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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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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.
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Резюме
Целью статьи явилось изучение особенностей морфологических изменений в легких у умерших от COVID-19 в Москве за период 
20.03.20–06.06.20. Материалы и методы. Проанализирован аутопсийный материал легких умерших от коронавирусной инфекции 
COVID-19 больных (n = 123: 54 женщины, 69 мужчин; средний возраст – 71 (30–94) год; продолжительность заболевания – 14 (3–65) 
суток), подтвержденной методом полимеразной цепной реакции. Проанализированы медицинские карты всех стационарных больных 
и все протоколы вскрытий. По данным всех наблюдений оценены макро- и микроскопические изменения в легких. Результаты. 
Патоморфологические изменения в легких соответствовали различным фазам диффузного альвеолярного повреждения (ДАП). 
Экссудативная фаза ДАП выявлена у 54 (43,9 %), пролиферативная – у 21 (14,63 %), их сочетание – у 51 (41,46 %) умершего. Описаны 
патогистологические особенности изменений в разные фазы заболевания. Заключение. При анализе аутопсийного материала установ-
лено несоответствие между продолжительностью течения заболевания и фазой ДАП. У значительной части умерших обнаружено соче-
тание экссудативной и пролиферативной фазы заболевания. Описаны гистологические признаки, косвенно указывающие на наруше-
ние системы коагуляции в течении COVID-19.
Ключевые слова: COVID-19, вирусная интерстициальная пневмония, патологическая анатомия, коагулопатия.
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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-

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).

Table 1
Basic clinical and laboratory findings

Таблица 1
Основные клинические и лабораторные показатели

Characteristic Value

Sex, female/male 54/69

• Age*, years 71 (30 – 94)
• COVID-19 diagnosis (RT-PCR – naso-, oropharyngeal 

smears)**, n (%) 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 II 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 (× 109/L)*** 11,24 ± 7,29 
(1,4 – 31,4)

Absolute lymphocyte count (× 109/L)* 0,6 (0 – 9)

СRP, mg/ml* 170 (15 – 431)

Note: RT-PCR, Polymerase chain reaction in real time; СRP, C-reactive protein; *, median 
(minimum–maximum) for normal distribution quantitative variables; **, absolute values (%); 
***, mean values ± standard deviation (minimum/maximum); reference values: for total number 
of leukocytes – (4.0 – 11.0) × 109/l, for absolute number of lymphocytes – (1.5 – 4.5) × 109/L, 
and for C-reactive protein concentration – < 5 mg/L.
Примечание: * – медиана (минимум–максимум) для количественных переменных с нор-
мальным распределением; ** – абсолютные значения (%); *** – средние значения ± стан-
дартное отклонение (минимум–максимум); референсные значения: для общего числа 
лейкоцитов – (4,0–11,0) × 109 / л, для абсолютного числа лимфоцитов – (1,5–4,5) × 109 / л, 
для концентрации С-реактивного белка – < 5 мг / л.

Table 2
The frequency of occurrence of histological signs; n (%)

Таблица 2
Частота встречаемости гистологических признаков; 

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)
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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 

pneumocytes, a proliferation of type II 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 1. Gross cross section of the lung. “Shock lung”: red surface with 
focal dark red areas (hemorrhage) under the visceral pleura 
Рис. 1. Макропрепарат легкого. «Шоковое» легкое: на разрезе – 
ткань с чередованием участков красного и темного-красного 
цвета (кровоизлияния) под висцеральной плеврой

Figure 3. Intraalveolar edema with hyaline membranes lining the alveoli. 
H&E, × 100
Рис. 3. Внутриальвеолярный отек и гиалиновые мембраны по 
контуру альвеол. Окраска гематоксилином и эозином, × 100

Figure 2. Gross cross section of the lung. Organizing pneumonia: large 
areas of gray-yellow color 
Рис. 2. Макропрепарат легкого. Организующаяся пневмония: об-
ширные участки серо-желтого цвета

Figure 4. Intraalveolar edema, macrophages, desquamation of pneumo-
cytes. H&E, × 200 
Рис. 4. Внутриальвеолярный отек, пласты десквамированного 
альвеолярного эпителия и макрофаги в просветах альвеол. Окра-
ска гематоксилином и эозином, × 200
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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-

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 5. Mild intraalveolar edema, macrophages, lymphocytes, 
organizing thrombus in the arteriola, congestion of the arterioles. 
H&E, × 100
Рис. 5. Небольшой внутриальвеолярный отек, макрофаги, лимфо-
циты в просветах альвеол, организующийся тромб в артериоле, 
полнокровие артериол. Окраска гематоксилином и эозином, × 100

A B

Figure 6. FVIII expression in endothelium: А, COVID-19 viral pneumonia; В, Control surgical material from the patient operated for lung cancer, 
unaffected area). IHC, × 200
Рис. 6. Экспрессия FVIII в эндотелии сосудов: А – при вирусной пневмонии COVID-19; В – в контрольном наблюдении (операцион-
ный материал пациента, оперированного по поводу рака легкого, неизмененный участок ткани). Иммуногистохимическое окрашива-
ние, × 200
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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 

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 

Figure 8. Intraalveolar fibroblastic tissue in the form of glomeruli, the 
focus of lymphoid infiltration. H&E, × 40
Рис. 8. Фибробластическая ткань в просветах альвеол в виде клу-
бочков, очаг лимфоидной инфильтрации. Окраска гематоксили-
ном и эозином, × 40

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, × 50
Рис. 9. Подплевральный участок фиброза: соединительная ткань 
с небольшим числом коллагеновых и эластических волокон, про-
лиферацией гладких мышц, ангиоматоз. Окраска пикрофуксином 
по Ван Гизону, × 50

Figure 7. Intraalveolar accumulation of desquamation of pneumocytes 
with cytopathic changes, macrophages, autophagy: cell fragments it the 
cytoplasm of macrophages. H&E, × 250
Рис. 7. Скопления в просветах альвеол десквамированных альвео-
лоцитов с цитопатическими изменениями, макрофагов, аутофа-
гия: клеточные фрагменты в цитоплазме макрофагов. Окраска 
гематоксилином и эозином, × 250
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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.

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-

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: А, 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; В, Fibroblastic tissue, desquamated 
pneumocytes with cytopathic changes, macrophages in the lumens of the alveoli, fibrosis of the alveolar septa. H&E, × 100
Рис. 10. Пациент 70 лет. SARS-CoV-2+. Продолжительность заболевания – 65 дней. Экссудативно-пролиферативная фаза диффузного 
альвеолярного повреждения: А – компьютерная томография легких. Прогрессирование заболевания (неоднородный участок уплотне-
ния по типу неоднородного «матового стекла» в язычковых сегментах левого легкого, участки консолидации округлой формы в корти-
кальных отделах правого легкого, двусторонний плевральный выпот); В – фибробластическая ткань, десквамированный альвеолярный 
эпителий с цитопатическими изменениями, макрофаги в просветах альвеол, фиброз межальвеолярных перегородок. Окраска гемато-
ксилином и эозином, × 100

B

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, × 100
Рис. 11. Иммунное воспаление в стенке сосуда: лимфоциты в ин-
тиме и просвете ветви легочной артерии, сетчатый фибрин. Окра-
ска гематоксилином и эозином, × 100

A

Figure 12. Megakaryocytes in the capillaries of intraalveolar septa, 
scanty macrophages and filaments of fibrin in the lumen of the alveoli. 
H&E, × 100
Рис. 12. Мегакариоциты в капиллярах межальвеолярных перего-
родок, единичные макрофаги и нити фибрина в просвете аль-
вео лы. Окраска гематоксилином и эозином, × 100
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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(H1N1) [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 
3rd – 37th day of the disease, and in some patients, the 
signs of proliferation could be detected as early as on the 
7th 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(H1N1) 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 
С.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(H1N1) [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 μg/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 fibrino gen. 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 Toll-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-

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 authors in 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(H1N1). 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 

A B

Figure 13. Patient 34 years old. SARS-CoV-2+. Concomitant disease: dilated cardiomyopathy. Disseminated intravascular dissemination: 
А, 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; В, Minimal signs of intra-alveolar edema, single hyaline membranes, capillary 
congestion, erythrocyte sludges in the branches of the pulmonary artery
Рис. 13. Пациент 34 лет. SARS-CoV-2+. Сочетанное заболевание: дилатационная кардиомиопатия. Синдром диссеминированного вну-
трисосудистого свертывания. А – компьютерная томография легких. Остаточные явления вирусной пневмонии: субплевральный уча-
сток неоднородной консолидации в нижней доле правого легкого, субплевральное линейное уплотнение в нижней доле левого легкого; 
В – минимальные признаки внутриальвеолярного отека, единичные гиалиновые мембраны, полнокровие капилляров межальвеоляр-
ных перегородок, сладжи эритроцитов в ветвях легочной артерии



528 Пульмонология ● Pul’monologiya. 2020; 30 (5): 519–532. DOI: 10.18093/0869-0189-2020-30-5-519-532

Samsonova M.V. et al. Features of pathological anatomy of lungs at COVID-19

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.

References

1. Lu R., Zhao X., Li J. et al. Genomic characterisation and 
epidemiology of 2019 novel coronavirus: implications for 
virus origins and receptor binding. Lancet. 2020; 395 (10224): 
565–574. DOI: 10.1016/s0140-6736(20)30251-8.

2. World Health Organization. WHO Coronavirus Disease 
(COVID-19) Dashboard. Available at: https://covid19.who.
int/?gclid=CjwKCAjwi_b3BR AGEiwAemPNU7B2JwU-
49WIXL-2GzfGG0bPVQqtXIIwdpVJKQ90n84M2W_m2a4d-
DyRoCMMsQAvD_BwE [Accessed: July 2, 2020].

3. Magro C., Mulvey J.J., Berlin D. et al. Complement asso-
ciated microvascular injury and thrombosis in the patho-
genesis of severe COVID-19 infection: A report of five 

cases. Transl. Res. 2020; 220: 1–13. DOI: 10.1016/j.
trsl.2020.04.007.

4. Liu J., Li S., Liu J. et al. Longitudinal characteristics of 
lymphocyte responses and cytokine profiles in the peripher-
al blood of SARS-CoV-2 infected patients. EBioMedicine. 
2020; 55: 102763. DOI: 10.1016/j.ebiom.2020.102763.

5. Li H., Liu L., Zhang D. et al. SARS-CoV-2 and viral sepsis: 
observations and hypotheses. Lancet. 2020; 395 (10235): 
1517–1520. DOI: 10.1016/s0140-6736(20)30920-x.

6. Mauad T., Hajjar L.A., Callegari G.D. et al. Lung pathology 
in fatal novel human influenza A (H1n1) infection. Am. J. 
Respir. Crit. Care Med. 2010; 181 (1): 72–79. DOI: 10.1164/
rccm.200909-1420oc.

7. Duarte-Neto A.N., Monteiro R.A.A., Silva L.F.F et al. 
Pulmonary and systemic involvement of COVID-19 assessed 
by ultrasound-guided minimally invasive autopsy. Histo-
pathology. 2020; 77 (2): 186–197. DOI: 10.1111/his.14160.

8. Gralinski L.E., Bankhead A. 3rd, Jeng S. et al. Mechanisms 
of severe acute respiratory syndrome coronavirus-induced 
acute lung injury. mBio. 2013; 4 (4): e00271-13. DOI: 
10.1128/mbio.00271-13.

9. Li K., Wohlford-Lenane C., Perlman S. et al. Middle East 
respiratory syndrome coronavirus causes multiple organ 
damage and lethal disease in mice transgenic for human 
dipeptidyl peptidase 4. J. Infect. Dis. 2016; 213 (5): 712–722. 
DOI: 10.1093/infdis/jiv499.

10. Zhou F., Yu T., Du R. 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 (10229): 
1054–1062. DOI: 10.1016/S0140-6736(20)30566-3.

11. Carsana L., Sonzogni A., Nasr A. et al. Pulmonary 
post-mortem findings in a series of COVID-19 cases from 
northern Italy: a two-centre descriptive study. Lancet Infect. 
Dis. [Preprint. Posted: 2020, Jun. 08]. DOI: 10.1016/s1473-
3099(20)30434-5. 

12. Chernyaev A.L., Zairat’yants O.V., Kelli E.I. et al. [Patho-
logical anatomy in A/H1N1 influenza]. Arkhiv patalogii. 
2010; 72 (3): 3–6 (in Russian).

13. Zhang H., Zhou P., Wei Y. et al. Histopathologic changes 
and SARS-CoV-2 immunostaining in the lung of a patient 
with COVID-19. Ann. Intern. Med. 2020; 72 (9): 629–632. 
DOI: 10.7326/M20-0533.

14. Luo W., Yu H., Gou J. et al. Clinical pathology of critical 
patient with novel coronavirus pneumonia (COVID-19). 
Preprints [Preprint. Posted: 2020, Mar. 9]. Available at: https://
www.researchgate.net/prof i le/Weiren_Luo/publica-
tion/339939319_Clinical_Pathology_of_Critical_Patient_with_
Novel_Coronavirus_Pneumonia_COVID-19_Pulmonary_
Fibrosis_and_Vascular_Changes_including_Microthrombosis_
Formation/links/5e888de14585150839befe5d/Clinical-
Pathology-of-Critical-Patient-with-Novel-Coronavirus-
Pneumonia-COVID-19-Pulmonary-Fibrosis-and-Vascular-
Changes-including-Microthrombosis-Formation.pdf

15. Schaller T., Hirschbühl K., Burkhardt K. et al. Postmortem 
examination of patients with COVID-19. Research letter. 
JAMA. 2020; 323 (24): 2518. DOI: 10.1001/jama.2020.8907.

16. Lin L., Lu L., Cao W. et al. Hypothesis for potential patho-
genesis of SARS-CoV-2 infection – a review of immune 
changes in patients with viral pneumonia. Emerg. Microbes 
Infect. 2020; 9 (1): 727–732. DOI: 10.1080/ 22221751.2020.1
746199. 



Editorial ● Передовая статья

529The article is licensed by CC BY-NC-ND 4.0 International Licensee https://creativecommons.org/licenses/by-nc-nd/4.0/

17. McGonagle D., O’Donnell J., Sharif K. et al. Immune 
mechanisms of pulmonary intravascular coagulopathy in 
COVID-19 pneumonia. Lancet Rheumatol. 2020; 2 (7): 
e437–445. DOI: 10.1016/S2665-9913(20)30121-1.

18. Bryce C., Grimes Z., Pujadas E. et al. Pathophysiology of 
SARS-CoV-2: targeting of endothelial cells renders a com-
plex disease with thrombotic microangiopathy and aberrant 
immune response. The Mount Sinai COVID-19 autopsy 
experience. medRxiv [Preprint. Posted: 2020, May 22]. DOI: 
10.1101/2020.05.18.20099960.

19. Wichmann D., Sperhake J.-P., Lütgehetmann M. 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.

20. Edler C., Schröder A.S., Aepfelbacher M. et al. Dying with 
SARS-CoV-2 infection – an autopsy study of the first con-
secutive 80 cases in Hamburg, Germany. Int. J. Legal Med. 
2020; 134 (4): 1275–1284. DOI: 10.1007/s00414-020-
02317-w.

21. Ackermann M., Verleden S.E., Kuehnel M. et al. Pulmonary 
vascular endothelialitis, thrombosis, and angiogenesis in 
COVID-19. N. Engl. J. Med. 2020; 383 (2): 120–128. DOI: 
10.1056/NEJMoa2015432.

22. Li G., Fox S.E., Summa B. et al. Multiscale 3-dimensional 
pathology findings of COVID-19 diseased lung using 
high-resolution cleared tissue microscopy. bioRxiv [Preprint. 
Posted: 2020, Apr. 20]. DOI: 10.1101/2020.04.11.037473.

23. Tang N., Bai H., Chen X. et al. Anticoagulant treatment is 
associated with decreased mortality in severe coronavirus 
disease 2019 patients with coagulopathy. J. Thromb. Haemost. 
2020; 18 (5): 1094–1099. DOI:10.1111/jth.14817.

24. Oudkerk M., Büller H.R., Kuijpers D. et al. Diagnosis, pre-
vention, and treatment of thromboembolic complications in 
Covid-19: report of the national institute for public health of 
the Netherlands. Radiology. 2020; 297 (1): e216–222. DOI: 
10.1148/radiol.2020201629.

25. Giannis D., Ziogas I.A., Gianni P. Coagulation disorders in 
coronavirus infected patients: COVID-19, SARS-CoV-1, 
MERS-CoV and lessons from the past. J. Clin. Virol. 2020; 
127: 104362. DOI: 10.1016/j.jcv.2020.104362.

26. Li H., Liu L., Zhang D. et al. SARS-CoV-2 and viral sepsis: 
observations and hypotheses. Lancet. 2020; 395 (10235): 
1517–1520. DOI: 10.1016/S0140-6736(20)30920-X.

27. Kluge S., Janssens U., Welte T. et al. German recommenda-
tions for critically ill patients with COVID-19. Medi. Klin. 
Intensiv. Notfmed. [Preprint. Posted: 2020, Apr. 14]. DOI: 
10.1007/s00063-020-00689-w.

28. Colantuoni A., Martini R., Caprari P. et al. COVID-19 sep-
sisand microcirculation dysfunction. Front. Physiol. 2020; 
11: 747. DOI: 10.3389/fphys.2020.00747.

29. Varga Z., Flammer A.J., Steiger P. et al. Endothelial cell 
infection and endotheliitis in COVID-19. Lancet. 2020; 395 
(10234): 1417–1418. DOI: 10.1016/S0140-6736(20) 30937-5.

30. Menter T., Haslbauer J.D., Nienhold R. et al. Post-mortem 
examination of COVID-19 patients reveals diffuse alveolar 
damage with severe capillary congestion and variegated 
findings of lungs and other organs suggesting vascular dys-
function. Histopathology. 2020; 77 (2): 198–209. DOI: 
10.1111/HIS.14134.

31. Suess C., Hausmann R. Gross and histopathological pul-
monary findings in a COVID-19 associated death during 

self-isolation. Int. J. Legal Med. 2020; 134 (4): 1285–1290. 
DOI: 10.1007/s00414-020-02319-8.

32. Kungurova V.V., Khasanyanova S.V. [On the issue of mega-
karyocytosis in microcirculatory vessels in various types of 
death (according to forensic histological studies)]. Problemy 
ehkspertizy v meditsine. 2015; 15 (1–2): 15–17 (in Russian).

33. Belyanin V.L., Rybakova M.G. [Sepsis. Pathology]. St. 
Petersburg: GUZ GPАB; 2004 (in Russian).

34. Boilard E., Flamand L. The role of the megakaryocyte in 
immunity has gone viral. Blood. 2019; 133 (19): 2001–2002. 
DOI: 10.1182/blood-2019-02-900787.

35. Zabozlaev F.G., Kravchenko E.V., Gallyamova А.R. et al. 
[Pathological anatomy of the lungs in the new coronavirus 
infection (COVID-19)]. Klinicheskaya praktika. 2020; 11 
(2): 60–76. DOI: 10.17816/clinpract34849 (in Russian).

36. Teoh K.T., Siu Y.L., Chan W.L. et al. The SARS coronavi-
rus E protein interacts with Pals1 and alters tight junction 
formation and epithelial morphogenesis. Mol. Biol. Cell. 
2010; 21 (22): 3838–3852. DOI: 10.1091/mbc.e10-04-0338.

37. Chan E.D., Morales D.V., Welsh C.H. et al. Calcium depo-
sition with or without bone formation in the lung. Am. J. 
Respir. Crit. Care Med. 2002; 165 (12): 1654–1669. DOI: 
10.1164/rccm.2108054.

38. Zayratyants O.V., Samsonova M.V., Mikhaleva L.M. et al. 
[Pathology of COVID-19: Atlas]. Moscow: GBU 
“NIIOZMM DZM”; 2020 (in Russian).

Received: July 14, 2020 

Литература

1. Lu R., Zhao X., Li J. et al. Genomic characterisation and 
epidemiology of 2019 novel coronavirus: implications for 
virus origins and receptor binding. Lancet. 2020; 395 
(10224): 565–574. DOI: 10.1016/s0140-6736(20)30251-8.

2. World Health Organization. WHO Coronavirus Disease 
(COVID-19) Dashboard. Available at: https://covid19.who.
int/?gclid=CjwKCAjwi_b3BRAGEiwAemPNU7B2JwU49WI 
XL-2GzfGG0bPVQqtXIIwdpVJKQ90n84M2W_m2a4dDy 
RoCMMsQAvD_BwE [Accessed: July 2, 2020].

3. Magro C., Mulvey J.J., Berlin D. et al. Complement associ-
ated microvascular injury and thrombosis in the pathogene-
sis of severe COVID-19 infection: A report of five cases. 
Transl. Res. 2020; 220: 1–13. DOI: 10.1016/j.trsl. 
2020.04.007.

4. Liu J., Li S., Liu J. et al. Longitudinal characteristics of 
lymphocyte responses and cytokine profiles in the peripheral 
blood of SARS-CoV-2 infected patients. EBioMedicine. 
2020; 55: 102763. DOI: 10.1016/j.ebiom.2020.102763.

5. Li H., Liu L., Zhang D. et al. SARS-CoV-2 and viral sepsis: 
observations and hypotheses. Lancet. 2020; 395 (10235): 
1517–1520. DOI: 10.1016/s0140-6736(20)30920-x.

6. Mauad T., Hajjar L.A., Callegari G.D. et al. Lung pathology 
in fatal novel human influenza A (H1n1) infection. Am. J. 
Respir. Crit. Care Med. 2010; 181 (1): 72–79. DOI: 10.1164/
rccm.200909-1420oc.

7. Duarte-Neto A.N., Monteiro R.A.A., Silva L.F.F et al. 
Pulmonary and systemic involvement of COVID-19 assessed 
by ultrasound-guided minimally invasive autopsy. Histo-
pathology. 2020; 77 (2): 186–197. DOI: 10.1111/his.14160.



530 Пульмонология ● Pul’monologiya. 2020; 30 (5): 519–532. DOI: 10.18093/0869-0189-2020-30-5-519-532

Samsonova M.V. et al. Features of pathological anatomy of lungs at COVID-19

8. Gralinski L.E., Bankhead A. 3rd, Jeng S. et al. Mechanisms 
of severe acute respiratory syndrome coronavirus-induced 
acute lung injury. mBio. 2013; 4 (4): e00271-13. DOI: 
10.1128/mbio.00271-13.

9. Li K., Wohlford-Lenane C., Perlman S. et al. Middle East 
respiratory syndrome coronavirus causes multiple organ 
damage and lethal disease in mice transgenic for human 
dipeptidyl peptidase 4. J. Infect. Dis. 2016; 213 (5): 712–722. 
DOI: 10.1093/infdis/jiv499.

10. Zhou F., Yu T., Du R. 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 (10229): 1054–1062. DOI: 10.1016/S0140-
6736(20)30566-3.

11. Carsana L., Sonzogni A., Nasr A. et al. Pulmonary post- 
mortem findings in a series of COVID-19 cases from north-
ern Italy: a two-centre descriptive study. Lancet Infect. Dis. 
[Preprint. Posted: 2020, Jun. 08]. DOI: 10.1016/s1473-
3099(20)30434-5.

12. Черняев А.Л., Зайратьянц О.В., Келли Е.И. и др. Пато-
логическая анатомия гриппа A/H1N1. Архив патологии. 
2010; 72 (3): 3–6.

13. Zhang H., Zhou P., Wei Y. et al. Histopathologic changes 
and SARS-CoV-2 immunostaining in the lung of a patient 
with COVID-19. Ann. Intern. Med. 2020; 72 (9): 629–632. 
DOI: 10.7326/M20-0533.

14. Luo W., Yu H., Gou J. et al. Clinical pathology of critical 
patient with novel coronavirus pneumonia (COVID-19). 
Preprints [Preprint. Posted: 2020, Mar. 9]. Available at: https://
www.researchgate.net/profile/Weiren_Luo/publication/ 
339939319_Clinical_Pathology_of_Critical_Patient_with_
Novel_Coronavirus_Pneumonia_COVID-19_Pulmonary_
Fibrosis_and_Vascular_Changes_including_Microthrombosis_
Formation/links/5e888de14585150 839befe5d/Clinical-
Pathology-of-Critical-Patient-with-Novel-Coronavirus-
Pneumonia-COVID-19-Pulmonary-Fibrosis-and-Vascular-
Changes-including-Microthrombosis-Formation.pdf

15. Schaller T., Hirschbühl K., Burkhardt K. et al. Postmortem 
examination of patients with COVID-19. Research letter. 
JAMA. 2020; 323 (24): 2518. DOI: 10.1001/jama.2020.8907.

16. Lin L., Lu L., Cao W. et al. Hypothesis for potential 
pathogenesis of SARS-CoV-2 infection – a review of 
immune changes in patients with viral pneumonia. Emerg. 
Microbes Infect. 2020; 9 (1): 727–732. DOI: 10.1080/ 
22221751.2020.1746199. 

17. McGonagle D., O’Donnell J., Sharif K. et al. Immune 
mechanisms of pulmonary intravascular coagulopathy in 
COVID-19 pneumonia. Lancet Rheumatol. 2020; 2 (7): 
e437–445. DOI: 10.1016/S2665-9913(20)30121-1.

18. Bryce C., Grimes Z., Pujadas E. et al. Pathophysiology of 
SARS-CoV-2: targeting of endothelial cells renders a 
complex disease with thrombotic microangiopathy and 
aberrant immune response. The Mount Sinai COVID-19 
autopsy experience. medRxiv [Preprint. Posted: 2020, May 
22]. DOI: 10.1101/2020.05.18.20099960.

19. Wichmann D., Sperhake J.-P., Lütgehetmann M. 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.

20. Edler C., Schröder A.S., Aepfelbacher M. et al. Dying with 
SARS-CoV-2 infection – an autopsy study of the first 

consecutive 80 cases in Hamburg, Germany. Int. J. Legal 
Med. 2020; 134 (4): 1275–1284. DOI: 10.1007/s00414-020-
02317-w.

21. Ackermann M., Verleden S.E., Kuehnel M. et al. Pulmonary 
vascular endothelialitis, thrombosis, and angiogenesis in 
COVID-19. N. Engl. J. Med. 2020; 383 (2): 120–128. DOI: 
10.1056/NEJMoa2015432.

22. Li G., Fox S.E., Summa B. et al. Multiscale 3-dimensional 
pathology findings of COVID-19 diseased lung using 
high-resolution cleared tissue microscopy. bioRxiv [Pre-
print. Posted: 2020, Apr. 20]. DOI: 10.1101/2020.04.11. 
037473.

23. Tang N., Bai H., Chen X. et al. Anticoagulant treatment is 
associated with decreased mortality in severe coronavirus 
disease 2019 patients with coagulopathy. J. Thromb. 
Haemost. 2020; 18 (5): 1094–1099. DOI:10.1111/jth.14817.

24. Oudkerk M., Büller H.R., Kuijpers D. et al. Diagnosis, 
prevention, and treatment of thromboembolic complications 
in Covid-19: report of the national institute for public health 
of the Netherlands. Radiology. 2020; 297 (1): e216–222. 
DOI: 10.1148/radiol.2020201629.

25. Giannis D., Ziogas I.A., Gianni P. Coagulation disorders in 
coronavirus infected patients: COVID-19, SARS-CoV-1, 
MERS-CoV and lessons from the past. J. Clin. Virol. 2020; 
127: 104362. DOI: 10.1016/j.jcv.2020.104362.

26. Li H., Liu L., Zhang D. et al. SARS-CoV-2 and viral sepsis: 
observations and hypotheses. Lancet. 2020; 395 (10235): 
1517–1520. DOI: 10.1016/S0140-6736(20)30920-X.

27. Kluge S., Janssens U., Welte T. et al. German recommenda-
tions for critically ill patients with COVID-19. Medi. Klin. 
Intensiv. Notfmed. [Preprint. Posted: 2020, Apr. 14]. DOI: 
10.1007/s00063-020-00689-w.

28. Colantuoni A., Martini R., Caprari P. et al. COVID-19 
sepsisand microcirculation dysfunction. Front. Physiol. 
2020; 11: 747. DOI: 10.3389/fphys.2020.00747.

29. Varga Z., Flammer A.J., Steiger P. et al. Endothelial cell 
infection and endotheliitis in COVID-19. Lancet. 2020; 
395 (10234): 1417–1418. DOI: 10.1016/S0140-6736(20) 
30937-5.

30. Menter T., Haslbauer J.D., Nienhold R. et al. Post-mortem 
examination of COVID-19 patients reveals diffuse alveolar 
damage with severe capillary congestion and variegated 
findings of lungs and other organs suggesting vascular 
dysfunction. Histopathology. 2020; 77 (2): 198–209. DOI: 
10.1111/HIS.14134.

31. Suess C., Hausmann R. Gross and histopathological pul-
monary findings in a COVID-19 associated death during 
self-isolation. Int. J. Legal Med. 2020; 134 (4): 1285–1290. 
DOI: 10.1007/s00414-020-02319-8.

32. Кунгурова В.В., Хасанянова С.В. К вопросу о мегака-
риоцитозе в сосудах микроциркуляции при различных 
видах наступления смерти (по данным судебно-гисто-
логических исследований). Проблемы экспертизы 
в медицине. 2015; 15 (1–2): 15–17.

33. Белянин В.Л., Рыбакова М.Г. Сепсис. Патологическая 
анатомия. СПб: ГУЗ ГПАБ; 2004.

34. Boilard E., Flamand L. The role of the megakaryocyte in 
immunity has gone viral. Blood. 2019; 133 (19): 2001–2002. 
DOI: 10.1182/blood-2019-02-900787.

35. Забозлаев Ф.Г., Кравченко Э.В., Галлямова А.Р. и др. 
Патологическая анатомия легких при новой корона-  



Editorial ● Передовая статья

531The article is licensed by CC BY-NC-ND 4.0 International Licensee https://creativecommons.org/licenses/by-nc-nd/4.0/

вирусной инфекции (COVID-19). Предварительный 
анализ аутопсийных исследований. Клиническая пра-
ктика. 2020; 11 (2): 60–76. DOI: 10.17816/clinpract 
34849.

36. Teoh K.T., Siu Y.L., Chan W.L. et al. The SARS 
coronavirus E protein interacts with Pals1 and alters tight 
junction formation and epithelial morphogenesis. Mol. 
Biol. Cell., 2010; 21 (22): 3838–3852. DOI: 10.1091/mbc.
e10-04-0338.

37. Chan E.D., Morales D.V., Welsh C.H. et al. Calcium 
deposition with or without bone formation in the lung. Am. 
J. Respir. Crit. Care Med. 2002; 165 (12): 1654–1669. DOI: 
10.1164/rccm.2108054. 

38. Зайратьянц О.В., Cамсонова М.В., Михалева Л.М. 
и др. Патологическая анатомия COVID-19: Атлас. М.: 
ГБУ «НИИОЗММ ДЗМ»; 2020.

Поступила 14.07.20

Author Information / Информация об авторах
Mariya V. Samsonova – Doctor of Medicine, Head of Laboratory of 
Pathology and Immunology, Federal Pulmonology Research Institute, 
Federal Medical and Biological Agency of Russia; Senior Researcher, 
Laboratory of Pathomorphology, A.S.Loginov Moscow State Clinical and 
Research Center, Moscow Healthcare Department; tel.: (495) 465-58-59; 
e-mail: samary@mail.ru (ORCID: https://orcid.org/0000-0001-8170- 
1260)
Самсонова Мария Викторовна – д. м. н., заведующая лабораторией 
патологической анатомии и иммунологии Федерального государствен-
ного бюджетного учреждения «Научно-исследовательский институт 
пульмонологии Федерального медико-биологического агентства 
России»; старший научный сотрудник лаборатории патоморфологии 
Государственного бюджетного учреждения здравоохранения города 
Москвы «Московский клинический научно-практический центр 
имени А.С.Логинова» Департамента здравоохранения города Москвы; 
тел.: (495) 465-58-59; e-mail: samary@mail.ru (ORCID: https://orcid.
org/0000-0001-8170-1260)

Andrey L. Chernyaev – Doctor of Medicine, Professor, Head of Division 
of Basic Pulmonology, Federal Pulmonology Research Institute, Federal 
Medical and Biological Agency of Russia; Leading Researcher, Laboratory of 
Clinical Morphology, Federal Research Institute of Human Morphology; 
Professor, Department of Pathology and Clinical Morphology, Therapeutic 
Faculty, N.I.Pirogov Russian State National Research Medical University, 
Healthcare Ministry of Russia; tel.: (495) 465-58-59; e-mail: cheral12@
gmail.com (ORCID: https://orcid.org/0000-0002-0158-7056)
Черняев Андрей Львович – д. м. н., профессор, заведующий отде-
лом фундаментальной пульмонологии Федерального государственного 
бюджетного учреждения «Научно-исследовательский институт пуль-
монологии» Федерального медико-биологического агентства России; 
ведущий научный сотрудник лаборатории клинической морфологии 
Федерального государственного бюджетного научного учреждения 
«Научно-исследовательский институт морфологии человека»; профес-
сор кафедры патологической анатомии и клинической патологической 
анатомии лечебного факультета Федерального государственного авто-
номного образовательного учреждения высшего образования «Рос-
сийский национальный исследовательский медицинский университет 
имени Н.И.Пирогова» Министерства здравоохранения Россий ской 
Федерации; тел.: (495) 465-58-59; e-mail: cheral12@gmail.com (ORCID: 
https://orcid.org/0000-0002-0158-7056)

Zhanna R. Omarova – Assistant Lecturer, Department of Pathological 
Anatomy and Clinical Pathological Anatomy, Pediatrics Faculty, N.I.Pirogov 
Russian State National Research Medical University, Healthcare Ministry of 
Russia; tel.: (495) 434-30-33; e-mail: ganu82@mail.ru (ORCID: https://
orcid.org/0000-0001-9035-0511)
Омарова Жанна Рубеновна – ассистент кафедры патологической ана-
томии и клинической патологической анатомии педиатрического факуль-
тета Федерального государственного автономного образовательного учре-
ждения высшего образования «Российский национальный исследова-
тельский медицинский университет имени Н.И.Пирогова» Министерства 
здравоохранения Российской Федерации; тел.: (495) 434-30-33; e-mail: 
ganu82@mail.ru (ORCID: https://orcid.org/0000-0001-9035-0511)

Ekaterina A. Pershina – Candidate of Medicine, Head of Radiation 
Diagnostics Center, N.I.Pirogov City Hospital No.1 Moscow Health 
Department; tel.: (495) 633-79-15; e-mail: pershina86@mail.ru (ORCID: 
https://orcid.org/0000-0002-3952-6865)
Першина Екатерина Александровна – к. м. н., руководитель центра 
лучевой диагностики Государственного автономного учреждения здра-
воохранения города Москвы «Городская клиническая больница № 1 
имени Н.И.Пирогова Департамента здравоохранения города Москвы»; 
тел.: (495) 633-79-15; e-mail: pershina86@:mail.ru (ORCID: https://orcid.
org/0000-0002-3952-6865)

Oleko D. Mishnev – Doctor of Medicine, Professor, Head of Pathological 
Anatomy Department, N.I.Pirogov Russian State National Research Medical 
University, Healthcare Ministry of Russia; tel.: (905) 513-97-07; e-mail: 
mishnevod@gmail.com (ORCID: https://orcid.org/0000-0002-5466-9147)
Мишнев Олеко Дмитриевич – д. м. н., профессор, заведующий кафе-
дрой патологической анатомии и клинической патологической анато-
мии лечебного факультета Федерального государственного автономно-
го образовательного учреждения высшего образования «Российский 
национальный исследовательский медицинский университет имени 
Н.И.Пирогова» Министерства здравоохранения Российской Феде-
рации; тел.: (905) 513-97-07; e-mail: mishnevod@gmail.com (ORCID: 
https://orcid.org/0000-0002-5466-9147)

Oleg V. Zayratyants – Doctor of Medicine, Professor, Head of the Depart-
ment of Pathological Anatomy, A.I.Evdokimov Moscow State University of 
Medicine and Dentistry, Healthcare Ministry of Russia; tel.: (903) 184-92-17; 
e-mail: ovzair@mail.ru (SPIN: 4817-1084, ORCID: https://orcid.org/0000-
0003-3606-3823)
Зайратьянц Олег Вадимович – д. м. н., профессор, заведующий 
кафедрой патологической анатомии Федерального государственного 
бюджетного образовательного учреждения высшего образования 
«Московский государственный медико-стоматологический универси-
тет имени А.И. Евдокимова» Министерства здравоохранения Россий-
ской Федерации; тел.: (903) 184-92-17; e-mail: ovzair@mail.ru (SPIN-
код: 4817-1084, ORCID: https://orcid.org/0000-0003-3606-3823)

Liudmila M. Mikhaleva – Doctor of Medicine, Professor, Director, Federal 
Research Institute of Human Morphology, Head of Clinical Morphology 
Laboratory; tel.: (903) 621-44-57; e-mail: mikhalevalm@yandex.ru (ORCID: 
https://orcid.org/0000-0003-2052-914X)
Михалева Людмила Михайловна – д. м. н., профессор, директор 
Федерального государственного бюджетного научного учреждения 
«Научно-исследовательский институт морфологии человека», заведу-
ющая лабораторией клинической морфологии; тел.: (903) 621-44-57; 
e-mail: mikhalevalm@yandex.ru (ORCID: https://orcid.org/0000-0003-
2052-914X)

Dmitry V. Kalinin – Candidate of Medicine, Head of Pathology Department, 
A.V.Vishnevsky National Medical Research Center for Surgery, Healthcare 
Ministry of Russia; pathologist, I.V.Davydovsky City Clinical Hospital, 
Moscow Health Department; tel.: (964) 774-67-48; e-mail: dmitry.v.kalinin@
gmail.com (ORCID: https://orcid.org/0000-0001-6247-9481)
Калинин Дмитрий Валерьевич – к. м. н., заведующий отделением 
Федерального государственного бюджетного учреждения «Нацио-
нальный медицинский исследовательский центр хирургии имени 
А.В.Вишневского» Министерства здравоохранения Российской 
Федерации; врач-патологоанатом Государственного бюджетного учре-
ждения здравоохранения города Москвы «Городская клиническая боль-
ница имени И.В.Давыдовского Департамента здравоохранения города 
Москвы»; тел.: (964) 774-67-48; e-mail: dmitry.v.kalinin@gmail.com 
(ORCID: https://orcid.org/0000-0001-6247-9481)

Valery V. Varyasin – Candidate of Medicine, Head of the Рathology 
Department, State Institution “City Hospital No.52”, Moscow Health 
Department; tel.: (499) 196-19-71; e-mail: pao52@mail.ru
Варясин Валерий Викторович – к. м. н., заведующий патологоана-
томическим отделением Государственного бюджетного учреждения 
здравоохранения «Городская больница № 52» Департамента здравоох-
ранения города Москвы; тел.: (499) 196-19-71; e-mail: pao52@mail.ru

Oleg A. Tishkevich – pathologist, Infectious Clinical Hospital No.2, Mos-
cow Health Department; tel.: (495) 365-00-58; e-mail: tishol@mail.ru
Тишкевич Олег Александрович – врач-патологоанатом Государ-
ственного бюджетного учреждения здравоохранения города Москвы 



532 Пульмонология ● Pul’monologiya. 2020; 30 (5): 519–532. DOI: 10.18093/0869-0189-2020-30-5-519-532

Samsonova M.V. et al. Features of pathological anatomy of lungs at COVID-19

«Инфекционная клиническая больница № 2 Департамента здравоохра-
нения города Москвы»; тел.: (495) 365-00-58; e-mail: tishol@mail.ru

Sergey A. Vinogradov – Head of the Pathology, “MEDSI group” Joint 
Stock Company; tel.: (495) 737-07-93; e-mail: vinogradov.sa@medsi-
group.ru
Виноградов Сергей Александрович – заведующий патологоанато-
мическим отделением Клинической больницы № 1 Акционерного 
общества Группы компаний «МЕДСИ»; тел.: (495) 737-07-93; e-mail: 
vinogradov.sa@medsigroup.ru

Kirill Yu. Mikhaylichenko – Researcher, Laboratory of Pathology, 
Federal Pulmonology Research Institute, Federal Medical and Biological 
Agency of Russia; tel.: (968) 822-63-35; e-mail: kirr.mih@gmail.com 
(SPIN: 1275-4522, Author ID: 1019147, ORCID: https://orcid.org/0000-
0002-9795-7022)
Михайличенко Кирилл Юрьевич – научный сотрудник лаборатории 
патологической анатомии Федерального государственного бюджетно-

го учреждения «Научно-исследовательский институт пульмонологии» 
Федерального медико-биологического агентства; тел: (968) 822-63-35; 
e-mail: kirr.mih@gmail.com (SPIN-код: 1275-4522; Author ID: 1019147, 
ORCID: https://orcid.org/0000-0002-9795-7022)

Aleksandr V. Chernyak – Candidate of Medicine, Head of Laboratory of 
Functional and Ultra-sound Investigations; Federal Pulmonology Research 
Institute, Federal Medical and Biological Agency of Russia; tel.: (917) 550-
06-34; e-mail: achi2000@mail.ru (SPIN: 9328-6440, Author ID: 687383, 
ORCID: https://orcid.org/0000-0002-2001-5504) 
Черняк Александр Владимирович – к. м. н., заведующий лаборато-
рией функциональных и ультразвуковых методов исследования 
Федерального государственного бюджетного учреждения «Научно-
исследовательский институт пульмонологии» Федерального медико-
биологического агентства; тел.: (917) 550-06-34; e-mail: achi2000@mail.ru 
(SPIN-код: 9328-6440, Author ID: 687383, ORCID: https://orcid.org/0000-
0002-2001-5504)


