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BBeaeHue. [NaTtonornyeckme naMeHeHUsi CUCTEM 1 opraHoB nocne nepeHeceHHoro COVID-19 moryT npMBoauTb K OTNOXEH-
HOMY CMepTenbHOMY ucxoay. [pu 3ToM 0gHON N3 0COBEHHO 3HAYMMbIX CUCTEM-MULLEHEN MOCTKOBUOHBLIX U3MEHEHWI ABNSIET-
CSl KapAMOBacCKynsapHas cuctema.
Llenb nccnenoBaHuA: BbISIBIIEHWE C MOMOLLbH METOA0B MaLuMHHoro obyyeHus (MO) nokasatenem, MUMeHLLMX MPOrHocTUYe-
CKYH0 LIeHHOCTb Npu onpeaeneHny HebnaronpusitTHoro ucxopa nogoctporo COVID-19.
Marepuan n metoabl. B uccnenosanue 6binm BkntoyveHsl 212 Yyenosek, rocnuTanu3npoBaHHbIX NOCIe NepeHeceHHoro paHee
B Tsxenon cpopme COVID-19. PeTpocnekTnBHO nauueHTbl 6binu pasgeneHsl Ha 2 rpynnbl: 140 naumeHToB, KoTopble Gbinu
BbIMMCaHbl U3 CTaUMOHapa C 3aknoveHnem ob ynyylieHMn cocTossHMSA, U 72 nauueHTa, yMmepLune B nepuog rocnutanusaumm.
Bcem nauveHTam npoBoAMnUCh 0BLLEKITUHUYECKUIA, BUOXUMUYECKNIA aHanm3bl, OLIEHKa CBEPThIBAlOLLEN CUCTEMbI KpoBU. [1ns
aHanu3a AaHHbIX Obiny ncnonb3oBaHbl crnegytowme metogbl MO: MeToa ONOpHBLIX BEKTOPOB, CIyYaWHbIi N1ec, CTOXaCTU4ECKUN
rpagveHTHbIN ByCcTUHE. Banupaumsa nony4eHHbIX Mofernew npousBogunacb MetogoM nepekpectHon 10-kpaTHOW NpoBepKu
coBmecTHo ¢ ROC-AUC ananunsom (Receiver Operation Characteristics — Area Under Curve).
Pe3ynbrathbl. B co3gaHHbIX HAMW NPEAUKTUBHBLIX MOAENAX NpeanKTopaMyu CMepTEnbHOro ucxoga Ans MetogoB CryvyanHbIn
nec U CTOXaCTUYECKUI rpagueHTHbIV OYCTUHT ABNSAMMCb MOYEBMHA U TeMnepaTypa Tena; AN MalluvHbl ONOPHbLIX BEKTOPOB —
KONMUYEeCTBO 3pUTPOLUTOB, 303NHOMUITIOB 1 MOHOLIMTOB, MEXAyHapoAHOe HopManuaoBaHHoe oTHolleHve (MHO).
BbiBoabl. B npoBeaeHHOM uccnenoBaHnv ABe NPEAVKTUMBHBIE MOAENW, CO3faHHbIe C nomoLlbo metogoB MO, crnyyariHbin
nec U CTOXaCTUYECKU rPaaNeHTHbIN BYCTUHN, moKasanu, YTo MPOrHOCTUYECKOE 3HaYeHe UMEIOT U3MEHEHMS ABYX nokasarte-
new: ypoBHSA MOYEBUHBI 1 TemnepaTypbl Tena. MeToa onopHbIX BEKTOPOB BbISIBUMN ApYrue NpeankTopbl, 8 UMEHHO KONMYeCcTBO
3pUTPOLMTOB, 303MHODUNOB 1 MoHoumToB, MHO. Hamu 6bin npyMeHeH MeTop, rofloCoBaHusi, Ha OCHOBE KOTOPOro B KA4YeCTBe
VH(OPMaTMBHBIX NPU3HAKOB ObINy YCTaHOBMNEHbI YPOBEHb MOYEBUHBLI U TemnepaTypa tena. Metogel MO cny4aiHbI nec un
CTOXaCTUYECKUI rpagneHTHbIN BYCTUMHI NPOAEMOHCTPMPOBAny CXOXnNe pe3ynbTaThl, Mbl HE YYUTbIBANM AaHHbIE, MOMyYeHHbIe
C NMOMOLLIbI0O METOAA OMOPHbIX BEKTOPOB. [ogobHbIV nogxoa Beibopa NpeauKTUBHOW MOAENW roflocoBaHMEM YacTo MCMOMb-
3yeTcsi Npy OLEHKe AaHHbIX MeTo4aMu UCKYCCTBEHHOro MHTennekra. BoaMoXHo, NoBbILLEHNE YPOBHS MOYEBUHBI SBNSANOCH
NMYyCKOBbIM MEXaHU3MOM, BEAYLLUMM K SHAOTENUUTY U nocneaylLlemMy MHgpapkTy Mmokapaa, 4O TOro, Kak passuiack ocTpas
noyeyHasi He4OCTaTOYHOCTb.

KnioueBble cnoBa: COVID-19; nocTKOBUAHbIE N3MEHEHMS; MALLUMHHOE 00y4YeHne; MOYEBUHA; TemnepaTtypa Tena;

KONMN4eCTBO 3pUTPOLIUTOB; KONMMYECTBO 303VIHOCbI/IJ'IOB; KONMn4yeCcTBO MOHOUUTOB; MeXayHapoa-
HO€ HOpMalm3oBaHHOE OTHOLUEeHne; cepae4YHOo-CocyanucTaa cucrema.

®duHaHCUpoBaHue: nccnegoBaHne npoeoannocb 6e3 nHaHCOBOWM NOAAEPKKN CO CTOPOHLI IPaHTOB, OBLLECTBEH-
HbIX, HEKOMMEPYECKMX, KOMMEPYECKNX OpraHn3aLiii U CTPYKTYP.
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Abstract

Background. Pathological changes in systems and organs after COVID-19 can lead to delayed death. One of the most influ-
enced target systems of post-COVID changes is the cardiovascular system.

Aim: To identify, using machine learning methods, indicators that have predictive value in determining the adverse outcome
of subacute COVID-19.

Material and Methods. The study included 212 people admitted after previous severe COVID-19. Retrospectively, the pa-
tients were divided into 2 groups: 140 patients discharged from the hospital after improvement in their state and 72 patients
died during hospitalization. All patients underwent general clinical, biochemical analyses, assessment of blood coagulation
system. The following machine learning methods were used for data analysis: support vector machine, random forest, sto-
chastic gradient boosting. Validation of the obtained models was carried out by the method of 10-fold cross-validation in con-
junction with ROC—-AUC analysis (Receiver Operation Characteristics — Area Under Curve).

Results. In the created models, the predictors of mortality were urea and body temperature for the random forest and sto-
chastic gradient boosting methods, erythrocyte, eosinophil and monocyte counts, and INR (International Normalized Ratio)
level for the support vector machine.

Conclusion. In our study, two predictive models created using machine learning methods random forest and stochastic gra-
dient boosting showed that changes in urea level and body temperature had predictive value. The support vector machine
revealed other predictors, namely the number of erythrocytes, eosinophils and monocytes, INR. We used the voting method,
on the basis of which the urea level and body temperature were established as informative signs. The random forest and sto-
chastic gradient boosting methods showed similar results, we did not take into account the data obtained using the support
vector machine. This approach of choosing a predictive model by voting is often used when evaluating data using artificial
intelligence methods. It is possible that an increase in urea levels was a trigger leading to endotheliitis and subsequent myo-
cardial infarction, before acute renal failure developed.

Keywords: COVID-19; post-COVID changes; machine learning; urea; body temperature; erythrocyte count;
eosinophil count; monocyte count; International Normalized Ratio; cardiovascular system.
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BeepeHue Introduction

B HacTosilLlee BpeMsi M3BECTHO, YTO BbI3JOPOBIEHME
nocne COVID-19 (KynupoBaHMe OCTpbIX CMMMTOMOB, OT-
puuateneHeln MLP-TecT) He siBNsieTCs rapaHTUEN MOfHOro
BOCCTAHOBIMEHMS opraHuamMa. llatonormyeckme M3mMeHeHus
CUCTEM W OPraHoB 3HAYUTENbHO yXyALlalT 340poBbe na-
LMEHTOB MU MOTyT MPUBOAUTbL K OTIIOXKEHHOMY CMeEpTENbHO-
My ucxody. BcemupHas opraHusaums 34paBoOXpaHeHus

Currently recovery after COVID-19 (relief of acute
symptoms, negative PCR test) is not a guarantee of complete
recovery of the body. Pathological changes in systems
and organs significantly worsen the health of patients and
can lead to delayed death. The World Health Organization
has defined the term post-COVID-19 to refer to cases of
persistent symptoms after 3 months of SARS-CoV-2 infection
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onpegenuna TtepmuH «noct-COVID-19» ans o6o3HayeHus
Crny4yaeB COXpaHEeHUs1 CUMMNTOMOB Mnocne 3 Mec. MHdekuum
SARS-CoV-2, gnawmxcsa He MeHee 2 Mec. U He 0ObsicHse-
MbIX Kakum-nnbo apyrum 3abonesaHvem’.

B nutepatype cyuwiectyer ©Gonee nogpobHas knac-
cudmvKauma COCTOSHUMA Mocne nepeHeceHHoW WHMeKUnn
SARS-CoV-2. Tak, noct-octpein COVID-19 onpegensetcs
KaK CTOMKME CUMMTOMbI U/UNN OTCPOYEHHbIE UM AONTOCPOY-
Hble ocrnoxHeHust nHdekuun SARS-CoV-2 B TeueHune 4 Hep.
nocne noseneHnss cumntomoB [1]. Janee wccnegosartenu
Aendart 3aboneBaHne Ha age kateropuwn: (1) NOQOCTPLIA NN
npogormkatowmnca cumntomatnyeckni COVID-19, koTopbin
BKITHO4AET CMMMNTOMbI U @HOMarnuu, NPUCYTCTBYHOLLME B TeYe-
Hue 4-12 Hea. nocne octporo TedeHus COVID-19; (2) xpo-
Huyeckui unu noct-COVID-19 cnHapoM, KOTOPbIN BKITHOYaET
CMMMNTOMbI U @aHOMarnum, COXPaHSALLMECS NN NPUCYTCTBYHO-
wme nocne 12 Hed. ot Hayana octporo COVID-19 n He cBs-
3aHHbIe C anbTepHaTUBHBIMK AnarHodamu [2].

MocTkoBMAHbBIE N3MEHEHUS MOTYT 3aTPOHYTb PasnnyHble
opraHbl U CUCTEMbI OpraHn3Ma YeroBeka, HO OOHON U3 OCO-
6GEHHO 3HaYMMBbIX CUCTEM-MULLEHEN SBNAETCA KapanoBacKy-
ngapHaa cucrema [3, 4].

BoBneyeHne cepaeyHO-COCyAMCTONM  CUCTEMbI, MNOA-
TBEPXKOEHHOE METOAOM MarHUTHO-PE30HaHCHON TOMOorpa-
dun cepgua, Habnoganocb y 78% nuu, BbI3JOPOBEBLUNX
oT ocTpon nHdpekumn COVID-19, He3aBUCMMO OT paHee Ccy-
LLIeCTBOBABLUMX COCTOSIHWN, TSXKECTU U TEYEHUS HayarnbHbIX
NPOSABNEHUA MHMEKLUN UMW HaNW4ns paHee CepAeyHbIX
cuMmnTomoB [5]. N3ameHeHusa B cepaeyHO-cocyaucTon cucrte-
Me nocrie nepeHeceHHoro COVID-19 BknioyaloT MUOKapAWT,
apuTMUK, nepukapamnT, Tpomboambonun, MHapKT MUoKap-
a, BHE3anHyt CMepTb, CepAeyHy HeqoCTaToOuHOCTb [6, 7].
Mpun atom pgaxe uHdekuns SARS-CoV2 cpepHen cTeneHun
TSXeCTu, He TpebytoLasa rocnuTanuaaummn, NnpuBoanna K na-
TOMOrMYECKMM U3MEHEHUSIM He TOMbKO B CEpAeYHO-COCYAM-
CTOW cMCTeMe, HO 1 B Apyrux opraxax [8].

B HacToswee Bpemsa B nuTepatype MMeeTcs [oCcTaTou-
HOe KOMMYeCTBO [AaHHbIX, MO3BOMSALMX CTPOUTbL MPOrHO-
ctuyeckme mogenu (MM), cnocobHble onpenenuTb, B Kakowm
dopme byaeT npoTtekaTb 3aboneBaHve y nauueHTta u, cre-
AoBaTenbHO, MOMOYb C AarnbHenwen mapwpyTtusaumnen [9].
[Mpu 3TOM HET nccnegoBaHuUii, KOTopble paboTaroT Ha 3Tane,
Korga oCTpble CUMNTOMbI YK€ KynMpOBaHbl, HO MOMyYeHHbIe
opraHvM3mMom npuv 3abonesaHny NOBPEXAEHUS MOTYT CNPOBO-
LuMpoBaTb CMepPTENbHbIN NCXOS,.

MeToapl mawwmnHHoro obyyveHns (MO) akTMBHO NpYMeHs-
toTca Ansa noctpoexuns MM Ha ocHoBE MeAMLIMHCKUX AaHHbIX.
310 obycnoeneHo psgom dakTtopoB. Bo-nepsbix, knaccu-
Yyeckne CTaTUCTUYECKMEe MeTodbl OMUParTCs Ha CcTporne
mMaTtemaTuyeckme NpeanonoXxeHus, Hanpumep, o BUAe pac-
npegeneHnsa npyMsHaka B Nonynsaummn, NponopLuoHansHOCTK
PWMCKOB, YTO YacTO HapyllaeTcs B MEAVMLMHCKUX OaHHbIX.
Bo-BTOpbIX, KNaccnyeckne MeToabl MaTeMaTuyeckon cTaTu-
CTMKM NNIOX0 paboTaroT Ha HEOAHOPOAHbLIX AAHHBLIX (MHAOP-
Mauusa npeacTaBneHa KaTeropmanbHbIMU U KONMMYEeCTBEHHbI-
MU MepeMeHHbIMU), KOTOpblE CUIbHO KOPPENUPYIT Mexay
cobon. HepgoctaTtkoM nogo0OHbIX NOAX0A0B siBNsieTcs cnadas
WHTEPNPETMPYEMOCTb MNoryYaeMblX Mogernem, YTo ABnaeTcs
KPUTUYECKUM acneKkTom B obnactn obpaboTkm MeanLMHCKNX
AaHHbIX. MIHTepnpetupyemocTb mogenen MO pocturaetcs

lasting at least 2 months and not explained by any other
disease’'. There is a more detailed classification of conditions
after a SARS-CoV infection in the literature. Thus, post-acute
COVID-19 is defined as persistent symptoms and/or delayed
or long-term complications of SARS-CoV-2 infection within
4 weeks after the onset of symptoms [1]. The researchers
further divide the disease into two categories: (1) subacute or
ongoing symptomatic COVID-19, which includes symptoms
and abnormalities, present for 4-12 weeks after the acute
course of COVID-19; and (2) chronic or post-COVID-19
syndrome, which includes symptoms and abnormalities that
persist or are present after 12 weeks from the onset of acute
COVID-19 and are not associated with alternative diagnoses
[2].

Post-COVID changes can affect various organs and
systems of the human body, but one of the most affected
target systems is the cardiovascular system [3, 4].

Involvement of the cardiovascular system, confirmed
by magnetic resonance imaging (MRI) of the heart, was
observed in 78% of people who recovered from acute
COVID-19 infection, regardless of pre-existing conditions,
severity and course of initial manifestations of infection or the
presence of previous cardiac symptoms [5]. Changes in the
cardiovascular system after COVID-19 include myocarditis,
arrhythmias, pericarditis, thromboembolism, myocardial
infarction, sudden death, and heart failure [6, 7]. At the same
time, even a moderate SARS-CoV-2 infection that did not
require hospitalization led to pathological changes not only in
the cardiovascular system, but also in other organs [8].

Currently, there is a sufficient amount of data in the
literature that allows us to build prognostic models (PM) that
can determine in what form the disease will progress and,
therefore, help with further routing [9]. At the same time,
there are no studies that describe the situation when acute
symptoms have already been resolved, but the damage
received by the body during the disease can provoke a fatal
outcome.

Machine learning (ML) methods are actively used to
build predictive models based on medical data. This is due
to a number of factors. Classical statistical methods rely on
strict mathematical assumptions, for example, the type of
distribution of a traitin a population, the proportionality of risks,
which is often violated in medical data. Classical methods of
mathematical statistics do not work well on heterogeneous
data (information is represented by categorical and
quantitative variables), which strongly correlate with each
other. The disadvantage of such approaches is the weak
interpretability of the resulting models, which is a critical
aspect in the field of medical data processing. Interpretability
of ML models is achieved by finding informative predictors.
F1-score metrics, specificity/sensitivity/accuracy, ROC-AUC
analysis are widely used to assess the quality of models [10].

The purpose of this study was to identify, using ML
methods, indicators with predictive value for determining the
adverse outcome of subacute COVID-19. In our retrospective
study, we analyzed routine clinical indicators obtained from
patients during hospitalization. Then predictors of death were
identified using ML.

' World Health Organization. A clinical case definition of post COVID-19 condition by a Delphi consensus. URL: https://www.who.int/
publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1. (10.02.2025).
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Ih\  KHW  Z 1zZd"_ ihdZaZl_eb ]_fhleh[b®4d P[bFEHPHY WKDW GLG QRW SDUWLFLSDW¢
djblZz :9Zeba \uihegyeb gZ ijb[hj_ 6\VPHIDHSOH
Yihgby < [bhobfbqg_kdh_ bkke_n~h\Zgb_ djip\bwdiWhzRUN WKH PHWKRG RI ,00LQJ
jh_ ijh\h~"beb gZ [bhobfbq_kdhf ZgZebaZlpjQrRpEHNHFWDWD LV XVHG DV D SUHOLPL
F KR: Yihgby \oh”beh hij_"_e_gb_ k§"ZIicA9WDQJIJH RI PHWKRGV IRU ¢00LQJ LQ J
fhg_\bgu dj_Zlbgbgz K j_Zdlb\gh]h [_edd@_LWHUDWKUH EXW WKH FKRLFH RI WKH EHV
i1ZjlZlZfbghljZgkn_jZau :KL ZeZgbgZfbgblpZwkn *LYHQ WKH UHODWLYHO\ VPDOO VL]I
jZau :EL VWXG\ D VLPSOH PHWKRG RI ¢OO0OLQJ LQ JI

:gZeba kbkl_fu k\_jlul\Zgby djh\b \dexqZAgkhHlUR_DUH IHZ JDSV OHVV WKDQ SHUFH
e_gb_ nb[jbgh]_gZ Zdlb\bjh\Zggh_ qZklbympoxWV [DPUH ;0O0HG LQ RWKHUZLVH WKH G
ieZklbgh\h_ \j_fy :QL< b f_""mgZjh*gh_ ghipfevatt IURP FRQVLGHUDWLRQ
\Zggh_ hlghr_gb_ FGH 6\VPH[ &6 L YihgRABXFWLRQ RI LQSXW GDWD GLPHQVLRQ Z

<_ghagmx djh\v aZ[bjZeb mljhf gZIlhsZd\hrepVd! PAWKRGYVY WUDQVIRUP WKH RULJLQTL
\_gu \ dhebqg_kI\_ fe klZ[bebabjh\Zeb D MRPRSOLFDWH LOQWHUSUHWDELOLW\

F_lh~u FH yleyxlky fhsguf bgkljmf_glhf Zg¥y FUHDWLRQ RI 30 ZDV LPSOHPHQWHG E!
ebaz f_"bpbgkdbo "Zgguo k p_evx ihkljhpgbywkAloAXSSRUW YHFWRU PDFKLQH UDQG
klbg_kdbo fh~_e_c Ihke_7~h\ZI_evghklv ZgptgbHbo\w ERRVWLQJ 7KH FKRLFH RI WKHYV
khklhysZy ba ij_"\Zjbl_evghc h[jZ[hldb mM{ROM/KIH QHHG WR VROYH WKH SUREOHP RI
jZaf_jghklb kha~Zgb_ IF __\Zeb"Zpby \wWumgGcIlFwRULUYVY VLIQV $00 RI WKH DERYH
nhjfZlb\guo ijbagzZdh\ h[jZzam_I dhg\_c_j FEHxHtdW2ZQ DELOLW\ WR GHWHUPLQH WKH
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TJLizdzAs0ls* ,Q RXU VWXG\ WZR SUHGLFWLYH PRGHOV F

< kha“Zgguo gZfb IF ij_~bdlhjZfb kf Jp w EQJ PHWKRGV + UDQGRP IRUHVW DQ
bkoh”"Z 7ey f_lh~h\ kemqgZcguc e_k b kIEEAYYERdp¥KRZHG WKDW FKDQJHV LQ WZR

liz"b_glguc [mklbg] yleyebkv fhq_ \ng b PQRG & J\ZWHPSHUDWXUH KDYH SURJQRVWL
| ez "ey f_Ih~AZ hihjguo \_dlhjh\ dhebq_XH EV{I\IRM HDFKLQH LGHQWL¢(¢HG RWKHU SUH

pblh\ whabghnbeh\ b fhghpblh\ mjh\_gv ﬁé’#ﬂ“bﬁi V. PHWKRGV UDQGRP IRUHVW DQG

<k_ ij_"~klZ\e_ggu_ fh~_eb ijhreb \Zeb"Z %QV\&%QJ VKRZHG VLPLODU UHVXOWV Z
jZ[hlZggu_ 52& $8& ]jZznbdb ihdZaZeb FFeHﬁ%QW/ WKH GDWD REWDLQHG XVLQJ VXS
ihA JjZnbdhf \Zjvbjm _| hl Ah Wih ]h\h bHPr#QR‘H DSSURDFK WR VHOHFWLQJ D SUHG
dhc ij ~bdib\ghc p_gghkib fhr e ¢ jbk IWHQ XVHG ZKHQ DVVHVVLQJ GDWD XVLQJ

PHWKRGV > @
B H iG] (OHYDWHG ERG\ WHPSHUDWXUH LV DQ LQ¢

>Zggu_ ebl_jZImju k\b"_I_evki\mx! h IH3! éﬂﬁyLPPXQH LQADPPDWRU\ UHVSRQVH L
* klv b bkoh” az[he _\Zgby &29, fh gh H bY /P SUHGLFWRU RI VHYHUH GLVHDVH
ih j_amevlzlzf ez[hjZlhjguo |_kIh\ gZ JZg:t:i XRAMYoRI RXU VWXG\ DUH FRQVLVWHQW

RQFOXVLRQV WKDW DQ LQFUHDVH LQ ERG\

lhkiblZebazZpbb iZzpb_glZz

Gzblhe _ azf lgu_ baf g gby \ j ame/JP#YHs Rl D SURIJQRVWLFDOO\ XQIDYRUDE:!
jZlhjguo bkke_~h\Zgbc gqZs_ gZ[ex~Zebkv 8(2I19’ZapZo
\ayluo m ly'_euo b djblbgq_kdb [hevguo |Zpb8vl§| LafgWKH PDLQ HQG SURGXFW RI SUR
f g gb_ ] _fzZlheh]lbq_kdbo izjzf_Ijh\ ebf¥hiVlhly FKHPLFDO IRUP LQ ZKLFK QLWURJH
e _cdhpblha k m\_ebq_gb_f gbkez g_cuhﬁﬁeGnT\ R OHYDWHG FRQFHQWUDWLRQV W
[hpblhi_gby iheh bl_evgh dhjj_ebjh\Zeh N" §|R’/§SSHUWLHV RI'D WR[LQ WKDW KDV
aZ[he Zgby L g~ gpby d ih\ur_gbx KJ: RUY3 Q) DQG WLVVXHV RI WKH ERG\ 8UHD
ijhdZevpblhgbgZ BE b kgb'_gbx Zev[mfb sz K DVWURLQWHVWLQDO WUDFW SUR

Zev[mfng qzklh gzZ[ex~zezkv ijb ijh]j_kk \Qq'_k'J% KHOLDO EDUULHU DQG DOWHULQ
Jdhlh ~h Iy eh]h diblbg_kdh]h khkihy§b% QHYW g LQELUHFWO\ SURPRWLQJ UHQDO

mf _jrbo izpb_glh\ K_jbcgu_ baf_j_gby w| S8F HR J"LQVXOLQ UHVLVWDQFH RQ EORF
fh gh bkihevah\Zlv "ey |Jh]ghabjh\Zgby | 9% 2FPPWLRQ RI' HUIWKURSRLHWLQ DQG

e \Zgby Iy _klb b kf_jlghklb > HP >
Baf g _gby izjzf Ijh\ k\_jlu\Zgby djh\b +Ldk*§ XUHD OHYHOV DUH REVHUYHG LQ S
e miebg gb  ijhiihf[bghih]h \j f gb q]lr VH LQ WKH DGYDQFHG VWDJHV RI
mih\_gv ' Abf jZ b ih\ur gguc mjh\ gv nb 0 E ¥HV WKH ULVN RI DGYHUVH FDUGLF
[ueb qzklufb ©gZoh~rdzfb2 ijb Iy  _ehf aZ WRA2g Y SDWLHQWYV KDV D KLJK OHYHO F
bmg \ub\rbo > @ >jm]b_ [bhfZjd_ju I2&C Agid“%deQVLW\ OLSRSURWHLQV F/'/ F
QYHTYXHRFH Rl XUHPLD DQG OHDGV WR \

1ZI~_1b~jh]_gzaz E>= dj_zlbgdbgzaz DDR
\ g_kdhevdbo bkke _~h\Zgbyo [ueb k\yaZguHIQ R 'F'bo DO G\WWIXQFWLRQ DQG DFFHOHL

djblbg_kdbfb khkihygbyfb b bo mjh\ghb J'?u‘{yl h' RdZQHVLY > @
\Zx| g7 g _[ez]hijbylguc bkohr > @ LV NORZQ WKDW H[SRVXUH WR XUHD LQ

< ijh\_~ gghf gZfb bkke ~h\Zgbb A\ FVSIH]F ﬁé{ LQ WKH HQGRWKHOLDO FHOOV RI

gu_ k ihfhsvx f_Ih~Ah\ FH kemgZcguc e_k b%Hq"XE'M ZKLFK OHDGV WR WKH DFWLYD\'
kdbc ]jZ~b_glguc [mkibg] ihdZazZeb qlh ijh} %F&N&c% hPQG LQDFWLYDWLRQ RI WKH DQ
agZq gb_ bf x| baf g gby ~\mo |hdZaZI3 \m FKDQJHV LQ WKH OHYHO RI P

fhq_\bgu b |_fi_jzImju |_ez F_lh~ hihjguo \(TEMVH\H [SUHVVLRQ RI LQADPPDWRU\ PDU

\uy\_be "jm]b_ ij_ "bd|hju Ihkdhevdm ~\Z ij /\er 8 LQ YLWUR VWXG\ XUHD FDXVHG D
sbo f_Ih"Z kemgZcguc e_k b klhoZklbg k%‘oéz'j?b(z’ pfOLDO FHOO SUROLIHUDWLRQ D
%Tﬂ UHG WR EH D SRWHQWLDO VWL

guc [mkibg] ihdzaZeb koh'b_ j_ amevIZIquQlG%]
\Zeb ~Zggu_ ihemqg_ggu_ k ihfhsvx f_lhazHY p'PDPO WUDQVLWLRQ  (QGO7 W

\_dlhjh\ Ih~h[guc ih~oh~ \u[hjZ IF Jhehk¥ QJHPHQW RI DFWLQ ¢ODPHQWYV D
qZklh bkihevam _Iky ijb hp_gd_ ~Zgguo f WH%H*E%%WVLRQ RI PDWUL[ PHWDOORSURW
K\ _gghlh bgl es diz > @ “FKOQJHV LQ WKH OHYHO RI RWKHU (QGO07 |

Ih\ur_ggZy | _fi_jzImjz |_ez yl\ey Iky iafFZdACOLQ DQG FROODJHQ ,9 $IWHU H[S
e_fly _klb bffmgh\hkizebl_evghlh hi\_iz @R jEXOWXUH WR XUHD WKH H[SUHVVLI
&29," b y\ey Iky ij_~bdlhjhf ly" _eh]h _% FEJ %\ODPLQRK\GURODVH $+ DQG YD\<
[he _\Zgby b kf_jlghkib > @ J_ameviziu gZFWMK pR#EERWHLQV  KDYH EHHQ GLUHFWO
A"h\Zgby khlezkmxlky k jZg__ k"_eZggufb QYA Y [VFXODU GLVHDVH LQ LQ YLWUR DC
lhf qlh ih\ur_gb_ | _fi_jZImju |_eZ fh" [uIv Y7 VKRXOG EH QRWHG WKDW LQ RXU V

d_jhf ijh]ghkl_bq_kd_b g_[ez]hijbylgh]h \Z] \%WZ-H WV GLG QRW KDYH D KLVWRU\ RI
gby ih~hkiih]h &29, AUDWXUH GDWD VXJJHVWV WKDW PDOQ\
Fhq_\bgZz * wlh hkgh\ghc dhg_qguc |1h"znlr(W iz&fPnz  VXIHU IURP NLGQH\ GDPDJH |

[_edh\ yleyxsbcky obfbq_kdhc nhjfhc \dﬁLll]Rh %Q%ULD KHPDWXULD RU DFXWH NL
(WL FXODUO\ FRPPRQ DPRQJ VHYHUH

\u\h~blky ba hj]jzgbafz < ih\ur_gguo dhgg q’i %v O o e g PR DERQI VA YR
wlhl f_1Z[hebl ijhy\ey I k\hckI\Z Ihdkng FP LHQ ’ LQQ&29 P Koo

s_]h ih\j_"~Zxs__ ~_ckl\b_ gZ hj]jzgu b K@F\VLRORJ‘ RI'S., ,
gbafz Fhq_\bgZ hdzau\Z_| lhdkbq_kdh_ RA " EENWRYPWKRORJILFDO H[DPLQDWLRQ RI
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(A)

(B)

(B)

Puc. 1. Hanbonee nHdopmaTtnBHble NpeaMKTOPbI pycka Ans MeToAoB
OMOpPHbIX BEKTOPOB (a), Criy4anHbIi nec (6), CToXacTUYecKkuii rpagneHTHbIN
OycTuHr (B)

(A)

ROC xpesas 0 (ALC = 0.87)
ROC xpsan § (ALC = 0.79)
ROC mpweman 2 (ALC = 0.93)
ROC wpesan 1 (ALC = 0.06)

ROC KD, s s s s s s

e Rate (Positive label 1)
o
-4

10

S04

3.;.-, ROC spasan O (AUC = 0 B7)
;? ROC wpesas 1 (AUC = 0,76)
s ROC spanas 2 (AUC = 0 96)
g ROC kpwnas 3 (AUC = 0.93)
g0 ROC wpasan £ (AUC - 0.89)
- ROC spanas S (AUC = 0 98)
,$ ROC wpusan & (AUC = 0.12)
g ROC upanan 7 {AUC = 0.73)
S02 ROC xpunan B {AUC = 0.83)

ROC spwman 9 (AUC = 0.73)
wess Caysammot
] —— Cpearee ROC (AUC = 0 B4 = 0,09
0o 4 13td dev

oo o2 o8 10

04 o6
Falue Positive Rate (Positive ladel 1)

Puc. 2. ROC-AUC aHanu3 ansi MeTogoB ONOpHbIX BEKTOPOB (@), criyyaii-
HbIli nec (6), CTOXacTUYECKUIN rPaANEHTHbIN ByCTUHT
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XKenyao4HO-KMLLIEYHbIN TpakT (CnocobCcTByA paspyLUeHunto
anuTenuansHoro 6apbepa 1 M3MeHeHMI0 MrKpobuoma), noy-
KM (KOCBEHHO CMOCOOCTBYSI MoYe4HoMy hprnbposy), agunouu-
Tbl (MHOYUMPYS PE3UCTEHTHOCTb K MHCYMNWHY), KOMMOHEHTbI
KpoBM (BbI3biBasi kKapbamunmMpoBaHue apuTpPonoaTMHa) u cep-
Oe4HOo-cocyaucTyto cuctemy [18].

Bbicokve ypoBHM MOYEBMHbI HabMNwAaTCA y MauueH-
TOB C 3aboneBaHMAMN MOYEK HA CTaguy PasBUTUSA NOYEYHOWN
HEe4oCTaTO4HOCTM, YTO MOBbLIWAET PUCK HebnaronpusTHbIX
CepaeyYHO-COCYANCTbIX CODbITMI. Y 3TON rpynnbl GOMbHbIX
OTMEYaeTCH BbICOKUA YPOBEHb kapbamMunMpoBaHHbIX NNUMO-
NPOTENHOB HU3KOW M BbICOKOW nMroTHocTu (WIMHM, uJ1MBI),
4YTO SIBMSETCHA CreACTBMEM YPeMUU, NPUBOOUT K PasBUTUIO
3HAOoTEeNnManbHoOW AUCAYHKUMN 1 YCKOPSET NPOLIECChl aTepo-
reHesa [19].

M3BecTHO, 4YTO BO3AENCTBUME MOYEBUHbI WHAYLMPYET
BbIpaboTKy aKkTMBHbIX (DOPM KMCMOPOAa B 3HAOTENMarnb-
HbIX KreTkax aopTbl U apTepui YyenoBeka, YTO MPUBOAUT K
aKkTMBauuy NpoBOCNANMTENbHbIX LUMTOKMHOB U MHaKTMBaLUA
aHTnaTtepocknepoTmyeckoro depmeHta PGl2-cuHTasel, ns-
MEHEHWIO YPOBHS MUTOXOHAPMAnbHbIX 6EMKOB 1 3KCnpeccum
BOCNanuTenbHbIX Mapkepos [17].

B nccnepgoBaHum in vitro MoYeBMHa Bbl3biBana CHUXEHne
CKOPOCTU Mponudepaumn dHAOTENUanbHbIX KNeToK yepes
72 4 BO3OENCTBMSA 1, NO-BUAMMOMY, SBMANacb NnoteHuumanbs-
HbIM CTUMYMNOM 3HAOTENManbHO-Me3eHXMManbHOro nepexo-
Aa (EndMT), a Takke nHoyumpoBana nepectpomniky akTUHO-
BbIX (PUNAMEHTOB, 3HaYMTENbHOE YBENMYEHMEe IKCNPeccum
MaTPUKCHbIX MeTanmnonpotenHas 2 (MMP-2) n nameHeHve
ypoBHSA apyrnx 6uomapkepoB EndMT (kepatuH, dunbpun-
nuH-2 n konnarex V). MNocne Bo3gencTBMA Ha KynbTypy 9H-
AOTennanbHbIX KIETOK MOYEBMHbI CHMXanacb 3KCNpeccus
avmMetunapruHuHgnvetunamuiorngponassl (DDAH) n Baso-
pvHa. Oba 6enka 6binn HaNPsSMyLo CBSI3aHbl C CepAEYHO-CO-
CyanCTbiMM 3aboneBaHnsiMM B MCCNEeAoBaHMAX in vitro u in
vivo [20].

CnepyeT OTMeTUTb, YTO Normbluve naumeHTbl He ume-
nv B aHaMHe3e XPOHWYECKOWM MOYEYHOW HeaOoCTaTOYHOCTW.
[aHHble nuTepaTypbl CBMOETENLCTBYIOT O TOM, YTO MHOrne
rocnutannampoBaHHble naumeHtsl ¢ COVID-19 cTtpapatot
nopaxeHneMm noyek B BUAE NPOTEUMHYpPUU, remaTypun umm
ocTpoi noyeyHon HegoctatovHocTn (ONMH). OINMH ocobeHHO
pacnpocTpaHeHa cpeam THKENbIX U KpUTUYECKN BOMbHbIX Na-
unenToB ¢ COVID-19 n aBnseTca npeankTopoM CMEePTHOCTH.
Matodumaunonorna OIMH npn COVID-19 He AcHa. PaHHue oT-
YeTbl O FMCTONAaTONOrMYeCcKOM MCCnegoBaHMN ayTONCUAHON
TKaHW NOYKM NoKasbIBatoT BUPYCHble YacTuubl SARS-CoV-2 B
KrneTkax NMoveyHblX KaHanbLeB 1 NoaoumTax, YTo CBMAEeTENb-
CTBYET O MPAMON BUPYCHOW MHpeKumn, a Takke o6 ocTpom
HeKpo3e KaHanbLeB; Takke BO3MOXHbI pabgomMuonus u rno-
mepynonaTus [21]. BepoaTHO, NOBbILLEHWE YPOBHA MOYEBU-
Hbl SBMANOCH MYCKOBbIM MEXaHW3MOM, BedyLLMM K 3HOOTe-
nMnTy 1 nocneaylowemy nHdapKkTy mmokapga Ao Toro, Kak
passunace OlNH.

3akno4yeHue

WMcnonb3oBaHue Tpex metogos MO ¢ nocnegywowmm ro-
NocoBaHWEM MO3BONUIO BbISIBUTL ABa NpeaukTopa Hebnaro-
NPUATHOroO ncxoga npw nogoctpom tedeHnn COVID-19. Mol
BrepBble Nokasanu, YTo NOBbILLEHWE YPOBHS MOYEBUHBLI UME-
eT HebrnaronpusaTHoe NPOrHOCTUYECKOe 3Ha4YeHne; Npu 3ToM
NPUYNHON CMEPTU NaLNEHTOB ABUICS MHapPKT M1okapaa.

show SARS-CoV-2 viral particles in renal tubular cells and
podocytes, suggesting direct viral infection, as well as acute
tubular necrosis, rhabdomyolysis, and glomerulopathy may
also occur [21]. It is possible that elevated urea levels were
the trigger leading to endothelitis and subsequent myocardial
infarction before AKI developed.

Conclusion

The use of three ML methods with subsequent voting
allowed identifying two predictors of an unfavorable outcome
in post-acute COVID-19. We have shown for the first time
that an increase in urea levels has an unfavorable prognostic
value, while the cause of death of patients is myocardial
infarction.
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