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AHHOTAIIMUA

B BeeHue. Pazpurue HOBoM KopoHaBupycHO# nHdeknuu (COVID-19) He orpaHHYNBAETCSA IOPAXKEHIEM OPraHOB
nbixanust. HebraronpusatHbie Hexopl y marreHToB ¢ COVID-19 MOTYT ObITh CBA3aHBI € TIOPAYKEHUEM CEpP/ILia.

IT e 1 b . V3y4eHHe CTPYKTYPHBIX U3MEHEHUH MHOKAp/a U MOJIEKY/IAPHO-OHMOJIOTHUECKIX XapaKTEPUCTHK SH/IOTEIHNA
KPOBEHOCHBIX KallWJIIAPOB IpHU TsKesbIXx popmax COVID-19.

MaTtepuanas U MeTOoJB5bl . IIpoBeneH aHAIN3 CBEeJEHUH, U3JI0KEHHBIX B METUIIMHCKON JIOKYMEHTAITNHY —
KapTax CTalllOHaPHOT0 OOJIPHOTO 73 YMEPIIUX C IByXCTOPOHHEH BUPYCHOM ITOJINCeIrMEeHTapHOM THEBMOHNEN, BEI3BAHHOM
BupycoM SARS-CoV-2, a Tak»Ke JaHHBIX 43 ayTOIICUH MaIleHTOB, yMepIIuX («ocTpast KOpOHapHasA CMePTh») B IIEPUO/J €
CeHTAOPA 2020 10 UIOJIb 2021 T. BhINOTHEHA OlleHKa HEKOTOPBIX KIIMHHUKO-I1a00paTOPHBIX JaHHBIX (00BeM IOpaKeHUs
Jerkux, C-peakTUBHBIN NPOTEUH, TPONOHUH I, D-mumMep, dpakuusa BHIOpOcaA JIEBOTO KEIYIOUKA U JP.), CTPYKTYPHBIX
“3MEeHEeHUH MUOKap/Aa U MOJIEKYJIIpHO-Orosornueckux xapakrepuctuk (CD31, CD34) sHAOTEINA KPOBEHOCHBIX KaIUJI-
JIIPOB IIpH TsKeJbIX popmax COVID-19.

Pes3yunbTarbl . AHAIU3 KINHUKO-TAa00PAaTOPHBIX JAHHBIX II0KA3aJI, YTO CHUKEHHE COKPATUTEIbHON CIIOCOOHOCTH
MHUOKap/a Ipu Tskenslx popmax COVID-19 B ¢BA3U ¢ pacIpOCTPaHEHHBIM ITOpaXKeHUEM JIETKUX COIIPOBOXK/AAJIOCH ITIOBBI-
IIIeHreM ypoBH:A C-peaKTHBHOTO IIpoTenHa, D-fiiiMepa, TponoHuHA I 1 CBU/IETEIBCTBOBAIIO 00 OCTPOM IIOBPEXK/IEHUN MUO-
kapza. ITo nanubIM OKI'-KOHTPOJIA U 3XOKapAuorpaduu oTMedaau HapylleHle PernoyIApU3alui U CHIXKeHHe COKpaTH-
TeJIBHOU CIIOCOOHOCTH, UTO COIIPOBOXK/IAJIOCH CHIKEHUEM pakiuu BeIOpoca Ha 32 %. Bosee uem B 70 % ciy4aeB Ha DK
HaO0JII0/]aTN pa3JINIHble aDUTMHUYUECKHE HapylIeHus (puOpUIIsaus Npeacepaui u ap.).

IIpu cBeTOBOM MUKPOCKOIIHNH ObLIO OTMEUYeHO Hajaudue caak-peHoMeHa, a Takxke HabyxaHus, leCKBaMaluy U IPOJIH-
epanuu 3HIO0TENINA KPOBEHOCHBIX KANWUIAPOB, 00pa3oBaHUe JUAIE/Ie3HBIX U OYArOBBIX KPOBOMBJIUAHUN, MECTaMHU
KpaeBoe CTOSHUE JIEHKOIIUTOB 1 MX MUTPAIUA 32 IIPeJIesIbl COCYJUCTOTO pycia. B mpocsere cocynoB Habmonanmu ¢pubpu-
HOBBIe Macchl. [Ipu MoJIApU3anMOHHON MUKPOCKOIINHY, HApAY ¢ KOHTPAKTypaMH KapAHMOMHOIIUTOB, HabJII0/JaTH TPYTIIIBI
KJIETOK C MHOITUTOJIM3UCOM U IEPBUYHBIM IJIBIOUATHIM pacnasioM. Bo Bcex HaOIMIOAEHUAX OBLT BBIABIIEH JTUIO(YCIIMHO3
KapOMHOIUTOB. IIpy IMMYHOTHCTOXUMUYECKOM HCCJIEZJOBAHIU OTMEYAIU BHIDAKEHHOE CHIDKEHVE YPOBHS HKCIIPeC-
cuu 6eJIKOB — MapKepoB KpoBeHOCHBIX cocy/1oB CD31 (PECAM-1) u CD34.

3akxuwueHHue. [IpoBefeHHBIN KINHUKO-MOPQOJOTHYECKHI aHAIN3 NpHU TsoKeNdblx dopmax mpu COVID-19
II03BOJIMJI IIOJIyYUTh HOBBIE JJAHHBIE O AUCTPOMUUECKUX U3MEHEeHUAX MHOKap/a U CTPYKTYPBI SHIOTEJIUOLUTOB KPOBe-
HOCHBIX KaIIJIJIAPOB, KOTOPHIE MOTYT OBITh IOJIOKEHBI B OCHOBY METOZMYECKUX MOXO/IOB JIA U3YyUEHHA MeXaHU3MOB
Pa3BUTHUA CEPAEYHOHN HEZIOCTATOUHOCTH IIPYU HOBOH KOPOHABUPYCHOU MH(MEKIHU.
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ABSTRACT

Introduction. Thedevelopment of a novel coronavirus infection (COVID-19) is not limited to respiratory dam-
age. Adverse outcomes in patients with COVID-19 may be associated with cardiac damage.

Aim . Study of the structural changes in the myocardium and the molecular biological characteristics of the endothe-
lium of blood capillaries in severe forms of COVID-19.

Materials and methods. Ananalysis of the medical documentation — inpatient records of 73 deceased
with bilateral multisegmental viral pneumonia caused by the SARS-CoV-2 virus, as well as data from 43 autopsies of
patients who died (sudden coronary death) between September 2020 to July 2021, was performed. An assessment of some
clinical and laboratory data (degree of lung damage; levels of C-reactive protein, troponin I, D-dimer; left ventricular ejec-
tion fraction, etc.), structural changes in the myocardium and molecular biological characteristics (CD31, CD34) of the
endothelium of blood capillaries in severe forms of COVID-19 was carried out.

R e sults. Theanalysis of clinical and laboratory data has shown that a decrease in myocardial contractility in severe
forms of COVID-19 due to an extensive lung damage was accompanied by an increase in the level of C-reactive protein,
D-dimer, troponin I and indicated acute myocardial damage. According to electrocardiography (ECG) monitoring and
echocardiography, repolarization disorders and a decrease in myocardial contractility were noted, which was accompanied
by a decrease in ejection fraction by 32%. In more than 70% of cases, various arrhythmic disorders (atrial fibrillation, etc.)
were observed during ECG.

Light microscopy revealed the presence of sludge phenomenon, as well as swelling, desquamation and proliferation of the
endothelium of blood capillaries, formation of diapedetic and focal hemorrhages, in some places leukocyte margination
and their migration beyond vascular bed. Fibrin masses were observed in the lumen of blood vessels. Polarization micros-
copy, along with contractures in cardiomyocytes, revealed groups of cells with myocytolysis and primary granularity. In all
observations, lipofuscinosis of cardiomyocytes was detected. Immunohistochemical examination showed a marked
decrease in the expression level of CD31 (PECAM-1) and CD34 proteins — markers of blood vessels.

Conclusion. The performed clinical and morphological analysis in severe forms of COVID-19 allowed us to
obtain new data on degenerative changes in the myocardium and the structure of endothelial cells of blood capillaries,
which can be used as a basis for methodological approaches to studying the mechanisms of development of heart failure in
a novel coronavirus infection.

Keywords: COVID-19, myocardium, endothelium, morphology.
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BBEJIEHUE

Ha coBpeMeHHOM 3Tanie MyJIbTHAUCIUAILINHAD-
HOTO wu3y4YeHHs WHGEKIUOHHOTO 3aboseBaHus,
BeI3BBaHHOTO BUpycoM SARS-CoV-2, ycraHoBJIeHO,
YTO pa3BUTHE HOBOU KOPOHABUPYCHOU MHMEKITUU
(COVID-19) He oOrpaHUYMBAaeTCs IMOPAKEHUEM
opraHoB JpIxaHus [1—4]. HebGnaronpusTHbie
ucxozpl y nanueHtos ¢ COVID-19, HapsAxay c nopa-
JKeHUEM JIETKUX, MOTYT OBITh CBS3aHBI C PA3BUTHEM

INTRODUCTION

At the current stage of multidisciplinary study of
the infectious disease caused by the SARS-CoV-2
virus, it has been established that the development of
a novel coronavirus infection (COVID-19) is not lim-
ited to damage to the respiratory organs [1—4].
Adverse outcomes in patients with COVID-19, along
with lung damage, may be associated with the deve-
lopment of complications due to cardiac damage
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OCJIOKHEHUH,  OOYCJIOBJIEHHBIX  IOpaKEHUEM
cepaua [5-8]. Passutue mpu COVID-19 pasHo-
00pa3HOH KIMHUYECKOH CIMIITOMATHKH, aCCOIIHH-
POBaHHOE C CepZIeYHON HEZIOCTATOYHOCTbIO, CBA3BI-
BAIOT C TeHEePaJTU30BAHHBIM MOPAKEHUEM COCYAH-
CTOTO pycJia U Pa3BUTHEM IPOTPECCUPYIOIINX
MUKPOIUPKYJIATOPHBIX PACCTPOUCTB MHUOKap/a
[9—12]. [TosyueHMEe HOBBIX TAHHBIX O CTPYKTYPHBIX
U3MEHEHUAX  OHIOTEJTHOIIUTOB  KPOBEHOCHBIX
KaWUIAPOB MHOKAap/a MOXET OBITh IMOJIOKEHO B
OCHOBY METOJIUUECKUX IOAXOMOB i U3yUeHHUs
MeXaHU3MOB Pa3BUTHA CEPAEYHON HEOCTATOYHO-
ctu npu COVID-19.

ITEJIb NCCJIEAJOBAHUA

V3yueHue CTPYKTYPHBIX U3MEHEHHUU MHUOKap/aa
U MOJIEKYJISIPHO-OMOJIOTHYECKUX XapaKTEPUCTHUK
SHJIOTeJINSI KPOBEHOCHBIX KAIWJIIAPOB IIPU TsXKe-
Jabix popmax COVID-19.

MATEPUWAJIbI 1 METO/IbI

Ha nepBowm statie uccaenoBaHus ObLI IPOBeZEH
aHAIN3 JAHHBIX MEAUIIMHCKUX JOKYMEHTOB — KapT
CTAI[MOHAPHOTO OOJIBHOTO 73 YMEPIIUX C JBYXCTO-
POHHEN BHUPYCHOH IIOJMCErMEHTAPHON ITHEBMO-
HHeH, BpI3BaHHOU Bupycom SARS-CoV-2, B iepuoz ¢
ceHTsI6ps 2020 mo umioiab 2021 1. B I'BY3 HCO
«T'opojckas nHGEKITNOHHAA KIIMHIYeCcKas O0JIbHUIA
N@ 1» 1. HoBocubupcka. Bo Bcex HaOIIOIeHUAX HOBAst
kopoHaBupycHas uHpekua (COVID-19) y manueH-
TOB IIpOTeKaJa B TsxkesIol ¢opme. MHbUIposanue
BupycoM SARS-CoV-2 6pu10 BepubUITTPOBAHO IPU-
JKU3HEHHO C IIOMOINBIO ITOJUMEPA3HOU IeHON
peakiuu (ITIP). [TanueHTHl MOJIydas JIeYEeHUE B
IIOJTHOM COOTBETCTBUH C «BpeMeHHBIMU KJIMHUYE-
CKUMU PEKOMEHIALINSAMU 10 JIEYEHUI0 HOBOH KOPO-
HaBUpYCHOU wuHOeKIUu» (Bepcuu 9—11, HOAOPH
2020 I. — UI0JIb 2021 T.).

W3 yucna ymepuux B KJIMHUKE 56.16 % cocra-
BWJIN MYKYUHBI (41 uest.) u 43.4 % (32 uesn.) — keH-
muHbl. JIum g0 65 JeT cpeau yMmepiux ObLIo
63.2 %, crapie 65 jer — 36.8 %. Y OOJIBITUHCTBA
nanueHToB (79.45 %, 58 4esi.) uMeauch KOMOpOU/I-
Hble 3a00J1eBaHUs B CTQUN KOMIIEHCAIIMH, CPEIH
KOTOPBIX Hambojiee YacThIMU OBLIN Pa3IMIHbIE
dopmbI unemMuyeckoil 60€3HU CcepAlia, TUIIEPTO-
HU4eckast 60JIe3Hb, caXapHbIN AuabeT, pa3JTuIHON
CTeNeHU O’KUPEeHNe, KapAUOMHUOIIATHH, THeJIOHed-
put u gp. IIporpeccupyiomas TAXKeCcTh KJINHUUe-
CKHX CHUMIITOMOB KOPPEJIHPOBAJIa C YBeJHMUEHUEM
IUTOIAAY WHOUIBTPATUBHBIX U3MEHEHUH JIETKUX,
MIPeBBIIAIIIUX 70 %.

1151 mpoBenieHusT MOPGhOJIOTHYECKUX UCCIIEI0BA-
HU# 6pUTa cHOPMUPOBAHA OCHOBHAS TPYIIIIA, KOTO-

[5—8]. The development of various clinical symp-
tomatology associated with cardiac insufficiency in
COVID-19 is linked with the systemic damage to vas-
cular bed and development of progressive microcir-
culatory disorders of the myocardium [9—12].
Obtaining new data on structural changes in endo-
thelial cells of myocardial blood capillaries can form
the basis for methodological approaches to studying
the mechanisms of cardiac insufficiency develop-
ment in COVID-19.

AIM OF THE RESEARCH

Study of the structural changes in the myocar-
dium and molecular biological characteristics of
endothelium of blood capillaries in severe forms of
COVID-19.

MATERIALS AND METHODS

At the first stage of the study, the data on medical
documents — inpatient records of 73 deceased
patients with bilateral multisegmental viral pneumo-
nia caused by the SARS-CoV-2 virus between Sep-
tember 2020 and July 2021 in the Novosibirsk City
Infectious Clinical Hospital No. 1 were analyzed. In
all observations, in patients was severe novel corona-
virus infection (COVID-19). Infection with the SARS-
CoV-2 virus was confirmed intra vitam using poly-
merase chain reaction (PCR). Patients received treat-
ment in full compliance with the Temporary Clinical
Guidelines for the Treatment of a Novel Coronavirus
Infection (versions 9-11, November 2020 — July
2021).

Of those who died in the hospital, 56.16% were
men (41 patients) and 43.4% (32 patients) were
women. Among the deceased, 63.2% were under 65
years of age, and 36.8% were over 65 years of age.
Most patients (79.45%, 58 people) had well-con-
trolled comorbidities among which the most com-
mon were various forms of coronary heart disease,
hypertension, diabetes mellitus, varying degrees of
obesity, cardiomyopathy, pyelonephritis, etc. The
progressive severity of clinical symptoms correlated
with an increase in the area of infiltrative changes in
the lungs, exceeding 70%.

To perform morphological study, the main group
was formed, which consisted of 43 male and female
cadavers aged from 39 to 68 years, the average age
was 53 + 5.45 years. During autopsy myocardial frag-
ments from the anterior, lateral, posterior walls of
the left ventricle and the septum of the heart of
deceased from COVID-19 were collected. The control
group consisted of 15 deceased (sudden coronary
death), delivered by ambulance, their average age
was 47 + 4.5 years (p < 0.05). Myocardial samples
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PYIO COCTaBWIN 43 TPyIa MYKCKOTO H KEHCKOTO
IoJ1a B Bo3pacTe oT 39 Jio 68 Jier, cpeHUi BO3pacT
53 * 5.45 roja. Ha ayromcuu ocyrectBiisiics 3a60p
(¢parmMeHTOB MHOKap/a U3 006J1acTH IIepeHel, 60KO-
BOU, 33/IHEW CTEHOK JIEBOTO JKEJIyI0YKa U IEPEro-
poaxu cepaua ymepmux or COVID-19. I'pyniny koH-
TPOJISI COCTAaBWJIM 15 CKOPOIOCTHIKHO YMEPIIUX
MY>KYUH («OCTpas KOpOHapHas CMepTh»), JOCTaB-
JIEHHBIX MAIIMHOU CKOPOH IOMOIIY, UX CPeIHUU
BO3PACT COCTaBUII 47 + 4.5 Toza (p < 0.05). O6pasisl
MHOKap/ia U3 Tpex obJiacTel JIEBOTO KeJIylIoUYKa K
MIEPETOPOJKU OBbLUIM B3ATHI HA AyTOIICHU B IEPBbIE
12 Y mocjle HACTYIUIEHUsS cMepTH. Kpurepusamu
BKJIIOUEHUs B KOHTPOJIbHYIO I'PYIILy ObLIN BO3pacT
43-55 JIeT U HaJU4Yhe Ha ayTOIICUM HadyaJbHbIX
MMOpa’kKeHU! BEHEUHBIX apTEPUil aTepOCKIEPO30M B
CTa/INH JINTIOUJI03a U JIUTIOCKJIEPO3a.

[Tpu mpoBeieHNHU pabOTHI C TPYIHBIM MaTepHa-
JIoM cobJTiofaich TpeOOBAHUA U YCJIOBHSA B COOT-
BETCTBUM C 3aKoHojaTeJbcTBoM P® u XenbCHUHK-
CKOU Jiek1apanueil BceMupHOU MeTUITMHCKOH acco-
nuaruu. VccnemoBanue onobpeno Kommurerom mmo
sTuke HOBOCHOMPCKOTO TOCYZJapCTBEHHOTO MeEIH-
IIMHCKOTO yHUBepcuTera (mpoTokonm NO 138 ot
21.10.2021).

J1J151 CBETOBOY Y MOJISIPU3AIMOHHON MUKPOCKO-
nuu ¢pparMeHTsl GUKCUPOBAIHN B 10% 3a0ydepeH-
HOM (opMayimHe, MOCJIe Yero IPOBOAUJIM CTaH-
JIapTHYI0O IPOBOAKY MaTepHasa B THUCTOIPOIec-
cope C MOCJIeYIONIUM 3aKIloueHreM B mapaduH.
Ha poTanmuoHHOM MHUKPOTOME W3TOTABIUBAJIH
Cpe3bl TOJIIUHON 0KO0JIO 5 MKM, KOTOPbIe OKpaIlu-
BaJIM TEMATOKCUJIMHOM U 303UHOM. [Ipu momornu
KOMITbIOTEPHOU TporpaMmmbl Leica QWin (Leica,
T'epMmaHus) HA CBETOBOM YPOBHE OLIEHUBAJIH I1ATO-
MopdosoTHYeCKe W3MEHEeHUsI B CePJAEeYHOM
MBIIIIE TPU YBEJIUYEHUH MHUKPOCKOIA X100,
X200, x400. /lasd omnpenesieHUs ajlbTePATUBHBIX
M3MeHeHU#H Obljla BBHIMIOJIHEHA MUKPOCKOIHUS B
MOJIIPU30BAaHHOM CBeTe Ha MUKpockoIe Leica DM
4000B (Leica, 'epmanus), KOTOPbIH OBLI OCHA-
IeH aHaJIW3aTOpOM | TOoJApusatopom. s
CEJIEKTUBHOTO BBIABJIEHUsA (puOpUHA CpPE3BI MHUO-
KapZla OKpAaIIWBaJX [0 MeTOAUKe OPaHKEBBIH-
kpacHbii-rosyooi [1.J]. 3epbuno [13].

s ummyHorucroxuMmudeckoro (MI'X) ueenemo-
BaHUA Napa@UHOBBIE CPe3bl TOJIIUHOU 4—5 MKM
nmenapadUHU3NPOBAIM B KCHJIOJE U 3THIOBOM
CIUPTE, MPOU3BOAIIN JEMACKUPOBKY AHTUTEHOB
TKaHel B nuTpaTHOM Oydepe. NI'X-okpammuBaHue
BBITIOJTHSJIM COTJIACHO PEKOMEH/IAIUAM, U3JI0KEeH-
HBIM B PYKOBOZICTBAX 10 UMMYHOTHCTOXUMUYECKUM
HCC/IeIOBAHUAM M HHCTPYKIHMAM (GUPM-IPOU3BO-
nurenedi. Vcmosb3oBaniu aHTUTeNa: monoclonal

from three regions of the left ventricle and septum
were taken during autopsy in the first 12 hours after
death. The inclusion criteria for the control group
were: age 43—55 years and the presence of initial ath-
erosclerotic lesions of the coronary arteries in the
form of lipoidosis and liposclerosis on autopsy.

When working with autopsied specimens, the
requirements and conditions of the legislation of the
Russian Federation and the Declaration of Helsinki
of the World Medical Association were observed. The
study was approved by the Ethics Committee of the
Novosibirsk State Medical University (protocol
No. 138 dated 21.10.2021).

For light and polarization microscopy, the sam-
ples were fixed in 10% buffered formalin, following
that standard processing in a histoprocessor with
subsequent embedding in paraffin was conducted.
Sections of 5 um thickness were made on a rotary
microtome and stained with hematoxylin and eosin.
Using the Leica QWin computer program (Leica,
Germany), pathomorphological changes in the heart
muscle were assessed by light microscopy at magni-
fication x100, X200, x400. To determine alterative
changes, polarized light microscopy was applied
using a Leica DM 4000B microscope (Leica, Ger-
many), equipped with an analyzer and a polarizer.
For selective detection of fibrin, myocardial sections
were stained using Martius, scarlet, blue (MSB)
method according to D.D. Zerbino [13].

For immunohistochemical (IHC) study, 4—5 um
paraffin sections were deparaffinized in xylene and
ethyl alcohol, and tissue antigen retrieval was per-
formed in citrate buffer. IHC staining was performed
according to the recommendations of immunohisto-
chemical study guidelines and the manufacturers’
manuals. The following antibodies were used: mono-
clonal mouse antibody CD31 endothelial cell (clone
JC70, Cell Marque, USA), monoclonal mouse anti-
body CD34 endothelial cell (clone QBEnd/10, Cell
Marque, USA). CD31 and CD34 expression was
assessed quantitatively by counting the volume den-
sity of positively stained vascular cells at magnifica-
tion x400 using an open test system in 15 fields of
view of each preparation. Morphometric assessment
was performed using the ImageJ program (Wayne
Rasband, USA).

Statistical processing was carried out using
licensed Microsoft Office Excel 2010 software
(Microsoft, USA) and STATISTICA v. 6 (StatSoft
Inc., USA). The results in tables and diagrams for
quantitative values of structural and immunohisto-
chemical parameters are presented as the arithmetic
mean (M) and standard deviation (SD), for qualita-
tive parameters — as values and percentages. The fig-
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mouse antibody CD31 endothelial cell (xson JC70,
Cell Marque, CIIIA), monoclonal mouse antibody
CD34 endothelial cell (k105 QBEnd/10, Cell Marque,
CIIA). 9kcrpeccuro CD31 1 CD34 o1ieHuBaIN KOJIU-
YeCTBEHHO IIyTeM IIOJICYeTa OO'beMHOU IIOTHOCTHU
IIO3UTUBHBIX KJIETOK COCYZIOB IIpU YBeJIUUYEeHUU
X400 € HCHOJb30BAaHUEM OTKDBITOU TeCTOBOH
CUCTEeMBI B 15 IOJIAX 3PEHUS KaXKJIOTO IIpelapara.
Mopdomerprueckas oreHKa MPOBOIMIIACH C TIOMO-
b0 KOMITbIOTEPHOH mporpammbl ImageJ (Wayne
Rasband, CIITA).

Cratuctuyeckas o6paboTka ObLIa IPOBE/IEHA C
HCIIOJIb30BAHUEM JIMIIEH3UPOBAHHOTO TTAKETa IIPO-
rpamm Microsoft Office Excel 2010 (Microsoft,
CHIA) u STATISTICA v. 6 (StatSoft Inc., CIIIA).
PesysipTaTh B TAOMHUIAX U AHATPAMMax IS KOJIHU-
YeCTBEHHBIX BEJIMYUH CTPYKTYPHBIX U UMMYHOTH-
CTOXMMMUYECKUX I[IOKazaTeJeldl IIpeiCcTaBIeHbl B
BHUJIe cpefHel apudmeTnueckod BeaunduHbl (M) u
CTaH/APTHOTO OTKJIOHeHus (SD), 1A KavyecTBEH-
HBIX BE&JIMYUH — KaK 3HAUEHUS U MPOIeHTHI. [Toka-
3aTeJIl UCCJIeIOBAHUSA MPOBEPAINCh HA HOPMAaJIb-
HOCTH pacupezie/IeHus1 ¢ TOMOIIbI0 Kpurepus Ko-
MoropoBa — CMUpHOBa. MeXTPyNIIOBbIE PAZTHIUA
olleHUBaM, ucnoyab3ysa U-kputepuii Manua -
YUTHH, TpHU YPOBHE [OCTOBEPHOH BepOATHOCTU
95 % (p < 0.05).

PE3YJIBTATDBI 1 OBCYXKJIAEHHNE

[Tpu olleHKe TAaHHBIX KAPT CTAIIMOHAPHOTO 6OJIb-
HOT0 Y IaliueHToB ¢ TskesbiMu popmamu COVID-19
OTMeYaTH OOIIMPHOE MOpajKeHUe JIETKUX, MPEBbI-
arlnee BO BceX HAOIIOJEHUAX 70 % CyMMapHOU
IUIOIIA/IN OPTAaHOB. Y BCeX MAI[UEHTOB OBLIO CTAaTHU-
CTHYECKU B3HauuMoe IOBbIIeHne C-peakKTHBHOTO
[IPOTENHA, MTOKa3aTesb KOTOPOTO Bo3pacTay Gosee
yeM B 100 pa3 OTHOCHUTEJIBHO pedepeHCHBIX 3Haue-
Huii (tabn. 1). Ilo Mepe mporpeccupoBaHUs
COVID-19 ¢ TOBTOPHBIMHU ITUTOKUHOBBIMU aTaKaMU
BO3pacTajl B HECKOJIBKO pa3 D-aumep, kak uHpOP-
MaTUBHBI KPHUTEPUU ITOBPEXKJIEHUS DH/IOTENUA Y
MAIMEeHTOB C TXKeJAbIMU (OpMaMU HOBOU KOPOHA-
BUpYCHOU nHeKnu. BplyI0 0TMeUeHO Bo3pacTaHue
Oosiee yeM B 3 pasa TPONOHHWHA I, YTO CBUETEH-
CTBOBJIO OO0 OCTPOM IIOBDEXJIEHUH MHUOKap/a.
NudopMaTUBHBIM IOKa3aTesJeM CHUKEHUs COKpa-
TUTEJLHON CIIOCOOHOCTH MHOKap/Aa JIEBOTO JKEJy-
JIOUKa SABWJINCH JIaHHBIE 3XOKapAuOrpaduvecKoro
HCCIeIOBaHUsA, TP KOTOPOM OTMeUasid CHUKeHHe
¢pakiuu BeIOpOCA JIEBOTO KeayAouka Ha 32 %. [To
naHHbiM  JKI'-KOHTposA (YHKIIMOHAJIIBHOU Jiesi-
TEJIbHOCTU CepJlla yV BCeX IAaIMeHTOB OTMedasIu
HapylIleHue penoaspusanuu. bosee yem B 70 % ciy-

ures obtained were checked for normal distribution
using the Kolmogorov-Smirnov test. Differences
between groups were assessed using the Mann-
Whitney U-test at a 95% confidence level (p < 0.05).

RESULTS AND DISCUSSION

When evaluating the inpatient records of individ-
uals with severe COVID-19, extensive lung damage
was noted, exceeding 70% of the total organ area in
all cases. All patients had a statistically significant
increase in the C-reactive protein level which was
higher more than 100 times relative to the reference
values (Table 1). As COVID-19 progressed with
repeated cytokine storms, D-dimer increased several
times as an informative criterion for endothelial
damage in patients with severe COVID-19. An
increase in troponin I by more than 3 times was reg-
istered, which indicated acute myocardial damage.
An informative marker of a decrease in left ventricu-
lar myocardial contractility were echocardiographic
(ECQG) findings, namely a decrease in left ventricular
ejection fraction by 32%. According to the ECG mon-
itoring data, all patients showed impaired repolar-
ization. In more than 70% of cases, various arrhyth-
mic disorders were observed on the ECG, among
which atrial fibrillation was predominant. In every
third case, persistent resistant arterial hypotension
was observed with average blood pressure values less
than 50 mm Hg, despite the use of vasopressors,
which was associated with a decrease in myocardial
contractility and peripheral vascular resistance.

Light microscopy has revealed that the develop-
ment of severe COVID-19 in patients with fatal out-
come was accompanied by acute impairement of
blood circulation. Paresis and congestion of veins,
spasm of intramural coronary arteries with vertical
extension of endothelial cells into the vessel lumen,
stasis of erythrocytes, in some places, with a phe-
nomenon of sludge (Fig. 1, A, B), were observed.
Endothelial cells of blood capillaries were extremely
swollen (Fig. 1, C). The presence of diapedetic and
focal hemorrhages was noted, formation of which
was associated with impaired vascular permeability.
Leukostasis in the lumen of vessels, occasionally leu-
kocyte margination and their migration outside the
vascular bed were found. The appearance of fibrin
masses in the lumen of vessels was observed, which
was due to the process of intravascular thrombus
formation. Fibrin clots were stained in various
colors — Martius yellow, scarlet, blue and their
shades, which made it possible to judge the age of
thrombi formation [13].

The described pathohistological changes were
accompanied by myocardial ischemia (Fig. 1, D) and
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Ta6smua 1. XapakTepucTrHKa KJIMHUKO-GYHKIIMOHA/IbHBIX U J1a60PaTOPHbIX T0OKa3aTeJsel y NalueHTOB C TsKes0H GopMoi

COVID-19

Table 1. Clinical, functional and laboratory parameters in patients with severe COVID-19

IlokasaTesnb HopmaJsibHble 3Ha4YeHus TaxxeJibie popmel COVID-19
Parameter Reference values Severe COVID-19
C-peaKTHBHBIN POTEUH (Mr/J) 0-5 137.03*

C-reactive protein (mg/1)

TpononuH I (Hr/mu) / Troponin I (ng/ml) 0-1 3.7*

D-pumep (ur/mi) / D-dimer (ng/ml) 250 420*

[Topaxxenue serkux (%) / Lung damage area (%) - 73.1*

Opaknus BeiGpoca JieBoTo xenynouka (%) 55-70 43.5*

Left ventricular ejection fraction (%)

*p < 0.05 npu cpaBHEHUH C HOPMaJIbHBIMHU 3HAYEHUMHU.
p < 0.05 in comparison with the reference values.

yaeB Ha JKI' Habiroasim pas3jnmdHble apUTMUYe-
CKYe HapyIIeHUs, CPeJld KOTOPHIX MPEBAIMPOBAJIA
bubpwuisanusa npeacepAuil. B KaKIOM TpeTheM
crydae HAOJIONATU CTOUKYIO PE3WCTEHTHYIO apTe-
PHAJIBHYIO TUIIOTOHUIO, IIPU KOTOPOH CpeHUE IOKa-
3atesu Al 6bLTM MeHee 50 MM PT. CT., HECMOTPsI Ha
HCIIOJIb30BAHIE BA30IPECCOPHBIX IIPENApaTOB, UTO
OBLIO CBA3AHO CO CHIDKEHUEM COKPATUTEIBHOU CITO-
COOHOCTH MHOKap/Aa U nepudepuieckoro CoCyau-
CTOTO COIIPOTHBJIEHUS.

[Ipu cBETOBOW MHUKPOCKOIUH OBLJIO OTMEYEHO,
YTO pa3BUTHE TKEIBIX (OPM HOBOM KOPOHABHUPYC-
Hou uHpekuu (COVID-19) y maiueHToB ¢ JIeTaTb-
HBIM HCXOJIOM COIIPOBOJK/IAJIOCH OCTPBIMH HapyIIle-
HUSIMH KpoBooOpainenus. HabGioganu mape3 u
IIOJTHOKPOBHE BEH, CIIa3M HHTPaMypaJIbHBIX apTe-
pUli C BEPTUKAIBHBIM BBITATHBAHUEM HH/IOTEJIHO-
IIUTOB B IIPOCBET COCYZa, CTa3bl 3HPUTPOIIUTOB,
MecTaMu c SABJICHUEM cnak-peHomeHa
(puc. 1, A, B). dHmoTennaabHbIE KJIETKA KPOBEHOC-
HBIX KAOWUIAPOB OBUIM PpPe3Ko HAaOYXIIUMH
(puc. 1, C). OTMeyanu HAIMYHE JUanee3HbIX U OUa-
TOBBIX KPOBOUBJIMAHUM, OOpasoBaHHE KOTOPBIX
OBLIIO CBSA3aHO C HAPYIIIEHHEM IIPOHUIIAEMOCTH COCY-
JIUCTOH CTeHKH. B mpocsete cocyoB ObLIH 0OHAPY-
JKEHBI JIEHKOCTa3bl, MECTAMU KpPaeBoOe CTOSTHUE JIEH-
KOILIUTOB M MX MUTpPAIUs 3a MPeAeJibl COCYAUCTOTO
pycia. Habmomanm mosiBieHne B IPOCBETE COCY/IOB
(puOPHUHOBBIX Macc, YTO OBLIIO 0OYCIIOBJIEHO TTPOIIEC-
COM  BHYTPHUCOCYAHCTOTO  TpoMO6006pa3oBaHMUI.
®ubpuHOBBIE TPOMOBI OBLIN OKpAIIEHbI B Pa3INd-
HbIE [IBETA — OPAHKEBBIN, KPACHBIHN, (DHOJIETOBBIA U
WX OTTEHKH, UTO IIO3BOJISJIO CYAUTH O JABHOCTH
obpaszoBaHus TpomM60B [13].

OmnncaHHbIE TATOTHCTOJIOTHYECKHE H3MEHEHUs
COTIPOBOXKJIAJINCh ~ WINIEMHEH  MBIIIIBI  CepAla
(puc. 1, D) u ob6pa3oBaHMEM OCTPBIX OUYATOBBIX
MOBPEK/IEHUI MUOKap/ia, BBIABJIAEMbBIX IIPH IOJIS-

the formation of acute focal myocardial damage
detected by polarization microscopy. In patients who
died from severe COVID-19, multiple segmental car-
diomyocyte contractures, as well as contractures of
grades I, II and III, were recorded in the myocar-
dium. At least 2—3 contractures in one field of view
were observed, which were most often detected in
the subendocardial layers of the myocardium of the
left ventricle. Along with contractures, single cardio-
myocytes or small groups of cells with myocytolysis
or primary granulation were visible. In addition,
lipofuscinosis in the form of small lipid inclusions in
individual groups of cardiomyocytes was detected.
Lipofuscinosis, as well as all the abovementioned
pathomorphological changes, were present in all
cases of COVID-19 and were associated with degen-
erative changes of the myocardium.

The revealed features of endothelial damage in
COVID-19 correlated with the data of IHC which was
carried out to determine the expression level of the
blood vessel markers — CD31 (PECAM-1) and CD34
proteins. Endothelial cells of myocardial blood vessel
in severe COVID-19 were characterized by a pro-
nounced decrease in the level of the blood vessel
markers expression — CD31 (PECAM-1) and CD34
proteins (Table 2).

The results obtained are consistent with the lit-
erature data that the inflammatory response in
COVID-19 is an important factor in the development
of severe microcirculatory disorders, accompanied
by endothelial cell alteration, endothelial-mesenchy-
mal transition, endothelial dysfunction and endothe-
lial destruction, with the presence of detectable cir-
culating endothelial cells [13—15].

Thus, the analysis of clinical and laboratory data
showed that a decrease in myocardial contractility in
severe forms of COVID-19 is associated with an
increase in the level of C-reactive protein, D-dimer,
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Puc. 1. Mopdonorus muokapza y nanyeHtToB ¢ COVID-19: A — arperarus, cja/KUpoBaHUe 3pUTPOIUTOB B KaTWJLIAPaX,
OTeK CTPOMBI MHOKap/a. YBeandenue (yB.) x200. OKpacka reMaTOKCHJIMHOM H D03UHOM; B — SH/IOTETHOIUTHI CIIa3MUPO-
BaHHOU apTePUH B BUJ/I€ YACTOKOJIA, OTEK CTEHKHU COCY/A, IECKBAMAIIHS SH/IOTEIHS], METAXPOMA3HsI U IPOZOJIBHOE paciiie-

IJIEHNE KapAMOMHUOIINTOB, OTEK CTPOMBL. YB. x100. OKpacka reMaTOKCHIIMHOM U 503MHOM; C — OTEK CTEHKHU apTePHH,

HaOyxaH¥e SHIOTEJIHS, SH/[OTEJIUOIUTHI B BU/IE YaCTOKOJIA, B IIPOCBETE — KJIETKU 0eJI0i KpoBH, GHUOPUHOBBIE MACCHI.
VB. x400. OKpacka reMaTOKCIJIMHOM U 303UHOM; D — KOHTpakTyps! 111 creneHy U IIbI0YaTHIA pacia/l KapAHOMUOIIUTOB.
VB. x200. ITosApu3anoHHas MUKPOCKOIIHA
Fig. 1. Myocardial morphology in patients with COVID-19: A — aggregation, sludge formation of erythrocytes in
capillaries, edema of the myocardial stroma. Magnification x200. Hematoxylin and eosin staining; B — endothelial cells
of the stenotic artery in the form of a picket fence, edema of the vessel wall, endothelial desquamation, metachromasia
and longitudinal splitting of cardiomyocytes, stromal edema. Magnification x100. Hematoxylin and eosin staining;
C — edema of the artery wall, swelling of the endothelium, endothelial cells in the form of a picket fence,
in the lumen — white blood cells, fibrin masses. Magnification x400. Hematoxylin and eosin staining;
D — grade III contractures and granularity of cardiomyocytes. Magnification x200. Polarization microscopy

pHSaHHOHHOﬁ MHKPOCKOIINH. vy MannueHToB, YMEpP-
mux oT TsKeIsx hopm COVID-19, 66110 OTMEUEHO
Ha/in4yre B MHUOKap/ie MHOKECTBEHHbIX CErMeHTap-
HBIX KOHTPAKTYP KapAHUOMHUOIUTOB, a TAKXE€ KOH-
tpaktyp I, II u III crenenn. Habioganu He MeHee
2—3 KOHTPAaKTyp B OJHOM II0JIe 3peHUs, KOTOpble
yamie BbIABJIAJIN B Cy63HI[OKap[[I/IaIIbeIX CJIOAX
MHOKap/ia JIeBOTO »Kejymouka cepaua. Hapsany c
KOHTpaKTypaM#, IIPOCMAaTPpUBAJINChE €IUHUYHBIE
KapAuOMUOIUTHI UJIN HeOOoJIbIINE TPYIIIbI KJIETOK C
MHOIDHUTOJIU3NCOM HWJIN IIE€EPBUYHBIM IJIBIOYaTHIM
pacmagoMm. Kpome Toro, 661 BBISBJIEH JTUITODYCITH-
HO3 B BUJI€ MEJIKHUX XXUPOBbBIX BKJIIOUEHUH B OTAEJIb-

troponin I, which indicated acute myocardial dam-
age. An informative indicator of the decrease in con-
tractility of the left ventricular myocardium were the
echocardiography and ECG monitoring data.

In addition, in severe forms of COVID-19, struc-
tural changes in the myocardium were characterized
by acute circulatory disorders, focal hemorrhages,
edema, desquamation and proliferation of the endo-
thelium of blood vessels, as well as the formation of
acute focal myocardial damage and lipofuscinosis of
cardiomyocytes, which is associated with endothelial
dysfunction and is accompanied by a decrease in the
left ventricular myocardial contractility. In severe

Journal homepage: http://jsms.ngmu.ru

97



Casuenko C.B. u dp. / Journal of Siberian Medical Sciences T. 8, N? 3 (2024)

Ta6una 2. UMMyHOTMCTOXMMUYECKOe UCCie[JoBaHue: 06beMHast 10THOCTS (VV, %) CD31 u CD34 KpoBEHOCHBIX COCY/I0B
MUOKap/a y nanueHToB ¢ COVID-19 u B rpymne koHTposs (M £ SD)
Table 2. Immunohistochemical study: volume density (Vv, %) of CD31 and CD34 in myocardial blood vessels in patients with

COVID-19 and in the control group (M * SD)

IlokasaTesib / Parameter

KonTposbHas rpynna / Control group

OcHoBHas rpynna / Main group

CD31
CD34

411+1.59
6.12+1.78

1.69 £ 1.33*
2.35+2.00*

*p < 0.0005 npu cpaBHEHUH C KOHTPOJbHON TPYIIION.
p <0.0005 in comparison with the control group.

HBIX Tpynmax KapAuoMuonurtos. JlumnodycnuHos,
TaK JKe KaK U BCce BhIIIIeyKa3aHHble MTaTOMOP(OI0TH-
JecKre W3MeHeHUs, ObUI IIPeJCTaBIEH BO BCeX
nabsogenusx COVID-19 u 66171 cBA3aH ¢ 1UcTpodu-
YeCKHMU U3MEeHEHUAMHU MUOKap/a.

BrraBiieHHBIE 0COOEHHOCTH MTOPAYKEHUS DHJIOTE-
gua npu COVID-19 koppesupoBaiu ¢ JaHHBIMU,
MoJlydeHHBIMU IIpu npoBefieHun UI'X-mccermenoa-
HHA, KOTOpOE IIPOBOJIUJIOCH C IIeJIBI0 OIIpejiesIeHus
VPOBHS 3KCIIPeCcCUU OEJTKOB — MapKepPOB KPOBEHOC-
HbIX cocysioB CD31 (PECAM-1) u CD34. QHm0TENO-
IUTHl KPOBEHOCHBIX COCYZI0OB MHUOKap/ia IpU TsKe-
som teueHnu COVID-19 XxapakTepu30BaINCh BbIpa-
JKEHHBIM CHIDKEHHEM YPOBHs OJKCIIpeccuu Oei-
KOB — MapKepoB KpOBEHOCHBIX cocyZoB CD31
(PECAM-1) u CD34 (tab6u. 2).

[TonmyueHHBbIEe pe3yIbTAThl COIVIACYIOTCA C JIaH-
HBIMU JIUTEPATypbl O TOM, YTO BOCHaJIUTeJIbHAasA
peakiusa ipu COVID-19 siBiseTcs BaXKHBIM (PakTo-
pOM pa3BUTHA BBIPAKEHHBIX MHKPOLUPKYJIATOP-
HBIX PACCTPOMCTB, COMPOBOXKIAIOUIUXCA aJbTepa-
nued 3HOTeIHOIUTOB, H/I0TENTHATBHO-ME3eHXHU-
MaJIbHBIM IEPEXO/IOM, SH/IOTETUATBLHON AUCPYHK-
UeN U SH0TETHAJIBHOU JIECTPYKIIUEH, C HATUIUEM
BBISIBJIAEMBIX ITUPKYJIUPYIOIIUX SHIOTETHATBHBIX
KJIETOK [13—15].

Takum o6pa3oM, aHamu3 KIWHUKO-JIabopa-
TOPHBIX JJAHHBIX II0OKA3aJI, UYTO CHUKEHHNE COKPATH-
TEJIbHOW CIOCOOHOCTH MHOKAapZla TPU TSKEJIbIX
¢popmax COVID-19 cBA3aHO ¢ IOBBIIIIEHNEM YPOBHA
C-peakTuBHOTO mpoTenHa, D-aumepa, TpoImo-
HUHA [, YTO CBUIETETHCTBOBAIIO 00 OCTPOM IOBPEXK-
JleHUu Muokapza. VlHdopMaTUBHBIM IIOKa3aTeseM
CHUKEHHS COKPATUTEJIbHOH CHOCOOHOCTH MUO-
Kapjia JIEBOTO >KeJyJlouKa ABUJINCH JAaHHBIE 3XO0-
kapauorpaduyeckoro wucciaengoBanusas u  IKI-
KOHTPOJIA.

Kpowme Toro, npu Taxensix popmax COVID-19
CTPYKTYPHBIE U3MeHeHUs MHUOKap/a XapaKTepu-
30BaJINCh OCTPBIMU paccTpoiicTBaMu KpoBoobpa-
I[eHHUs, OUarOBBIMU KPOBOUBJIUAHUAMU, OTEKOM,
JleckBaManued u upoJsudepanued SHAOTETUs
KPOBEHOCHBIX COCYZIOB, Takke 0Opa3oBaHUEM

forms of COVID-19, changes in the molecular char-
acteristics of the endothelium of myocardial blood
capillaries — a decrease in the expression of CD31 (by
2.4 times, p < 0.0005) and CD34 (by 2.6 times,
P < 0.0005), which reflects the developing impair-
ments in the intercellular interaction of endothelial
cells and is associated with progressive endothelial
dysfunction in a novel coronavirus infection.

CONCLUSION

The obtained data on degenerative changes in the
myocardium and the structure of endothelial cells of
blood capillaries are a morphological substantiation
for cardiac symptomatology in severe forms of
COVID-19 and can be used as a basis for method-
ological approaches to studying mechanisms of
development of heart failure in a novel coronavirus
infection.
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OCTPBIX OYATOBBIX NOBPEXJAEHUN MHOKapaa H
JTUIO(PYCIUHO30M KapAUOMHOIIUTOB, UTO CBf-
3aHO C HH/AOTEJINAJIBHOU TUCHYHKIIMEN U COTPO-
BO/Ia€TCSI CHUJKEHUEM COKPATUTEIbHOU CIOCO0-
HOCTH MBIIIIIBI JIEBOTO KeJaymodka cepana. Ilpu
Tskenbix popmax COVID-19 ObLIM BBIABIIEHBI
U3MEHEHUS  MOJIEKYJISIDHBIX  XapaKTEPHUCTHK
SH/I0TEINA KPOBEHOCHBIX KalUJIJIIPOB MUOKap/ia
B BHUJl€ CHHKEHUs 3Kcmpeccuu mMapkepoB CD31
(B 2.4 pasa, p < 0.0005) u CD34 (B 2.6 pa3sa,
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P < 0.0005), 4YTO OTpa)kaeT pa3BUBAIOI[HECH
HapyIIeHUs MEXKJIETOUHOI'0 B3aUMOJEHCTBUA
SH/IOTEJIUOIIUTOB U CBA3AHO C IIPOTpeccupylomiei
IPpY HOBOM KOPDOHABUPYCHOW HHOEKIUHU Juc-
(GYHKIUYU DH/IOTETUS.
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[TonyyeHnHsle JaHHBIE O AUCTPODUUECKUX U3MeE-
HEHHUSAX MUOKApJla M CTPYKTYPBI SHAOTEJINOIUTOB
KPOBEHOCHBIX KANUJIIAPOB ABJISIOTCS MOPQOIOTH-
YyeCcKMM OOOCHOBaHUEM KapAHAJIbHOM CHMIITOMA-
TUKU IIpu Tsaxkesnblx popmax COVID-19 u moryr
OBITH ITOJIOKEHBI B OCHOBY METOITUYECKHX IIO/IX0/I0B
JUISl U3Y4YeHUS MeXaHU3MOB Da3BUTHA CePAEYHON
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