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The aim of the work — to conduct clinical and pathomorphological analysis of deaths from COVID-19 in 2020.

Materials and methods. We analyzed 41 case histories and results of pathological-anatomical examination of patients who
were died of COVID-19 during 2020.

Results. The lethal outcome of COVID-19 disease was recorded at day 22 (16; 27) of the disease. Among the dead, there
is a high percentage of men (73.2 %), early old age and middle old age patients (75.6 %) with comorbid pathology (92.7 %).
Early lung damage with COVID-19 in the deceased was determined by pronounced interstitial and interstitial-alveolar edema,
the presence of erythrocyte stasis in the pulmonary microvessels, blood clots and hypoperfusion leukocyte stasis, as well as
the presence of erythrocytes in the alveoli. Bilateral polysegmental subtotal viral pneumonia in 90.2 % of dead patients was
characterized by significant edema and thickening of the alveolar walls with their moderate infiltration by lymphocytes, focal
peribronchial and perivascular inflammatory polymorphonuclear infiltration, multiple and small exfoliated alveolar epithelium
(87.8 %), as well as metaplasia of a few alveolocytes preserved on the luminal surface of the alveoli (82.9 %). Every tenth
person who died of COVID-19 had signs of secondary bacterial microflora. In 85.4 % of patients who died on day 22-27 of
the disease focal or sublobar pneumofibrosis was diagnosed. In those who died due to COVID-19, multiorgan failure was
characterized by focal necrosis of the renal tubular epithelium (73.2 %), focal lymphocytic-leukocyte infiltration (12.2 %) and
renal microvascular thrombosis (17.1 %), focal centro-lobular necrosis (90.2 %) and focal lymphocytic-leukocyte infiltration of
lobes (7.3 %) of the liver. Thrombotic complications were confirmed in 22.0 % of deceased patients: ischemic cerebral infarction,
transmural myocardial infarction, pulmonary embolism, deep vein thrombosis of the lower extremities under the pathology.
These thrombotic complications were not diagnosed during life in all patients. The majority of deaths due to COVID-19 had
morphological signs of chronic cardiovascular pathology. Ischemic heart disease and hypertension during the life of patients
were not diagnosed in all cases.

Conclusions. Early lung damage in COVID-19 in the deceased was determined by pronounced interstitial-alveolar edema,
blood clots and leukocyte stasis in microvessels, less often — the presence of “hyaline membranes”. In 90.2 % of the dead
patients bilateral polysegmental subtotal pneumonia with edema and lymphocytic infiltration of the pulmonary interstitium,
inflammatory peribronchial and perivascular focal polymorphonuclear infiltrates, foci of atelectasis and dyscryphaseses was
found. In 9.7 % of patients bilateral subtotal viral-bacterial fibrinous-purulent bronchopneumonia developed. In those who died
on the 22M-27" day of the disease focal pneumofibrosis was determined. Pathomorphologically, thrombotic complications,
which were not diagnosed in all patients during their lifetime, were confirmed in 22.0 % of deceased patients. Most deaths
from COVID-19 had morphological signs of chronic cardiovascular disease.

KniHiko-naTomopdonoriuHKit aHani3 AeTaAbHUX BUNaaKiB BHacAip0K COVID-19 y 2020 poui

0. B. PabokoHb, A. M. TymaHcbka, B. B. Yepkacbkui, H0. H0. Pab6okoHb

MeTa po60oTu — 34iNCHATK KNiHIKO-NaToMOPHONOrivHWIA aHani3 neTanbHUX BUNaaKis Big kopoHasipycHoi xBopobu (COVID-19)
y 2020 poui.

Marepianu Ta meToaum. Mpoaxanizysanu 41 icTopito xBopobu Ta pesynsTaTii NaTooroaHaToMiHHOrO AOCTIMKEHHS NaLieHTIB,
ki nomepnu BHacnigok COVID-19 npotsrom 2020 poky.

Pesyneratu. JletanbHuii Hacnigok Big COVID-19 3adikcoBanuii Ha 22 (16; 27) 0oy 3axBOpHOBaHHS i3 nepeBaxaHHsIM cepeq,
nomepnux Yonosikis (73,2 %), NaLieHTiB NOXWUIOro Ta ctapeyoro Biky (75,6 %) i3 HasBHicTio koMopbigHoi natonorii (92,7 %).
PaHHe ypaxeHHsi nereHb npu COVID-19 y nomepnnx BU3Hayanm sik BUPasHUiM iHTEPCTULIAHUIA Ta IHTEPCTULIHO-anbBEONSIPHNIA
HaOPsIK, HAsIBHICTb Y NErEHEBUX MIKPOCYOAMHAX CTady epUTPOLMTIB, MIKPO3ryCTKiB KPOBI Ta rinonepdy3inHux NenkoLumuTapHux
CTa3iB, a TaKOX HAsIBHICTb B arlbBEONAX EpUTPOLIUTIB, piaLLe — «rianiHoBWMX MeMbpaHy. [1Bo6iyHa nonicermeHTapHa cyb6ToTansHa
BipycHa nHeBMOHis B 90,2 % noMepnnx XBOpUX BASIBAANACS Sk CyTTEBUIA HAOPSIK | NOTOBLLEHHS CTIHOK anbBeor i3 MOMipHO0
iH(bineTpaLjeto niMcoLyTamm, BOTHULLEBOK NEpUBPOHXianbHO Ta NepUBACKYNSPHOIO 3ananbHOK NONIMOPGHOKIITUHHOW
iHDINbTPaLi€eto, MHOXUHHAMM APIOGHAMU BOTHULLLAMI aTENEeKTasiB i ANCNeKTasiB, HAsBHICTIO B anbBeornax CkynyeHb epuTpo-
umTiB, remocuaepodaris i Makpodaris, 3nyLLeHOro anbaeonspHoro enitenito (87,8 %), a Takox meTannasii HeYnCneHHUX
anbBeOnounTiB, WO 36epernmcs Ha NMioMiHanbHil noBepxHi anseeon (82,9 %).

Y koxHoro aecsitoro nomepnoro Big COVID-19 3adbikcyBanu 03Haku NpueaHaHHs BTOPUHHOT BakTepiansHoi Mikpodriopu. Y
85,4 % nomepnux Ha 22—27 0oy XBopobu BCTAHOBWIN BENMKOBOrHWLLEBWIA abo cybnobapHuii nHeBModiopo3. Y noMepnnx
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yHacnigok COVID-19 noniopraHHa HefoOCTaTHICTb XxapakTepu3yBanacs BOrHULLEBUM HEKPO3OM eniTenito kaHanbLiB HUPOK
(73,2 %), BorHuLLEBO NiMGOLMTApHO-NERKOLMTapHO iHdinbTpauieto (12,2 %), Tpom6o3oM MikpocyamH (17,1 %) HUPOK,
BOTHULLEBUMU LieHTponobynspHumm Hekpodamm (90,2 %) Ta BOrHWLLEBOK MiMAOLIMTapHO-NENKOLMTApHOI iHdinbTpaLieio
yacTok (7,3 %) neviHk1. TPOMBOTWYHI ycKnaaHEHHS NaTOMOPCONOrivHO NiATBEpMmKeEHi Y 22,0 % noMepnux: iLemivHWA iHhapKT
TOIIOBHOTO MO3KY, TP@HCMYparibHWi iHGhapKT Miokapaa, iHpapKT MiokapAa, LLO YCKNaAHUBCS BOTHULLEBOI iHapKT-NMHEBMOHIE0
yepe3 TEJIA gpibHux rinok nereHeBoi aptepii, peuyaneHa TEJIA apibHuX rinok nereHeBoi apTepii 3 (HopMyBaHHAM MHOXWUHHNX
iH(hapKTIiB nereHb pi3HOi AaBHUHU, TPOMB03 FNBOKIX BEH BEPXHBLOI KiHLIIBKY.

Y BinbLocTi nomepnmx yHacnigok COVID-19 Busiensnm MopchonorivHi 03HaKu XPOHIYHOT CepLieBO-CyAMHHOI naTonorii. luemiyHa
xBopoba ceplist Ta rinepToHiYHa xBopoba B AeskUX BUNaaKax He Bynum AiarHoCTOBaHi 3a XUTTS NaLieHTiB.

BucHoBku. PaHHe ypaxeHHs neredb npu COVID-19 y nomepnux BU3Ha4anm 3a BUpasHAM iHTEPCTULINHO-arnbBEONSPHUM
HabpsikoM, MIKPO3ryCTkaMu KpoBi Ta NeMKOLMTapHUMK CTa3amu B MIKpOCyAUHaX, Piflle — 3a HasBHICTIO «rianiHoBUX MeM-
6paH». ¥ 90,2 % nomepnux BusieneHa ABobiyHa nonicermeHTapHa cybToTanbHa NHEBMOHIS 3 HAOPSKOM i NiMoLMTapHOKD
iH(binbTpaLieto NereHeBoro iHTepCTUL, 3ananbHUMK NEPUOPOHXIaNbHUMI Ta NePUBACKYNSPHUMI BOTHULLEBUMM NOMIMOPd-
HOKMITMHHUMM iHGDINbTPaTamMu, BOTHULLLAMM aTenekTasiB i ANCneKTasiB, HasBHICTIO B anbBeonax epuTpoLMTIB, reMoCUaepo-
haris, makpodarie, AUCNNACTUYHO 3MIHEHOTO Ta 3MYyLLEHOro anbBEeonspHOro enitenito. Y 9,7 % XBOpWX BUHWKNA ABOGIYHA
cybToTarnbHa BipycHo-6akTepiiHa ibprHO3HO-THIiHa GPOHXOMHEBMOHIS. Y nomMepnux Ha 22—27 foby xBopobu peecTpysanu
BEMNMKOBOTHULLEBNIA MHEBMOiIOPO3. MaTtomopdonoriyHo TPOMBOTUYHI ycknagHeHHs nigTeepmkeHi y 22,0 % nomepnux, siki
32 XWTTS BAANOCS AiarHoCTyBaTu He B ycix nauieHTiB. Y binbLuocTi nomepnunx yHacnigok COVID-19 BusiBnsinm MopdhonoriyHi
03HaKW XPOHIYHOT CepLIEBO-CYANHHOI NATOMNOii.

KAMHMKO-naTOMOPQOAOrMUECKUI aHAAU3 Ae€TaAbHbIX CAyYaeB BeaeacTBue COVID-19
B 2020 roay

E. B. Pa6okoHb, A. M. TymaHckas, B. B. Uepkacckuii, 0. 0. PA6OKOHb

Llenb paboTbl — NPOBECTU KIMHUKO-NMATOMOPIONOrNYECKWA aHaNN3 NeTanbHbIX CIy4aeB OT KOPOHABMPYCHOW GonesHn
(COVID-19) B 2020 rogy.

Matepuansi u metogpbl. MNpoaHanuaupoanu 41 uctoputo 60ne3Hn 1 pesynbsraTbl NaTornoroaHaTOMUYECKOro UCCNEN0BaHNS
naumeHToB, ymepwux Beneactave COVID-19 B 2020 rogy.

Pesynbrarthl. [leTanbHblii nexog seneactame COVID-19 3adukenpoaH Ha 22 (16; 27) cyTku 6onesHu ¢ npeobnagaHvem
cpeay 3abonesLUMX MYyXUmnH (73,2 %), NaLMeHTOB NOXWIOTo 1 cTapyeckoro Bospacta (75,6 %) ¢ Hanuuem komopbugHom
natonoru (92,7 %). PaHHee nopaxerue nérkux npu COVID-19 y ymepLunx NposiBRsnoCh BbIPaXEHHbIM MHTepCTULMarb-
HbIM W UHTEPCTULMANBHO-aNbBEONSIPHBIM OTEKOM, HAaNMYMEM B MUKPOCOCYAaX NErKMX cTasa IpuUTPOLIMTOB, MUKPOCTYCTKOB
KPOBW U rvnonepay3noHHbIX NENKOLMTapHbIX CTa30B, a TakkKe HanM4nem B anbBeoriax SpUTPOLIMTOB, PEXKE — «TUATIMHOBbIX
mem6paHy. [IByCTOPOHHSAS nonucermeHTapHas cybTotansHas BupycHas nHesMoHns y 90,2 % ymepLumx naumeHToB nposis-
NSANach 3HaYNTENbHBIM OTEKOM U YTOMLIEHUEM CTEHOK aribBeon ¢ YyMepeHHOW WHUnbTpaumen nMmdoLmTami, 04aroBom
neprbpoHXManbHON 1 NEPUBACKYNSAPHON BOCNANMUTENBHON MHAUILTPALMUENR, MHOXKECTBEHHBIMWA MEMKUMM O4araMu aTenek-
Ta30B U AWCIEKTa3oB, HaNMYMeM B anbBeoriax CKOMMEHU 3pUTPOLIMTOB, reMocaepodaros 1 Makpodaros, ChyLLEHHOro
anbBeonspHoro anutenus (87,2 %), a TaKkke MeTannasuy HEMHOTOYUCTIEHHBIX anbBEOLIMTOB, KOTOPbIE COXPaHUIUCh Ha
TIOMUHANBHON NOBEPXHOCTH anbeon (82,9 %).

Y kaxgoro fecsitoro ymepLuero ot COVID-19 oTMedeHb! Npr3Haku NPUCOEaNHEHNS BTOPUYHO BakTepurarnbHOA MUKpOdnopsI.
Y 85,4 % ymepLumnx Ha 22—-27 cyTku 60ne3HM NaLmeHToB MKCUPOBanM KpynHOOYaroBbIi Unu cy6nobapHbiin THEBMOHOPO3.
Y ymepumnx ot COVID-19 nonmopraHHasi He[OCTaTOYHOCTb XapaKTepu3oBaiach 04aroBbIM HEKPO3OM ANUTENNS KaHasbLEB
noyex (73,2 %), o4arosoit numoLmMTapHo-nenkoumTapHon nHdunstpaumen (12,2 %), Tpom6o3om mukpococyaos (17,1 %)
MoYeK, 04aroBbIMM LIEHTPono6ynsipHbIMu Hekposamu (90,2 %) 1 o4aroBom NMMEOLMTAPHO-NENKOLMTAPHON MHAMMLTPaLmei
nonek (7,3 %) neyenu.

TpomboTu4eckrie 0CNOXHEHWs TaToMopdonoryecky noaTBepxaeHsl y 22,0 % ymepLInx NauneHToB: MLLEMUYECKUIA HADAPKT
FONOBHOMO MO3ra, TpPaHCMypanbHbIA MHDAPKT MUOKapaa, MHAPKT MUOKapaa, OCOKHUBLLMIACS 04aroBOW MHAPKT-NMHEBMOHN-
el n3-3a TOJA mMenkux BeTBen NEro4HoON aptepuu, peuuamsmpytowas TOJIA Menkux BeTBen NEro4YHoN aptepui ¢ hopMmnpo-
BaHWEM MHOXECTBEHHbIX MHChaPKTOB NErKMX pasHoM AaBHOCTM, TPOMGO3 rnyOOKIX BEH BEPXHEN KOHEYHOCTU. Y BOnbLUMHCTBA
ymepLmx Beneactsue COVID-19 oTMeudeHbl Mopdhornornyeckme NpusHaky XpOHUYECKO cepaeqHO-COCYAMNCTON NaTomnoruu.
Mwemmnyeckas 6onesHb cepaLia v runepToHnyeckas 6onesHb Npu XM3HW NaLMEHTOB AMarHOCTUPOBaHbI HE BO BCEX Cy4asiX.

BbiBogbl. PaHHee nopaxerue nérkux npu COVID-19 y ymepLumnx onpeaensinock BblpaXXeHHbIM MHTEPCTULMANBbHO-anbBeo-
NSPHBIM OTEKOM, MUKPOCTYCTKaMW KPOBM W NEVKOLMTapHbIMK CTasamMn B MUKPOCOCYAAX, PEXEe — HANMYMEM «TNamMHOBBIX
membpany. ¥ 90,2 % ymepLumx naLuMeHToB 3acMKCUpoBaHa [ABYCTOPOHHSIS MOMUCErMeHTapHas cybToTarnbHasi MHEBMOHNS
C OTEKOM ¥ NUMCONEKOLMTapHOR MHUNBTPALMEN NETOYHOTO UHTEPCTULMS, BOCNANMUTENBHBIMU NEPUOPOHXMANBHBIMY 1
nepyBackynspHLIMU 04aroBbIMW NOMMMOPCHOKNETONHBIMM MHAUMLTPaTaMK, O4aramm aTernekTasos 1 ANCNEKTasoB, Hanuuem
B afbBeorax 3puTpoLMTOB, reMocuaepodaros, Makpoaros, AUCTNACTUHECKN M3MEHEHHOTO U CAYLLEHHOMO anbBEONISPHOMO
anutenus. Y 9,7 % 60nbHbIX BO3HUKIA ABYCTOPOHHSIS Cy6TOTanbHas BUpYCcHo-6akTepuansHas oubpUHO3HO-rHOMHast GpoHXo-
NHEBMOHMS. Y yMepLUKX Ha 22—27 cyTku BonesHn pervcTpyupoBasni KpynHoo4aroBbii nHeBModrbpo3. MNatomopdonoruyecku
TPOMBOTUYECKME OCIIOXKHEHNS NOATBEPKAEHBI Y 22,0 % YMepLUMX, KOTOPbIE NPV XIU3HK YAaNoCh ANarHOCTUPOBATbL He Y BCeX
nauueHToB. Y 6onblumHcTBa ymepLumx Beneacteue COVID-19 yctaHoBneHs! MOpPONnornyeckne npuaHakm XpoHUYECKon
CepaeyHo-cocyanCTo NaTonorum.
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Under the conditions of pandemic spread of coronavi-
rus SARS-CoV-2, every fifth patient develops a severe
course of the disease with a high risk of death [1]. Even
in the presence of modern diagnostic tests, pathomor-
phological examination of deaths during the pandemic
of the new coronavirus COVID-19 is of particular impor-
tance and can significantly affect the understanding of
the disease pathogenesis. The data obtained may have
an impact on the therapeutic strategy for the treatment
of a new infection [2].

It is known that ACE2 is a receptor that uses SARS-
CoV and SARS-CoV-2 to penetrate the target cell [3,4]. At
the tissue level, ACE2-receptors are highly expressed in
the lungs, kidneys, heart, and vascular endothelium, which
may explain the presence of multiorgan lesions in patients
with SARS-CoV and SARS-CoV-2 coronavirus [5,6].
The appearance of multiorgan lesions can be explained
by the development of “cytokine storm” in conditions of
severe and critical course of the disease. “Cytokine storm”
can be a manifestation of a hyperimmune response with
hyperproduction of proinflammatory cytokines and chemo-
kines by immune cells and the development of systemic
endotheliitis with hypercoagulation [7,8]. Despite the fact
that in the pandemic of highly contagious COVID-19
pathomorphological studies are somewhat limited, the ac-
cumulation of results of these studies continues [9-12)].
At the same time, the clinical and pathomorphological
analysis of the obtained results is of special importance.

Aim
The aim of the work — to conduct clinical and pathomor-
phological analysis of deaths from COVID-19 in 2020.

Materials and methods

We analyzed 41 case histories and results of patho-
anatomical examination of patients who were treated in
the intensive care unit of the Municipal Non-Profit Enter-
prise “Regional infectious diseases clinical hospital” of
Zaporizhzhia Regional Council and died of coronavirus
COVID-19 during 2020. Pathoanatomical examination
was performed in Municipal Institution “Zaporizhzhia
Regional Bureau of Forensic Medical Examination” of
Zaporizhzhia Regional Council.

Age of the dead was from 48 to 85 years. There were
30 men and 11 women. The diagnosis of COVID-19in all
cases was confirmed by the isolation of SARS-CoV-2 RNA
in nasopharyngeal mucus or sputum. All patients were
examined and treated in accordance with current regu-
lations: Order of the Ministry of Health (MOH) of Ukraine
dated 28.03.2020, No. 722 “Organization of medical
care for patients with coronavirus disease (COVID-19)”
(as amended by the order of the MOH of Ukraine dated
17.09.2020, No. 2122 “On amendments to the Standards
of medical care of “Coronavirus disease (COVID-19)");
Order of the MOH of Ukraine No. 10 dated 07.01.2021
“On approval of Amendments to the Standards of medi-
cal care of “Coronavirus disease (COVID-19)"; Order of
the MOH of Ukraine dated April 6, 2021 No. 638 “Proto-
col for the provision of medical care for the treatment of
coronavirus disease (COVID-19)".
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Statistical data processing was performed in the pro-
gram Statistica for Windows 13 (StatSoft Inc., license
number JPZ8041382130ARCN10-J).

Results

According to the results of the analysis, it was found that
men predominated among those who died as a result of
COVID-19 (n =30, 73.2 %). More than half of the patients
were early old aged (n = 23, 56.1 %), every fourth patient
was middle adulthood (n = 10, 24.4 %), and every fifth
was middle old aged (n = 8, 19.5 %).

Patients were hospitalized in an infectious hospital
at day 9.0 [7.0; 12.0] of iliness, and after deterioration
— by day 8.5 [6.0; 11.0] of treatment in an outpatient
setting. Deterioration was expressed by febrile (n = 26,
63.4 %) or subfebrile (n = 13, 31.7 %) fever, shortness
of breath with a respiratory rate of 28.0 [28.0; 32.0] per
minute, hemoptysis (n = 4, 9.8 %), reducing oxygen
saturation to 82.0 [75.0; 86.0] %, short-term diarrheal
syndrome (n =5, 12.2 %). At hospitalization, all patients
had auscultatory signs (respiratory failure, crepitation) of
bilateral pneumonia, which was confirmed radiologically,
by computed tomography or lungs ultrasound with a
lesion of 56.0 [51.0; 62.5] % of the lungs. The deve-
lopment of acute respiratory failure was accompanied
by the appearance of acrocyanosis (n = 27, 65.9 %),
and 2 (4.9 %) patients were taken to the intensive care
unit (ICU) from other hospitals on artificial ventilation of
the lungs (AVL).

Patients showed the following laboratory changes
that characterized the severity of immune inflammation
and hypercoagulation: leukocytosis in 29 (70.7 %)
patients, the median of this indicator was 11.1 [7.9;
13.7] x 10%1; band neutrophils shift in 16 (39.0 %) with
the presence of metamyelocytes in 2 (4.9 %) patients;
development of absolute lymphopenia from 1.00 to 0.39
with a median of 0.8 [0.6; 1.1] x 10%1in the vast majority
of patients (n = 35, 85.4 %); acceleration of ESR to
38.0 [25.0; 47.0] mm/h; increase in C-reactive protein
in all patients to 150.5 [101.5; 235.5] ng/ml; increasing
the level of interleukin-6 to 60.1 [25.0; 81.4] ng/ml;
hyperfibrinogenemia from 4.8 to 8.4 g/l in 32 (78.0 %)
patients with a median of this indicator of 5.1 [4.3; 6.4]
g/l; increasing the level of D-dimer to 1.4 [0.9; 9.4] mg/|
and ferritin to 760.0 [482.0; 1148.0] ng/ml.

The duration of patients treatment in the ICU was
from 2 to 38 days, the median was 11.0 [7.0; 18.0] days.
During this period, patients received treatment according
to the protocol of the MOH of Ukraine, every fifth patient
(n=8,19.5 %) received tocilizumab. Despite the ongoing
treatment, these patients progressed to respiratory failure,
which required the transfer of patients to non-invasive
ventilation or AVL. The median duration of AVL was 2.0
[1.0; 6.0] days. The dynamics increased the proportion
of patients with signs of leukocytosis (n = 39, 95.1 %)
with a median of this indicator of 16.2 [12.5; 24.2] x 10°/1.
It should be noted that every fourth patient (n = 11,
26.8 %) has hyperleukocytosis in the range from 20.3
to 54.4 x 10%1. The increase in endogenous intoxication
and immune inflammation with hypercoagulation was
evidenced by the preservation of absolute lymphopenia
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Table 1. Pathomorphological changes in the lungs of patients who died of COVID-19, abs (%)

Pathomorphological sign Detection frequency (n = 41)

Interstitial-alveolar pulmonary edema with the presence of erythrocyte stasis and blood clots in microvessels

Bilateral polysegmental subtotal viral pneumonia:
— edema and thickening of the alveoli walls with moderate lymphocytic-leukocyte infiltration;
— focal peribronchial and perivascular inflammatory polymorphonuclear infiltration;
— multiple small foci of atelectases and dyslectases;

— the presence of erythrocytes, hemosiderophages, macrophages, squamous alveolar epithelium in the alveoli;

— metaplasia of small alveolocytes on the luminal surface of the alveoli;

— presence of fibrin in some parietal layers alveoli — “hyaline membranes”;

— hypoperfusion leukocyte stasis in microvessels.
Interoveolar fibrosis, perivascular and peribronchial fibrosis
Big-focal or sublobar pneumosclerosis

Bilateral hydrothorax

Fibrinous-purulent tracheobronchitis and bilateral subtotal viral-bacterial fibrinous-purulent bronchopneumonia

Bilateral fibrinous-purulent pleuritis

41(100 %)
37 (90.2 %)
37 (90.2 %)
37 (90.2 %)
37 (90.2 %)
36 (87.8 %)
34 (82.9 %)
15 (36.6 %)
11 (26.8 %)
35 (85.4 %)
35 (85.4 %)
9(21.9 %)
4(9.7 %)

3(7.3 %)

(n=24,58.5 %), band neutrophils shift (n = 10, 24.4 %), an
increase in the proportion of patients with metamyelocytes
(n=17,41.5 %), an increase of median D-dimer level up
to 5.5[1.6; 21.1] mg/l. Despite treatment, hyperfibrinoge-
nemia persisted (n = 28, 68.3 %), increasing the level of
C-reactive protein to 127.0 [42.0; 221.0] mg/l and ferritin
to 511.0 [360.0; 1314.0] ng/ml.

Fatal outcome of COVID-19 disease was recorded at
day 22.0[16.0; 27.0] of the disease. Pathomorphological
signs of early lung damage in COVID-19 in the deceased
were determined by pronounced interstitial and inter-
stitial-alveolar edema, the presence in the pulmonary
microvessels of erythrocytes stasis and blood clots and
hypoperfusion leukocyte stasis, and erythrocytes in alveoli
(Fig. 1, 2). The presence of fibrin in the alveoli of the pari-
etal layers, the so-called “hyaline membranes” occurred
in 36.6 % of deceased patients (Table 1).

The vast majority of patients (90.2 %) subsequently
developed bilateral polysegmental subtotal viral pneumo-
nia. According to pathomorphological data (Fig. 2, 3, 4),
it was characterized by significant edema and thickening
of the alveolar walls with their moderate predominantly
lymphocytic infiltration (90.2 %), focal peribronchial and
perivascular inflammatory polymorphonuclear infiltration
(90.2 %), multiple small atelectases and dyslectases
(90.2 %), the presence of erythrocytes clusters, hemo-
siderophages and macrophages, squamous alveolar
epithelium in the alveoli (87.8 %), and metaplasia of
a few alveolocytes preserved on the luminal surface
of the alveoli (82.9 %). Bilateral subtotal viral-bacterial
fibrinous-purulent bronchopneumonia (9.7 %) was
detected in 4 deceased men during the pathomorpho-
logical examination of the lungs (Table 1). In these
cases, treatment in the ICU lasted from 17 to 24 days.
Patients received sequential oxygen therapy in a mask
mode, then non-invasive lung ventilation and only during
the last 1-2 days were transferred to ALV. In 35 (85.4 %)
patients, who died on day 22-27 of the disease, there
were fibrosis of the interalveolar septa, perivascular
and peribronchial fibrosis (Fig. 5), big-focal or sublobar
pneumosclerosis (Fig. 6).

One 54-year-old patient treated with a protocol
using immunotropic drugs (including tocilizumab, for
the correction of clinical and laboratory manifestations of
“cytokine storm”), antibacterial drugs and low molecular
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weight heparins, was diagnosed in the second week
of the disease with sepsis (progression of respiratory
failure, multiorgan failure syndrome, bacteriologically
isolated from the blood Klebsiella pneumonia). The lethal
outcome was recorded after three weeks of treatment.
At pathoanatomical examination in the lung tissue, along
with the presence of bilateral polysegmental subtotal
hemorrhagic viral pneumonia signs, there was fibri-
nous-purulent pleurisy with pronounced inflammatory
polymorphic-cellular infiltration of the layers of the pari-
etal and visceral pleura, fibrinous-purulent tracheobron-
chitis. Foci of leukocyte-lymphocytic infiltration, as well
as tubular necrosis of the kidneys and centrolobular
necrosis of the liver were found in the tissue of the kid-
neys and liver. Morphological manifestations of sepsis
were characterized by the presence of septic spleen:
foci of red pulp myelosis, plasma-leukocyte infiltration,
hemolysis of erythrocytes, hemosiderin sedimentation,
foci of necrosis.

It should be noted that the unfavorable course of
COVID-19 was facilitated by comorbid pathology, which
was diagnosed in life in 38 (92.7 %) patients who died from
COVID-19. Thus, the vast majority had cardiovascular
comorbidities, namely coronary heart disease (80.5 %)
with arrhythmias in the form of permanent atrial fibrillation
(29.3 %) and hypertension (75.6 %). The presence of
type 2 diabetes mellitus in almost half of patients (46.3 %)
and grade II-lll obesity in every third patient (31.7 %)
is noteworthy. It should be noted that more than half of
the COVID-19 patients who died had a combination of
three or more comorbid conditions (Fig. 7).

Pathomorphological changes in other organs of those
who died due to COVID-19 reflect multiorgan failure,
which arose due to acute respiratory failure of Ill degree
and endogenous intoxication. On the other hand, patho-
morphological changes indicate the presence of a number
of comorbid states. It should be noted that pathomorpho-
logical signs of comorbid cardiovascular pathology were
found somewhat more often than was diagnosed in life.
There was high frequency of pathomorphological signs
detection of necrotic changes in the kidneys (73.2 %),
liver (90.2 %), selective neuronal necrosis in the brain
(19.5 %) (Table 2).

According to the results of pathoanatomical exami-
nation, 9 (22.0 %) deaths due to COVID-19 developed
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Fig. 1. Bilateral polysegmental pneumonia in COVID-19: significant swelling of the interlobular interstitium, lymphocyte-leukocyte exudate in the alveoli. Hematoxylin and eosin
staining. Magpnification: x100.

Fig. 2. Bilateral polysegmental pneumonia in COVID-19: microvascular hyperemia and edema of the interalveolar septa, blood clots in the arterioles and venules, lymphocyte-
leukocyte exudate and erythrocytes in the alveoli. Hematoxylin and eosin staining. Magnification: x400.
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Fig. 3. Bilateral polysegmental pneumonia with COVID-19: predominantly alveolar edema, alveolocyte metaplasia. Hematoxylin and eosin staining. Magnifiation: x400.

Fig. 4. Bilateral polysegmental pneumonia in COVID-19: mainly lymphocytic infiltration of thickened interalveolar septa, desquamation of alveolocytes, erythrocytes in alveoli.
Hematoxylin and eosin staining. Magnification: x300.

Fig. 5. Interalveolar membranes fibrosis, desquamated alveolocytes and macrophages in alveoli in bilateral polysegmental COVID-19 pneumonia. Hematoxylin and eosin staining.
Magnification: x200.

Fig. 6. Focal pneumosclerosis; erythrocytes, desquamated alveolocytes, macrophages and hemosiderophages in the alveoli in bilateral polysegmental COVID-19 pneumonia.
Hematoxylin and eosin staining. Magnification: x200.
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Fig. 7. The spectrum of comorbidity (A) and the combination of the frequency of comorbid conditions (B) of those who died as a result of COVID-19 (%).
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Fig. 8. Frequency and spectrum of pathological-anatomical signs detection of thrombotic complications in patients who died due to COVID-19 (%).

Table 2. Pathomorphological changes in other organs of patients who died of thrombotic complications. They led to the development of
COVID-19, abs (%) ischemic heart attack (4 patients); transmural myocardial
infarc?ion (1 patient); myoc?ardial infarction complicateq by
(n=41) focal infarction-pneumonia due to pulmonary embolism
Heart of small vessels of the pulmonary artery (2 patients);
Atherosclerosis of coronary arteries in the stage of atheromatosis 36 (87.8 %) recurrent pulmonary embolism of small vessels of the pul-
and calcification, stenosis of coronary arteries from 50 % to 75 %; monary artery with the formation of multiple pulmonary
Diffuse interstitial cardiosclerosis; 37 (90.2 %) infarctions of different statutes of limitations (1 patient);
£abie 22| PR G B e ) deep vein thrombosis of the upper extremity (1 patient)
Concentric or eccentric myocardial hypertrophy 32 (78.0 %) (Fig. 8). Thrombotic complications were not diagnosed
Kidneys

during life in all patients: ischemic cerebral infarction was

) . :
?wt‘:lm:'alr ”ec:’s'sr —_— 201(;32'20/’) diagnosed in life in 3 patients on the basis of relevant
M(,Jca ;u Z ylr:poz 'C('jn' @ 'Tn ; 217'1 0/"; clinical symptoms, transmural myocardial infarction — in

ICro blood clots In blood vessels . . . .
. . . 2 patients by electrocardiographic changes and elevated
Focal arterionephrosclerosis 25 (61.0 %) . \

Liver serum troponin |. Pulmonary embolism has not been
Focal centro-lobular necrosis 37 (90.2 %) diagnosed in a lifetime (Fig. 2).

Foci of leuko-lymphocytic infiltration of the interstitial 3(7.3%)

CLL Discussion
Ischemic stroke 4 (9.8 %) ] o )

Cerebral edema 25 (61.0 %) In the first publications of Chinese researchers, male
Focal selective-neuronal complete and incomplete necrosis 8(19.5 %) gender and older age of patients with COVID-19 were

Pancreas identified as risk factors for adverse disease [13]. It was
Liposclerosis and lipomatosis of the interparticle spaces with 12 (29.3 %) demonstrated that among patients in need of intensive
atrophy of the slet apparatus care, death was observed mainly in patients older than
Islet atrophy with amyloid accumulation and vascular hyalinosis 4 (9.8 %) 60 years. Each increase in age by 10 years was associ-
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ated with a 58 % additional risk of adverse effects [14].
According to our data, 75.6 % of deaths due to COVID-19
are elderly and senile. However, the data presented in
the literature on the effects of COVID-19 on the sex of
the patient, show some contradictions. Thus, the authors
[14] did not find differences in the survival of patients
with severe COVID-19 depending on gender, but other
researchers [15] showed a predominance of male patients
(67 %) among those who died. According to the results of
our study, men significantly predominated among those
who died as a result of COVID-19 (73.2 %). Itis assumed
that one of the explanations for the higher percentage of
severe COVID-19 and, accordingly, lethal outcome in
men is a more pronounced expression of ACE2 than in
women, but this statement still needs further study [16].

Itis believed that the most common pathological sign
in lethal cases of COVID-19 is diffuse alveolar damage
[11,12]. In COVID-19, the acute stage is characterized by
the presence of “hyaline membranes”, and the phase of
organization — varying degrees of fibroblasts and myo-
fibroblasts proliferation [11,12]. Signs of diffuse alveolar
damage have been described even in the absence of
pulmonary ventilation, which was an additional confirma-
tion of the viral nature of the changes found, excluding
the effects of ventilation and oxygen [11,17]. Pathomor-
phological manifestations of diffuse alveolar damage in
COVID-19in 8 of 12 correspond to early acute respiratory
distress syndrome [10]. The predominant findings are
protein-enriched interstitial edema, “hyaline membranes”,
activated pneumocytes, microvascular thromboembolism,
blood stasis in capillaries [10], as well as the presence
of inflammation signs with lymphocytic infiltration [17].
Alveolar septa are unevenly dilated due to infiltrates of
varying severity. They consist mainly of CD4* and CD8*
T lymphocytes [11,17].

According to the results of our study, the early and
dominant in the subsequent course of COVID-19 signs
of lung damage in all deaths due to COVID-19 were
significant interstitial-alveolar pulmonary edema with
the presence of erythrocyte stasis and blood clots in
microvessels. Bilateral polysegmental subtotal viral pneu-
monia in 90.2 % of deceased patients was manifested by
significant edema and thickening of the alveoli walls with
their moderate infiltration by lymphocytes, focal peribron-
chial and perivascular inflammatory polymorphonuclear
infiltration, multiple small atelectases and dislectases. In
the majority (87.8 %) of deaths from COVID-19, the pre-
sence of erythrocytes clusters, hemosiderophages and
macrophages, squamous alveolar epithelium, as well as
metaplasia of a few alveolocytes on the luminal surface
of the alveoli (82.9 % of deaths) was determined. It was
combined with the presence of absolute lymphopenia in
the peripheral blood of 75.6 % patients. In patients with
COVID-19, peripheral blood lymphopenia correlated with
lymphocytic infiltration of the lungs. It was found during
morphological examination of the lungs in the deceased,
as reported by other researchers [14]. In their opinion,
this coincides with the pathogenetic mechanism of viral
infection.

Zinserling et al. [18] pay attention to the lesions that
indicate a direct effect of the COVID-19: desquamation
of the ciliated epithelial cells, the appearance of viral
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inclusions in the cells of the alveolar epithelium [18]. The
role of the virus in the formation of these pathomorpho-
logical changes confirms the positive result of PCR on
RNA SARS-CoV-2 in the study of lung tissue of deceased
patients (9 of 12) in the range from 1.2 x 10*t0 9.0 x 10°
copies/ml [10]. Under conditions of viral infection, there is
a significant cellularimmune response. This is evidenced
by mononuclear infiltration of lung tissue with the largest
number of CD3+ T lymphocytes. Among them, CD2+,
CD5+, CD8+ and the formation of small peribronchial
clusters (CD20+) by B-lymphocytes are most often de-
tected [18]. According to D. Wichmann et al. [10] epithelial
metaplasia occurs at later stages of COVID-19.

The appearance of neutrophils in the lungs in diffuse
alveolar damage is explained by the addition of secondary
bacterial microflora [11,12]. The addition of secondary
bacterial microflora in our study was pathomorphologi-
cally confirmed by the development of fibrinous-purulent
tracheobronchitis and bilateral subtotal fibrinous-purulent
bronchopneumonia in 4 patients, as well as bilateral fi-
brinous-purulent pleurisy in 3 (7.3 %) patients. Big-focal
or sublobar pneumofibrosis was detected by us in 35
(85.4 %) patients who died on day 22-27 of the disease.

Particular attention is drawn to acute kidney damage,
despite the fact that the respiratory system is the main
target in COVID-19. It can also have a significant impact
on the prognosis. Today, data on morphological changes
that occur in the kidneys in patients with a critical course
of this infection are accumulating. Thus, H. Su et al. [9]
analyzed the pathological changes in the kidney tissue
of 26 deaths due to the progression of respiratory failure
and multiorgan failure syndrome in COVID-19. In 34.6 %
of patients, there were laboratory signs in vivo of renal
impairment in the form of increased serum creatinine
and/or proteinuria, which occurred for the first time [9].
Pathomorphological signs of kidney damage according
to the results of light microscopy were represented by
diffuse damage to the proximal tubules with loss of bor-
der and even foci of necrosis. According to the results of
electron microscopic examination, the researchers found
accumulations of coronavirus-like particles in the tubular
epithelium and in the podocytes of the glomeruli. The
main targets for SARS-CoV-2 are tubular and glomerular
visceral renal epithelial cells [9]. According to the results of
our study, a lifetime increasing in creatinine levels in most
patients (75.6 %) with a critical course of the disease was
found. It revealed the pathomorphological examination in
COVID-19 patients: acute tubular necrosis signs (73.2 %),
focal leukocyte infiltration (12.2 %) and microthrombosis
(17.1 %). Literature data suggest that renal cells absorb
factors including systemic hypoxia, abnormal coagulation,
and possibly rhabdomyolysis, which is associated with
drug or hyperventilation [9]. Also immune inflammation
was found. It was confirmed by immunohistochemical
infiltration of T-lymphocytes (CD3+, CD8+) tissues of
many organs, including the intestines, kidneys, adrenal
glands [18].

In the modern literature in many studies, the authors
draw attention to the significant frequency of thrombotic
complications that occur in severe and critical course of
COVID-19, and the complexity of their lifelong diagnosis
[10,17]. This feature in COVID-19 is explained by the high

ISSN 2306-8027  http://pat.zsmu.edu.ua

275



276

OpuriHaAbHI AOCAIAXKEHHS

expression of ACE2 in the vascular endothelium. This to
some extent explains both the presence of multiorgan
lesions and the high risk of thrombosis [6]. The study of
pathomorphological signs of thrombosis in patients with
COVID-19 allowed researchers to use the term “pulmo-
nary vasculopathy” [19,20]. Autopsy revealed deep vein
thrombosis in 58 % of patients in whom venous throm-
boembolism was not suspected in life [10]. Pulmonary
artery thromboembolism was the direct cause of death
in one in three deaths due to COVID-19, while micro-
thrombi were regularly detected in small arteries [10].
In our study, more than one in five deaths (22.0 %) due
to COVID-19 was pathomorphologically diagnosed with
signs of thrombotic complications, the presence of which
in almost half of the cases was not established during life.
Other researchers report the absence of clinical symp-
toms of thrombotic complications, including pulmonary
embolism [17]. Researchers report clear macroscopic
signs of pulmonary embolism in a pathoanatomical study
in one of three deaths due to COVID-19 [11]. In addition,
researchers have documented several cases not only of
pulmonary embolism but also of prostate vein thrombosis,
the presence of blood clots in the glomerular capillaries
of the kidneys and alveolar capillaries [11].

When analyzing the results of pathomorphological
changes, one should pay attention to the high frequency
of morphological features in different organs. These
changes indicate the presence of chronic comorbidities
and a slightly lower level of lifelong diagnosis of these
conditions. The vast majority of deaths due to COVID-19
had morphological signs of chronic cardiovascular pa-
thology in the form of diffuse interstitial cardiosclerosis
(90.2 %), big-focal postinfarction cardiosclerosis (7.3 %),
atherosclerosis of coronary arteries with 5075 % stenosis
(87.8 %), myocardial hypertrophy (78.0 %), focal arterio-
nephrosclerosis (61.0 %). It should be noted that lifelong
coronary heart disease was diagnosed in 80.5 % and
hypertension in 75.6 % of patients. Literature data also in-
dicate that pre-existing chronic diseases can be identified
in all deaths due to COVID-19 [10] with a predominance
of the cardiovascular system chronic pathology in most
cases, including high-grade coronary artery sclerosis;
myocardial scarring, which indicates coronary heart
disease, and congestive cardiomyopathy [10]. In the study
[17], authors reported the detection of myocardial hy-
pertrophy signs, atherosclerosis of the coronary artery
with microscopic acute ischemia signs. Our previous
studies on the prognostic role of comorbid pathology in
COVID-19 demonstrated a statistically significant effect
of the presence of chronic cardiovascular pathology and
chronic kidney disease [21].

Conclusions

1. The lethal outcome of COVID-19 disease was
recorded at day 22.0 [16.0; 27.0] of the disease. Among
the dead, there is high percentage of early old age and
middle old age patients (75.6 %), men (73.2 %), patients
with comorbid pathology (92.7 %).

2. Early lung damage with COVID-19 in the de-
ceased was determined by pronounced interstitial and
interstitial-alveolar edema, the presence of erythrocyte

ISSN 2306-8027  http://pat.zsmu.edu.ua

stasis, blood clots and hypoperfusion leukocyte stasis in
the pulmonary microvessels, as well as the presence in
the alveoli of erythrocytes.

3. Bilateral polysegmental subtotal viral pneumonia in
90.2 % of dead patients was characterized by significant
edema and thickening of the alveolar walls with their
moderate infiltration by lymphocytes, focal peribronchial
and perivascular inflammatory polymorphonuclear infil-
tration, multiple and small exfoliated alveolar epithelium
(87.8 %), as well as metaplasia of a few alveolocytes
preserved on the luminal surface of the alveoli (82.9 %).

4. One of ten deaths from COVID-19 showed signs
of secondary bacterial microflora in the form of fibri-
nous-purulent tracheobronchitis and bilateral subtotal
fibrinous-purulent bronchopneumonia, as well as bilateral
fibrinous-purulent pleurisy (7.3 %) and sepsis. In 85.4 %
of patients who died on day 22-27 of the disease focal
or sublobar pneumofibrosis is determined.

5. Inthose who died as a result of COVID-19, multior-
gan failure is characterized by focal necrosis of the renal
tubular epithelium (73.2 %), focal lymphocytic-leukocyte
infiltration (12.2 %) and renal microvascular thrombosis
(17.1 %), focal centro-lobular necrosis 90.2 %) and focal
lymphocytic-leukocyte infiltration of lobes (7.3 %) of
the liver. Lifetime laboratory signs of renal failure were
found in 75.6 % of patients, and hepatic failure —in 68.3 %
of patients.

6. Pathomorphologically confirmed thrombotic compli-
cations occurred in 22.0 % of deceased patients: ischemic
cerebral infarction (4 patients); transmural myocardial
infarction (1 patient); myocardial infarction complicated by
focal infarction pneumonia due to pulmonary embolism
of pulmonary artery small vessels (2 patients); recurrent
pulmonary embolism of pulmonary artery small vessels
with the formation of multiple pulmonary infarctions of dif-
ferent ages (1 patient); deep vein thrombosis of the upper
extremity (1 patient).

7. Morphological signs of chronic coronary heart
disease and hypertension were identified in most deaths
due to COVID-19: atherosclerosis and 50-75 % coronary
artery stenosis (87.8 %), diffuse interstitial cardiosclerosis
(90.2 %), focal postinfarction cardiomyocardial infarction
(7.3 %), myocardial hypertrophy (78.0 %), focal arterione-
phrosclerosis (61.0 %). At the same time during the life of
patients ischemic heart disease was diagnosed in 80.5 %
of cases, hypertension —in 75.6 % of cases.
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Psi6okoHb O. B., A-p MeA. HaykK, 3aB. kKad. iHOEKLiiHUX XBOpOO,
3anopisbkiii AepxxaBHUIM MeAUYHUI YHIBEpCUTET, YKpaiHa.
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iHGEKLIMHUX XBOPOO, 3anopi3bKuit AEPXABHUIA MEAUUHMI
yHiBepcuTeT, YkpaiHa.
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PsabokoHb E. B., A-p MeA. HayK, 3aB. kad. MHGEKLMOHHbIX
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yHUBepcuTeT, YKpanHa.
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