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PEHANbHbIE OCNOXHEHNA KOPOHABUPYCHOU
WHOEKLWU COVID-19: MEXAHU3Mbl U BUOMAPKEPDI

B. B. BenbkoB

AO «IUAKOHY, r. MywmHo, Mockosckast obnacts, Poccus, vwv@diakonlab.ru

Kpatkuit 0630p (axTopoB pucka pa3BUTHS peHANbHBIX ocnokHeHuid mpu COVID-19, ocoGeHHOCTEH pa3BUTHS OCTPOTO
MOBPEXKICHUS ITOYEK y OOJIbHBIX KOpOHABHPYCHOI uHpekipeln. Ocoboe BHUMaHKE yIeNSeTCs MeXaHUu3MaM IpsSIMOTO WH-
durupoBanus mouek Bupycom SARS-CoV-2 u OGuomapkepam ajisi quddepeHInanbHON TUarHOCTUKA TJIOMEPY/ISIPHONH U
TyOysapHO# AucyHKImU y nanpenToB ¢ COVID-19.

KiioueBsle cioBa: kopoHasupyc, COVID-19, octpoe moBpexxaeHne moyeK, IpoTenHypusi, KpeaTuHuH, IuctaTiH C, THITo-
aIE0yMUHEMUs, [TUTOKUHOBBIA INTOPM, CEIICHC, OMOMapKepsl, IiioMepylisipHas AucyHKIms, TyOynspHas AucQyHKIHS,
TIIOMEPYJIOCKIICPO3, TYOYISPHBIH HEKPO3.

Jsi nutupoBanusi: BenbkoB B. B. Penanbble ocnoxneHnsi kopoHaBupycHoi mHpexnnn COVID-19: mexaHU3MbI
n Ouomapkepsl // JlabGopatopHas u KnmHHYeckas wmeauuuHa. @Papmammsa. 2021. T. 1, Ne 1. C. 52 — 56.
DOI: 10.14489/1cmp.2021.01.pp.052-056

Review

RENAL COMPLICATIONS OF COVID-19 CORONAVIRUS INFECTION: MECHANISMS AND BIOMARKER
V. V. Velkov

Diakon JSC, Pushchino, Moscow region, Russia

The brief review dealing with risks of the development of renal complications in patients with COVID-19, peculiarities of
acute kidney injury development in patients with coronavirus. The special attention is given to the mechanisms of the di-
rect infection of kidney by coronavirus SARS-CoV-2 and to the biomarkers for differential diagnostics of glomerular and
tubular dysfunction in patients with COVID-19..

Key words: coronavirus, COVID-19, acute kidney injury, proteinuria, creatinine, cystatin C, hypoalbuminemia, cytokine
storm, sepsis, biomarkers, glomerular dysfunction, tubular dysfunction, glomerulosclerosis, tubular necrosis.

For citation: Velkov VV. Renal complications of COVID-19 coronavirus infection: mechanisms and biomarkers. Laboratory
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ITocne Bembiku B nexadbpe 2019 roga undekx-  3aboneBanue 2019 roma) ObICTpo pacmpocTpaHUIICS
uu, BbI3BaHHOW KopoHaBuUpycoM SARS-CoV-2,  mo mmanere. [lo cocrosuuto Ha 25 mas 2021 komnwde-
noxkap napaemun COVID-19 (abOpeBuatypa OT  CTBO 3a0OJEBIIMX BO BCEM MHPE COCTABHIIO
anri1. COronaVIrus Disease 2019 — koponaBupycuoe 167 848 205 wdenmoBek, U3 KOTOPBIX yMepio —

52 Na6opaTtopHas u knuHUYeckas MeguumHa. ®apmaums, 2021, Tom 1, Ne 1



Abstract Reviews

V. V. Velkov “Renal complications of COVID-19 coronavirus infection: mechanisms and biomarkers”

3 485 788. UYucno HAYYHBIX CTaTeH, MOCBAIICHHBIX
uccinegopanuro  COVID-19, mo cocrosgHuio Ha
25 mas 2021 cocrasnser 137 901 (NCBI PubMed).

CorracHO TeKYIIUM TPEICTABICHUSAM CYIIECTBY-
€T ISATh KJ1accoB 0TBEeTOB opranuzma Ha COVID-19.

Knacc 1 — tunnunelii orBet, 38 %. YMepeHHO
noBeIeHHBIN  C-peakmusnusiii 6enoxk (CPB), cra-
OwibHast TUMQOTICHUS, CAMbIii HU3KUH YPOBEHb HE-
OJIarOTPUATHBIX UCXOJIOB.

Kitacc 2 — OBICTPHBIN THIIEPBOCTIATUTEIBHEIN OT-
BET y MOXKUJIBIX MaleHTOB, 9 %. [Ipu nmocTyriennu B
CTaIlMOHAp OTMEYAIOTCS: a) BBICOKUE YPOBHU JICHKO-
IIUTOB W HEUTPO(MUIIOB, KOTOPHIE 3aT€M CHIDKAIOTCS;
6) BeIcokmit ypoBeHb CPb, xoTOpEbIil OBICTpO HapacTa-
€T, B) BBICOKHE YpOBHHM TpoMOouuToB. Camas BBICO-
Kas JeTaJbHOCTb.

Knacc 3 — nmporpeccupyrominii BOCaIUTEIbHBIN
otBeT, 37 %. CXo[eH ¢ THUIIMYHBIM OTBETOM, HO ¢ 00-
nee BbicokuM CPB.

Kitacc 4 — BocmmamuTenbHBIA OTBET C TOBPEKIE-
HUEM TMOYeK. BripakeHHas AUMQOIEHUS, YMEPESHHO
MOBBIICHHBIN (1 moBbimnatonuiics) CPB, Tskenas
peHalbHas HEIOCTATOYHOCTb.

Kiace 5 — rumepBocmaauTeNbHBI OTBET C IIO-
BpEXJCHUEM IIOYEK Y MOXWIBIX MAlMEeHTOB, 6 %.
Quenr BricOkni u noswimaronuiics CPb. Tsoxenas
peHanbHas HEA0CTaTOYHOCTh, KOTOpas CO BpEMEHEM
MOYeT cMsryatbes [1].

COVID-19: yacToTa peHanbHbIX OCMOXHEHUN

CornacHO MeTa-aHAJIM3aM, Pa3BUTHE OCHIPO2O
nospeosicoenus noyex (OIIIl) mponcxomuT BecbMa dac-
T0. YUeM Tspkenee MH(EKIHS, TEM BBIIIE BEPOATHOCTD
passutus OIIII. ITpu ananuze manabx 30639 manweH-
toB, yactoTa OIIII cocrarnsna 28 % (22 % — 34 %),
y TAalUeHTOB OmoeneHull UHMEHCUBHOU mepanuu
(OUT) 46 % (35 % — 57 %), penanvuas 3amecmu-
menvnas mepanuss (P3T) mnposogmmace y 9 %
(7 % — 11 %) GonpHBIX [2]. B apyrom nccnegoBanun
ObUI0 MoOKazaHo, uTo cpeau 14732 mamumentoB OINIT
pazBuiiock y 29,3 %; npu stom OIIII nepBoii cranuu
y 51,7 %, OIIII Bropoii cramuu y 9,5 %; OIIII Tpetsb-
et cramuu y 38,7 %, P3T mpumensnacey y 17,1 %.
CwmeptHocTs mipu COVID-19 ¢ OIIIl cocraBnsna
51,6 % mporus 8,6 % npu COVID-19 6e3 OIIIT [3].
Merta-ananu3 JaHHbIX 449 ManueHTOoB, MOCTYMHUBIINX
¢ COVID-19, 6o ycranosneHo, uro OIIIl pa3su-
nock y 36,6 %. Ilpum arom OIIII mepBoii cragnn 65110
JMarHocTHpoBaHO y 46,5 %, BTopoii ctanuu y 22,4 %,
Tperbelt ctaguu y 31,1 %, u3 Hux 14,3 % Hyx’namice
B P3T. OIIII 6su10 muarnoctupoBano y 89,7 % manm-
enToB, Haxonusmuxcs Ha UBJL, m y 21,7 % He Haxo-
nusiuxcs Ha UBJI [4].

B nenom, pu COVID-19 ocHoBHBEIMU (hakTOpa-
Mu pucka pasButusa OIIIl Tperbeil cramuu sBasEeTCS
HaJIM4UEe KPUTUYECKOro 3a00JIeBaHUA M CHCTEMHOTO
Bocrianerus. OIIIl pazsuBaerca y 97,3 % marueHToB
OUT, nns KOTOPBIX XapaKTEpHbI peclupaTopHas He-
JIOCTaTOYHOCTh, HeoOxoguMocTth B MIBJI m BeICOKHE
YPOBHHU TIPOBOCTIATIUTENBHBIX OOMapKepoB [S].

KoponaBupyc SARS-CoV-2 uHdpmumpyet noyku

OCHOBHBIM PEUENTOPOM Il NPOHUKHOBEHUS
kopoHaBupyca COVID-19 saBnsercs awneuomenszum-
npespawaiowuti pepmenm 2 (AI1D2), xoTopsiii Ha-
XOAWUTCS Ha TOBEPXHOCTH KIETOK DPa3IM4YHBIX Opra-
HOB. MImenHo ¢ AII®2 cBsa3eiBaeTcs S-6emok 060m04-
KH BUpyca (T.H. «IIHI»), KOTOPKIH 3aTeM obecrieunBa-
€T TIPOHMKHOBEHHUE BUpyca B KJIETKY [6] U B 3HIOTE-
Ui MUKpococyaucToit cuctemsl (7). B memom, kopo-
HaBHPYC CMOCOOEH MH(PHUIIMPOBATH HE TOJIBKO JIETKHE,
HO u cepaue [8] u mouku [9]. To, yro COVID-19
NpsSIMBIM 00pa30M UHQHIUPYET MMOYKH, pa3BUBACTCS B
HHX, I0OKa3aHO C TIOMOLIBIO PA3JIUYHBIX METOAOB!

1) ayToricust 006pa3uoB, B3STHIX OT JIML, YMEPIINX
ot COVID-19. Ilokazano Hanm4une B OYKaX TSKEIBIX
TyOyJISIpHBIX MTOBPEKICHUN;

2) rubpuamuzanus in situ. [lokazaHo, 4to BUpyc-
Hele PHK cuHTE3MpyrOTCS M HaKaIIMBAKOTCS MPEUMY-
IIECTBEHHO B KaHAIbIAX U YaCTUYHO B KIyOOUKaXx;

3) ummyHoxumusa. OOHapYyKEHO, UTO BUPYCHBIC
HYKJICOKAIICHIBl U S-0€TKM MPUCYTCTBYIOT B KaHAIb-
1ax;

4) unmmyHorucroxumus. IlokazaHo, 4yTo B Ka-
HaJIbIaX JIEHCTBUTEILHO HAKATUIMBAIOTCS BUPYCHEIC
HYKJICOKATICHIBI M S-0eNKH;

5)_nmmynodayopecuenuus. [logrBepxxaeno, 4To
AHTUTEHBI HYKJICOKATICHIa U S-0eTKOB CBS3aHBI C pe-
uentopamu AIID2, pacnonoxeHHbIMH B KaHaJIbLIAX
[9-11].

Bosee Toro, mokasaHo, 4yTo y MalMEHTOB C IMOJ-
TBEPXKAECHHON nH(peKnuen (Ha3odapuHreaabHble Ma3-
K{) B MOoue 0OHapy>KuBaeTcsi 0enoK S (IIHI, OTBETCT-
BEHHBI 3a BHEIpEHHE BUPYCa B KIETKU C PELENTO-
pom AIID2 [12].

Tax e, ecTb eme OAHO JOKa3aTeIbCTBO — IMps-
Moe ompenenenue BupycHoit PHK SARS-CoV-2 B
MOYE C MOMOIIBI0 MOJIMMEPa3HOW LEMHOW peaKIuH
(RT PCR). lmarHocTHKa MpPOBOJMJIACHE M B Ma3Kax
HOCOMIOTKH. [lonouTenbHble TECTHI B MOYe Hanbo-
nee yacTbiMu ObutH y narienToB OUT [13]. B memom,
npu COVID-19 Haubosee 4acThIMH PEHAIBHBIMHU OC-
JIOKHEHUSIMH SIBJISIFOTCSL OCTPBIM TyOYJISIpHBIN HEKPO3
1 (QOKaNbHO-CETMEHTAPHBIN TIIOMEpYI0CcKIepos [14].

Laboratory and Clinical Medicine. Pharmacy, 2021, Vol. 1, No. 1 53
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COVID-19: npoTenHypus 1 runoanLoyMuHemus

IIpn mocrymuleHHH C TSDKEIOW IPOTEHHYpHUEH
BEChbMa BBICOKH PUCKH TiepeBojia manueHToB B OUT,
Ha MBJI u nposenenue P3T [15,16]. CymecTtBeHHO,
gro mis COVID-19 Becsma 3(h(peKTUBHBEIM IPOTHO-
CTHYECKUM TMOKa3aTelleM SIBISEeTCS TUIOoaIbOyMUHe-
MUsl. ATBOYMHH — 3TO OTPHIIATENbHBIN PEaKTaHT OCT-
po#t ¢asel Bocnanenus. ['mnoansOyMuHeMus cBsi3aHa
C TaKMMH TSOKEIBIMHA OCJIO)KHEHUSIMH, Kak OcCTpas
cepliedHas HEeJOCTaTOYHOCTh, CETCHUC, ITUTOKHMHOBBIN
ITOPM, OCTPBIA PECITUPATOPHBIA JAUCTPECC-CUHIAPOM,
OIIII. Ompexnenenue CHIBOPOTOYHOTO anbOyMHHA pe-
KOMEHIYETCS MPOBOAUTH TPU TIOCTYIJICHHH IS
CBOEBPEMEHHOI'0 BBISBJICHHS PUCKA Pa3BUTUSA COCTOSA-
HUH, yTpoXKaromux xu3au [17].

COVID-19: 6uomapkepbl peHanbHbIX OCNOXHEHUN

Pexomennyetcst mpoBomuTh AudpepeHIHatbHyo
JMUAarHOCTHKY 1 MOHHTOPHHT TJIOMEPYJISIPHOM U TyOy-
JSIPHOU TUCHYHKITHH.

Jnst TMarHOCTHUKY TIIOMEPYJISAPHON AMCHYHKLIUU
PEKOMEHJIyeTCsl U3MEPEHUE B KPOBH CIIEIYIOLINX IO-
KaszaTenei:

CBIBOPOTOYHBII KpEaTHHHH;

a30T MOYEBHHBI KPOBH;

MPOTEUHYPHS;

nuctatud C.

Jia nuarHocTuky TyOynspHO# AucyHKINH, pe-
KOMEHJyeTc M3MepeHHe B MO4Ye CIEAYIOMHUX OHO-
MapKepoB:

6era-2-MUKpOTIO0yIHHA
B2MG);

N-ametnn- [B-d-rirrokoaMUHUAA3EI
acetyl-p-d-glucosaminidase);

peTHHON-CcBs3bIBatomero Oenka (retinol binding
protein - RBP);

OeKa CBSA3BIBAIOILETO >KHPHBIC KHCIIOTHI Ieye-
Hounoro tuna (liver-type fatty acid-binding protein
(L-FABP);

MoJeKyJbl oBpexaeHus mouek — KIM-1 (kidney
injury molecule 1);

uucratuna C [18 —20].

ITocne Bbimucku U3 cranuoHapa (QyHKOMS MOYEK
BEChbMa YacTO TIOJIHOCTbIO HE BOCCTAHABIMBACTCH.
Tak, u3z 5216 rocnuTaIM3UPOBAHHBIX MAIUEHTOB,
32 % umenu OIIII, 12 % u3 Hux Haxoxuauck Ha P3T.
ITocne Beimucku y 47 % M3 HUX ypOBHH CHIBOPOTOU-
HOT'O KpeaTHHHHA 10 UCXOJHbIX 3HAYEHUH HE BOCCTa-
HOBHJIHCH [21].

B npyrom uccnenoBanuu nokasaso, 4ro y 35 % u3
1993 manueHToB Yepe3 6 MecsIIeB IMOCIIE BBHITICKH ObIIa
CHIDKEHHAsl CKOPOCTh KITyOO4KOBO# (mibTpanun. Ta-
KkuM oOpazom, numam, rnepeHecimM COVID-19, peko-
MEH/TyeTCSI MOHUTOPUHT peHATBHOHN QyHKIIH [22].

(B2-microglobulin,

(NAG N-

3akntoyeHue

Bupyc SARS-CoV-2 uHPUIHPYET MTOYKH U BHI-
3bIBACT B HUX TJIOMEPYJSPHBIC U TyOYJISIPHBIC TIOBpPE-
KACHUS: (DOKATBHO-CErMEHTAPHBIN JIOMEPYIIOCKIEPO3
1 OCTPBIA TYOYJISAPHBINA HEKPO3.

JlJis TMarHOCTUKW 3TUX MOBPEXKJICHUN HE00XO-
JIUMO W3MEpEHHE YPOBHEW OHOMapKepOB TIIOMEpY-
JSPHOHN W TYOyJsipHOW AMChYHKITNH.

Cnucok nutepatypbl

1. Zakeri R., Pickles A., Carr E., et al. Biological re-
sponses to COVID-19: Insights from physiological and blood
biomarker profiles // Curr Res Transl Med. 2021 Feb 3. Vol.
69, N2. 103276. DOI: 10.1016/j.retram.2021.103276

2. Silver S.A., Beaubien-Souligny W., Kishibe T.,
et al. The prevalence of acute kidney injury in patients
hospitalized with COVID-19 infection: a systematic
review and meta-analysis / Kidney Med. 2021 Jan-Feb.
Vol. 3, N1. P. 83-98. DOI: 10.1016/j.xkme.2020.11.008

3. Charytan D.M., Parnia S., Khatri M., et al. Inci-
dence of acute kidney injury in patients with COVID-19 criti-
cal illness in New York City // Kidney Int Rep. 2021 Apr.
Vol. 6, N4. P. 916-927. DOI: 10.1016/j.ekir. 2021.01.036

4. Hirsch J.S., Ng J.H., Ross D.W., et al. Acute
kidney injury in patients hospitalized with COVID-19 //
Kidney Int. 2020 Jul. Vol. 98, NI1. P. 209-218.
DOI: 10.1016/j.kint.2020.05.006

5. Hardenberg J.B., Stockmann H., Aigner A.,
et al. Critical illness and systemic inflammation are key risk
factors of severe acute kidney injury in patients with
COVID-19 // Kidney Int Rep. 2021 Apr. Vol. 6, N4.
P. 905-915. DOI: 10.1016/j.ekir.2021.01.011

6. Saba L., Gerosa C., Fanni D., et al. Molecular
pathways triggered by COVID-19 in different organs:
ACE2 receptor-expressing cells under attack? A review //
Eur Rev Med Pharmacol Sci. 2020 Dec. Vol. 24, N23.
12609-12622. DOI: 10.26355/eurrev_202012 24058

7. Maruhashi T., Higashi, Y. Pathophysiological
association of endothelial dysfunction with fatal outcome
in COVID-19 // Int. J. Mol. Sci. 2021. N22. 5131.
https://doi.org/10.3390/ijms22105131

8. Bailey A.L., Dmytrenko O., Greenberg L., et al.
SARS-CoV-2 infects human engineered heart tissues and
models COVID-19 myocarditis / JACC Basic Transl Sci.
2021 Apr. Vol. 6. N4. P. 331-345. DOI: 10.1016/j.jacbts.
2021.01.002

9. Puelles V.G., Liitgehetmann M., Lindenmeyer M.T.,
et al. Multiorgan and renal tropism of SARS-CoV-2 //
N Engl J Med. 2020 Aug 6. Vol. 383, N6. P. 590-592.
DOI: 10.1056/NEJMc2011400

10. Wang M., Xiong H., Chen H., Li Q., et al. Renal
injury by SARS-CoV-2 infection: a systematic review //
Kidney Dis (Basel). 2021 Mar. Vol. 7, N2. P. 100-110.
DOI: 10.1159/000512683

11. Diao B., Wang C., Wang R., et al. Human kidney
is a target for novel severe acute respiratory syndrome
coronavirus 2 infection // Nat Commun. 2021 May 4.
Vol. 12, N1. 2506. DOI: 10.1038/s41467-021-22781-1

54 Nab6opatopHas u knuHUYeckas meaguumHa. ®apmauus, 2021, Tom 1, Ne 1



Abstract Reviews

V. V. Velkov “Renal complications of COVID-19 coronavirus infection: mechanisms and biomarkers”

12. George S., Pal A.S., Gagnon G., et al. Evidence
for SARS-CoV-2 spike protein in the urine of COVID-19
patients. medRxiv  preprint. 2021  January 31.
DOI: 10.1101/2021.01.27.21250637

13. de Souza S.P., Silveira M.A.D., Souza, et al. Evalu-
ation of urine SARS-COV-2 RT-PCR as a predictor of acute
kidney injury and disease severity in patients with critical
COVID-19 // J Int Med Res. 2021 May. Vol. 49, NS5.
3000605211015555. DOI: 10.1177/ 03000605211015555

14. Ahmadian E., Hosseiniyan Khatibi S.M., et al.
Covid-19 and kidney injury: pathophysiology and molecular
mechanisms // Rev Med Virol. 2021 May. Vol. 31, N3.
e2176. DOI: 10.1002/rmv.2176

15. Karras A., Livrozet M., Lazareth H., et al.
Proteinuria and clinical outcomes in hospitalized COVID-19
patients: a retrospective single-center study // Clin J Am
Soc Nephrol. 2021 Feb 23. Vol. 16, N4. P. 514-521.
DOI: 10.2215/CIN.09130620

16. Bassoli C., Oreni L., Ballone E., et al. Role
of serum albumin and proteinuria in patients with SARS-
CoV-2 pneumonia // Int J Clin Pract. 2021 Apr. Vol. 75,
N4. e13946. DOI: 10.1111/ijcp.13946

17. Viana-Llamas M.C., Arroyo-Espliguero R., Silva-
Obregon J.A., et al. Hypoalbuminemia on admission
in COVID-19 infection: an early predictor of mortality
and adverse events. A retrospective observational study //
Med Clin (Engl Ed). 2021 May 7. Vol. 156, N9.
P. 428-436. DOI: 10.1016/j.medcle.2020.12.015

18. Temiz M.Z., Hacibey 1., Yazar R.O. Altered
kidney function and acute kidney damage markers predict
survival outcomes of COVID-19 patients: a prospective
pilot study /! medRxiv. 2021. DOLIL:
10.1101/2021.01.10.20249079

19. Yildirim C., Ozger H.S., Yasar E., et al. Early
predictors of acute kidney injury in COVID-19 patients //
Nephrology (Carlton). 2021 Jun. Vol. 26, N6. P. 513-521.
DOI: 10.1111/nep.13856

20. Sun D.Q., Wang T.Y., Zheng K.I., et al. Subclinical
acute kidney injury in COVID-19 patients: a retrospective
cohort study // Nephron. 2020. Vol. 144, N7. P. 347-350.
DOI: 10.1159/000508502

21. Bowe B., Cai M., Xie Y., et al. Acute Kidney
injury in a national cohort of hospitalized US veterans
with C et al. COVID-19 // Clin J] Am Soc Nephrol. 2020
Dec 31. Vol. 16, N1. P. 14-25. DOI: 10.2215/CJN.09610620

22. Huang C., Huang L., Wang Y., et al. 6-month
consequences of COVID-19 in patients discharged from
hospital: a cohort study // Lancet. 2021 Jan 16. Vol. 397,
N10270. P. 220-232. DOI: 10.1016/S0140-6736(20)32656-8

References

1. Zakeri R, Pickles A, Carr E, et al. Biological re-
sponses to COVID-19: Insights from physiological and
blood biomarker profiles. Curr Res Transl Med.
2021;69(2):103276. DOI: 10.1016/j.retram.2021.103276.

2. Silver SA, Beaubien-Souligny W, Kishibe T, et al.
The Prevalence of Acute Kidney Injury in Patients Hospi-
talized With COVID-19 Infection: A Systematic Review

and Meta-analysis. Kidney Med. 202;3(1):83-98. DOI:
10.1016/j.xkme.2020.11.008. Review.

3. Charytan DM, Parnia S, Khatri M, et al. Incidence
of Acute Kidney Injury in Patients with COVID-19 Critical
Illness in New York City. Kidney Int Rep. 2021;6(4):916-
927. DOI: 10.1016/j.ekir.2021.01.036. Review.

4. Hirsch JS, Ng JH, Ross DW, Sharma P, et al.
Acute kidney injury in patients hospitalized with
COVID-19.  Kidney Int.  2020;98(1):209-218. DOI:
10.1016/j.kint.2020.05.006. Review.

5. Hardenberg JB, Stockmann H, Aigner A et al. Crit-
ical Illness and Systemic Inflammation Are Key Risk Fac-
tors of Severe Acute Kidney Injury in Patients With
COVID-19. Kidney Int Rep. 2021;6(4):905-915. DOI:
10.1016/j.ekir.2021.01.011.

6. Saba L, Gerosa C, Fanni D, et al. Molecular path-
ways triggered by COVID-19 in different organs: ACE2
receptor-expressing cells under attack? A review. Eur Rev
Med Pharmacol Sci. 2020;24(23):12609-12622. DOI:
10.26355/eurrev_202012_24058. Review.

7. Maruhashi, T.; Higashi, Y. Pathophysiological As-
sociation of Endothelial Dysfunction with Fatal Outcome
in COVID-19. Int. J. Mol. Sci. 2021, 22, 5131. DOL
10.3390/ijms22105131. Review.

8. Bailey AL, Dmytrenko O, Greenberg L et al.
SARS-CoV-2 Infects Human Engineered Heart Tissues
and Models COVID-19 Myocarditis. JACC Basic Transl
Sci. 2021;6(4):331-345. DOI: 10.1016/j.jacbts.2021.01.002.

9. Puelles VG, Liitgehetmann M, Lindenmeyer MT et al.
Multiorgan and Renal Tropism of SARS-CoV-2. N Engl J
Med. 2020;383(6):590-592. DOI: 10.1056/NEJMc2011400

10. Wang M, Xiong H, Chen H, et al. Renal Injury by
SARS-CoV-2 Infection: A Systematic Review. Kidney Dis
(Basel). 2021;7(2):100-110. DOL
10.1159/000512683. Review.

11. Diao B, Wang C, Wang R, et al. Human kidney is
a target for novel severe acute respiratory syndrome coro-
navirus 2 infection. Nat Commun. 2021; 12(1):2506. DOI:
10.1038/s41467-021-22781-1.

12. George S, Pal AS, Gagnon G, et al. Evidence for
SARS-CoV-2 Spike Protein in the Urine of COVID-19
Patients. medRxiv ~ preprint. 2021. DOI:
10.1101/2021.01.27.21250637.

13. de Souza SP, Silveira MAD, Souza et al. Evalua-
tion of urine SARS-COV-2 RT-PCR as a predictor of acute
kidney injury and disease severity in patients with critical
COVID-19. J Int Med Res. 2021;49(5):3000605211015555.
DOI: 10.1177/03000605211015555.

14. Ahmadian E, Hosseiniyan Khatibi SM et al.,
Covid-19 and kidney injury: Pathophysiology and molecu-
lar mechanisms. Rev Med Virol. 202;31(3):e2176. DOI:
10.1002/rmv.2176. Review.

15. Karras A, Livrozet M, Lazareth H et al. Proteinuria
and Clinical Outcomes in Hospitalized COVID-19 Patients: A
Retrospective Single-Center Study. Clin J Am Soc Nephrol.
202;16(4):514-21. DOI: 10.2215/CIN.09130620.

16. Bassoli C, Oreni L, Ballone E, et al. Role of serum
albumin and proteinuria in patients with SARS-CoV-2
pneumonia. Int J Clin Pract. 2021;75(4): e13946. DOLI:
10.1111/ijcp.13946.

Laboratory and Clinical Medicine. Pharmacy, 2021, Vol. 1, No. 1 55



PedhepaTuBHbIe 0630pbI

B. B. BenbkoB «PeHanbHble 0Cno)HeHs kKopoHaBupycHoi ek COVID-19: MexaHuaMbl 1 61omapkepb!»

17. Viana-Llamas MC, Arroyo-Espliguero R, Silva-
Obregon JA et al. Hypoalbuminemia on admission in
COVID-19 infection: An early predictor of mortality and
adverse events. A retrospective observational study. Med
Clin (Engl  Ed). 2021;156(9):428-436. DOI:
10.1016/j.medcli.2020.12.018.

18. Temiz MZ, Hacibey I, Yazar RO. Altered
kidney function and acute kidney damage markers predict
survival outcomes of COVID-19 patients: A prospective
pilot  study.  medRxiv  preprint. 2021.  DOI:
10.1101/2021.01.10.20249079.

19. Yildirim C, Ozger HS, Yasar E, et al. Early predic-
tors of acute kidney injury in COVID-19 patients. Nephrology
(Carliton). 2021;26(6):513-521. DOI: 10.1111/nep.13856.

Hoctynuaa B penakumio / Received 02.06.2021
Hpunara k nydaukanum / Accepted 30.06.2021

20. Sun DQ, Wang TY, Zheng KI et al. Subclinical
Acute Kidney Injury in COVID-19 Patients: A Retrospec-
tive Cohort Study. Nephron. 2020;144(7):347-350. DOI:
10.1159/000508502.

21. Bowe B, Cai M, Xie Y, Gibson AK, et al. Acute
Kidney Injury in a National Cohort of Hospitalized US
Veterans with COVID-19. Clin J Am Soc Nephrol.
2020;16(1):14-25. DOI: 10.2215/CJIN.09610620.

22. Huang C, Huang L, Wang Y, et al. 6-month con-
sequences of COVID-19 in patients discharged from hospi-
tal: a cohort study. Lancet. 2021Jan 16;397(10270):220-
232. DOI: 10.1016/S0140-6736(20)32656-8.

Kon(paukT uHTepecoB. ABTOp 3asBIIsieT 00 OTCYTCTBHH KOH(IINKTA HHTEPECOB.

Conflict of interest. The author declares no conflict of interest.

(DI/IHaHCl/IPOBaHI/Ie. Hccnenoranue IIPOBCIACHO 0e3 CHOHCOpCKOﬁ TOAACPIKKH.

Financing. The study was conducted without sponsorship.

Caenenns 00 aBrope / Information about author

cKkast obnacTh, Poccust.

E-mail: vvv@diakonlab.ru.

Bacusmmii Bacuabesuu BenbkoB — k.0.H., mupexTop mo Hayke AO «/JMAKOH», r. [Tynmno, Mockos-

Vasily V. Velkov — Ph.D., Director for Science of JSC ‘DIAKON’, Pushchino, Moscow region, Russia.

56 Na6opaTtopHas u knuHUYeckas MeguumHa. ®apmaums, 2021, Tom 1, Ne 1



