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Introduction. Worldwide, more than 182 million cases of
COVID-19 and more than 3.9 million deaths have been confirmed
since the virus was first identified. Advanced age and some co-
morbid conditions, such as diabetes and cardiovascular diseases,
are considered risk factors for the adverse course of the discussed
pathology. In recent years, several reports have been published
about the results of the pathological examination of patients
with COVID-19. Most often, in fatal cases, diffuse alveolar dam-
age is described, which is characterized by intraalveolar edema,
the appearance of “hyaline” membranes and the proliferation of
pneumocytes and fibroblasts. However, the nature of the damage
caused by SARS-CoV-2 remains unclear. The study of pathomor-
phological changes in severe fatal cases of COVID-19 is important
for a better understanding of pathogenetic mechanisms of the
development of pulmonary complications and the development of
new effective methods of antiviral treatment.

The aim of the current study is to evaluate the gross and mi-
croscopic findings in COVID-19 patients’ autopsy to investigate
the clinicopathologic basis for adverse outcomes with a fatal
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Methods. A retrospective analysis of 1036 consecutive autopsies associated with COVID-19 in 2020
was conducted based on Lviv Regional Office for Autopsy and Lviv Railway Clinical Hospital. The
diagnosis of COVID-19 was confirmed by clinical signs of viral pneumonia, nasopharyngeal smear
analysis, and radiological changes. A statistical study was performed with IBM SPSS Statistics 24.0.

Results. The majority (72.4%) were elderly (60+) males (54.1+1.5%) and females (45.9+£1.5%),
with an age range from 19 to 93 years (mean age 66.9 + 0.4 years). All examined patients had
pneumonia, which was detected during a clinical examination with CT diagnosis and confirmed
at autopsy. The acute exudative phase of pneumonia was diagnosed in 18.5+1.2% of cases,
proliferative phase - in 18.5+1.2%, and fibrotic phase - in 5.9£0.7%. And in 53.5+£1.5% of
cases, signs of progressive fibrosis associated with exudative lesions prevailed. COVID-19 was
the single original cause of death in 88.7+£1.0% of cases. The following were identified in the
lungs: typical virus-induced changes in epithelial cells of the trachea, bronchi, bronchioles and
alveoli (100%, n=1036); different phases of diffuse alveolar damage in the majority of cases
(96.5£0.6%); manifestations of innate immunity were described; pathological changes in the
microvasculature (large vessel thrombi were detected in 37.9£1.5%).

Conclusion. Our study results prove the importance of pathological examination of tissues during
autopsies to determine the pathophysiological mechanisms and underlying causes of death of
patients with COVID-19.

Keywords: COVID-19, SARS-CoV-2, diffuse alveolar damage, vessel thrombi, elderly males.
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Oco6ucTuii BHECOK aBTOpiB

KoHuenuisi: HOnia Kysuk;

Pesynbtatn agocnigxeHb: Onia  Kyswuk,
OneHa laBpunok, Mapta Cemko, bopuc
Pi6yH, AHHa Aped’eBa

HanucanHs cratTi: HOnia Kysuk, Mapta Cem-
KO;

PenaryBaHHsi Ta 3aTBEPAXXEHHSI OCTaTOYHO-
ro BapiaHTa: tOnia Kysuk, OneHa laspu-
nwok, Mapta Cemko, Bopuc PibyH, AHHa
Aped’eBa.

KoHdnikT iHTEepeciB: aBTOpM AeknapyoTb
BiACYTHICTb KOH(NIKTYy iHTepeciBs.

Ao3Bin koMicii 3 6ioeTnkn WoA0 NpoBe-
AEHHA AochnigXeHb: KoMicia 3 6ioeTuku
J1bBiBCbKOMO HaLiOHaIbHOrO MEAMYHOIO YHi-
BepcuteTy iMeHi JaHuna Manuubkoro MO3
YkpaiHu, npotokon N 2 Big 26.02.2018 p.

®diHaHCyBaHHS: aBTOPU AEKNapyoTb Mpo

Original research: Clinical sciences

MaTonoria neredb npun COVID-19:
6araTtoiHCTUTYLHiHA KOropta po3TuHiB JIbBOBa
Ta JibBiBCbKOI obnacri

1 lOnia Kysuk, *OneHa Maspuniok, 2Mapta CeMko,
2bopwuc PibyH, 3AHHa Aped’eBa

! Kagpeapa natonoriyHoi aHaTomii Ta cy40Boi MeanLmHu, J1bBiBCb-
KW HaLiOHaIbHU MEANYHNI YHIBEPCUTET imeHi [aHuna anvub-
Koro MiHictepcTBa 0xXopoHu 340poB’sS YKpaiHu, JIbBiB, YKpaiHa

2 KomyHanbHui 3akiag JIbBiBCbKOi 06/1aCcHOI paan «JIbBiBCbKe
obsiacHe natosioroaHaTtomiyHe 6r0po»

3 JIbBiBCbKa KJIiHIYHA J1iIKapHS Ha 3a/1i3HUYHOMY TPaHCropTi
@inii "LjeHTp oxopoHun 3a0poB's" AT "Ykp3anizHuys"

Bcryn. Bigomo, wo npuunHoro COVID-19 € paHiwe HeBigoMumin
KopoHaBipyc SARS-CoV-2. Y BCbOMY CBIiTi 3 MOMEHTY NEepPBUHHOIO
BUSABNEHHSA Bipycy 6yno niarsepaxeHo binblwe 182 MinbloHIB BU-
naakie COVID-19 ta 6inbuwe 3,9 MifiblioOHa CMepTebHUX BUMAAKIB.
dakTopaMn pm3nKy HecnpuaTaneoro nepebiry o6rosoptoBaHoi na-
TONOrii BBa)atoTb NOXUINM BiK Ta AesKi KOMOp6IiAHi CTaHu, Taki, SK
LyKpoBui piabeT Ta cepueBo-CyANHHI 3aXBOPIOBAHHS. 3a OCTaHHI
pokun 6yno ony6nikoBaHO AeKisibka MOBIAOMMIEHb NPO pe3ynbTaTu
rnaTonoroaHaToMi4yHoOro AocniaxeHHs nauieHtis 3 COVID-19. Han-
yacTiwe npu neTanbHUX BUMAAKaX OMUCYOTb AUDY3HE anbBeo-
NSPHE MOLLKO[KEHHS, SIKE XapaKTepU3yeTbCs iIHTPaanbBEONSAPHUM
HabpsKkoM, NOSBOIO «rianiHOBUX» MeMbpaH Ta nponidepaLicto NHe-
BMOUMTIB i ibpobnactiB. TMM He MeHLUe, XapaKTep MOLIKOAXKEH-
HS, cnpyunHeHoro SARS-CoV-2 3anmMWaeTbecs A0Ci HE3PO3YMiNUM.
JocnigpxeHHs natoMopdOnoriYHNX 3MiH MpU BaXXKUX NeTanbHUX
Bunagkax COVID-19 € Bax1MBMM A4S KpaLWoro po3yMiHHSA naTo-
reHETUYHNX MEXaHIi3MiB PO3BUTKY JIEreHEBUX YCKIaAHEHb Ta pO3-
po6KkKn HOBMX eheKTUBHUX METOAIB MPOTUBIPYCHOIO NiKyBaHHS.

BiACYTHICTb (biHAHCYBaHHS.
MeToro A0C/igKeHHS € OUiHKAa MaKpOCKOMIYHUX i MiKpocKomniy-

HUX pe3ynbTaTiB pO3TUHY TpyniB nauieHTie 3 COVID-19 ana aocnigXeHHs KiHiKo-rnaTonorivyHoi
OCHOBMW HECNpUATINBUX HaCNiAKiB 3aXBOPIOBaHHSA i3 neTanbHUM nepebirom.

Marepianu Ta meTtoam. Lle petpocnekTuBHe gocnigxeHHs 1036 po3tmHieB COVID-19, npoBeaeHmx
y JIbBiBCbKOMY 06/12aCHOMY MaTo/I0roaHaToOMi4YHOro 610po Ta JIbBIBCbKOi 3aMi3HMYHOI KNiHIYHOT Nnikap-
Hi y 2020 poui. fiarHo3 COVID-19 nigTBepa)XeHo TecTyBaHHAM [MJ1P 3 HOCOrNOTKN, peHTreHOI0rMiYHi
0CcobAMBOCTI BipyCHOI MHEBMOHIi Ta KJ/liHiYHI cuMnTOMKU. CTaTUCTUYHE AOCAIAXKEHHS MPOBOAUAOCH 3a
ponomorot IBM SPSS Statistics 24.0.

Pe3synbtatu. binbwicte nomepnunx (72,4%) cTaHOBWUAKN NaUIEHTM NOXMNOro Biky (nicnsa 60 pokis);
54.1+1,5% uvonosikiB Ta 45.9+1,5% >xiHoK. Bik noMepnnx konneascs Big 19 Ao 93 pokis (cepea-
HiM Bik 66,9 £ 0,4 pokiB). ¥ BCiXx 06CTexeHMX nauieHTiB Gyna NHeBMOHIis, BUSBAEHa Nig yac Kni-
HiYHOro obcTexeHHs 3 KT-aiarHOCTUKO Ta NiATBEpPAXKEHA Ha po3TUHI. [0CTpa ekcygaTuBHa ¢asa
nHeBMOHIi 6yna aiarHoctoBaHa y 18,5+1,2% Bunaakis, nponidpepatmBHa ¢dasa - y 18,5+1,2%,
¢dibpoTtnyHa dasa -y 5,9+0,7% Ta B 53,5+1,5% BMNaAKiB nepeBa)asan 03HaKK MPOrpecyro4oro
¢ibpo3y, NOB>53aHOro 3 eKCyAaTUBHMMN ypaxeHHaMn. COVID-19 6yB €AMHOK NepLIonpUYnHOL0
cmepTi y 88,7+1,0% Bunaakis. BUsSABNEHO OCHOBHI CTPYKTYPHi 3aKOHOMIPHOCTI Yy JIeFeHAX XBOPUX
Ha COVID-19: Tmnosi iHAYKOBaHi BipyCcOM 3MiHUM eniTenianbHMX KNiTUH Tpaxei, 6poHXiB, 6poHxion
Ta anbBeon (100%, n = 1036); pi3Hi dpa3n AndYy3HOro NMOLKOAXKEHHS anbBeosn y 6inblOoCTi BU-
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nagkis (96,5+0,6%); 6ynn onmncaHi NposiBM BPOAXEHOrO iMYHITETY; MAaTOMIOMYHi 3MiHM MiKpOCy-
OnH (TpoMbn BeNUKKMX cyamH BusieneHi y 37,9+1,5%).

BucHOBKM. Pe3ynbTaTy HALIOro AOCAIAXKEHHSA MIAKPECTUAN KPUTUYHY BaXJIMBICTb ricTONaTosno-
rYHOro AOCNIAXEHHS TKaHWH, 0co6MBO NMpU NPOBEAEHHI KJIIHIYHMX PO3TUHIB, ONS 3>SCYBaHHS
MeXaHi3MiB LWIAXY Ta OCHOBHUX NPUYMH cMepTi y nauieHTis 3 COVID-19.

Knrouosi cnosa: COVID-19, SARS-CoV-2, andysHe NOWKOAXEHHS anbBeos, TpomMbu CyauH,
NITHI YONOBIKN.

Introduction. It is known, that COVID-19 inflammation, hyperplasia of type II pneumo-
is caused by the Severe Acute Respirato- cytes, and fibrin deposition. The fibrous phase
ry Syndrome Coronavirus 2 (SARS-CoV-2) is characterized by dense collagen fibrosis and
and was first detected in December 2019 in architectural remodeling. Nevertheless, organ
Wuhan (China), after a series of pneumonia damage features caused by SARS-CoV-2 are
of unknown etiology [1, 2]. In March 2020, still known incompletely. The morphologic basis
COVID-19 was declared a pandemic by the study of severe and fatal COVID-19 outcomes
World Health Organization (WHO) [3]. As of can be useful in discussing the development of
today, around 192 million COVID-19 cases pathology and new treatment approaches [5].
have been confirmed worldwide with almost
4.1 million lethal cases [4]. The aim of the current study is to evaluate the
gross and microscopic findings in COVID-19
In Ukraine, 2.2 million cases are reported now patients’ autopsy to investigate the clinico-
with 52.8 thousand deaths [4]. pathologic basis for adverse outcomes with a
fatal course of the disease.
As Lax S. F. et al. [5], Phua J et al. [6], and
Zhou F et al. [7] reported that risk factors for Methods. This is a retrospective study of 1036
adverse outcomes and death in patients with consecutive COVID-19 autopsies performed in
COVID-19 were old age and some comorbidity Lviv Regional Office for Autopsy and Lviv Rail-
(diabetes and cardiovascular disease). Rapid way Clinical Hospital in 2020 and was conduct-

deterioration of the respiratory and hemody- ed following the principles of the Declaration
namic conditions in some patients with dis- of Helsinki and approved by the local Medical
cussed diseases was proven [6, 7]. Ethical Committee of three referral centers (Pro-

tocol No. 2 dated 02/26/2018 of the Bioethics
During the pandemic period only, Lax S. F. et al. Committee of Danylo Halytsky Lviv National
[5], Borczuk, A.C. et al. [8] and Samsono- Medical University). The diagnosis of COVID-19
va M.V. et al. [9] reported about autopsy inves- was confirmed by clinical manifestations, naso-
tigation in COVID-19 patients but the informa- pharyngeal swabbed secretion testing and viral
tion is still limited. More data is available from pneumonia radiologic features. Complete autop-

the SARS-CoV-1 coronavirus epidemic that sies were performed in 100% of cases. In 1036
happened in 2003 when the autopsy showed cases, all lung lobes were samples, including
diffuse alveolar damage (DAD), which included central and peripheral areas. The tissue sam-

edema, hyaline membranes, pneumocytes and ples from the brain, kidneys, heart, liver, spleen,
fibroblast proliferation [5, 10]. The most signif- pancreas, thyroid glands, adrenals, small and
icant were pulmonary changes [10, 11]. The large intestine were fixed in 10% buffered for-

authors proposed morphological patterns for malin for histopathologic examination. After fix-
three phases of DAD. In the exudative phase, ation, the lungs were dissected systematically

authors consider the main changes such as hy- from the apex to the basis and multiple samples
aline membranes, desquamation of pneumo- were processed for histopathologic examination
cytes, cellular or protein exudate, hemorrhage (hematoxylin and eosin and MSB method modi-
in the alveoli, and fibrinoid necrosis of small fied by Zerbino-Lukasevich stain).

arteries. The phase of organization or prolifer-

ation is characterized by interstitial and intraal- SARS-CoV-2 RNA was identified in the trachea

veolar proliferation of fibroblasts, lymphocytic and lungs to detect the protein-coding RNA of
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the virus. For this, the FTD™ SARS-CoV-2 mo- Age range (v.0)

lecular diagnostic test system was used, which 95

93

is designed for the qualitative detection of RNA
specific for SARS-CoV-2 coronavirus, with the 85
detection of target genes ORFlab and N, in
clinical samples (nasopharyngeal and oropha- 75
ryngeal swabs). The test system confirmed
the etiology of the disease. The diagnosis was 65
made on the day of hospitalization when pa-

tients already had clinical signs of pneumonia. 55
Microbiologic studies were not performed be-
cause we used archived materials from rou- ©

tine autopsies which did not include additional
histochemical or other methods.

Sex distribution in age group =

21
35.0% o1
' 32,6% 31.6%

o 1
30.0% 28,6% 220 2
25,0% Figure 2. The patients’ age range in our autopsy cohort
(n=1036)
20,0%
15,9% 15,6%

age of observed patients varied from 19 to 93
Lo years with a mean age of 66.9 £ 12.2 years

15.0% 14,5%
10,0%
o0 5,3%5’1%
o
0% 1% 2.9%) gy, .
0,5% . 0,5% -
oo m Hm > (fig.2).

19-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99

Q

I (54.1£1.5%) and females (45.9+1.5%). The
529

mmale (n=561)  ® female (n=475)

The length of COVID-19-related hospital stays

Figure 1. The number of male and female patients in (LoS) among our autopsy cohort ranged from
different age groups of our autopsy cohort (n=1036) 20 min to 2 months (mean LoS 9.2 £ 2.5
days), in 7 cases (0.7£0.3%) patients died at
Histological evaluation was performed and se- home. In the majority of cases (52.4%), be-
lected. We used morphological patterns that have fore death, patients stayed at the hospital for
already been described. According to them, all less than one week (Table 1).
samples were divided into three phases of DAD:
exudative, proliferative and fibrous [5, 10, 11]. COVID-19 was diagnosed during the hos-
pital stay in 67.9+1.4% of cases (n=704)
Statistical analysis was performed with Stat- mostly by PCR using a nasopharyngeal swab

Plus for Macintosh. Sample parameters given (84.1£1.1%, fig. 3).

in the tables were denoted as follows: quanti-

tative data are expressed as an M + SD (where One comorbidity pathology was identified in

M is the mean, SD-standard dimension and n 494 patients (47.7£1.6%) and the most com-

is the size of the analyzed subgroup). mon were hypertension (17.5+1.2%) and
diabetes (11.3£1.0%), or their combination

Results. The majority (72.4%) in our autopsy (3.8£0.6%). The frequency of comorbidity

cohort were elderly (aged 60+, Fig.1) males pathologies is represented in Table 2.

Table 1.
COVID-19-related length of hospital stay distribution among surveyed patients (n=1029)
COVID-19-related length of hospital stay n %
<24 hours 71 6.7
2-7 days 469 45.7
8-14 days 286 27.8
>14 days 203 19.8
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Table 2.
The frequency of comorbidity pathologies in our autopsy cohort (n=494)
Comorbidity pathologies n %
Hypertension 256 24.7
Diabetes mellitus 147 14.2
Obesity 5 0.5
Leukemia 4 0.4
Chronic alcohol intoxication 4 0.4
Rheumatoid arthritis 3 0.3
Asthma 2 0.2
Myelodysplastic syndrome 2 0.2
Thrombosis 1 0.1
Other 31 3.0

COVID-19 detection methods in our autopsy cohort
(n=1036)

0,
03% 4% —

0,1%

= PCR negative = PCR positive IFA + PCR

= Ig M+G

= Express test

Figure 3. COVID-19 detection methods in our autopsy
cohort (n=1036)

All examined patients (n = 1036) had pneu-
monia, which was detected during a clinical
examination with CT diagnosis and confirmed
at autopsy. Acute exudative and prolifera-
tive phases of pneumonia were diagnosed in
the same number of cases (18.5+1.2% and
18.5+1.2%). The fibrotic phase was identified
in 5.9£0.7% of cases. 53.5+£1.5% of surveyed
patients had atypic pneumonia. And in most
cases, a mixed picture prevailed with signs of
progressive fibrosis associated with exudative
lesions (53.5+1.5%).

COVID-19 was a single original cause of death
in 88.7+£1.0% of surveyed cases; in 3.0£0.5%
(n=31) - the first underlying pathology in
combination with acute coronary syndrome.
Except COVID-19, the most frequent causes
of death in our autopsy cohort were stroke
(2.3£0.5%, n=24), diabetes (1.3£0.3%,
n=13) and cancer (0.6+£0.2%, n=6). Acute re-
spiratory distress syndrome (ARDS) was diag-
nosed in 36 patients (3.5+£0.6%), pulmonary

33

embolism in 148 patients (14.3£1.1%), sys-
temic thrombosis in 11 patients (1.0£0.3%),
Clostridioides difficile infection in 2 patients
(0.2%).

Clinicopathological diagnostic discrepancies
were documented in 22 patients (2.1+£0.4%)
- cardiovascular pathology (n=5), stroke
(n=2), renal diseases (n=3), leukemia (n=2),
chronic obstructive pulmonary disease (n=2),
alcohol-related liver disease (n=1), meningi-
tis (n=1), hepatic cirrhosis (n=1), HIV (n=1),
peptic ulcer disease (n=1), other (n= 3) were
mentioned as the main clinical diagnoses.

In 15.8+1.1% of cases, associated bacteri-
al or fungal pneumonia was detected. Sepsis
was diagnosed in 4 cases (0.4+0.2%).

According to autopsy results, the most pro-
nounced changes were found in the lungs.
Macroscopic evaluation results demonstrated
edematous and congested lungs with patchy
involvement and diffuse consolidation area.
The lungs were enlarged, airless, diffusely
compacted, dark red with a brownish tint on
the cut and a pink fluid flowing down from the
cut surface (figure 4).

Microscopic evaluation of lung airways, al-
veoli, and the vascular bed was performed.
Tracheitis of varying severity (from catarrh-
al-hemorrhagic to fibrinous-necrotic, mostly
desquamative) was diagnosed in 91.0£0.9%
of cases (N=943).

The four main structural patterns in COVID-19
patients’ lungs were:
e Typical virus-induced changes in epithelial
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Figure 4. The gross examination of lungs during COVID: A - Enlarged lungs of the COVID-19 patient; B - Lung cut of
the COVID-19 patient: a section of lung tissue with edematous fluid and redness on the surface

Figure. 5. Diffuse alveolar damage, exudative phase: A and B - total hemorrhagic pneumonia with edema, intraalveolar
hemorrhage, multiple hyaline membranes and severe vascular plethora. Hematoxylin and eosin stain x60

cells of the trachea, bronchi, bronchioles
and alveoli (100%, n=1036).

o Different phases of diffuse alveolar damage
in the majority of cases (96.5+0.6%).

In the early exudative phase, intraalveolar ede-
ma, hyaline membranes, lining the contours

34

of the alveoli, and desquamation of the bron-
chiolar and alveolar epithelium were detect-
ed. Alveolocytes with altered shape, enlarged
nuclei, coarse-grained chromatin and distinct
nucleoli were found in the walls and lumens of
the alveoli. Interalveolar septa capillaries and
pulmonary arteries and vein branch plethora
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Figure 6. Diffuse alveolar damage, exudative phase:
total hemorrhagic pneumonia with multiple hyaline
membranes in the lumens of the alveoli and “mature”
fibrin clots in the lumens of blood vessels. MSB method
modified by Zerbino-Lukasevich stain x 10

Figure. 7. Diffuse alveolar damage, organizing phase:
total hemorrhagic pneumonia with multifocal intra-
alveolar deposition of “mature” fibrin, interstitial and
intra-alveolar proliferation of fibroblasts, growths
of immature connective tissue and intra-alveolar
proliferation of fibroblasts. MSB method modified by
Zerbino-Lukasevich stain x 10

with erythrocyte sludge, fibrin or organic de-
scending blood clots, and foci of perivascular
blood effusions were found in the exudative
phase (Fig.5, 6). Intra-alveolar erythrocyte
accumulation from small parts to almost com-
plete lumen filling was detected in almost all
cases (94.4£0.7%). Siderophages and/or he-
mosiderin deposition (perivascular and in the
walls of the pulmonary artery branches) were
also identified. Multifocal intraalveolar fibrin
deposit interstitial and intra-alveolar prolifer-

35
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ation of fibroblasts we found at the organizing

phase (fig.7).

e Manifestations of congenital immunity were
described.

In all cases of COVID-19 pneumonia, edema
and scant mononuclear infiltration within the
interstitium alveolar septa were identified.
Alveolar spaces contain macrophages, gran-
ulocytes. Significant accumulation of intraal-
veolar neutrophils, with multiple, large foci of
micro- and macroabscess formation were in-
terpreted as signs of superimposed bacterial/
fungal infection.

e Pathological changes in the microvascula-

ture.

Analysis of laboratory data showed that all
these patients had deviations in markers of
coagulation, anticoagulant, fibrinolytic sys-
tems and indicators of systemic inflammation.
But the exact analysis of these anomalies was
impossible due to differences in the lists of
clinical examinations and the absence of some
data. During histology examination, focally or
diffusely, thrombi of the large vessels were
identified in 37.9+1.5% of surveyed lungs.
Microthrombi containing fibrin and platelets
were found in arteries <1.0 mm in diameter
and in alveolar capillaries. In 39.6+1.5% of
cases with diffuse microthrombi, it was also
detected in a larger vessel. And 157 patients
had diffused large vessel thrombi, 68.0+1.4%
also had microthrombi. The described changes
are probably the result of impaired hemosta-
sis in DIS syndrome, which naturally involves
microvessels. In addition, necrosis found in
visceral organs appears to be a consequence
of thrombosis. At the same time, in 12 cas-
es with the addition of bacterial pneumonia,
inflammatory lymphocytic perivascular and
transmural infiltration of small vessels was de-
tected in combination with thrombosis, which
can be considered a manifestation of vasculi-
tis.

Tubular necrosis was found in the kidneys in
43.0+1.5% of cases, sometimes with an accu-
mulation of eosinophilic homogeneous masses
in the lumens. In 0.3+0.2% of observations,
myocardial necrosis was identified. The brain
was characterized by changes in membranes
and tissues. There were vascular space ex-
pansions with vasculitis and blood clots, as
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well as small diffuse areas of neuroglia rar-
efaction. Severe edema was detected in the
membranes. Signs of tissue structure focal
damage in other organs were observed up to
parenchymal cell necrosis, as well as chang-
es associated with comorbid chronic diseases
previously present in surveyed patients.

Discussion and Conclusion. It is known that
COVID-19 can progress to severe acute respi-
ratory syndrome with pneumonia and ARDS
[12].

ICD coding of COVID-19 includes U07.1 -
COVID-19 confirmed by laboratory testing;
UQ07.2 - suspicious for COVID-19 with incon-
clusive laboratory testing; RA01.0 - COVID-19
(definite); RA01.1 - COVID-19 (suspected or
probable).

Elderly men predominated among our autopsy
cohort, which is consistent with global data.
It has been proven that the male gender and
advanced age (> 65 years) are the main risk
factors for disease progression [13] and SARS
[14]. The results of the meta-analysis [14]
show that patients with COVID-19 are mostly
adults aged 19 to 76 years (mean age 59.0
+ 9.6 years), with a higher share of men and
women being reported. Our patient cohort was
older (up to 93 years) with a mean age of 66.9
+ 1.2 years and 54.1% men. Similar data are
presented by Borczuk A.C et al. [8], where the
autopsy cohort consisted of 69.0% men with a
mean age of 73 years (range, 30 to 96 years).

To our best knowledge, there are only a few
large reports on COVID-19 autopsy cohorts
been published over the past year: one is
from the USA and Italy (n=68) [8] and two
from Russia (n=700 and n=543) [9, 15]. Our
study represented the largest (n=1036) au-
topsy cohort of COVID-19 patients.

Different levels of COVID-19 severity have
been identified, and hospital care can range
from general to oxygen support and intensive
care units, where patients can even be intubat-
ed, and the length of stay is highly dependent
on these criteria [15]. Rees E.M. et al. [15] with
a systematic review revealed that estimates for
LoS among patients who died in the hospital
were generally shorter (Me 4-21 days) than
those for patients who were discharged alive
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(Me 4-53 days). Those data are comparable
with the LoS indicator of our autopsy cohort.

It was proved that cardiovascular disease,
such as arterial hypertension or diabetic an-
giopathy, and chronic lung pathology preva-
lence were significantly higher (p<0.00001)
in critical patients compared to non-critical
ones [13]. In our study, almost half of the pa-
tients (47.7%) had comorbidity with the most
common hypertension (17.5%) and diabetes
(11.3%). The percentage of mentioned pa-
thologies in Borczuk A.C et al. [8] cohort was
higher and reached 65.0% (hypertension)
and 45.0% (diabetes); in Rybakova MG et al.
[16] study these indicators were 87.0% and
35.7%.

The discussed pathology may progress to
severe ARDS and its main pathological phe-
notypes include pneumonia and DAD. All pa-
tients (100%) of the present study were clin-
ically diagnosed with pneumonia, which was
confirmed after the later morphological inves-
tigation. It is known that up to 40% of hos-
pitalized patients developed ARDS [17, 18].
In our autopsy cohort, 22.0% had ARDS and
in 3.5% of cases, it was fatal. Pathophysio-
logical changes in ARDS were manifested by
acute and diffuse inflammatory lesions of the
alveolar-capillary barrier, which were caused
by increased vascular permeability in com-
bination with a decrease in the pliability and
size of aerated lung tissue. This resulted in
a significant reduction in gas exchange and
the development of hypoxemia [11, 19]. Such
changes lead to severe lung damage with a
sharp decrease in gas exchange, which re-
quires invasive ventilation and/or extracor-
poreal membrane oxygenation. In almost all
cases of SARS-CoV-2, manifestations of DAD
have been described, which involve endothe-
lial and alveolar-capillary epithelial cells ac-
cumulating protein-rich fluid in the interstitial
and alveolar space, eventually culminating in
the hyaline membrane formation and throm-
bosis of small vessels and capillaries. This de-
velopment compromises the stabilization of
surfactants due to progressive alveolar col-
lapse and increasing deterioration of oxygen-
ation [17]. Despite research and advances in
SARS-CoV-2, pathomechanisms responsible
for initiating SARS secondary to viral infection
have not been fully elucidated.
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We found that COVID-19 was the single origi-
nal cause of death in 88.7% of surveyed cases
while Rybakova MG et al. [16] reported only
43.0%.

It is known that SARS-CoV-2 enter human
organisms through angiotensin-converting
enzyme-2 (ACE-2) receptors [18]. ACE-2 is
presented in alveolar epithelium, hepatocytes,
renal tubular epithelium, biliary epithelium,
and enterocytes, respectively the pathological
findings in patients with COVID-19 were most
significant in the lungs, but were also found in
other organs and systems, such as the liver,
kidneys, and the lymphatic system [18].

A major acute pathologic finding like in oth-
er studies [5, 8, 9, 11, 16] was bilateral DAD,
which included lung edema, hyaline mem-
branes, pneumocytes and fibroblast prolifera-
tion. In 87% of patients in Borczuk A.C et al.
[8] study and 96.5% of cases in our cohort,
typical features of DAD were found, at least fo-
cally. The most unexpected pathological finding
was thrombotic occlusion of pulmonary arter-
ies, which was identified both by rough exam-
ination and microscopy. This important finding
is a consequence of parenchymal pulmonary
hemorrhage and hemorrhagic infarction.

The combination of alveolar and vascular
events underlies the rapid, sometimes unpre-
dictable clinical deterioration observed in se-
vere COVID-19, which was also found in our
autopsy series.

In previous investigations, a high incidence of
venous thrombosis and pulmonary embolism
was reported as the death cause in 30.0% of
cases [19, 20]. In the study by Wichmann et
al. [20], pulmonary microthrombosis was doc-
umented in all cases (100%, n=12), and in
our cohort, pulmonary embolism was fatal in
14.3% of cases when large vessel thrombi also
had microthrombi focally or diffusely in 39.6%
and 68.0%. Similar data were reported in the
study by Borczuk A.C et al. [8]. The mecha-
nisms of pulmonary artery thrombosis and co-
agulopathy in patients with COVID-19 remain
not fully studied. Lax S. F. et al. [5] consider
that there was a causal relationship between
inflammatory and reparative processes asso-
ciated with DAD, as thrombus is often found
in small pulmonary arteries, most likely due to
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endothelial damage. Endothelial damage may
also be associated with direct viral infection of
endothelial cells expressing ACE-2 receptors,
or with a host reaction, as recently suggested
[5, 22]. According to the latest data, D-dimer
levels higher than 2500 upg/L become a se-
lection criterion for CT angiography to identify
segmental or subsegmental pulmonary artery
thrombosis [23]. Microvascular COVID-19
lung vessels obstructive thromboinflamma-
tory syndrome (MicroCLOTS) was proposed
as a new terminology for severe pulmonary
COVID-19 [5, 24]. However, this term does
not describe the clinically important sign of
pulmonary artery lesions of the medium and
larger size found in the current study. At the
same time, the issue of damage to small and
medium-sized arteries in COVID-19 is being
discussed. Damage to small vessels and cap-
illaries is a manifestation of DIS syndrome,
characterized by the formation of obstructing
microthrombi and ischemia of visceral organs
with the development of necrosis. This fully
corresponds to the clinical picture of multiple
organ failure in severe cases of the disease.
But this explanation does not provide an an-
swer to the cause of damage to medium-sized
vessels. This can be explained by the develop-
ment of vasculitis and endotheliitis, which are
described in individual cases [8, 22]. It should
be noted that among our cases, there were 12
cases of lymphocytic inflammation in the wall
of small arteries, which can be interpreted as
a manifestation of coronavirus vasculitis.

Kidneys and liver chronic changes could con-
tribute to fatal outcomes in COVID-19 patients
[5]. According to the literature, it is known
that acute renal tubular injury associated with
hypoxia is the cause of end-stage renal failure
and is not caused by viruses due to the high
expression of ACE-2 receptors in the tubular
epithelium. [5, 25]. And in our cohort, epi-
thelial necrosis was found in kidneys in 43.0%
of cases, sometimes with an accumulation of
eosinophilic homogeneous masses in the lu-
mens, which correlates with the findings of
Borczuk A.C et al. [8].

Acute hepatocyte necrosis, as well as cholesta-
sis, described in patients with COVID-19,
should be more associated with hypoxia or
sepsis (due to central venous thrombosis and
systemic inflammation), and not with the di-
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rect viral effect of SARS-CoV-2 [5, 26]. Liver
damage as part of the systemic inflamma-
tory response syndrome and sepsis (which
was also observed in our patients) may have
independent prognostic value due to chang-
es in the secretion of acute phase reagents,
cytokines or other mediators of inflammation
and coagulation factors and may subsequent-
ly contribute to subsegmental and segmental
pulmonary thrombosis [27].

Frequent lymphocyte depletion in the lymph
nodes and spleen reported with SARS-1 co-
incides with lymphopenia caused, at least
in part, by increased secretion of endoge-
nous cortisol through the hypothalamic-pitu-
itary-adrenal axis associated with hyperplasia
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over hyperplasia [5]. Spleen stroma changes
were documented in 28.8% of cases with the
emptying of the lymphoid tissue T- and B-de-
pendent zones, which was also reported in an-
other study [9].

In conclusion, the conducted study of autop-
sies of patients in Lviv and Lviv Region cor-
responds to general world trends regarding
clinical and pathomorphological changes in
COVID-19. We have confirmed that the tar-
get for SARS-CoV-2 is lung damage with the
development of DAD and subsegmental and
segmental thrombosis of pulmonary arteries,
which become lethal. Our histological findings
in patients with COVID-19 indicate diffuse al-
veolar lung damage in the acute exudative,

proliferative, and fibrotic phases of the disease and include 3 main forms of damage: epithelial,
vascular, and fibrotic. The combination of these pathomorphological mechanisms may explain the
rapid clinical deterioration of the severe form of COVID-19. Severe pulmonary changes described
in combination with disseminated thrombosis (a manifestation of DIS syndrome) lead to multiple
organ failure involving kidneys, liver, and spleen. The question of the mechanisms of damage to
the vascular bed in COVID-19 remains open because thrombotic microangiopathy in DIS syn-
drome does not explain all the morphological findings. Therefore, our further research will be
devoted to the study of vasculitis as a key type of damage to the vascular wall and the leading
mechanism of the development of thrombotic complications in COVID-19.

References

1. Kiss S, Gede N, Hegyi P, Nemet D, Foldi M, Dembrovszky F et al. Early changes in laboratory parameters
are predictors of mortality and ICU admission in patients with COVID-19: a systematic review and meta-
analysis. Med Microbiol Immunol. 2021; 210: 33-47. https://doi.org/10.1007/s00430-020-00696-w

2. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J et al. A Novel Coronavirus from Patients with Pneumonia
in China, 2019. N Engl J Med. 2020; 382(8):727-733. https://doi: 10.1056/NEJM0a2001017

3. WHO Director-General’s opening remarks at the media briefing on COVID-19-11 March 2020. https://
www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-
covid-19-11-March-2020.

4. https://www.worldometers.info/coronavirus/. Accessed on June 12, 2021

5. Lax SF, Skok K, Zechner P, Kessler HH, Kaufman N, Koelblinger C et al. Pulmonary Arterial Thrombosis
in COVID-19 with Fatal Outcome. Results From a Prospective, Single-Center, Clinicopathologic Case
Series. Annals of Internal Medicine. 2020;173 (5): 350-361. doi:10.7326/M20-2566

6. Phua ], Weng L, Ling L, Egi M, Lim C-M, Divatia J-M et al. Asian Critical Care Clinical Trials Group. In-
tensive care management of coronavirus disease 2019 (COVID-19): challenges and recommenda-
tions. Lancet Respir Med. 2020; 8:506-517. https://doi.org/10.1016/ S2213-2600(20)30161-2

7. Zhou F, Yu T, Du R, Fau G, Liu Yi, Liu Z et al. Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020; 395:1054-
1062. https://doi.org/10.1016/ S0140-6736(20)30566-3

8. Borczuk AC, Salvatore SP, Seshan SV, Patel SS, Bussel JM, Mostyka M et al. COVID-19 pulmonary patholo-
gy: a multi-institutional autopsy cohort from Italy and New York City. Modern Pathology 2020; 33:2156-
2168. https://doi.org/10.1038/s41379-020-00661-1

9. Samsonova M, Mikhaleva LM, Zaratyanz OV, Varyasin VV, Bykanova AV, Mishnev OD, et al. Lung pathol-
ogy with COVID-19 in Moscow. Russian Journal of Archive of Pathology. 2020; 82 (4): 32-40. https://
doi.org/10.17116/patol20208204132

10. Nicholls JM, Poon LL, Lee KC, Ng WF, Lai ST, Leung CY, Chu CM et al. Lung pathology of fatal severe
acute respiratory syndrome. Lancet. 2003; 361:1773-1778. DOI: 10.1016/s0140-6736(03)13413-7

38



Mpaui HTL MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua

2022, Tom 69, N2 2 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2022, Vol. 69, 2
OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn Original research: Clinical sciences
11. Batah SS, Fabro AT Pulmonary pathology of ARDS in COVID-19: A pathological review for clinicians.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Respiratory Medicine.2021; 176:106-239. DOI: 10.1016/j.rmed.2020.106239

Yoshikawa A, Munkhdelger ], Bychkov A. COVID-19. PathologyOutlines.com website. https://www.
pathologyoutlines.com/topic/lungnontumorcovid.html. Accessed April 13th, 2021.

Zheng Z, Peng F, Xu B, Zhaoa J, Liuc H, Peng ] et al. Risk factors of critical & mortal COVID-19 cases:
A systematic literature review and meta-analysis. J Infect. 2020; 81(2):el16-e25. DOI: 10.1016/j.
jinf.2020.04.021.

Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S et al. Risk Factors Associated With Acute Respiratory Distress
Syndrome and Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA
Intern Med. 2020; 180(7):934-943. doi:10.1001/jamainternmed.2020.0994

Rees EM, Nightingale ES, Jafari Ya, Waterlow NR, Clifford S, Pearson CAB et al. COVID-19 length
of hospital stay: a systematic review and data synthesis. BMC Medicine. 2020; 18:270. https://doi.
org/10.1186/s12916-020-01726-3

Rybakova MG, Karev VE, Kuznetsova IA. Anatomical pathology of novel coronavirus (COVID-19) in-
fection. First impression. Russian Journal of Archive of Pathology. 2020; 82(5):5-15. https://doi.
org/10.17116/patol2020820515

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J et al. Clinical Characteristics of 138 Hospitalized Patients
With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA. 2020; 323(11):1061-1069.
doi:10.1001/jama.2020.1585

Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T, Erichsen S et al. SARS-CoV-2 cell entry
depends on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell. 2020;
181:271-280.e8. DOI: 10.1016/j.cell.2020.02.052

Tian S, Hu W, Niu L, Liu H, Xu H, Xiao S-Yu. Pulmonary pathology of early-phase 2019 novel coronavi-
rus (COVID-19) pneumonia in two patients with lung cancer. J Thorac Oncol. 2020; 15:700-704. DOI:
10.1016/j.jtho0.2020.02.010

Wichmann D, Sperhake JP, Litgehetmann M, Steurer S, Edler C, Heimemann A et al. Autopsy findings
and venous thromboembolism in patients with COVID-19: a prospective cohort study. Ann Intern
Med. 2020; 173(4):268-277. doi:10.7326/M20-2003

Bosmiuller H, Matter M, Fend F, Tzankov A. The pulmonary pathology of COVID-19. Virchows Archiv.
2021; 478:137-150. https://doi.org/10.1007/s00428-021-03053-1

Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, Zinkernagel AS et al. Endothelial cell in-
fection and endotheliitis in COVID-19. Lancet. 2020; 395:1417-1418. https://doi.org/10.1016/ S0140-
6736(20)30937-5

Leonard-Lorant I, Delabranche X, Severac F, Helms ], Pauzet C, Collange O et al. Acute pulmonary
embolism in COVID-19 patients on CT angiography and relationship to D-dimer levels. Radiology. 2020;
20:15-61. https://doi.org/10.1148/radiol.2020201561

Ciceri F, Beretta L, Scandroglio AM, Colombo S, Landoni G, Ruggeri A et al. Microvascular COVID-19
lung vessels obstructive thromboinflammatory syndrome (MicroCLOTS): an atypical acute respiratory
distress syndrome working hypothesis. Crit Care Resusc. 2020; 15;22(2):95-97.

Harmer D, Gilbert M, Borman R, Clark KL. Quantitative mRNA expression profiling of ACE 2, a novel
homologue of angiotensin-converting enzyme. FEBS Lett. 2002; 532:107-10. DOI: 10.1016/s0014-
5793(02)03640-2

Horvatits T, Drolz A, Trauner M, Fuhrmann V. Liver injury and failure in critical illness. Hepatolo-
gy. 2019;70:2204-2215. DOI: 10.1002/hep.30824

Sun J, Aghemo A, Forner A, Valenti L. COVID-19 and liver disease. Liver Int. 2020; 40(6):1278-1281.
https://doi.org/10.1111/liv.14470

39



