COVID-19: dOuomapkepbl peHa/IbHBIX OCJIO>KHEHU,

ME€XaHWM3MbI, 1MalrHO3, IIPOI'HO3

Benbkos B.B., AO «IVMAKOH», ITymmunao
11 HOs10ps 2021 roma






COVID-2019 Coronavirus
confirmed cases by country/region

I 000+
I 100999
W50
0
s
[
D none




Sars Cov-2: 0osiee orlacHble MyTaHTbI

Emerging SARS-CoV-2 Variants

Variant Name N
First Location Py
Estimated Date
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Going global
Delta and Delta+ mutations, % of samples, four weeks to June 28th 2021*
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*Or most recent with at least 20 samples sequenced  TVirus sequences submitted to GISAID

he Economist




benok o6onoykm (
S-6en0K (cnaik)

MembpaHHbIi __ 9=
6enok (M)

Sars

SARS-CoV-2

D~ & '\1 1:7
~g

PHK

1 Bupyc nonagaer 8

OpraHMsm Yepes nonocTb
pra / ApixatenbHbie nytv

\ 2 Bupyc nonaga
‘ B 3aNuTeNUi
=

eV > Ano2

BupycHas PHK

\‘1'X‘. TpaHcaupyeTca

‘ Besnkyna ,. :,1}
N,

8 6enkun

3 Bupyc cnusaerca ¢

se3ukynoi, u ero PHK
sbicsoboxkaaerca

0‘

Cov-2

HykneokancuaHbiit (N)

TMPRSS2/ uMT0T|

HMMYHHBIH OTBET

M 3apaxénHbie knetku yHuutoxkawtca M Boipabartbisaotca B
W AHTUTENa NPOAYUMPYIOTCA

v T-KNeTKK NamAaTH

B AHTUTENO
e © o npome ,{
@ . ~ | SARS-CoV-2 }\m .
%
(&) E;:) l— 3 3 ‘>-
" e J

r "5*

v
..{
\(,L

® OKCHUYecKue T
ypu

T-numoouutbi

B-numdouut
/ (B-knetka)
T-xennepol
4 C6opka supyca NN
\H?
o S .‘9—3:3 ""-’é;
T BAF
LS
N £ 3 3
5 Boinyck supyca

6 Bupyc nonapaer 8

o BupycHbIA
nentua

6
amurennpeeemupy;om,y»o

knetky (AMNK)




NnTepHamm3anms (BHeapeHme) SARS Cov-2 B Ki1eTKu:
HaTMBHO HEeYyIOPpsAA0YeHHas1 00J1aCTh «IIIUIIOB»
IOBBIMIaeT KOHTaIrMO3HOCTh

\ / \ Structured Instrinsically Structured protein with

) protein disordered protein disordered region

Proteins
and lipids

AT L

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
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Opranspl, Ha IOBEePXHOCTV KOTOPBIX
pacrosIoKeHbl penenTopsl 1A Sars Cov-2

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 npoHMKaeT
B pa3/IMYHbIe OpraHbI
Y BBI3bIBaeT B HUX
LUTOKMHOBBIN IIITOPM
" I'UIIepBOCIIajieHne




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

ruIiepBocHagieHe - «cCaMoyOuiCTBeHHbBIVI» OTBeT OpraHm3Ma Ha MHQEKIIMIO

Bupuon SARS-CoV
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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. . 12
Mahmudpour M et al. COVID-19 cytokine storm: The anger of inflammation. Cytokine. 2020 Sep;
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DyHKIIVN [I0YeK:
IJIOMepyJisipHasi (KJTyOOUKoBasi)
U TyOyJIsipHas (KaHaJIbIIeBasi)

Peritubular capillaries
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Kancyna boymana  IIpokcumanbHbIi
KaHaJjen

= @uapTpanys: Kposb B lumen

= PeaGcopuusi: lumen to blood
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= Cekpenus: blood to lumen

= Jkckpenus: lumen to external
environment
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TyOyssipHasi cucTeMa sIBJIsIeTCsI IIeHTPOM NaTodPmM3M0I0IUN
pa3BUTHSI XPOHMUIECKMX M OCTPBIX peHAIbHBIX IIOBPE>KIeHM I
ITpu maToreHe3e peHaILHBIX [IATOJIOIUV IIPOKCMMaIbHbIE
KaHa/IbIIbl ¥ TOHKVE BOCXOIINe IIeT/IM UTPAIOT POJIb CEHCOPOB
HOBpEKIAOIINX CTUMYJIOB 1 3aTeM - 3¢ deKTopoB

HporpeccmMpoBaHMsd 3a00/1eBaHMsI ITOYeK.

Vallon V.Tubular transport in acute kidney injury: Relevance for diagnosis, prognosis and
intervention. Nephron. 2016 ; 134(3): 160-166

Mimemust M TOKcUYIecKue coeAMHeHMsI MPUBOOAT K 00CTpyKIIMN
pPeHaIBHBIX KaHaJIblieB M K OCTPOMY TyOyJIsipHOMY HEKpoO3y,
HO IIPAMBIM 00pa30M He KOPPeIMPYIOT C IJIOMEPYIAPHBIMU

IHOBPEKIOECHMAMMN

Liu X et al. Early Predictors of Acute Kidney Injury: A Narrative Review Kidney
Blood Press Res 2016;41:680-700



Uem ocTpoe noBpexxaeHmne nouek (OIIII)
«JIy4IIe», YeM ocTpasi moueuHas HegocratouHocTh (OITH)

TepMI/IH OIIII o603HauaeT IIOBpE’XE€HMe I104U€K, HO HE 00s13aTEeJILHO
PE€HAIBHYIO I[VIC(l)YHKI_U/II-O. PeHastpHOe HHOBpeEXaeHmne y>kKe eCTb,

HO peHa/IbHas1 AMcPyHKIM KpeaTMHMHOM eIlle He BhISABJIsIeTCA.

PanHI010 nuarHoctuky OIIIl, korga HapymieHMsI IJI0MepPYJIAPHO
dyHKIMM, cOrJIacHO KpeaTMHMHY, ellle He 00Hapy>KMBaIOTCA

oOecneumnBaroT I’ 6 JIAPHDBIE mapkepsbl.
pKep

Hanw4ane TyOy1apHOTO MOBpeXXaeHMA IIPY OTCYTCTBUM
IJIOMepYJIsIpHON AnchYHKIIMM, AMAaTHOCTMPYEeMOV 110 KpeaTMHUHY -

«cyoxaunuuecxkoe OIILI»
ITpmanunmaneabie otianane OIIII or OITH:
-y OIIII ecTp cyOxImMHMYecKas dasa,

- OIIIl, B otsimume ot OITH, 310 moTeHIIMaibHO 00OpaTMas

IIaTOJIOI'VA.
Bagshaw SM. Subclinical acute kidney injury: a novel biomarker-defined syndrome. Crit Care Resusc. 2011; 13(3):201-3.



COVID-19: 5 ki1accoB TeueHMsa 3a00/7IeBaHMA

Rapid increase

2-day rate of
change

Slower increase

Zakeri R et aal. Biological responses to COVID-19: Insights from physiological
and blood biomarker profiles. Curr Res Transl Med. 2021 May;69(2):103276.

A

Lower baseline value

Rapid hyperinflammalory

Class 4
Inflammatory

response with

kidney injury

Class 1
Typical
response

Twurmaae otser - 38%,

CPB- 45.6 mr/n,
JNeTaJbHOCTL -14%

Baseline

BrICTpBIVI rUIIepBOCTIAJIUTEIILHBIVI OTBET-9%,

CPB-133 .3, netanbHocTh -38%
Class 2

response

Class 3
Progressive
inflammatory

response

TI'unepBocnaTe TbHBIV
OTBET C HOBPEXIeHVEM
nouex, 9%, CPb-133.1,
netaabHoCThL — 41,7%

Class5 ~
Hyperinflammatory
response with
kidney injury

—

Higher baseline value
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COVID-19: rociiutasii3spoBaHHBIE IallVIeHTHI:

gacrora OIIII v peHasibHOM 3aMeCcTUTEIBHOV TepaIuM
MeE€Ta-daHaJIN3bIl

OIIII, 54 niccnemoBanmsa, n=30369,
y Bcex — 28%, B OUT - 46%

What is the prevalence of AKI in patients Kidney
hospitalized with COVID-19 Infection? Medicine

i Systematic review
E & meta-analysis ‘:;éf! 54 28 % 46 OA)

2711 records reviewed studies
Sources published up Acute kidne: 22_340/0 35_57(%.

m to 10/14/20 inJPury {'AK“V 30 ,639 ( ) ( )
i, P e patients =3 =3
registry

@ 53 published &
1 preprint study 48

mE 2, 9% 19%

& Hosplialedpatients  kianey 97 525, (7-11%) (15-22%)

replacement

infection th KRT atients
erapy ( ) P I2=97% |2=88%

H = H i A Reference: Silver SA, Souligny WB, Shah PS, et al. The Prevalence of
conc""s'on' AKI compllcated the course of nearly 1in3 patients Acute Kidney Injury in Patients Hospitalized with COVID-19 Infection: A

hospitalized with COVID-19 infection. Risk of AKI and dialysis dependance Systemalic Review and Mela-analysis.
higher in critically ill COVID-19 patients in ICU. e eiasakaran, WD A @nephronpowsr

P3T, 48 nccnenoBaumii, n=275295,
y Bcex — 9%, B OUT — 19%



COVID-19: passutme ocTporo rnoBpeXaeHns no4dex

ITpu mocryniennm - 36,6%,
apu VIBJI - 89,7%,
CmepTHOCTE - 35%

Acute Kidney Injury Commonly

Develops in Patients with COVID-19

> 36.6% of admitted patients
developed AKI

=» AKI most frequent with respiratory
failure (89.7% of patients on
mechanical ventilation developed
the condition)

=» High mortality rate: 35% of patients
with COVID-19 and AKI died

A

Healio™
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JIe3Hb [IOYEeK:
g31IMOCTh K COVID-19




COVID-19: ucxoouasa XbII camkaer
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Dirim AB, et al. COVID-19 in chronic kidney disease: a retrospective, propensity score-
matched cohort study. Int Urol Nephrol. 2021 Feb 6:1-9.



COVID-19: ocHoBHBIe dpakTOpbl pucKa passutusa OIIII
TpeTheN CTaiuu - Kpurmndeckme 3a001eBaHMsI

N CnUCreMHoO€ BOCIIa/I€EHMNE

Y 31% manmmenToB OUT, m3 Hux 96% - nuanms, cMepTHOCTH - 47%

Critical lliness and Systemic Inflammation are Key Risk

actors of Severe AKI in Patients with COVID-19

Time-varying risk Results

factors for severe AKI
@J Vasopressor use

'b Leukocyte count
Severe AKI

Methods and cohort

0 Retrospective

3 tertiary hospitals
Berlin, Germany

o AKI stage 3 occurred exclusively in ICU

@ 31 0/o with severe AKI

Mechanical
ventilation

S

Symptomatic COVID-19
n =223

L2

47%
mortality

96% 97%

KRT respiratory failure

% & |

lElil Procalcitonin
KDIGO stage 3

KRT = Kidney replacement therapy

Hardenberg JB et al, 2021
Kidney International Reparls VA by:
Sophia Ambruso, DO

Conclusion Severe AKI in COVID-19 was tightly coupled with critical illness
and inflammation but not observed in milder disease. These findings suggest
that traditional systemic AKI mechanisms rather than kidney-specific
processes contribute to severe AKI in COVID-189.

Hardenberg JB et Critical Illness and Systemic Inflammation Are Key Risk Factors of Severe 93
Acute Kidney Injury in Patients With COVID-19. Kidney Int Rep. 2021 Apr;6(4):905-915



COVID-19: MexaHM3MBbI peHaIbHBIX

OCJIOKHEeHUM

CucremMHoOe BocriasieHve
/vy mpsiMasi MTHQeKMs noveK

wj}ﬁé—*w }1% _/ 7

SARS-CoV-2 infection Systemic inflammation and Mechanical ventilation

microvascular thrombosis \

Haemodynamic instability

|

Ischaemic tubular injury
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Viral transduction of kidney cells

!

Collapsing glomerulopathy
and tubular injury

L

Vijayan A, et L, SARS-CoV-2 in the kidney: bystander or culprit? Nat Rev
Nephrol. 2020 Dec;16(12):703-704.



COVID-19: penentopsr AIID2
B KJIyOO4YKax M B KaHaJIbIlaX
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Soler M]J ET AL. COVID-19 and its impact on the kidney and the nephrology
community. Clin Kidney J. 2021 Mar 26;14(Suppl 1):i1-i5. 25



COVID-19: pa3sBurtnie Bupyca B IOYKax

@

Lung, PCR (+) Kidney, PCR (+)
In Situ Hybridization

DNA SARS-CoV-2 | DNA SARS&qV-
Nephrin % .

? Tubule

Glomerulus
DNA SARS-CoV-2
Lung, PCR (+) Kidney, PCR (+)
Immunofluorescence

Puelles VG, et al. Multiorgan and Renal Tropism of SARS-CoV-
N Engl J Med. 2020 Aug 6;383(6):590-592.

Cunares
PHK
COVID-19

Cunres

benkos
COVID-19
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COVID-19 B moukax, 371eKTpOHHasA MUKPOCKOIIVA

o TR N T I

Miller SE, et al. Visualization of putative coronavirus in kidney. Kidney Int. 2020 Jul;98(1):231-232

Wang M et al. Renal Injury by SARS-CoV-2 Infection: A Systematic Review. Kidney Dis (Basel).
2021 Mar;7(2):100-110

27



COVID-19:; Sars Cov-2 0e10K «1mmrios» S-1
B MOYe IIallMMeHTOB

Association between SARS-CoV-2 Spike Protein in the urine .
and positive SARS-CoV-2 NP-PCR test in affected patients Kldney360

O

Only 1/ 23 had detectable viral RNA in the urine

=3
B ﬁﬁ ﬁﬁ ﬁﬁ 2 50 /0 NP-PCR + adults with SARS-CoV-2 spike S1 protein in urine s

"’ & Cpil:l’?’(fn(;s'l-iag,pital
t 1o e
YAui:_-lNew HAVEN sl 23/ 91
OSPITAL

n = 132 participants W= High levels of ' High levels of

urine albumin urine cystatin

SARS-CoV-2
RT-qPCR

(NP-PCR) All NP-PCR + children had negative SARS-CoV-2 spike S1  (Hiiiiy
hescohenges seece protein in urine E

1 NP-PCR - child was positive for spike protein in the urine

Urine samples
J}:‘C (SARS-CoV-2 spike

=| ¥ 1 protein) 2, Among individuals with albuminuria (>0.3 mg/mg creatinine) @3 =X
=233 S\ statistical correlation could be found between albumin and E L
\ 1 spike protein in urine ‘ }

: ¥ g Santosh George, Anasuya Chattopadhyay Pal, Jacqueline Gagnon, et al.
Conclusions The data presented showed that 1 of 4 of SARS-CoV-2 Evidence for SARS-Co{/-Z Spike Protel)rg in the Urine of COVID-19 patients.

infected individuals develop renal abnormalities such as albuminuria. Kidney360. DOI: 10.34067/K1D.0002172021.
Awareness about the long-term impact of these findings is warranted. Visual Abstract by Edgar Lerma, MD, FASN

George S et al .Evidence for SARS-CoV-2 Spike Protein in the Urine of COVID-19 patients.

28
Kidney360. 2021, April 14, doi:10.34067/K1D.0002172021 .



COVID-19: uadpumpyetr N10OUKHU

n=23. AyToncusa IoKasajia HaJIu4ne yMepeHHBIX U TAXKeJIbIX
TyOyJIApHBIX IIOBPEXXIEeHWMI,

In situ rmb6puansanmnsa - supycuabsie PHK HakanmBaroTcsa

B KaHA/IbIIAX,

VIMMyHOXMMWMSA — BUPYCHBbIE HYKJIeOKAIICHUIbI
1 S-0esIKu o0OHapy>kKMBaeTcsl B KaHaJIbIIax,,

VIMMYHOTIMCTOXMMUSA - B KaHaJIbIIaX JeVICTBUTEIHbHO
HaKaI/IMBaIOTCs ITHyKJIeOKaricuabl M S-0esku ,

ViMmmyHOQIyopecreHIINA: aHTUTeHbI HyKJIeOKarcua m
S-0e1KoB cBsizaHBI ¢ perenTopamm AIID2, pacio10>KeHHbIMU
B KaHaJIbIIax

«Bupyc SARS-CoV-2 HennocpencTBeHHO MHPUIIMPYIOT IIOYKWY,
YTO HPMBOAUT K MAaTOJIOTMYECKMM IIpoIieccaMy B KaHaJIbIlax

u pa3sutuio OIITI»

Diao B et al. Human kidney is a target for novel severe acute respiratory syndrome
coronavirus 2 infection. Nat Commun. 2021 May 4;12(1):2506.
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COVID-19: Sars Cov-2 madpuninpyer
KJIyOOYKM ¥ KaHaJIbIIbI
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Migliaccio MG et al. Renal Involvement in COVID-19: 30
A Review of the Literature. Infect Drug Resist. 2021 Mar 5;14:895-903.



COVID-19: Sars Cov-2 mEdHUIIMpyeT 30UTeIMaTIbHbIE
KJIeTKM KaHaJIbLeB M II0J0LNUThI KJIyDOYKOB

SARS-CoV-2 o 0 -
Acute tubular necrosis
Tubular epithelial cell
¥ L (e
/ Podocyte

Endothelial cell

Endotheliitis

Minami T, et al. Renal complications in coronavirus disease 2019: a
systematic review. Inflamm Regen. 2020 Dec 15;40(1):31. 31



F1458 SARS-CoV-2 AFFECTS KIDNEY CELLS

Kiy6oukn KaHaabsIibl

Filtered
particles

Shear
Stress

Hyperfiltration |

1ANG-II : : T "%
~AXHE :_ Mitochondrial
H ' injury Immune ce
F infiltration

vacuolation and & ORI
detachment S
: - g signals

endothelial

Excretion of activation
AKI
biomarkers




B8/ /g
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CeI'MeHTaPHBIﬁ El‘czothelialdamarc_:e‘
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Capillary obstruction
by RBCs

Hypovolaemia

Glomerulus
Proteinuria

Acute tubular
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OcTtpbirt
TyOysApHBIV
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Tubular obstruction

COVID-19:
HanOoJ1ee
Jacrble
peHa/IbHbIe
OCJIOJKHEHWA:
dokapHO-
CerMeHTapHbIN
rJIOMepyJio-
KJIepo3
V1 OCTPBIN
TyOyJIApHBIN
HeKpo3

Ahmadian E et al. Covid-19 and

kidney injury: Pathophysiology

and molecular mechanisats. Rev
Med Virol. 2020 Oct 6:e2176.



COVID-19: OuomapKepbl peHa/IbHBIX OCIO>KHEHU

['momepynsipHas nucPyHKILA

VIsmMepeHMe B KpOBU
CpIBOpOTOYHBIVI KpeaTMHWH
A30T MOYeBVHBI KPOBU
IIporennypmsa

Imcrata C

TyOynapHaa nucdpyHKIINA

VismMepenue B Mmoue

berta 2 mukporio0yamH f2-microglobulin (B2MG)

N-ameTnsi- -d-arirokoammHMIasa

NAG = N-acetyl-p-d-glucosaminidase

Petunos1 cBsa3pIBaroninii 0eok retinol binding protein (RBP),,
benok cBsA3bIBarOIMyI JKMpPHbIE KMCIOTHI €1eHOYHOI0 THIIa
liver-type fatty acid-binding protein (L-FABP)

Mosekysna nosBpexxgennsa nodek 1 KIM-1: Kidney injury molecule 1,

Iucratna C A



COVID-19: smHaMMKa KpeaTHMHA
" yTsDKeJIeHVe peHaJIbHOM JUCcPYyHKIIUN

Disease

2.5 KRT severity

2.0 Tscr Functional reserve
_ LGFR
ks
£ 154
S * Proteinuria
W * Haematuria

1.0 — * Biomarkers of AKI

0.5 -

AKI Subclinical-AKl (stage 15)
0.0 | | | | | |
0.0 25 50 /5 100 125 150

GFR (ml/min/1.73 m?)

Legrand M, et al.Pathophysiology of COVID-19-associated acute
kidney injury. Nat Rev Nephrol. 2021 Nov;17(11):751-764
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Serum creatinine (mg/dL)

Serum creatinine (mg/dL)

14-day serum creatinine trajectory

——

—

0 5

Days since hospitalization

No AKI — AKl stage 1 =— AKl stage 2

= AKlstage 3 == AKIKRT

10

30-day serum creatinine trajectory

20

30

COVID-19:
AMHaMVKa CbIBOPOTOYHOIO
KpeaTMHMHA
IIPY OCTPBIX
IOBPEXXIEHWMSIX ITOYEK
IIepBOYi,

BTOpOM
1 TpeThen
cTagvm

Bowe B, et alAcute Kidney Injury in
National Cohort of Hospitalized US
Veterans with COVID-19.

Clin ] Am Soc Nephrol. 2020 31;16(1):14-25
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Protein/creatinine ratio (mg/g) »>

COVID-19: ipoTrevHypMs M aJIbOyMUHYPWUA

bes OIIII OIII1 oe3 OIIII OIII1
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0 12h 24h 48h 0 12h 24h 48 h 0 12h 24h 48h 0 12h 24h 48 h

IIpu peHaIBHBIX OCJIOXKHEHMAX: T Kelast IIPOTEeMHYPMsI,
aJIbOYMMHYPUS — OT MATKOWM 10 YMepeHHO

Husain-Syed F, et al. Acute kidney injury and urinary biomarkers in hospitalized patients with

coronavirus disease-2019. Nephrol Dial Transplant. 2020 Jul 1;35(7):1271-1274.
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COVID-19: nporenHypmsi cBsA3aHa ¢ pUcCKaMM

He0JJIarOnpusATHBIX MCXOO0B
n=200, oTHOIIIeHWs PVUCKOB:

nvanms - 4,87; OUT -3,55, cmepTth - 3,56

Is proteinuria associated with outcomes in
patients with COVID-19? CJASN

Single tertiary care A 42% A, 110 mg/g High-grad:’ prot:inuria (UPCR 21g/g) was
hospital (IGR 5.41) Qo associated with:
* Frange O o BRI & © R )Y (OR: Odds Ratio)

albuminuria

Hospitalized o :
patients with @ : 00 tﬁf: ChBatents
CO;IOI(?AQ G albumin: protein < 50%
n=
. Proteinuria 62%
ia measured _ )  Increased urine Retinol
Within 48 hrs following Binding Protein (RBP) Admission in

admission n =8¢ concentrations
4

0.94 mg/dL
IH (IQR 0.75-1.12)
Median serum creatinine
at admission

dialysis Intensive Care

Low-molecular weight

proteinuria due to proximal i OR 4.87 OR 3.55 OR 3.56

tubular damage occurs : 2.03-13.0 1.93-6.71 1.90-6.54
early in the course of the
disease

____________________________________

Alexandre Karras, Marine Livrozet, Héléne Lazareth, et al. Proteinuria and
Clinical Outcomes in Hospitalized COVID-19 Patients. CJASN doi:
10.2215/CJIN.09130620. Visual Abstract by Michelle Lim, MBChB, MRCP
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COVID-19: nporenHypMsi, IJINTEIBHOCTD
rocrmTaan3anumn

il

=

L=
J

204

Patients admitted to hospital (%)

Length of stay (days)

— UPCR >0.3 g/g
-+. UPCR <0.3 g/g

Ouahmi H , et al. Proteinuria as a Biomarker for COVID-19 Severity. Front Physiol. 2021 Mar

9,12:611772.
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COVID-19: nporenHypmsi, 1pOrHO3

ITpn nocryniiennn > 1,1 1/r oTHOLIIEeHMe PVICKOB
4 8 - nvianms,
3,0 - BHyTpUIrOCIIMTasIbHasA cMepTh , 3,0,
3,7 - OUT

- JPCR < 1g/g
—— UPCR = 1g/g

0 —_
@) —
qz) E 50
= |
= 5
7
% Log rank
0 _
an) P =0.006 Y ~ 60% mareHTOB.
D [ I [ I
0 10 20 30 40

Karras A et al., Proteinuria and Clinical Outcomes in Hospitalized COVID-19 Patients:
A Retrospective Single-Center Study. Clin J Am Soc Nephrol. 2021 Feb
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COVID-19: TsixecTs IpoTeMHY pUNA
" BBDKMBAeMOCTh

. 100% <150 mg/g

el

5 90% o000 mEfE

L0

o 80%

Q.

T 70%

C  60%

v 0 10 20 30 40
Time (days)

Huart J et al. Proteinuria in COVID-19: prevalence, characterization and prognostic role. J
Nephrol. 2021 Apr;34(2):355-364.
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COVID-19: nucrat C - Tounbt mHANKaTOp CK®

(@) 3881 . (b) €&
300 3.0T
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o o 2.0"‘ 0o
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g 100 I £ e
= | o o -
= 80+ . 2 1.5- —al
° >\ 'o‘
) - T o rees e
—tr— 1.0 o3il,e
40- o Rt
0.5+
20
0 0.0

I | 1 L]
Critically ill Moderate Critically ill Moderate

Kputnaeckne nanmenTsl OVT. CK® (kpeatnruH) - 85,45 mii/MuH.
CK® (mmmcratuu C) - 60,6 MiI/MUH

IIpu ymepernanom COVID-19 3nauennss CK® no kpearnanHy 1 nucraruHy C coBnaaaror.

Liu Y et al. Divergence between serum creatine and cystatin C in estimating glomerular
filtration rate of critically ill COVID-19 Renal Failure, 2021, 43:1, 1104-1114 43



COVID-19: uucratnu C - HanDoJ1ee TOUHBIN
MapKep peHaJIbHOM AUCPYyHKIIUN

ITmcrata C Kpeatnann A30T MOYeBVHBI KPOBU
9 900 . 60 .
64 a v 6004 b 404 ¢
3T . 200 T T )
) . 12+ :
1 3 : 5'5 . ~ )
i o)) R * ___.!
24 LE, o —— g © —
] © o, : . T £ 4
£ 3 15 . . £ ’
= .‘:'. - 100- = i 6 g o
° . — S  pRe  —¥— @ —r—
1 . O > - _'2:!:._ ) e _‘_ _.:
o X . us." Y :.'_
0 | 1 I 0 1 | 0 ] I
Non-severe Severe Non-severe Severe Non-severe Severe

Lin L et al. The predictive value of serum level of cystatin C for COVID-19 severity.
Sci Reports 2021, 11:21964 44



COVID-19: nucratmu C
M PUCK yTsDKeJIeHMs1 3a001eBaHMUs

95~
s 75-
W
==
R
2 5 Higher sCys C >1.245 (mg/L)
©
g
S Log rank P<0.001
O 25-

Lower sCys C
T : <1245 (mg/L)
0 I | 1 |

1
0 20 40 60 80 100
Time To Severe COVID-19 disease(days)

Lin L et al. The predictive value of serum level of cystatin C for COVID-19 severity.
Sci Reports 2021, 11:21964
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COVID-19: lncrata C M BBDKMBAEMOCTD
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N
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Chen D Serum Cystatin C and Coronavirus Disease 2019: A Potential Inflammatory Biomarker in
Predictng Critical Illness and Mortality for Adult Patients. Mediators Inflamm. 2020 Oct 8;2020:3764515
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al-microglobulin/creatinine ratio (mg/g)

COVID-19: buomapkepsbl ~TyOyJIsspHO
ovicpyHKIIMM, MU3MEepeHre B Mo4e

bes OIIII OIII1 0e3 OIIII OIIIl
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al-microglobulin

tissue inhibitor of metalloproteinases-2

Husain-Syed F, et al. Acute kidney injury and urinary biomarkers in hospitalized patients with 4g
coronavirus disease-2019. Nephrol Dial Transplant. 2020 Jul 1,;35(7):1271-1274



COVID-19: mapkep TyOy1sspHOM OMUCPYHKIINNA
bes1oK cBA3BIBaIOIIMM XXMPHBIE KMCIOTHI [IEY4eHOYHOI'0 THIIa
Urinary liver-type fatty acid-binding protein (L-FABP)
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1 Color of symbols: Severity at each time point

B Severe B Moderate Mild

Katagiri D et al.,. Evaluation of Coronavirus Disease 2019 Severity Using Urin
Biomarkers. Crit Care Explor. 2020 Jul 31;2(8):e0170
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cumulative incidence, %

COVID-19: buomapkepsl TyOyIsspHON oncdyHKIINM,
OJINTEIBHOCTh FOCIIUTAIM3al U

Urinary a1MG Urinary p2MG
100 - |~ Urinary a1MG > 12mg/L "": 100 *~ Urinary B2MG > 0.195ug/L
] [ s« Urinary a1MG < 12mg/L £ ] .  Urinary p2MG < 0.195pg/L
: | p = 0.001 = : — p = 0.022
. = ] .
50 3 — o 507 —
. = = ] r
: A
. = .
] £ ] -
0 . I l l ] 8 0 . f I I ]
0 10 20 30 40 0 10 20 30 40
length of hospital stay, days d length of hospital stay, days
al-microglobulin (a1MG) p2-miroglobulin (f2MG)

Sun DQ et al. Subclinical Acute Kidney Injury in COVID-19 Patients:
A Retrospective Cohort Study. Nephron. 2020;144(7):347-350.
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COVID-19: rmniepBocIiasieHe MHOAyLIMpyeT
TYyOyJIAPHYIO AVChPYHKIIUIO
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Fukao Y et al. COVID-19-induced acute renal tubular injury associated with elevation
of serum inflammatory cytokine. Clin Exp Nephrol. 2021 Nov;25(11):1240-1246 51



COVID-19: uNGAL, komnbroTepHas romorpadms,
nporuo3s passurusa OIIII

1.0 1.0 PR .
u-NGAL level <150 ng/mL GGO volume <214 cm?
2 I
3 08- 5 08+
L] 4]
0 ) o a as aa as . 0
2] T ' e
o u-NGAL level 2150 ng/mL a
L] 1]
S 064 < 06 '
% ' % ' GGO volume 2214 cm3
w1 v
log-rank test p < 0.001 log-rank test p < 0.001

0.4 I I I I I I 0.4 I I I I I I

a 0 12 24 36 48 60 b 0 12 24 36 48 60
3o0Ha «MaToBOro» crekiaa Ha KT

CT ground-glass opacity (GGO) volume

He L et al. Incorporation of Urinary Neutrophil Gelatinase-Associated Lipocalin and Computed
Tomography Quantification to Predict Acute Kidney Injury and In-Hospital Death in COVID-19

Patients. Kidney Dis (Basel). 2021 Mar;7(2):120-130.
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COVID-19: panane diomapkepst OIIII

Cystatin C

Albumin/
creatinine
ratio

Protein/
creatinine
ratio

CRP
D-dimer
Fibrinogen
Ferritin

LDH

AUC 95%CI
0.96 (0.90-1.0)

0.95 (0.91to 0.98.9)

0.88 (0.72-0.95)

0.89 (0.82-0.96)
0.94 (0.89-0.98)
0.88 (0.79-0.98)
0.72 (0.55-0.88)
0.68 (0.45-0.92)

Cut-
off
value

1.00
30

150

5
0.5

328
36.5

260

Sensitivity (%)
95%Cl

90.0 (55.5-99.75)

90.0 (55.5-99.7)

80.0 (44.3-97.4)

90.0 (55.5-99.7)

90.0 (55.5-99.75)

90.0 (55.5-97.5)
80 (44.3-97.5)
70.0 (34.7-93.3)

Specificity
95%CI

88.5 (84.6-91.7)
87.9 (83.9-91.2)

83.0 (78.6-86.9)

69.7 (64.5-74.6)
86.7 (82.6-90.2)
67.9 (62.5-72.9)
53.1(47.6-58.6)
81.2 (76.6-85.3)

Yildirim C et al. Early predictors of acute kidney injury in COVID-19 patients.

Nephrology (Carlton). 2021 Jan 27:10.1111/nep.13856
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COVID-19: 9yBcTBUTEIBPHOCTD M cCIeNMPMIHOCTD
OvoMapKepOB peHaIBHBIX OCJIO>KHEHWUM

ROC Curve

1 .,_,_
: ‘ Cystatin C
_ Albumin/
[ Crratio

081 Frotein f
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Q0 T T I I |
on 02 04 06 08 1.0

1 - Specificity

Yildirim C et al. Early predictors of acute kidney injury in COVID-19 patients. Nephrology
(Carlton). 2021 Jan 27:10.1111/nep.13856



COVID-19: BoccTaHaBAMBaIOTCA JIU PyHKIIUN

IIOYUEK ITOC/I€ BBIIIMCKM?
Heo0xoamm MOHUTOpPUMHT.

M3 5216 rocriMrasi3MpoBaHHBIX I1allMIEHTOB,

32% vimeriv OIIII, 12% w3 HMX Haxogmanuch Ha 3PT.
ITocsie Beinicku y 47% m3 HUX YypOBHM CBIBOPOTOYHOIO
KpeaTHMHA 0 MCXOOHBIX 3HAYEeHMU I He
BOCCTAaHOBWJIVICH.

Bowe B et al. Acute Kidney Injury in a National Cohort of Hospitalized US Veterans with COVID-
19. Clin ] Am Soc Nephrol. 2020 Dec 31,;16(1):14-25.

M3 1993 nanmenTosB y 35% 4depe3 6 mecsI1ieB ocsie
BBININCKM ObLyIa cCHVDKeHHasa CK @

Huang, C. et al. 6-month consequences of COVID-19 in patients discharged from hospital: a cohort
study. Lancet 397, 220-232 (2021)

Nalbandian A, et al. . Post-acute COVID-19 syndrome. Nat Med. 2021 Apr;27(4):601-615. 55



COVID-19: peHasibHBIE OCIIO>KHEHWMS

Bupyc SARS-CoV-2 nadpunmupyer nouxku
¥ BBI3BIBaeT B HUX
IJIOMepyJIsApHBIE M TyOyJIapHBbIe II0Bpe KIeHMsI:
DoKa/ILHO CerMeHTapHbIV IJIOMEepPYyJ/IOCKJIepOo3
1 OcTpblit TYOYy/IApHBIN HEKPO3.
71 Iy1arHOCTMKY 3TUX IIOBPeXXIeHM

He00X0aMMBbI OMOMapKephI IJIOMepPyJIApHOMI
(M3MepeHMEe B KPOBM)

" TyOyJIsipHOV AVichyHKIIUMU

(M3MepeHMe B MOUe)
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Incratuu C

B xpoBu (s - serum, p - plasma) B moue (u - urinary)
Mapkep riiomMepysIapHON AUcPyHKINMU Mapxkep TyOys1sipHOM

aicpyHKIOIUM
YemMm T5I0Ke 1€Ce pEHaJIBHaﬂ

I11aTOJIOI'Ms, TEM XysKe (bMJIBTpYETCH
IIpu HapyImeHUM
B IIOYKaX, TEM BbIIIl€ YPOBE€Hb B KpPOBM1

peabcopOIIIN
[Tpu passurnmu OIIIl HaunHaeT P ORCIIM BTN
IIOBBIIIATHCA 3a 24-48 u 1o KaHaJ/IbIlaX
KJIMHWYIeCKOV MaHMd@ecTarmm CeKpeTupyercsa B MOUY

COIVIaCHO Kpe€aTMHMHY

YpoBHM B I1a3Me M B MOYe
OnHoOKpaTHOe M3MepeHMe IIpaKTUYIeCK He 3aBVCAT:
I103BOJIsIeT pacCYUTHIBATH - OT MBIIII€YHO MacChl,
- BO3pacra,
- I1oJ1a

sHaueHusa CKdD



sCys - uCysC

1 Habop - 2 aganTanum

B ceiBOpoTKe KpoBu: B moue:
IIPY IJIOMEPYJIAPHON I1aTOJI0T UM IIpy TyOyJIApHOV I1aTOJIOTUN
Hopma < 0,2 M/
My KHIMHBI 0,50 - 0,96 mr/7 TyOysapHbIe
3a00/1eBaHM > 0.5 mr/n
KeHmubI 0,57 - 0,96 mr/n
<1 mMmecsaIia 1,37 - 1,89 mr/n HPM TyﬁyHHpHBIX

Hetn 1-12 mecs1ieB 0,73 -1,17 mr/n IHaTOIOIMAX

BO3pacTaeT
>1roma 0,51 - 0,95 mr/n1

mo 200 pa3

DiaSys Diagnostic System GmbH FRG
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