuibl SARS-CoV-2,

* KOTOpbIe MMEIOT HOPMaJIbHYI0 000/I0UKY
CO CIIaMTKOBBIMM Oes1iKamMu (S - 0eJIKM, «IIUIIBI»),

* YTO CBUAETeJIbCTBYeT 0 peIlyIMKaluu Bupyca
SARS-CoV-2 B rteueHm.

Wang Y et al. SARS-CoV-2 infection of the liver directly contributes to hepatic impairment
in patients with COVID-19. ] Hepatol. 2020 ;73(4):807-816.
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COVID-19: buomapkepsnl
OCJIOOKHEHUM IIeUeHU
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COVOD-19: buomapKepbl OCII0O>KHEHU [TeYeH U

q/ = \.‘n
(50 ) *
SARS-CoV-2 ) #¥  Cytokine Storm
Ve
- } -
'\{9_%%24; Normal Liver
om0
ACT acnnapratamMmmHOTpaHcdepa3sa,
ALT | f - AJIT anaamaammHOTpaHcdepasa,
car | 5327, = ITT ramMma-rinyramMuITpaHcdepasa
Liver cirrhosis BVIHMPY6VIH
Billirubin '
\ %
Hosseini P et al. The coronavirus disease 2019 and effect on liver function: a hidden 26

and vital interaction beyond the respiratory system. Rev Med Microbiol.2021, 31:



COVID-19: ocHOBHBIE OMiOMapKepHI
OVCPYHKIIUN [IeUeHN

AcnmapratamuHoTpaHcdepasa (ACT),
AnaamHamMuHOTpaHcdepasa (AJIT)

lamMma-riayrammiarpancdepasa (ITT)
ABE0yMVH CBIBOPOTKM

buanpyomH o0

buianpyonH npsamon

docdartasa merouHass 001IaA

Hundt MA et al. Abnormal Liver Tests in COVID-19: A Retrospective Observational Cohort Study
of 1,827 Patients in a Major U.S. Hospital Network. Hepatology. 2020 Oct;72(4):1169-1176

27



Tunel KJ1eTOK neveHm M OMoMapKepsbl MX IUCPYHKIINNA
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Li D et al. COVID-19-associated liver injury: from bedside to bench.

J Gastroenterol. 2021 Mar;56(3):218-230. o



COVID-19: nuarsocrmueckoe 3HaAaUECHME
OuoMapkepoB IUCPYHKIIMU [TeUEeHU

CHIA. n = 1827 rocinTa/ IM3MpOBaHHBIX [TAlIVIEHTOB
IToBpexxnenns neueam y 40% - 83.4%

IToBeimmienme ACT, AJIT

IIOoKa3aTeJIM BOCIIaJICHWMS IIeUYeHM,

IToBblIEHMe OVIMPYOMHa -

avicpyHKIIMS [1eYUeHm,

IToBpilneHMe meao0uHOM docdaTaspl -
BOCITaJIEHME JKeTIHBIX IIPOTOKOB

Hundt MA et al. Abnormal Liver Tests in COVID-19: A Retrospective Observational Cohort
Study of 1,827 Patients in a Major U.S. Hospital Network. Hepatology. 2020 Oct;72(4):1169-1176. d
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COVID-19: uacTroTa passurms
OCJIOKHEHMM IIeUYeHM

Patterns of Hepatic involvement in COVID-19 infection

- a German Case series
0
1 5 8 / On Admission
ALT elevation
gﬁg |
-}

44 consecutive patients
hospitalized for COVID-19

70% 57.1%

Predominant Patients exhibited
AST elevation increasing LFTs

i
ACT d’l [ ,"),"H,H,‘J",‘H,",‘Uf"f
/,‘L,‘ :‘:&",” :/,"/,‘

During hospitalization

30



ITorpanm4yHbie ypOBHM OMMOMapKepOB IIeUYeHN

BIIH > 2X vyt BIIH > 5X?

ULN upper limit of normal, BITH - Bepxaui1 npeaesr HOpMbI

% TIaIIMeHTOB B 3aBUCIIMOCTU

OT IIOI'PaHIVYHOI'O YPOBHA

ALP > 5 x ULN | 1(0.33%)

ap>2xUN [} 17 5.69%)

ALP abnormal - 38 (12.7%)

ar>sxun [ 12 3.68%)

ar>2xuN - [ 54 81

Bilirubin >5 x ULN 0
ilirubin >2x ULN [l 7 (2.34%)

Bilirubin abnormal [ 24 (.03%)

Total number of patients 299

0 50 100 150 200 250 300

Number of patients with confirmed COVID-19

Lok J et al., Gess M. Frontline Gastroenterology -2020-101689 31



COVID-19: noBbiieHMe MapKepoOB OMUCcPyHKIIMM
IIeYeHM KOppeIupyeT ¢ IHOBbIILIeHVEM

MapKepoB I'MIiepBOCIIaIeHNs
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Effenberger M et al.Systemic inflammation as fuel for acute liver injury in COVID-19.
Dig Liver Dis. 2021 Feb;53(2):158-165



IToBBILIIEeHHBIE YPOBHM OMOMapKepOB IIeYeH N
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Hundt MA et al.,. Abnormal Liver Tests in COVID-19: A Retrospective Observational Cohort Study of 1,827

p<0.0001

p<0.0001

4

Severity

Time

Q Pre Admission

* Admizsicn

E L]

Albumin

w

C p=0.0020 p=0.0001
1000 = "
. ; I
§ 1 . . .
Time o 3 3 | - Time
B8 Pre Admission :‘_E 1 L] ! ES Pre Admission
BE Admission | * Admission
|
B : '
Na i
Severity
p<0.0001 p<0.0001
:| | Time:
T - 3 ] - ES Pre Admission
i B Admissicn
i
1 L] E
Na Yas
Severity

ACT -y 66,9%; AJIT -y 41,6%
B teguenne rocimrasmsanun  ACT- y 83,4%; AJIT -y 61,6%
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Patients in a Major U.S. Hospital Network. Hepatology. 2020 Oct;72(4):1169-1176



COVID-19: BricOKMe TpaHCaMMHa3bI
IIPY NOCTYILJICHUN

- Y 15 - 50% rocnuranvn3vpoBaHHBIX [IAIIVIEHTOB ITOBBIIIEHbI
IIeYeHOYHbIe MapKephl.

- ACT -y 18.2-66.9% ; AJIT y 5%-28%; ITT -y 12%-17%
IToBblllleHMe ypOBHEM TpaHcaMMHa3 O0bI4HO B 1-3 pa3a BbILIe
BepXHero IIpeaesjia HOpMbI, pexxe > 5 pas.

- YpoBHu ACT 00b149HO BbIlIe, YyeM ypoBHU AJIT

- TpaHCaMT/IHaBBI, IIOBBIINI€HHbIE IIPU ITOCTYILVICHI, OOBIYHO
ITOBBIITIAKOTCA B T€UEeHMe I'OCIINTAJIM3alln.

- IIpn moBeimienHon AJIT Taxke nmosbiiedsb! CPb,
dbepputnn, NJI-6.

Spearman CW, etal. COVID-19 And The Liver: a 2021 Update. Liver International. Liver Int. 2021 Jun
21.

Xu W, 3t al, Dynamic Changes in Liver Function Tests and Their Correlation with Illness Severity and
Mortality in Patients with COVID-19: A Retrospective Cohort Study. Clin Interv Aging. 2021. 21,16:675-
685
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COVID-19: nosbIillieHMe OMOMapKepOB
y TsDKeJIbIX M KPpUTUYeCKMX [TallMieHTOB

ALT =40 U/L AST =45 U/L Albumin <35 g/L
= CmoKenne
> 60+ p = 0.087 p <0.001 p <0.001 65.8%
"g 40_ . 35.9%.
e 23.1% e <6.3% 23.7% &5 A
c Rl :
g 20 9.9%
"5 6.5%
c
=k
N
@ TBIL >26 pmol/L ALP >125 UL GGT >60 U/L
“5 60 p <0.001 p <0.001 p=0.014
c
O
= 40 31.6%
o 21.8% .
g‘ 20 — 15.8% 15.5%
D— 1.3% 2.8% 3.8% 6.6%
U T T : : T | T : T T : T T
Mild Severe  Critical Mild Severe Critical Mild Severe Critical

Severity of COVID-19

Lv Y, et al. Abnormal Liver Function Tests Were Associated With Adverse Clinical Outcomes:
An Observational Cohort Study of 2,912 Patients With COVID-19. Front Med (Lausanne).
2021 Jun 9;8:639855.




COVID-19: ypoBHM OMOMapKepOB IIeYeHU

Yxanb, n=5711,

» 200
S j g B AST (UL)
QO
% 150- — ALT (U/L)

O
2 g X — ALP (U/L)
£ 0
_ 100+ B TBIL (umol/L)
= OO omanpyona
IS
o 907 ULN - BepxHMU
% Ipejies1 HOpMbI
— ; (ex/7m)

Non-severe Severe

He tsaxenpinn 1 soKenbIn

Fang Lei et al. Longitudinal association between markers of liver injury and mortality in COVID-19
in China Hepatology. 2020 May



COVID-16: OBBILIIEHHBIE OMMOMapKephbl,
" HeOJIaronpuATHBIE MCXOOBbI,
OTHOIIIeHVIe PVICKOB

IIpu nocrymieHum UBJI CMmepTth
ACT 3,09 1,12
OO OvMpyonH 0,78 5,62
Ik rocouraIM3annum NBJI CmMmepTh
ACT 5,87 2,19
OO OMpyonn 2,26 3,41

Hundt MA et al.,. Abnormal Liver Tests in COVID-19: A Retrospective Observational Cohort
Study of 1,827 Patients in a Major U.S. Hospital Network. Hepatology. 2020 Oct;72(4):1169-1176 38



YT HR, 14.87 (95% CI, 9.64-22.93)
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Cumulative rate of death

COVID-19: AJIT, ACT, oOmmiwv Ovivpyons,
IIPOTHO3 CMEPTHOCTH

Cumulative rate of death
Cumulative rate of death

Time (days) Time (days) Time (days)

Xu W, 3t al, Dynamic Changes in Liver Function Tests and Their Correlation with Illness Severity
and Mortality in Patients with COVID-19: A Retrospective Cohort Study. Clin Interv Aging. 2021 Apr

21;16:675-685.
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COVID-19: ans0yMuH npm nocTyIyieHum

ITonmokeH y 6%-98% narnveHTOB

P<0.001 P=0.001 P<0.001

N7/ —
50— ‘ .
;45— n

L=
E 40- oy
<l: 35' o , % :
L ]
30 A Henenm

25 I | |
He TspKenpin
Xu Yet al, Serum Albumin Levels are a Predictor of COVID-19 Patient Prognosis: Evidence

from a Single Cohort in Chongqing, China. Int ] Gen Med. 2021 Jun;14:2785-2797. »



COVId-19: runmoans0ymmHeMms,
nedeHue B OUT
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Normal Abnormal Liver Injury

Saini RK et al. , COVID-19 associated variations in liver function parameters: a retrospective study.
Postgrad Med J. 2020 Nov 12:postgradmed;j-2020-138930
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COVID-19: anpd0ymuH 1 OMIanpyOomH -

A == Albumin normal

BBIZKNMBAEMOCTDb

== Albumin abnormal low

100% +

7oL «

survival probability

25% o

p = 000012

0% o

Wang T, et al. Longitudinal analysis of the utility of liver biochemistry in hospitalised COVID-19
patients as prognostic markers. Hepatol Commun. 2021 Apr 30:10.1002/hep4.1739.
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IIpeninecrByrorye
IIOBpeXXIeH s [TeYeHN
IIOBBIIIAIOT PUCK

paseutusa COVID-19

Vrsixkenenmne teuenuss COVID-19
IIOBBIIIaeT PUCK

pa3sBmUTNsA OC/IOKHEHWMWM IIeYUeHM
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COVID-19: npenimnecrsyroiye
I1aTOJIOTUW IIeYeHU

* Yacrora passurusa COVID-19 ipu xpormMueckmnx
3a0os1eBaumsax nmeueHu (X3I1) cocrasssieT 10 - 35%

* IloBplIIeHHBIE YPOBHM TPaHCAMMHAa3 BCTPEYAIOTCSI
y 2.5% - 76.3% mocTrynaromniyx narveHTOB

* CorslacHO MeTa-aHa/ I3y, HOBbIIIeHHBbIe ypOoBHU ACT
Bcrpedarorcay 20%-22.5% manmeHTOB, pOCT YPOBHS
AJIT y 14.6%-20.1%, noBeIlIIeHMe OMIMPyOMHaA - Y
35%0 mmariMeHTOB.

Spearman CW, et al. COVID-19 And The Liver: 2021 Update. Liver International. Liver Int. 2021 Jun 21
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COVID-19: npeniiecTByroIiye raToJIOIMN I1eUYeHN

* XpoHuueckue redueHouHble 3a001eBaHus (XI13), B ocobenHOCTH,
LHUPPO3, CBsA3aHBI C HAPYIIEHMSIMM BPO>KIEHHOIO M aJallTMBHOIO
VMMMYHUTETA, YTO IPUBOOMUT K INOBBIIMIEHWIO PUCKa Pa3BUTHUA
MH@EeKIIMN 1 K HapyIIeHWIO OTBeTa OpraHm3Ma Ha MHJPEeKIINIO.

* JlamMeHTHI ¢ HEAJIKOTOJIBHOV >XMPOBOM 3a0071eBaHMS [IeUeH
(HAJK3II), ocobernno crearorematurom (HACT), crpamaroriie ot
COIIYTCTBYIOILIMX MeTabosImuecKmx 3a001eBaHMM, TaKMX KaK gnader,
ITUIIePTOHMA Y OJKMPeHVe, MMEeIOT IMOBBIIIIEeHHBIN PUCK 0osiee
TsiKes1ioro treuenmss COVID-19.

* IIpu neyenounon nekomneHcanmss COVID-19 cBsizaHa c
J1eTaJIbHOCTBIO 63,2% nmpoTns 26,2% npu COVID-19 6e3 neueHOUYHOM
TeKOMIIeHCaIlV.

Saviano A et al. Liver Disease and Coronavirus Disease 2019: From Pathogenesis to Clinical Care.
Hepatology. 2020 Dec 17:10.1002/hep.31684 47



COVID-19: npenuiecrByroiie XxpoHU4IecKne
3a00s1eBaHMs [IeYeH - BBDKMBAaeMOCTbh

be3 xpoHM4Yeckmx 3a001eBaHMI IIeUeHN C xpoHM4YecKnMM 3a001eBaHUAMM IIeUYeHN

Mo preexisting liver disease

Freexisting chronic liver disease
coviD-18 )
severity

Nnork3gvers
-1 Ysayars

- -
I

Survival

[
Survival

Tsoxkenoe teuenmne COVID-19

Voiosu A et al. Characteristics and outcomes of patients with COVID-19 and liver injury: a
retrospective analysis and a multicenter experience. Rom J Intern Med. 2021 Jul 12.
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COVID-19; BbIDKMBaAaeMOCTb
IIpY [IaTOJIOTMSIX IIeYeHU
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P < 001
Hazard ratio 2.91 (1.70-5.00)
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Kim D et al. Predictors of Outcomes of COVID-19 in Patients With Chronic Liver Disease: US
Multi-center Study. Clin Gastroenterol Hepatol. 2021 Jul;19(7):1469-1479.e19.
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COVID-19: npmn HAZK3II v umppose

SARS-CoV-2

Q2.0
cf’ '\%’:
Ci @ Ji
o ‘é‘f?‘_-r' ,‘_{{)

IToBeimmienne ACT mmporaosmupyer
pucku nepesoga B OUT n va VIBJI

Non-diseased liver

IloBBILIIEHHBIN PYUCK
pasButusa TspKesroro COVID-19

NAFLD

Bbicokmit puck
IeKOMIIEeHCMPOBAaHHOIO LIMpPpO3a

Cirrhosis

Saviano A, et al. Liver Disease and Coronavirus Disease 2019: 50
From Pathogenesis to Clinical Care. Hepatology. 2021 Aug;74(2):1088-1100.



Ot stimoemum HAJK3I1
K nmaagemuu COVID-19

HAJK3II - 310 neueHOUYHasA MaHMecTays
MeTa00JIM4YecKOro CMHIPOMa, CBsA3aHHAsA C BBICOKMM
PVUCKOM pa3BuUTHA quadera 2 TUIIa ¥ BBICOKUM
puckoM passutusa COVID-19

Yacrora HAXK3II:
B 3ammagHoM Mupe - 20%-30%,
B a3maTckoM mupe - 5%- 18%
HAJKS3II ipu o>xxmpennmn - 80%-90%,
npu runepaunuaemun 30%-50%
«nmagemusa HAK3II nmopoxxgaer
nanaemmo COVID-19»

Ahmed M et al. Nonalcoholic fatty liver disease and COVID-19: An epidemic
that begets pandemic. World J Clin Cases. 2021 Jun 16;9(17):4133-4142
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B 11e;10M, marnyeHTBI ¢ HEeaJIKOT0JIbHBIM >KMPOBbIM
3a0o01eBaHMeM reuenu (HAJXKBII), ocobenHo,

¢ crearorenarutom (HACT),
C TIeYeHOYHO-KJIETOYHOV HeI0CTaTOUYHOCThIO
M II0C/Ie TPaHCIUIAaHTAIMM [eYeHH,

cTpagaroIiye OT COIyTCTBYIOIMX MeTa00/ImIecKmX
3a00s1eBaHMI, TAKMX KaK IMadeT, IMNepTOHMA U
OXXVIpeHme -

MMEIOT MTOBBILIEeHHBIV PUCK D0JIee Ts)KeJI0r0 TeYeH s
COVID-19,

BXOIsAT B I'PYIIILY O4Y€HDb BBICOKOI'O PMCKa

" IO BepP>KeHbI 3HAUNTEIbHOMY PUCKY 3apa>keHWsI
nHdpexkumenn COVID-19 n ee Gosiee TsoKes10My
Te4eHWUIO.
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COVID-19: y manimeHTOB C IOBpEeXXIEeHMAMM IIeYeHU
BBICOKU PUCK OCTPOIO MOBpeXXAeHM MMOKapaa

Octpoe noBpe>xaeHMe MHUOKapaa

A

90+
40+
301
20

104

% of patients with
acute cardiac injury

wkkk

Troponin levels

600+

400+

200+

YpoBHM TpOonTOHMHA

%%

] COvVID-19

I COVID-19 with
liver dysfunction

Mousaad Elemam N et al.. A single centered study reveals association between liver injury and

COVID-19 infection. Saudi J Biol Sci. 2021 Jun 25.
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COVID-19: nporaocruyeckoe 3Ha4YeHMe
OvoMapKepoB IMcPyHKIUN [TIeIeHN

KHP, n=5771,
- Ha 17-pIV1 OeHB I10C/Ie IIOCTYIUIeHMUS

I10CJIe Pa3BUTUA
-  OCTpPOIO pecaMpaToOpHOIO CMHIPOMaA,
-  CepaedYHO-COCYAMCTBIX OCJIO>KHEHWM
- W1 OCTPOro IIOBPEXXIEHMM II0YeK,

y 15% - moBpexaeHws1 nedyeHn (HeHOpMaJibHBIE
OMoMapkepsl )

PVCK 00IIert CMepTHOCTM BO3pacTal
npu ACT 40-120 En/n - B 4,8 pa3sa,
npu ACT >120 Eg/n - B 14.9 pas.

Lei F et al.. Longitudinal Association Between Markers of Liver Injury and Mortality in COVID-19 I
n China. Hepatology. 2020 Aug;72(2):389-398. 54



PasButne ocioxkaeaumn COVID-19

OcTpb1Vt pecliMpaTOpHBIV CMHAPOM
CepaoedHo-cOCyauCThIE OCJIO>KHEHMSI
Octpoe nmoBpexaeHne rovex
Octpoe noBpexaeHve revdeHm

11

ITpyHIIUIT «TOMWHO»?
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COVID-19: nusmepenmne 0OomMmapkepoB
eueHOYHOM TucPyHKmmu. PekomeHaanmmn

AMOyJs1aTopHBIe IIallMeHThI 0e3 MCXOTHOV [IeUYeHOYHO
I1aTOJIOTUV, HAXOJAIIMeCs J0Ma Ha KapaHTMHE: M3MepeHMsI
He OPOBOOSATCA.

['ocouTaau3poBaHHBIE MAIIMEHTHI (M3MepeHMs Ipu
nocrymieaumn): AJIT, ACT, ITT, menounas dpocdarasa,
OwInpyOnH, aTbOyMMH M IIOC/IeAYHOLIVI MX MOHUTOPVIHT.

Y naumenToB ¢ moBbiteHHbIMM AJIT m ACT HeoOXxoammo
MCKTIOYUTH BUPYCHBIE renaTuThI (0CO0eHHO Ba>KHO 151
Pa3BMBAIOIIMXCA CTPaH).

Spearman CW, et al. COVID-19 And The Liver: a 2021 Update. Liver International. Liver
Int. 2021 Jun 21 56



Pexomenmarmm Bcemmpnom I'ertaTostormaeckon
Opranmsanmm 110 jie4eHuIo naleHToB
¢ COVID-19 u c 3a00/1eBaHMAMM II€UEeHM

% WGO GUIDELINE

WGO Guidance for the Care of Patients With
COVID-19 and Liver Disease

Saeed Hamid, MD,* Mario R. Alvares da Silva, MD, PhD,f
Kelly W. Burak, MD, BS¢ | Tao Chen, MD,§ Joost P.H. Drenth MD, PhD,||
Gamal Esmat, MD,Y Rui Gaspar, MD# Douglas LaBrecque MD,**
Alice Lee, MD, PhD, 77 Guilherme Macedo, MD, PhD,#
Brian McMahon MD,}} Qin Ning, MD,§ Nancy Reau, MD,§ ¢
Mark Sonderup, MD,|||| Dirk J. van Leeuwen, MD, PhD
David Armstrong, M A, MB BChir## and Cihan Yurdaydin, MD***

Hamid S et al., WGO Guidance for the Care of Patients With COVID-19 and Liver
Disease. J Clin Gastroenterol. 2021 Jan;55(1):1-11. 57
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