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BACKGROUND

The novel coronavirus infection (COVID-19) rep-

resents a potentially dangerous acute respiratory dis-

ease caused by the novel coronavirus (SARS-CoV-2), 

mainly with an aspiration transmission mechanism. In 

accordance with the sanitary legislation of the Russian 

Federation, the SARS-CoV-2 virus is assigned to the II 

pathogenicity group [1]. COVID-19 can occur not only 

in the form of a mild acute respiratory viral infection, 

but also in severe forms characterized by the clinical 

presentation of acute respiratory distress syndrome 

(ARDS) and multiple organ failure with high mortality 

[2, 3].

During the current period of the pandemic, scientific 

information about the etiology, epidemiology, patho-

genesis, and morphological changes, as well as clinical 

aspects, treatment, and prevention of new coronavirus 

infection is being replenished [4–7].

The spread of COVID-19 poses a particular threat 

to decompensation of chronic diseases. Severe forms 

of COVID-19 are most often registered in patients with 

chronic obstructive pulmonary disease, obesity, di-
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abetes mellitus, arterial hypertension, coronary heart 
disease, chronic kidney disease, and malignant neo-
plasms [8–11].

The pathogenesis of COVID-19 is under active inves-
tigation. The Russian and international literature states-
that the main receptor of cells to which the S-protein 
(Spike Protein) of the SARS-CoV-2 envelope binds is 
angiotensin-converting enzyme 2 (ACE2). Infection oc-
curs with the participation of transmembrane protease 
serine 2 (TMPRSS2) which is required for activation of 
the S-protein [12–15].

The ACE2 receptor is found on cells of various or-
gans (lungs, heart, kidneys, small intestine, etc.), it is 
also revealed on the immune system cells and the en-
dothelial cells of arterial and venous vessels [16–19]. 

The main target of the SARS-CoV-2 virus is the re-
spiratory tract. Alveolocytes of the types 1 and 2, vas-
cular endothelial cells are damaged, which leads to dis-
ruption of functioning of the aero-hematic barrier and 
the surfactant alveolar complex [15, 16].

One of the most relevant pathogenetic concepts of 
COVID-19 is immune dysfunction (dysregulation) which 
is based on macrophage activation syndrome (MAS) 
[16, 20, 21].

Dysregulatory activation of monocytic phagocytes, 
noted in patients with severe forms of COVID-19, is 
possibly associated with a hyperimmune response that 
stimulates the monocytic-macrophage system of the 
lungs with a massive release of cytokines [16, 22, 23].

It has been noted that during the infectious pro-
cess generalization, a high production of pro-inflam-
matory cytokines and chemokines occurs with the de-
velopment of a “cytokine storm”. The severe course of 
COVID-19 is accompanied by the highest serum levels 
of interleukins (IL) 6, 8, 18, 1β, as well as tumor necrosis 
factor-alpha (TNFα). The risk of lethal outcome is asso-
ciated with high serum IL6 levels [24, 25]. A hyperergic 
immune response underlies the development of ARDS 
and multiple organ failure in COVID-19 [22].

One of the supposed mechanisms of death of cells 
infected with SARS-CoV-2 is pyroptosis (a type of 
programmed necrotic cell death when, as a result of 
caspase 1 activation, the integrity of the plasma mem-
brane is disrupted with the formation of pores and rapid 
release of the cell contents to the outside) [26, 27]. In 
the foci of inflammation (intraalveolar and in the intersti-
tium), activated macrophages, in addition to producing 
inflammatory mediators, secrete growth factors that 
trigger the repair process and activate fibroblasts.

Activated neutrophils play an important role in the 
pathogenesis of early changes, reacting to any disorder 

of homeostasis in the respiratory organs. Activation of 
neutrophils contributes to damage to the endothelium, 
deterioration of the rheological properties of blood, ac-
tivation of platelets and impaired microcirculation. The 
volume and degree of damage to the microvasculature 
correlates directly with the course and prognosis of the 
disease [20]. Activated neutrophils secrete a platelet 
activating factor, thereby causing the platelet aggrega-
tion and sequestration, the synthesis of platelet growth 
factor which stimulates sclerosis processes.

The system of mononuclear phagocytes of the lungs 
is comparable to the system of mononuclear phago-
cytes of the liver, and diffusely developing fibrosis of 
the lung tissue in the outcome of ARDS in COVID-19 
in its course should be compared with certain forms 
of viral lesions of the liver parenchyma (for example, in 
viral hepatitis with an outcome as liver cirrhosis). The 
possibility of spread (persistence) of the SARS-CoV-2 
coronavirus in the body due to infection of the immune 
system cells, more likely, macrophages, is not excluded 
[28].

Morphological signs of COVID-19 at the present 
stage are mainly reduced to the description of changes 
in the early (exudative) and late (proliferative) stages 
of ARDS. Also, damage to endothelial cells of the mi-
crovasculature with disorders in the blood coagulation 
system, the development of disseminated intravascular 
coagulation syndrome with multifocal microthrombosis 
and subsequent multiple organ dysfunction with a pre-
dominance of acute renal failure is verified [2, 3, 29].

Some experts believe that in relation to the defini-
tion of lung damage in COVID-19, the term “pneumo-
nia” does not reflect at all the morphology, clinical and 
radiological signs of the pathological process regis-
tered when the lungs are affected by the SARS-CoV-2 
virus. The term “viral lung injury” (viral pneumonitis, 
viral interstitiopathy) has been proposed for use [30]. 
A number of authors suggest the term “microvascu-
lar obstructive thromboinflammatory pulmonary syn-
drome” as a new name for severe COVID-19 [31].

The links of the pathogenesis and morphological 
aspects of the new coronavirus infection require further 
comprehensive study using contemporary research 
methods. The issues of correct registration of fatal 
cases and epidemiological safety during postmortem 
autopsy also remain relevant.

The study aimed to analyze the pathomorphogen-
esis of COVID-19 based on the autopsy studies per-
formed with the formation of a working hypothesis of 
the conceptual scheme of the clinical and morphologi-
cal phases of the disease development.
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METHODS

Study conditions

A comprehensive postmortem examination of au-

topsy material obtained after autopsy of 80 deceased 

patients at the Federal Clinical Research Centre of 

Federal Medical-Biological Agency of Russia with 

an underlying disease COVID-19 of a severe clinical 

course, confirmed by detection of SARS-CoV-2 RNA 

by the polymerase chain reaction method both during 

life and posthumously, was performed.

Characteristics (gradation) of the studied 

groups

Considering the wide range of morphological 

changes detected in the lungs, which are based on dif-

fuse alveolar damage, the study groups were graded 

in accordance with three stages of ARDS (exudative, 

proliferative, and fibrotic).

The study group 1 consisted of 12 cases of lethal 

outcome within 10 days from the onset of clinical signs 

of COVID-19, the group 2 included 28 cases (days 11 to 

20), and the group 3 comprised 40 cases (days 21 to 45).

In all cases, postmortem autopsies were performed 

in compliance with temporary guidelines for the study 

of deceased patients with suspected new coronavirus 

infection [29].

Research methods

Histological, histochemical, and immunohistochem-

ical methods were used to analyze the autopsy ma-

terial. Fragments of the trachea, large bronchi, lungs, 

and internal organs were fixed in formalin for at least 

72 h, and then embedded in paraffin. Serial paraffin 

sections were stained with hematoxylin and eosin, and 

picro-fuchsin according to van Gieson. Sections with 

a thickness of 3 μm were made from paraffin blocks, 

which were stained using conventional techniques.

In 13 cases, immunohistochemical studies were 

performed with antibodies to CD3, CD4, CD8, CD20, 

CD31 (PECAM-1), CD34, CD57, CD68, CD138, Cytok-

eratin 5 & 6, smooth muscle actin, surfactant-asso-

ciated protein A (surfactant A), and collagen type IV. 

Dewaxing, rehydration, antigen retrieval, and staining 

were performed using a specialized automated Bench-

Mark® ULTRA system (Ventana, USA).

Statistical analysis

The results of postmortem examination are pre-

sented in a preliminary form, as the collection and 

study of the material continues. Statistical processing 

will be performed later on a larger volume of cases.

RESULTS

Key research outcomes

Autopsy macroscopic and subsequent histological 

examination of the trachea and lungs of patients who 

died from the new coronavirus infection revealed mor-

phological signs that distinguish it from other acute re-

spiratory viral infections.

A special aspect of the macroscopic presentation of 

the trachea is the unevenness of hemorrhagic changes 

in the mucous membrane, which were often absent 

or minimally manifested in the proximal part and were 

moderately or sharply expressed in the distal part and 

main bronchi.

Histological examination of the distal trachea and 

bronchi of large and medium calibers revealed the pro-

cesses of impaired blood circulation in the microvas-

culature vessels of the submucosal layer in the form of 

microangiopathy (erythrocytic sludge, stasis, forming 

blood clots, perivascular edema). Circulatory disorders 

developed synchronously with the processes of dam-

age, desquamation, and focal basal cell hyperplasia 

of the respiratory epithelium (Fig. 1) with the forma-

tion of squamous metaplasia foci. Active metaplastic 

processes, possibly induced by a virus, aggravate the 

infectious process course, contributing to the spread 

of the pathogen, and disrupt mucociliary clearance, 

leading to a decrease in the epithelium barrier function.

In 12 cases of lethal outcome within 10 days from 

the onset of the disease, the lungs were macroscopi-

cally enlarged, heavy, of doughy or dense consistency, 

low-air, on a cut with large areas of a “lacquered” ap-

pearance, dark red (cherry) color (Fig. 2, A, B). There 

were areas of uneven color with alternating grayish, 

light purple foci, and pronounced edema. In 5 cases 

(death 7 to 10 days after the onset of the disease), sin-

Fig. 1. Basal cell hyperplasia of the tracheal epithelium. 
Staining with hematoxylin and eosin, × 100.
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Fig. 2. Macroscopic presentation of the lungs in the fulminant phase of COVID-19 interstitial pneumonia, days 
9–10 of illness.

Note. A, B — “lacquered” lungs in the section; C — area of hemorrhagic pulmonary infarction; D — hemorrhagic 
infarction of the lung in the section.

А B C D

gle granular grayish-yellow foci were also registered, 

and areas of hemorrhagic infarctions of regular trian-

gular shape were clearly identified (Fig. 2, C, D) with 

obstructive thrombi in segmental and subsegmental 

branches of the pulmonary arteries.

Histological examination in all cases revealed the 

main morphological signs of diffuse alveolar damage. 

Massive death of type 1 alveolocytes and synchronous 

damage to the capillary endothelium lead to exudation 

of fluid and protein molecules into the intraalveolar 

space, the development of pulmonary edema, repre-

sented by serous exudate, with additional precipitates 

and fibrin filaments in the lumens of the alveoli (Fig. 3, 

schematic representation 1). Along the contours of the 

alveolar passages, alveolar sacs, alveoli and part of 

the bronchioles, hyaline membranes are formed in the 

form of strip-like homogeneous eosinophilic masses 

(Fig. 3, schematic image 2). Dead type 1 alveolocytes 

start to be substituted compensatorily with the prolif-

erating type 2 alveolocytes. Denudation occurs, which 

is “exposure” of the basement membranes of the aero

-hematic barrier (Fig. 3, schematic representation 3–4) 

with the destruction of its “working zone”.

In the alveoli, among the fragmented hyaline mem-

branes, there are diffusely located cellular infiltrates 

from pulmonary macrophages (including the formation 

of polynuclear forms), polymorphonuclear leukocytes, 

and a few fallen leaves-like arranged lymphocytes. 

Polymorphonuclear leukocytes are localized mainly 

along the interalveolar septa, where signs of microcir-

culation disorders in the form of erythrocyte sludge, 

stasis, foci of extravasation and capillary dilatation are 

revealed (Fig. 4, A–C).

There are fibrin and erythrocyte-fibrin thrombi in the 

lumen of the branches of the pulmonary arteries. The 

endothelium in the zones of attachment of thrombotic 

masses is reactively altered, it has signs of intracellu-

lar edema, swelling, and enlarged nuclei. There is also 

edema of the subendothelial layer with hyperplasia of 

the medial layer muscle cells. The perivascular inflam-

matory cell reaction in all cases is poorly expressed, 

and represented by accumulations of lymphoid cells 

and macrophages. At the same time, postcapillary ven-

ulitis with diffuse lympholeucocytic infiltration is deter-

mined (Fig. 5, A–C).

With the development of hemorrhagic infarction, 

blood flows from the bronchial artery, which ruptures 

the capillaries and pours out into the lumen of the alve-

oli (Fig. 3, schematic image 5).

An immunohistochemical study of autopsy ma-

terial of 3 patients who died within 10 days from the 

onset of the disease was performed. In all cases, a 

predominance of CD3+ T-lymphocytes over CD20+ 

B-lymphocytes was found; and CD4+ T-helpers pre-

vailed over CD8+ T-suppressors (Fig. 6, A, B). CD20+ 

B-lymphocytes, CD57+ NK-cells, CD138+ plasma cells 

are few, located mainly in the form of rare perivascular 

and peribronchial clusters. Positive expression of the 

CD68 antigen confirmed the presence of a large num-

ber of pulmonary macrophages located mainly in the 

lumen of the alveoli (Fig. 6, C). High expression of CD31 

(PECAM-1) was also documented in the endothelium of 

blood and lymphatic vessels, macrophages, granulo-

cytes, while at this stage, no proliferation of blood and 

lymphatic vessels was detected (Fig. 6, D).

Evaluation of the expression of surfactant-associ-

ated protein A reveals its overproduction by proliferat-

ing type 2 alveolocytes and phagocytosis by pulmonary 

macrophages, which, filling the lumens of the alveoli, 

enter into the composition of the exudate consisting of 

dead type 1 alveocytes, lysed erythrocytes, and fibrin. 

An additional perfusion block occurs to the formed hy-

https://doi.org/10.17816/clinpract34849
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aline membranes, which prevents gas exchange in the 

alveoli.

Expression of type IV collagen was revealed in areas 

of deformed “bare” basement membranes of the aero

-hematic barrier without accumulation of this marker in 

the interalveolar septa.

At a macroscopic examination, the lungs of 28 de-

ceased patients of the group 2 (days 11–20) were en-

larged, of a denser consistency, with low air content 

or airless. The section showed “mosaic” segments 

in the form of pronounced hyperemia, widespread 

confluent and focal hemorrhages, in combination 

with yellowish-pink and grayish-whitish areas. In 19 

cases, hemorrhagic infarctions (with diffuse localiza-

tion in the segments of the lungs) were revealed in the 

Fig. 3. Pathomorphological phases of COVID-19 interstitial pneumonia corresponding to exudative (1–5) 
and proliferative (6–9) stages of acute respiratory distress syndrome (designations 1–9 are given in the text) 
[Illustration by F.G. Zabozlaev].

COVID-19

Interstitial pneumonia, fulminant
phase (up to 10 days)

COVID-19

Interstitial pneumonia, persistent
phase (11 to 20 days)

(corresponds to the exudative stage of ARDS)

(corresponds to the proliferative stage of ARDS)

1

2

3

4

5

6
7 8

9

presence of obstructing whitish and dark red thrombi 

in the branches of the pulmonary arteries. In general, 

the morphological presentation of the lungs in the 

section resembled porphyric granite, which enabled 

to call them figuratively “porphyric lungs” (Fig. 7, A). 

There were also hemorrhages also in the visceral 

and parietal pleura. Along with the above-described 

macroscopic signs, persistent areas of mild or mod-

erate edema, and “lacquered” zones were found with 

great constancy in individual segments. In 16 cases, 

there were granular-shaped foci due to a secondary 

bacterial infection. In the subpleural regions, whitish 

areas of fibrosis with the formation of a grayish retic-

ular pattern of various lengths and topography were 

verified.
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Fig. 4. Microscopic presentation of alveoli in the fulminant phase of COVID-19 interstitial pneumonia. Staining 
with hematoxylin and eosin, × 100

Note. A — intraalveolar edema with the pro-
cesses of its resorption; stasis in the small 
capillaries of the interalveolar septa; B — 
formed hyaline membranes; interstitial edema 
of interalveolar septa with mild round cell in-
filtration; C — proliferation of type 2 alveolo-
cytes with their desquamation and denudation 
of the basement membrane; desquamated 
alveolocytes and pulmonary macrophages in 
the lumen of the alveoli; pronounced intersti-
tial edema.

А

C

B

In all cases, histological examination reveals persis-

tence of morphological signs of the exudative stage of 

diffuse alveolar damage with the presence of intraalve-

olar and interstitial edema and the formation of newly 

formed hyaline membranes. At the same time, there is 

an ingrowth of granulation tissue into the respiratory 

bronchioles, alveolar passages, and alveoli (Fig. 3, 

schematic representation 8–9; Fig. 7 B). The areas of 

structural rearrangement of the lung parenchyma ar-

chitectonics, namely the zones of atelectasis and dys-

telectasis with compensatory dilatation of the adjacent 

alveoli and terminal bronchioles, are determined simul-

taneously. The lumens of most of the alveoli are slit-like. 

In the lumens of the alveoli, macrophages are detected, 

https://doi.org/10.17816/clinpract34849

Note. A — fibrin-erythrocyte thrombus in the small branch of the pulmonary artery, × 40; B — edema of the 
subendothelial layer with hyperplasia of muscle cells of the medial layer; perivascular inflammatory cell re-
sponse, × 100; C — postcapillary venulitis with diffuse lymphoid infiltration, × 200.

Fig. 5. Pathomorphological changes in the vessels of the lungs in the fulminant phase of COVID-19 interstitial 
pneumonia. Hematoxylin and eosin staining.

А B C



2020

27

Том 11 №2

ORIGINAL RESEARCH

www.clinpractice.ru

some of which have foamy cytoplasm, karyomegaly, 
and form multinuclear structures, cells of desquamated 
alveolar epithelium merging into polykaryons, lymphoid 
cells, and polymorphonuclear leukocytes.

In the interstitium, there are numerous foci of vas-
cular proliferation, and areas of granulation tissue. In 
all cases, the interalveolar septa are deformed and 
thickened due to the proliferation of collagen fibers 
and inflammatory cell infiltration represented by mac-
rophages, lymphoid cells, and polymorph-nuclear leu-
kocytes. Mild or moderate perivascular fibrosis was 
revealed (Fig. 7, C, D).

Hyperplasia of bronchiolar epithelium with areas of 
squamous metaplasia and reactive dysplasia is noted 
(Fig. 3, schematic representations 6–7). There is also a 
displacement of the boundaries of the bronchoalveor 
transition towards the alveolar passages with bronchi-
olization of the alveolar epithelium. In presence of pro-
liferative changes, there is a massive desquamation of 
the alveolar and bronchiolar epithelium (Fig. 7, E, F).

In cases of accession of a secondary bacterial in-
fection, in the pulmonary parenchyma, there are foci of 

acute inflammation around the bronchi or bronchioles 
in size from acinus to segment. And there is inflam-
matory infiltration of the walls of the bronchioles with 
the accumulation of predominantly purulent and mixed 
exudate in the lumens of the alveoli, bronchioles, and 
bronchi.

An immunohistochemical study of autopsy material 
of 5 patients who died within 11–20 days from the on-
set of the disease was performed. In all cases, CD3+ 
T-lymphocytes were predominant over CD20+ B-lym-
phocytes, while in 2 cases of the proliferative phase, 
there was prevalence of cytotoxic CD8+ T-suppressors 
over CD4+ T-helpers (Fig. 8, A, B), and in 3 cases, the 
ratio of the two types T-lymphocytes were equal. The 
count of CD20+ B-lymphocytes, CD57+ NK-cells was 
significantly reduced in comparison with the exudative 
phase. Plasma cells were not detected (negative reac-
tion to CD138). Expression of the CD68 antigen was 
detected in all cases in a large number of functionally 
active macrophages located mainly in the lumens of 
the alveoli, less in the interstitium of the interalveolar 
septa (Fig. 8, C). CD31 (PECAM-1) is expressed in en-

Fig. 6. Immunohistochemical analysis of lung changes in the fulminant phase of COVID-19 interstitial pneumo-
nia. Hematoxylin and eosin staining.

Note. A — expression of CD4 by T-lymphocyte helpers, × 100; B — expression of CD8 by T-lymphocyte sup-
pressors, × 100; C — expression of CD68, × 100; D — expression of CD31 (PECAM-1), × 200.

А
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B

D
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Fig. 7. Gross and microscopic presentation of the lungs in the persistent phase of COVID-19 interstitial pneu-
monia, day 18 of illness. Staining with hematoxylin and eosin, × 100 (B, C, E, F); staining according to Van 
Gieson, × 100 (D)

Note. A — “porphyric” lung; B — areas of deformed alveolar parenchyma with hyaline membranes, ingrowth 
of granulation tissue into respiratory bronchioles, alveolar passages and alveoli; C — intraalveolar edema, 
macrophages and desquamated alveolocytes with the formation of multinuclear structures, monocytes; 
D — mild/moderate perivascular fibrosis; E, F — hyperplasia of the alveolar and bronchiolar epithelium with 
areas of squamous metaplasia and reactive dysplasia.
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dothelial cells of blood vessels, including granulation 

tissue, small lymphatic vessels, and also predominantly 

in macrophages (Fig. 8, D). An immunohistochemi-

cal study with CD31 and CD34 revealed signs of fo-

cal damage to the endothelium. A positive reaction to 

surfactant-associated protein A was revealed, mainly 

in the areas of localization of alveolar macrophages 

(Fig.  8, E).

In 40 patients who died within 21–45 days from the 

onset of the disease, the lungs were enlarged and air-

less. On the visceral pleura, there were multiple hem-

orrhages, and less often an adhesive process. On the 

section, the lung parenchyma was mottled, with a clear 

gradation of stages of diffuse alveolar damage, in some 

cases with “staged” changes. Mainly in the upper parts 

of the lungs, there was the alternation of zones of sharp 

plethora, focal or massive hemorrhages, hemorrhagic 

infarctions, combined synchronously with extensive ar-

eas of fibrosis, starting mainly in the subpleural regions 

and occupying several segments in the middle and 

lower parts of both lungs. In 14 cases, there were signs 

of an associated secondary bacterial infection. The 

E

Note. A — expression of CD4 by T-lymphocyte help-
ers, × 200; B — expression of CD8 by T-lymphocyte 
suppressors, × 200; C — expression of CD68, × 100; 
D — expression of CD31 (PECAM-1), × 200; E — ex-
pression of surfactant-associated protein A, × 100.

Fig. 8. Immunohistochemical analysis of lung changes in the persistent phase of COVID-19 interstitial pneu-
monia. Hematoxylin and eosin staining.
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lung parenchyma in the areas of fibrosis is dense, of 

“rubber” consistency; with superinfection, it is of small 

and large lobular structure. The visceral pleura of the 

lung adjacent to the areas of fibrosis with an undulating 

surface resembled visually a capsule of a cirrhotic liver 

(Fig. 9, A).

The histological examination revealed structural dis-

organization of the lung parenchyma with a change in 

https://doi.org/10.17816/clinpract34849

Fig. 9. Gross and microscopic presentation, immunohistochemical analysis of lung changes in the fibrotic 
phase of COVID-19 interstitial pneumonia, day 36 of illness. Staining with hematoxylin and eosin, × 100 (B, 
D–F); van Gieson’s staining, × 100 (C).

Note. A — gross specimen of the lungs: the visceral pleura of the lung with a small tuberous surface, adja-
cent to the areas of fibrosis, resembles visually a capsule of a cirrhotic liver; B — proliferative, hyperplastic, 
and metaplastic changes in the bronchial and alveolar epithelium with the formation of adenomatous struc-
tures, foci of squamous metaplasia with foci of keratinization and reactive dysplasia; C — diffuse fibrosis 
of the pulmonary parenchyma in the fibrotic phase of COVID-19 interstitial pneumonia; D — expression of 
smooth muscle actin of proliferating myofibroblasts; E — expression of cytokeratin 5 & 6 in foci of squa-
mous metaplasia; F — expression of type IV collagen.

А
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normal histoarchitectonics due to rapidly progressing 

fibrosis. Alveoli were predominantly collapsed (atelec-

tasis and dystelectasis) with single slit-like lumens (Fig. 

10, schematic representation 1–3). Interalveolar septa 

are sharply thickened due to the deposition of collagen 

fibers with foci of proliferation of fibroblasts and myofi-

broblasts, reduction of the capillary bed, diffuse infiltra-

tion with macrophages, polymorphonuclear leukocytes 

and few lymphocytes. The epithelial lining of deformed 

interalveolar septa is represented by proliferating type 

2 alveolocytes, with signs of pronounced reactive and 

dysregenerative changes.

There are proliferative, hyperplastic, and metaplas-

tic changes in the bronchial epithelium with the for-

mation of adenomatous structures, foci of squamous 

metaplasia with foci of keratinization and reactive dys-

plasia. In zones of adenomatous hyperplasia, there is 

proliferation of metaplastic bronchiolar epithelium into 

the lumens of the alveolar passages (Fig. 9, B). Van 

Gieson staining revealed diffuse pulmonary fibrosis at 

this stage (Fig. 9, C).

An immunohistochemical study of autopsy ma-

terial of 5 patients who died within 21–45 days from 

the onset of the disease was performed. In all cases of 

the fibrotic phase, the prevalence of CD8+ T-suppres-

sors over CD4+ T-helpers was revealed, while the total 

number of T-lymphocytes was significantly reduced. 

No CD20+ B-lymphocytes, CD57+ NK-cells were de-

tected.

A positive reaction to the smooth muscle actin of 

proliferating myofibroblasts and myofibroblastic foci 

(Fig. 9, D) was noted. In areas of squamous metapla-

sia, there was a positive reaction to cytokeratin 5 & 6 

(Fig. 9, E).

A pronounced expression of type IV collagen is 

determined along the course of thickened basement 

membranes, including the vascular bed, bronchial tree, 

in the interstitium of thickened and sharply deformed 

interalveolar septa (Fig. 9, F). In some areas, a more in-

tense reaction was noted around the foci of squamous 

metaplasia.

DISCUSSION

Our preliminary experience of postmortem exami-

nation of deceased patients with severe forms of pol-

ysegmental, subtotal, and total pneumonia caused by 

the novel coronavirus (SARS-CoV-2), combined with 

extensive interdisciplinary information, enables to 

present a working hypothesis of the pathomorphogen-

esis of coronavirus (COVID-19) interstitial pneumonia 

(hereinafter COVID-19-interstitial pneumonia).

Acute respiratory distress syndrome in COVID-19-in-

terstitial pneumonia differs from the classical pattern of 

diffuse alveolar injury, modified in 2016 [32]. Accord-

ing to this scheme, diffuse alveolar damage includes 2 

stages with a total duration of about 14 days (Fig. 11).

In our opinion, ARDS in COVID-19 has 3 stages, 

which accompany the development of the correspond-

ing clinical and morphological phases of COVID-19-in-

terstitial pneumonia:

1) exudative stage with the development of the ful-

minant phase of COVID-19-interstitial pneumonia;

2) proliferative stage with the development of a per-

sistent phase of COVID-19-interstitial pneumonia;

Note. ARDS — acute respiratory distress syndrome [Illustration by F.G. Zabozlaev].
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Fig. 10. Pathomorphology of the fibrotic phase of COVID-19 interstitial pneumonia.
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Interstitial pneumonia, fibrotic phase

(21 to 45 days)

(corresponds to the stage of ARDS organization)
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3) fibrotic stage with the development of the fibrotic 

phase of COVID-19-interstitial pneumonia.

Each stage corresponds to a certain time of the dis-

ease development and is represented by characteristic 

macro- and microscopic signs (Fig. 12).

The exudative stage corresponds to the acute 

phase of diffuse alveolar damage with the development 

of widespread pulmonary edema and the subsequent 

formation of hyaline membranes (Fig. 3); its duration 

takes up to 10 days from the onset of clinical symptoms 

of the disease. A distinctive characteristic of the exu-

dative stage is dysregulatory activation of monocytic 

phagocytes, possibly associated with a hyperimmune 

response that stimulates the monocytic-macrophage 

system of the lungs with the subsequent development 

of microthrombosis in the pulmonary vessels, and in 

severe forms, it is associated with generalized microth-

rombosis with damage to the vessels of the heart, kid-

neys, brain, upper and lower limbs. In case of lethal 

outcomes during the exudative stage, we considered 

https://doi.org/10.17816/clinpract34849

Fig. 11. Stages of acute respiratory distress syndrome according to Anna-Luise A. Katzenstein, 2016 [32].
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it necessary to indicate the fulminant course of the 

corresponding fulminant phase of COVID-19 interstitial 

pneumonia.

A special aspect of the proliferative stage, which is 

up to 20 days from the onset of clinical symptoms of 

the disease, is a wide range of morphological manifes-

tations, a constant combination of persistent signs of 

the exudative stage in the form of newly emerging foci 

of intraalveolar edema and hyaline membranes with hy-

perplastic, reactive, and dysregenerative changes, ini-

tial signs of fibrosis development. These morphological 

changes suggest an atypical course of ARDS with a 

new coronavirus infection (COVID-19). In this case, the 

immediate causes of death are most often associated 

with thromboembolic complications and a secondary 

(bacterial) infection.

The postmortem examination of the lungs in the fi-

brotic stage (death within days 21 to 45 or more from the 

onset of the disease) showed subtotal, but more often 

total, lesion of the parenchyma with the development of 

diffuse intra-alveolar and interstitial fibrosis with almost 

complete absence of functionally viable lung tissue. It is 

noteworthy that interstitial fibrosis, which develops for 

a long time and accompanies the course of common 

interstitial pneumonia, as well as the fibrous variant of 

nonspecific interstitial pneumonia, in the fibrotic phase 

of the progressive severe course of COVID-19 intersti-

tial pneumonia, is formed within just 1.5–2 months. We 

also previously noted this symptom in acute interstitial 

pneumonia (Hamman-Rich syndrome).

In cases of survival of patients with the fibrotic 

phase of COVID-19-interstitial pneumonia, qualified 

follow-up is required, since their severe disability can 

be predicted, which requires constant respiratory sup-

port and consideration of lung transplantation due to 

the high probability of pneumonocirrhosis and neo-

plastic aberration.

Immunohistochemical studies performed in a 

small volume indicate preliminary that in response to 

the infiltration of the SARS-CoV-2 virus, the reactions 

of T-cell immunity prevail, which is more pronounced 

in the exudative stage with a further decrease. The 

prevalence of CD8+ T-lymphocytes-suppressors over 

CD4+ T-lymphocyte helpers in persistent and fibrotic 

phases of coronavirus (COVID-19) interstitial pneumo-

nia can be considered as a sign of a probable auto-

immune lesion.

The weak manifestation of humoral immunity reac-

tions in the fulminant phase of coronavirus (COVID-19) 

interstitial pneumonia, as well as the absence of CD20+ 

B-lymphocytes and plasma cells in the fibrotic stage, 

require further study and clinical and morphological 

comparisons.

Lung damage with the development of COVID-19 

interstitial pneumonia is the main cause of severe dis-

ease and lethal outcomes. Severe inflammatory infil-

tration of the lung tissue by proinflammatory macro-

phages, generalized damage to the microvasculature 

and larger vessels with the development of thrombo-

embolic complications, progressive fibrosis of the lung 

parenchyma, and secondary bacterial infection are 

predictors of a poor prognosis.

CONCLUSIONS

1. Lung damage in a new coronavirus infection 

(COVID-19) is based on the development of ARDS 

(diffuse alveolar damage) with an atypical course, 

causing COVID-19-interstitial pneumonia with syn-

chronous damage to the respiratory tract and mi-

crovasculature.

2. Morphological signs of the fulminant phase of 

the progressive severe course of COVID-19 interstitial 

pneumonia, leading to a rapid lethal outcome (up to 

10 days), correspond to the exudative stage of ARDS 

in combination with a monocytic-macrophage hyper-

immune reaction and the development of obstructive 

thrombo-inflammatory processes in the microvascula-

ture of the lungs or are of generalized nature.

3. Morphological signs of the persistent phase of 

the progressive severe course of COVID-19-interstitial 

pneumonia resulting in lethal outcome (up to 20 days) 

correspond to the proliferative stage of ARDS. At this 

stage, there is a persistence of changes in the exudative 

stage in combination with a monocytic-macrophage 

hyperimmune reaction, the development of generalized 

obstructive thrombo-inflammatory processes not only 

in the microvasculature, but also in larger vessels, as 

well as widespread thrombosis and thromboembolic 

complications.

4. Morphological signs of the fibrotic phase of the 

progressive severe course of COVID-19-interstitial 

pneumonia, resulting in lethal outcome (21 to 45 days), 

correspond to the fibrotic stage of ARDS with dysre-

generatory metaplastic and dysplastic changes, a mul-

tiplicative sharply forced effect of fibrosis and fibrotic 

remodeling of the lung parenchyma.

5. Immunohistochemical studies, performed in a 

small volume, indicate preliminary that with COVID-19 

interstitial pneumonia, T-cell immunity reactions pre-

dominate. A sharp decrease in the total number of 

T-lymphocytes, the absence of CD20+ B-lympho-

cytes and CD57+ NK-cells in the fibrotic stage is an 



34

ORIGINAL RESEARCH

indicator of progressive suppression of immunologi-

cal reactivity, while the increased expression of CD68 

and CD31 (PECAM-1) in macrophages indicates a 

poor prognosis.

6. Positive immunohistochemical reactions to 

smooth muscle actin of proliferating myofibroblasts 

and myofibroblastic foci, to cytokeratin 5 & 6 areas of 

squamous cell metaplasia, as well as diffuse expres-

sion of type IV collagen in the localization area of both 

intraalveolar and interstitial fibrosis confirm the pro-

cesses of pathological repair and fibrotic remodeling 

of the pulmonary parenchyma in the fibrotic phase of 

COVID-19-interstitial pneumonia.
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