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Abstract

The research aim is to study the morphological features of COVID-19 in the lungs of patients who died in Moscow from March 20 to June 6, 2020.
Methods. Autopsy material of the lungs from 123 deceased (54 women, 69 men) with COVID-19 coronavirus infection (confirmed by PCR) was
analyzed, the median age was 71 (30 — 94) years, and the duration of the disease was 14 (3 — 65) days. In all cases, the patient’s medical records and
autopsy reports were analyzed. Macro- and microscopic changes in the lungs were evaluated in all the observations. Results. The pathology of the
lungs in COVID-19 corresponds to various phases of diffuse alveolar damage (DAD). The exudative phase of DAD was detected in 54 (43.9%), the
proliferative phase — in 21 (14.63%), and their combination — in 51 (41.46%) of the deceased. Histological features of different phases of DAD are
described. Conclusion. An analysis of autopsy material revealed a mismatch between the duration of the course of the disease and the phase of diffuse
alveolar damage. A significant portion of the dead found a combination of exudative and proliferative phases of the disease. Histological signs that
indirectly indicate a violation of the coagulation system during COVID-19 are described.
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Pesome

Ilenbto cTaTtbu SBUIOCH M3yYeHUE OCOOEHHOCTE MOpPGOJIOrMYecKUX U3MEeHeHUid B jerkux y ymepuux or COVID-19 B MockBe 3a nepuos
20.03.20—06.06.20. Marepuaanl 1 Merombl. [1poaHaIM3MpOBaH ayTONCUMHBIA MaTepuas JETKUX YMEPIIMX OT KOPOHABUPYCHOI WHOEKINU
COVID-19 6onbHbIX (1 = 123: 54 XeHIIMHBI, 69 MyXUMH; cpeaHuii Bo3pacT — 71 (30—94) rox; npomoKUTeIbHOCTh 3a001eBaHust — 14 (3—65)
CYTOK), MOATBEPKAEHHOI METOAOM MOJIMMEpa3Hoii LenHoii peakuuu. [IpoaHanu3nupoBaHbl MEAULIMHCKUE KAaPThl BCEX CTALIMOHAPHBIX OOJBHBIX
U BCE MPOTOKOJBI BCKPBITHiA. [10 MaHHBIM Bcex HAOMIONEHUI OLEHEHBI MaKpO- U MUKPOCKOIUYECKHEe M3MEHEHUs B JIeTKuX. Pe3yabraTsl.
[Maromopdonornyeckrue M3MEHEHUs] B JIETKMX COOTBETCTBOBAIM pPa3iMuHbIM (hazaMm auddy3sHoro anbpeossipHoro mnospexiaeHus (JAIT).
DkceynaruBHas dasa JAIl BoisiBiena y 54 (43,9 %), nponudeparusnas — y 21 (14,63 %), ux couetanue —y 51 (41,46 %) ymepiero. OnvcaHbl
MaTOTUCTOJIOTNIECKIEe OCOOEHHOCTH U3MEHEHUI B pa3Hble a3kl 3aboeBanus. 3aKkmouenne. [1py aHamm3e ayTONCUITHOTO MaTepralia yCTaHOB-
JIEHO HECOOTBETCTBME MEXIY MPOLOJKUTEIbHOCTBIO TeueHUs 3a0oaeBanust U daszoit JAIl. Y 3HaUUTENbHON YacTH yMepLIMX 0OHapyKeHO coue-
TaHUe 9KCCYNATUBHOU U TiponudepatuBHOit hasbl 3a0oneBanusl. OmMrcaHbl TUCTOIOTHYECKUE TTPU3HAKY, KOCBEHHO YKAa3bIBAIOINE HA HAPYIIIe-

HMe cucTeMbl koaryssiumu B TeueHun COVID-19.

KnroueBsie cioBa: COVID-19, BupycHas MHTepCTULIMATbHAS THEBMOHMS, TTATOJIOTMYECKAsI aHATOMMSI, KOATYJIOMAaTHsI.
KongamkT uaTepecoB. ABTOPHI 3as1BJISIIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

Hnst mmtupoBanusi: CamconoBa M.B., YepnsieB A.JI., Omaposa XK.P., Ilepmmna E.A., Mumnes O./1., 3aiipatesnai O.B., Muxanesa JI.M.,
Kanunun I.B., Bapsicun B.B., Tumikesuu O.A., Bunorpagos C.A., Muxaitinuenko K.1O., YepHsak A.B. OcoOeHHOCTH 1MaToJIOrn4eckoit aHaTo-
muu sierkux npu COVID-19. ITyasmononoeus. 2020; 30 (5): 519—532. DOI: 10.18093/0869-0189-2020-30-5-519-532

Information about the epidemiology, clinical features,
prevention, and treatment of the new coronavirus infec-
tion COVID-19 is still limited and is updated almost dai-
ly. In December 2019, an outbreak caused by the new
coronavirus began in Wuhan, Hubei Province, China,
leading to a pandemic declared by the World Health
Organization (WHO) on March 11, 2020 [1]. According
to phylogenetic studies, the pathogen was named se-
vere acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), and the disease was named COronaVIrus
Disease-2019 (COVID-19).

The high infectivity of the coronavirus, the lack of ef-
fective antiviral drugs and vaccines, and the potential-
ly large number of asymptomatic patients have made it
extremely difficult to prevent the spread of COVID-19.
Unfortunately, about 20% of infected patients develop
severe disease. On July 2, 2020, the mortality rate from
COVID-19 in the world was 4.86%, according to the
WHO data [2].

It is known that the most severe clinical manifestation
of a new variant of coronavirus infection is viral interstitial
pneumonia in the form of diffuse alveolar damage (DAD)
(clinically ARDS), less often with the development of
thrombohemorrhagic syndrome and septic shock. The re-
spiratory distress syndrome that develops in patients with
severe COVID-19 may differ from classic acute respirato-
ry distress syndrome (ARDS). However, patients demon-
strated the relatively intact lung mechanics in the presence
of severe hypoxemia, characterized by high respirato-
ry compliance and a high shunt fraction. Therefore, the
pathology and pathophysiology of COVID-19 may differ

from the known ARDS [3]. Dysregulation of the immune
response during COVID-19 is characterized by a pro-in-
flammatory phase with the development of subsequent
immune suppression [4]. Furthermore, it is assumed that
microvascular disorders are a fundamental pathogenetic
aspect leading to death in the most severe course of the
disease [5].

Thus, the pathophysiology of the disease is not well
understood. Data on the pathomorphological features of
the disease are accumulating, but at the moment the num-
ber of such publications is limited.

The purpose of this article is to study the patho-
logical changes in the lungs of those who died from
COVID-19 in Moscow for the period from March 20
to June 6, 2020.

Materials and methods

The autopsy material of the lungs from 123 dead peo-
ple (54 women, 69 men) was analyzed, the median age
of the dead was 71 (30 — 94) years. In all observations,
the inpatient’s medical records and autopsy reports were
analyzed. All these people had a new coronavirus infec-
tion, COVID-19, confirmed in vivo by Polymerase chain
reaction (PCR) of nasopharyngeal smears. The dura-
tion of the disease (from the onset of symptoms to death)
was 14 (3 — 65) days, the duration of hospitalization was
6 (1 — 65) days. Some of the patients underwent me-
chanical ventilation, the median duration of which was
4 (1 — 30) days.

520

Mynbmoxonorus « Pumonologiya. 2020; 30 (5): 519-532. DOI: 10.18093/0869-0189-2020-30-5-519-532



Table 1

Basic clinical and laboratory findings

Tabauua 1

OcHogHble KauHuYecKue u 1abopamopHvie noKazamenu
Characteristic ‘ Value
Sex, female/male 54/69

+ Age*, years 71(30-94)

. gg:;lr)s.;*g*’(:]la(%oms (RT-PCR - naso-, oropharyngeal 123 (100)
Time from the onset of symptoms to death, days* 14 (3 65)
The duration of hospitalization, days* 6(1-62)
The duration of mechanical ventilation, days* 4(1-30)
Comorbid diseaes™, n (%):

Diabetes mellitus, type Il 39(32,5)
Obesity 19 (15,83)

+ Arterial hypertension 61 (49,59)

+ Chronic ischemic heart disease 30 (24,39)

+ Chronic cerebral ischemia 4 (3,25)

+ Myocardial infarct 3(2,5)

¢ Leukemia, lymphomas 9(7,5)

+ Malignant tumors 5(4,16)

+ Chronic respiratory diseases 15 (12,5)

+ HIV 4(3,33)

¢ Kidney transplantation 1(0,83)

+ Lung tuberculosis 1(0,83)

+ Paraproctitis 1(0,83)

+ Laboratory parameters:

+ Total leucocyte count (x 10°/L)*** 1(1 :i“_tsz:i?
Absolute lymphocyte count (x 10%/L)* 0,6(0-9)

CRP, mg/ml* 170 (15 - 431)

Note: RT-PCR, Polymerase chain reaction in real time; CRP, C-reactive protein; *, median
(minimum-maximum) for normal distribution quantitative variables; **, absolute values (%);

*** mean values t standard deviation (minimum/maximum); reference values: for total number
of leukocytes - (4.0 - 11.0) x 10/, for absolute number of lymphocytes - (1.5 - 4.5) x 10°IL,
and for C-reactive protein concentration - < 5 mg/L.

IMpuMeyaHme: * — meauaxa (MUHUMYM-MaKCUMyM) AnS KONMYECTBEHHBIX NEPEMEHHBIX C HOP-

ManbHbIM pacnpesenetnem; ** — abconiotHble 3Hauerust (%); *** - cpeaHe 3HaueHws £ cTah-

[1apTHOE OTKMOHEHME (MUHUMYM-MaKCUMYM); pedbepeHCHble 3HaueHws: Ang obLuero yuena
neitkouuTo - (4,0-11,0) x 10° / n, ans aGcontotHoro uncna numdpounTos — (1,5-4,5) x 10°/ n,
[NS KOHUEHTpaLuy C-peakTigHoro benka — < 5 mr/ .

Statistical analysis

Parameters with a normal distribution are presented as
mean values * standard deviation, those without a nor-
mal distribution are presented as a median (minimum—
maximum). Qualitative variables are presented in terms
of frequency and percentage distribution. The statistical
software package Statistica, version 13 was used for the
analysis.

At the autopsy a pronounced plethora of internal or-
gans, especially the lungs was revealed; in some patients,
multiple fine hemorrhages in the parietal and visceral
pleura, shock kidneys were observed. The lungs usually
filled the entire chest cavity. The weight of the lungs was
1,450 (700 — 3,200) g. Gross examination revealed a typi-
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Table 2
The frequency of occurrence of histological signs; n (%)
Tabauua 2
Yacmoma ecmpeuaemocmu 2ucmoa02u4ecKux npu3HaKoe;
n (%)
Histological signs ‘ Number of cases
Edema 104 (84,55)
Starch bodies 9(7,32)
Hyaline membranes 99 (80,49)
Cytotoxic pneumocyte changes 63 (51,22)
Bronchial epithelium desquamation 92 (74,80)
Bronchial epithelium metaplasia 35 (28,45)
Pneumocyte desquamation 91 (73,98)
Alveolar metaplasia 60 (48,78)
Megakaryocytes 37 (30,08)
Intraalveolar macrophages 89 (72,36)
Intraalveolar plasmatic cells, lymphocytes 73 (53,35)
Intraalveolar neutrophils 40 (32,52)
Intraalveolar erythrocytes 93 (75,6)
Intrabronchial erythrocytes 15 (12,2)
Siderophages/haemosiderin in alveoli 46 (37,36)
Infarcts/hemorrhages 51 (41,46)
Thrombus in arteries 60 (42,78)
Thrombus in veins 31 (25,20)
Microthrombus (in capillaries, arterioles, venules) 12 (9,76)
Edematous myxoid stroma 11(8,94)
Interstitial inflammation 69 (56,1)
Fibrin in alveoli 80 (65,04)
Fibrin in bronchi 6(4,9)
Fibroblastic tissue 61 (49,59)
Fibrosis of alveolar septae 16 (13,01)
Alveolar capillary congestion 17 (13,82)
Acute swelling 15 (12,20)
Aspiration 3(2,44)
Intraalveolar ossification 7(5,69)
Vasculitis/microvasculitis 10 (8,13)
Bacterial pneumonia 30 (24,39)

cal picture of “shock lungs”: the lacquered appearance of
the dark cherry surface of the lungs, the rubbery density of
the tissue, in the section from dark cherry to brownish red
in color (Figure 1).

A crimson, opaque, thick liquid, which was hardly
squeezed out of the tissue, flowed from the cut surfaces. In
some cases, areas of acute swelling were observed, more
often in the anterior parts of the lungs. One could see at-
electasis (distelectasis), hemorrhagic infarctions, as well
as hemorrhages of various sizes, merging with each other,
sometimes spreading on the whole lobes. In some patients,
obstructing blood thrombi were found in the branches of
the pulmonary arteries and veins. At later stages, the lungs
were compacted; on the incision in these areas, the tissue
was grayish or grayish-yellow in color (Figure 2).
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Figure 1. Gross cross section of the lung. “Shock lung”: red surface with
focal dark red areas (hemorrhage) under the visceral pleura

Puc. 1. Makponpenapar jerkoro. «lllokoBoe» jierkoe: Ha paspeze —
TKaHb C 4YepelOBAaHWEM YYaCTKOB KPACHOTO U TEMHOTO-KPAaCHOTO
1BeTa (KPOBOM3JIUSIHUS) TIOJI BUCLIEPAJIbHOM TUIEBPOI

Histological examination of the lungs revealed signs of
viral interstitial pneumonia in the form of diffuse alveolar
damage (DAP) in its various phases.

The exudative phase of DAP was detected in 54 (43.9%)
deaths, the median duration of the disease in them was
11 (4 — 37) days. Histological examination in this group
showed pronounced intraalveolar edema, hyaline mem-
branes lining the contours of respiratory bronchioles, al-
veolar ducts, and sacs, alveoli in the form of strips of dif-
ferent thicknesses (Figure 3). There was damage to the
epithelium associated with viral exposure desquamation
of bronchial and bronchiolar epithelium, type I and II

Figure 2. Gross cross section of the lung. Organizing pneumonia: large
areas of gray-yellow color

Puc. 2. Makponpenapat Jierkoro. OpraHu3syonasicsi THeBMOHMUSI: 00-
IIVUPHBIE YYACTKU CEPO-3KEJITOTO 1[BETa

pneumocytes, a proliferation of type Il pneumocytes
(Figure 4).

Most of the deceased showed signs of cytopathic dam-
age to the epithelium with the appearance of ugly pneu-
mocytes characterized by a variety of shapes, changes in
the nucleus with the appearance of nucleoli, atypical mi-
toses; in some of the cells, enlightenment around the nu-
cleus in the form of a halo, as well as round particles in
the cytoplasm of cells, were found. In the lumens of the
alveoli, small symplasts were often found, and in some of
the dead multinucleated pneumocytes. Along with chang-
es in the alveolar epithelium, epithelial cells with enlarged

Figure 3. Intraalveolar edema with hyaline membranes lining the alveoli.
H&E, x 100

Puc. 3. BHyTpuanbBeOJSIpHbII OTEK W TMAJIMHOBBbIE MEMOpaHBbI IO
KOHTYpY ajibBeosi. OKpacka reMaTOKCMJIIMHOM U 303MHOM, X 100

Figure 4. Intraalveolar edema, macrophages, desquamation of pneumo-
cytes. H&E, x 200

Puc. 4. BHyTpuanbBeOJSIpDHBII OTEK, IJIACTHI JIECKBAMUPOBAHHOTO
aJIbBEOJISIPHOTO DIUTENUSI U Makpodaru B mpocseTax ajibBeos. Okpa-
CKa reMaTOKCUJIMHOM U 303UHOM, X 200

522

Mynbmoxonorus « Pumonologiya. 2020; 30 (5): 519-532. DOI: 10.18093/0869-0189-2020-30-5-519-532



Figure 5. Mild intraalveolar edema, macrophages, lymphocytes,
organizing thrombus in the arteriola, congestion of the arterioles.
H&E, x 100

Puc. 5. HeGoJb1110ii BHYTpHAIbBEOIIPHBII OTEK, Makpodaru, TumMdo-
LIMTHI B MPOCBETAX aJbBEOJ, OPraHU3YOLINIICsS TPOMO B apTepuole,
TIOJTHOKpOBUE apTepuoii. OKpacka reMaTOKCUJIMHOM U 303MHOM, X 100

nuclei were observed among the desquamated bronchial
epithelium. In some cases (6 deaths), fibrin was found in
the lumens of the bronchi and bronchioles. Some patients
were found to have blood vessel’s congestion (branches of
the pulmonary arteries and veins, capillaries of the inter-
alveolar septa) with damage and desquamation of endo-
thelial cells, with the sludge of erythrocytes, organizing
and fibrin thrombi (Figure 5), foci of perivascular hemor-
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rhages, erythrocyte accumulation in the bronchial lumen.
A third of the deceased from this group had focal hem-
orrhages and/or hemorrhagic infarctions. In the vascular
endothelium of patients with COVID-19, overexpression
of FVIII was found (Figure 6). Interstitial inflammation in
this phase was represented by lymphoid infiltration of the
interalveolar septa. In some cases, there was a rather pro-
nounced intraalveolar accumulation of lymphocytes and
macrophages. In rare cases, phagocytosed cell fragments
and erythrocytes were observed in the cytoplasm of alveo-
lar macrophages (Figure 7).

The proliferative phase of DAP was detected in 21
(14.63%) dead with a disease duration of 17 (9 — 23) days
and was characterized, along with the changes described
above, by the appearance of intraalveolar fibrin accumula-
tions of varying degrees of maturity; edema of interalveo-
lar septa of varying severity, with their infiltration by lym-
phocytes, plasma cells, macrophages, sparse neutrophils.
In this phase of the disease, some patients were found to
have myxoid edematous stroma in the interalveolar septa
and perivascular spaces. There was a proliferation of fibro-
blasts, as well as deposits of collagen in the walls of the al-
veoli. In some patients, interstitial inflammation was quite
pronounced, which was manifested by an enlargement of
the alveolar septa. In this phase, the organization of fi-
brin was observed with the appearance of scattered fibro-
blasts, a proliferation of fibroblastic polypoid tissue in the
lumens of the alveoli and respiratory bronchioles. In some
patients, starch bodies were found in the alveoli as a result
of prolonged edema.

Figure 6. FVIII expression in endothelium: A, COVID-19 viral pneumonia; B, Control surgical material from the patient operated for lung cancer,
unaffected area). IHC, x 200

Puc. 6. Okcnipeccust FVIII B sHporenuu cocynos: A — nipu BupycHoii maeBMoHun COVID-19; B — B KOHTpOJIbHOM HaGJioaeHnn (OrepamnoH-
HBIIl MaTepual MnalureHTa, ONepUPOBAHHOIO MO MOBOLY paka Jerkoro, HeM3MEHEHHbIN YJ4acTOK TKaH!). UMMYHOTMCTOXMMMYECKOE OKpallnBa-

Hue, x 200
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Figure 7. Intraalveolar accumulation of desquamation of pneumocytes
with cytopathic changes, macrophages, autophagy: cell fragments it the
cytoplasm of macrophages. H&E, x 250

Puc. 7. CkoruieHUs B POCBETaX aJIbBEOJI IeCKBAMUPOBAHHBIX aJIbBEO-
JIOUMTOB C LUTOMATUYECKMMU U3MEHEHUSIMU, Makpodaros, ayroda-
rusi: KJIeTOUHble (hparMeHThl B LIMTOIUIa3Me MakpodaroB. Okpacka
reMaTOKCWJIMHOM UM 303UHOM, X 250

Intraalveolar accumulation of macrophages, lympho-
cytes, and plasma cells, more often found in the exudative
phase, was also detected in some of the deceased in the
proliferative phase of the disease. The last was character-
ized by the presence of reparative changes in the bronchi-
olar and alveolar epithelium in the form of proliferation
of type II pneumocytes and squamous cell metaplasia.
In some patients, focal areas of young connective tissue

Figure 9. Subpleural fibrosis: connective tissue with a small number of
collagen and elastic fibers, smooth muscle proliferation, angiomatosis.
Stained with picrofuchsin by Van Gieson, x 50

Puc. 9. INonmieBpanbHbINi yuacToK (hUOpo3a: COeNUHUTENIbHASI TKAaHb
C HEOOJIBILINM YKMCIOM KOJUTATEHOBBIX M 3JIACTUYECKUX BOJIOKOH, MPO-
nudeparivieii IaaKuX MBI, aHTHoMaTo3. OKpacka MTUKPOo(hyKCUHOM
no Ban I'm3ony, x 50

Figure 8. Intraalveolar fibroblastic tissue in the form of glomeruli, the
focus of lymphoid infiltration. H&E, x 40

Puc. 8. ®ubpobiacTryeckast TKaHb B MPOCBETAX albBEOJ B BUIE KITy-
604KOB, ovar JuMdouaHon nHbUIbTpauu. OKpacka reMaTOKCHUITU-
HOM U1 303UHOM, % 40

in the form of “glomeruli” were found (Figure 8). There
were also areas of fibrotic atelectasis, consisting of delicate
connective tissue with a small number of collagen fibers
and smooth muscle proliferation (Figure 9). However, no
significant fibrosis with collagen deposition was found in
any of the dead. In 7 out of 54 deaths with signs of the
proliferative phase of DAP, fragments of bone tissue were
found within alveoli, with localization in one case among
desquamated and metaplastic pneumocytes.

With COVID-19 infection, a combination of exudative
and proliferative phases of diffuse alveolar damage was of-
ten observed in 48 (39.02%) dead, the median duration
of the disease was 15 (11 — 65) days. So, in these cases,
in some areas of the lung, there was an acute process with
the presence of edema and hyaline membranes, in others,
signs of a proliferative phase were revealed the organiza-
tion of fibrin, foci of organizing pneumonia, sometimes
quite abundant or foci of granulation tissue.

In some patients with a prolonged course of the disease
(more than 15 — 20 days), in areas of the lung with typical
signs of proliferative changes, edema, hyaline membranes
and pronounced desquamation of pneumocytes, includ-
ing those with signs of cytopathic changes, were revealed
(Figure 10). With a long course of the disease, the appear-
ance of siderophages in the alveoli was observed, as well as
the deposition of iron-containing pigment in the endothe-
lium and the vascular wall.

Histological changes, which could indirectly indi-
cate the impairment of coagulation, namely the appear-
ance of intraalveolar hemorrhages, blood clots in pulmo-
nary arteries and veins, were found in all phases of the
disease. Lymphoid infiltration of the vessels with sparse
cells as minimal signs of vasculitis was found in 10 de-
ceased (Figure 11), while acute vasculitis and endothelii-
tis were observed only in cases complicated with bacterial

524

Mynbmoxonorus « Pumonologiya. 2020; 30 (5): 519-532. DOI: 10.18093/0869-0189-2020-30-5-519-532



Editorial « MNepenoBas cTaTba

Figure 10. Patient 70 years old. SARS-CoV-2+. The duration of the disease is 65 days. The exudative with proliferative phase of diffuse alveolar
damage: A, Computer tomogram of the lungs. Disease progression: foci of heterogeneous “ground-glass” opacity in the lingular of the left lung,
areas of the round shape consolidation in the cortical zones of the right lung, bilateral pleural effusion; B, Fibroblastic tissue, desquamated
pneumocytes with cytopathic changes, macrophages in the lumens of the alveoli, fibrosis of the alveolar septa. H&E, x 100

Puc. 10. IMauuent 70 jger. SARS-CoV-2+. Ipono/KuTeIbHOCTh 3a00sieBaHust — 65 qHei. DKccynaTuBHO-TposindepatiBHas dasza 1udoy3Horo
aJIbBEOJISIPHOTO TTOBPEXIEHNUST: A — KOMITbIOTEpHAst ToMorpacdus jgerkux. [IporpeccupoBanue 3a6oaeBaHus (HEOTHOPOIHBIA yIaCTOK YILUIOTHE-
HMS 10 TUITY HEOJIHOPOIHOTO «MaTOBOTO CTEKJIa» B I3bIYKOBBIX CETMEHTAX JIEBOTO JIEFKOT0, YYaCTKM KOHCOJMAALIMN OKPYIJIONi (pOPMbI B KOPTH -
KaJIbHBIX OT/EJIax MPaBoro JIETKOTO, IBYCTOPOHHMIA TUIEBPAIbHBIN BHITOT); B — hnbpobmacTiueckast TKaHb, 1eCKBAMUPOBAHHBIH alTbBEOJISIPHBII
SIUTEUI C LIUTONMATUYECKUMU M3MEHEHUSIMU, Makpodaru B MpocBeTax ajabBeosi, (UOpo3 MeXaabBEOISIPHBIX Teperopoaok. OKpacka remaro-

KCUJIMHOM U 3031MHOM, X 100

Figure 11. Immune inflammation in the vessel wall: lymphocytes in the
intima and lumen of the branch of the pulmonary artery, reticular fibrin.
H&E, x 100

Puc. 11. UMMyHHOe BocTiajieHre B CTEHKE cocyia: TUMMOILIMTBI B UH-
THME U TIPOCBETE BETBU JIETOUYHOI apTepuu, cetyarbiii hubpuH. Okpa-
CKa TeMaTOKCWJIIMHOM U 3031HOM, X 100

pneumonia. In the capillaries of the interalveolar septa,
megakaryocytes were found in more than one-third of the
observations (Figure 12). In three cases of dead with con-
firmed COVID-19 infection (the duration of their disease
was 4, 27, and 32 days, respectively), only minimal signs of
intra-alveolar edema with single hyaline membranes were
found in the lungs (Figure 13). At the same time, sludges
of erythrocytes were found in the capillaries of the interal-
veolar septa, as well as fibrinous microthrombi or sludge of
erythrocytes with their partial lysis and in the pulmonary
arteries and veins.

Figure 12. Megakaryocytes in the capillaries of intraalveolar septa,
scanty macrophages and filaments of fibrin in the lumen of the alveoli.
H&E, x 100

Puc. 12. MerakaproluThl B KamuisipaX MeXaJIbBEOJSIPHBIX TePero-
PONIOK, eIMHUYHbIE Makpodaru u HUTH (GuOpHUHA B MPOCBETE allb-
BeoJibl. OKpacka reMaTOKCUJIMHOM U 903UHOM, X 100

Discussion

This study analyzed autopsy material of 123 deaths with
a new coronavirus infection COVID-19 for the period from
March 20 to June 6, 2020. At the beginning of our work,
there were only a few descriptions of the lung pathology
caused by the SARS-CoV-2 virus in the literature. To date,
about 30 papers have been published, however, our study
presents the analysis of the largest autopsy material to date.

A severe course of viral infection is characterized by
the development of viral interstitial pneumonia, the typ-
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ical morphological manifestation of which is diffuse al-
veolar damage. Histological changes in COVID-19 are
similar to those previously described in severe acute re-
spiratory syndrome (SARS), Middle East respiratory
syndrome (MERS), and influenza A(HIN1) [7-9].

The most impressive feature of the morphological
manifestations of COVID-19 is, in our opinion, is the
discrepancy between the duration of the course of the
disease and the phase of DAD. So, the changes char-
acteristic of the exudative phase were observed on the
3 — 37t day of the disease, and in some patients, the
signs of proliferation could be detected as early as on the
7t day after the onset of symptoms. The latter fact can
probably be explained by the fact that some patients have
a long period of an asymptomatic or almost asymptom-
atic course of the disease. Besides, in 41.46% of cases,
we identified a combination of exudative and prolifera-
tive phases of the disease. In a study by A. N. Duarte- Neto
et al. a combination of exudative and proliferative phases
of the disease was found in 8 out of 10 deaths [7]. The
authors believe that this is due to the temporal evolution
of the damage, as well as to mechanical ventilation. We
suppose that a distinctive clinical course of the disease
may be a possible explanation for this phenomenon. It is
well known that in some patients a temporary improve-
ment in the condition, as well as clinical and laborato-
ry parameters, is followed by a repeated deterioration,
which is probably associated with the sinuosity of the vi-
rus replication process in the epithelium of the lower re-
spiratory tract and pneumocytes. This can also explain
the fact that in some patients in the late proliferative
phase of diffuse alveolar damage, we observed desqua-
mation of the alveolar epithelium with marked cytopath-
ic changes (see Figure 10). It cannot be ruled out that
this may be due to the long-term persistence of the virus,
which can be detected in the lung tissue for many days
and could be a trigger for repeated lung injury and dis-
ease progression [10, 11]. However, in some patients in
the late phase of the course of the disease, the viral RNA
is no longer detected in the material of nasopharyngeal
smears. In our opinion, this temporal heterogeneity dis-
tinguishes the course of COVID-19 from other types of
viral pneumonia. During the epidemic caused by the in-
fluenza A(HIN1) virus, morphological changes corre-
sponded to the duration of the disease and the phases of
DAD [12].

Cytopathic changes in the epithelium are most likely
due to direct viral cell damage. Bronchiolar epithelium,
pneumocytes I and, predominantly, type II express re-
ceptors for angiotensin-converting enzyme-2 (ACE2),
which allows the virus to enter the cell. The SARS-
CoV-2 virus has been detected in the alveolar epithe-
lium in a number of studies [11, 13]. Multinucleated
pneumocytes are not characteristic of the influenza
virus, they have also not been described in SARS and
MERS, however, some authors indicate their presence
in COVID-19 infection [14, 15]. The appearance of
multinucleated epithelial cells probably reflects an im-
pairment of the process of cell proliferation and normal
epithelial repair. However, such cells were uncommon
in our material.

The issue of viral damage to lymphocytes, main-
ly CD4* T-cells, is discussed in the literature. Although
there are no receptors for ACE2 on lymphocytes, there
is an assumption that the virus can enter the cell through
membrane fusion and endocytosis. As a result, some of
the lymphocytes may die, as is assumed by apoptosis or
pyroptosis [16]. The fragments of cells and erythrocytes
which we identified in the cytoplasm of macrophages may
be indirect evidence of apoptosis of lymphocytes, but this
requires further confirmation. The detection of such mac-
rophages may also be indirect evidence of massive acti-
vation of the macrophage system, partially similar to that
in secondary hemophagocytic lymphohistiocytosis [17].
Previously, signs of hemophagocytosis were found in the
lymph nodes, spleen, bone marrow, heart, and liver [18].
Such changes were revealed in the exudative phase, during
a certain period of which the most pronounced intraal-
veolar accumulation of macrophages, lymphocytes, and
plasmocytes is determined, along with inflammatory in-
filtration of interalveolar septa. It is seeming that this oc-
curs in the phase of the “cytokine storm” accompanied by
a prompt decrease in the absolute number of lymphocytes
in the blood of patients.

A number of morphological studies based on autopsy
material from dead with COVID-19 have demonstrated
a high incidence of thromboembolic events in the lungs.
Thus, in a study by D.Wichmann et al. [19], a high in-
cidence of deep venous thrombosis is indicated, which
amounted to 58% in a group of 12 deaths, in the work of
C.Edler et al. in 40% in a group of 80 deaths [20]. Many
studies have confirmed the high frequency of blood clots
and microthrombi in the lungs [21, 22]. However, in our
opinion, despite the available data on systemic coagula-
tion, in most cases these changes in the lungs should be
regarded as thrombosis, not thromboembolism (except
for clearly identified thromboembolism at autopsy). We
took into account the nature of the intravascular con-
tents from sludge erythrocytes to fibrinous thrombi, as
well as reticular fibrin in the lumens of blood vessels in
some cases. We found the organized fibrinous thrombi
in the pulmonary artery only in two cases. At the same
time, a high frequency of intrapulmonary thrombosis
and microthrombosis is shown in many studies [20, 21].
M.Ackermann et al. depicted the 9 times higher incidence
of capillary microthrombosis in COVID-19 than in in-
fluenza A(HIN1) [20]. Using scanning and convection
corrosion electron microscopy, the authors demonstrat-
ed the presence of viral particles in the vascular endo-
thelium of the lungs, as well as signs of capillary angio-
genesis.

Coagulopathy is common in severe COVID-19.
So, in a study of 191 patients with COVID-19, 50% of
the deceased had signs of thrombotic disorders versus
7% in the survivors. A high concentration of D-dimer
(> 1,000 ug/mL) is an unfavorable prognostic factor as-
sociated with a high risk of death [22]. However, it has
been shown that in patients with COVID-19 there is no
significant decrease in the proportion of platelets and the
concentration of fibrinogen. As a rule, patients with new
coronavirus infection do not develop disseminated intra-
vascular coagulation syndrome (DIC). The latter was de-
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tected in only a small portion of patients in the terminal
stage of the disease. In this regard, coagulation syndrome
in COVID-19 was proposed to be called “diffuse pulmo-
nary intravascular coagulopathy” [17, 23].

Activation of the coagulation system has been de-
scribed for some viral pneumonia, including coronavirus,
as well as those caused by the Ebola virus, HIV, and den-
gue virus [24, 25]. Coronavirus infection can be a trigger
for disturbance of the coagulation system, the pathogenet-
ic mechanisms of which are complex and include endo-
thelial dysfunction characterized by increased production
of von Willebrand factor, systemic inflammation with acti-
vation of 7Toll-like receptors, as well as activation of proco-
agulant factors. It is assumed that the process of thrombus
formation may be associated with hypoxia, which causes
activation of transcription factors, and immune damage
associated with the action of antiphospholipid antibodies
[13, 25—28]. Some authors point to the presence of en-
dotheliitis, including leukocytic, as a cause of endotheli-
al damage [29]. In our observations, in 8.13% of patients,
infiltration with sparse lymphocytes of the blood vessel’s
wall was detected. Thereby, the picture does not fit into
the common picture of vasculitis; apparently, it is worth
talking about immune vascular damage that develops after
viral and cytokine damage [17].

Congestion and microthrombosis of the capillaries
of the alveolar septa are one of the vivid morphological
signs of viral pneumonia COVID-19 [19, 30]. C.Magro
et al., C.Edler et al. showed that in patients with pleth-
ora and microthrombosis of capillaries, the signs of dif-
fuse alveolar damage were less pronounced [3, 20]. Such
changes can be detected already in the early stages of
the disease. However, in our work, in 4 patients, pleth-
ora and microthrombosis of the capillaries of the in-
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teralveolar septa in the presence of a minimal severity
of edema and scarce hyaline membranes were detected
5 — 35 days after the onset of symptoms. In these pa-
tients, CT changes in the lungs indicated the presence
of minimal viral pneumonia (see Figure 13). We assume
that one of the possible causes of death in COVID-19
infection is impaired coagulation in the late stages of the
disease, with almost complete resolution of viral pneu-
monia. The mechanisms of such damage require further
study and clarification.

The appearance of megakaryocytes in the capillaries
of the alveolar septa, in all likelihood, is also a sign re-
flecting an impairment of coagulation. Megakaryocytes
in the capillaries of alveolar septa have been described by
some authorsin infection caused by SARS-CoV-2[11, 13,
17, 31]. In the work of V.V.Kungurova, S.V.Khasanyanov it
was shown that megakaryocytes can be found in the cap-
illaries of alveolar septa and other organs in shock con-
ditions of various etiologies [32], including sepsis [33].
Normally, megakaryocytes rarely leave the bone marrow,
however, under the condition of hypoxia, the appearance
of these cells in the capillaries of the lungs indicates in-
tense hematopoiesis and can lead to local platelet for-
mation. Besides, there are suggestions that some viruses,
including dengue virus, can directly damage megakary-
ocytes, leading to impaired platelet production and
thrombocytopenia [34]. The latter is one of the laborato-
ry signs of COVID-19.

Squamous metaplasia of the bronchiolar and alveo-
lar epithelium has been previously described in other vi-
ral pneumonia SARS, MERS, influenza A(HIN1). Some
authors point to pronounced squamous cell metaplasia in
COVID-19 [7, 22, 31, 35], which is most likely associated
with direct viral damage to the epithelium, as well as with

Figure 13. Patient 34 years old. SARS-CoV-2+. Concomitant disease: dilated cardiomyopathy. Disseminated intravascular dissemination:
A, Computer tomogram of the lungs: Residual effects of viral pneumonia: subpleural site of heterogeneous consolidation in the lower lobe of the
right lung, subpleural linear opacity in the lower lobe of the left lung; B, Minimal signs of intra-alveolar edema, single hyaline membranes, capillary
congestion, erythrocyte sludges in the branches of the pulmonary artery

Puc. 13. [Nauuent 34 net. SARS-CoV-2+. CouetaHHOe 3a00eBaHue: AUIaTallMOHHAsI KaparnomMuonaTsi. CHHAPOM TUCCEMUHUPOBAHHOTO BHY-
TPUCOCYIMCTOTO CBEPThIBAHMUS. A — KOMITbIOTepHast ToMorpadust Jierkux. OCTaTOUHbIE SIBJIEHUsI BUPYCHOM THEBMOHUU: CYOTUIEBPATbHBIN yya-
CTOK HEOJHOPOIHON KOHCOIMIAIIMY B HUXKHEI [I0JIe TPABOTO JIETKOTO, CYOIUIeBPAIbHOE IMHEITHOE YIJIOTHEHUE B HYKHEI [I0J1€ JIEBOTO JIETKOTO;
B — MUHUMaJIbHbIe MPU3HAKU BHYTPUAIBBEOJISIPHOTO OTeKa, eNMHUYHbIE THATMHOBbIE MEMOPaHbI, TOJTHOKPOBHE KAMWLISIPOB MEKaTbBEOJISIP-
HBIX MTEPETOPO/IOK, CIIAKU IPUTPOIIMTOB B BETBSIX JICTOUHOI apTepun
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the effect of oxygen during ventilation in patients with the
severe course of the disease. Previously, it was shown that
the protein E of the coronavirus leads to damage to inter-
cellular contacts [36] and subsequent impairment of re-
pair processes.

In our study, in 5.7%, bone metaplasia was observed
in the lungs during the proliferative phase of diffuse alve-
olar damage in COVID-19. The presence of bone meta-
plasia in the lungs with a new coronavirus infection is
indicated by some authors [15]. The processes of calcifi-
cation and ossification in the lungs can be associated with
an increase in the serum concentration of calcium and
phosphate, the activity of alkaline phosphatase, as well
as with a local disturbance of pH in the tissue. Additional
studies are needed to clarify the possible pathogenetic
mechanisms of such a rapid (within 1 — 1.5 months) for-
mation of calcifications and ossifications in the lungs in
viral pneumonia [37].

In our study, the frequency of detection of histolog-
ical signs of acute pulmonary distention was 12.2%, in
half of the observations with invasive ventilation of the
lungs, and in half in conditions of high-flow mask ven-
tilation with oxygen. Probably, the toxic effect of oxygen
can cause damage to the surfactant lining of the alveoli
with the subsequent focal expansion of the alveoli and
alveolar ducts.

Although the most dramatic changes in COVID-19
occur in the lungs, as a result of viral exposure, as well as
the development of a systemic inflammatory response and
thrombohemorrhagic syndrome, damage to other organs
occurs. However, we did not set out to describe them as
our goal in this work [38].

Conclusion

The pathology of the lungs in COVID-19 corresponds
to viral interstitial pneumonia in the form of DAD. An
analysis of 123 cases revealed a discrepancy between the
duration of the course of the disease and the phase of
DAD. In a significant portion of the patients, a combina-
tion of exudative and proliferative phases of the disease
was found. Histological signs are described that indi-
rectly indicate an impairment of the coagulation system
during COVID-19.
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