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Check for

and Analysis of SARS and COVID-19:
Microthrombosis Is the Main Cause of
Death

Wenjing Chen' and Jing Ye Pan"?*"

Abstract

The spread of the coronavirus (SARS-CoV-2, COVID-19 for short) has caused a large number of deaths around the
world. We summarized the data reported in the past few months and emphasized that the main causes of death of
COVID-19 patients are DAD (Diffuse Alveolar Damage) and DIC (Disseminated intravascular coagulation).
Microthrombosis is a prominent clinical feature of COVID-19, and 91.3% of dead patients had microthrombosis.
Endothelial damage caused by SARS-CoV-2 cell invasion and subsequent host response disorders involving
inflammation and coagulation pathways play a key role in the progression of severe COVID-19. Microvascular
thrombosis may lead to microcirculation disorders and multiple organ failure lead to death.

The characteristic pathological changes of DAD include alveolar epithelial and vascular endothelial injury, increased
alveolar membrane permeability, large numbers of neutrophil infiltration, alveolar hyaline membrane formation, and
hypoxemia and respiratory distress as the main clinical manifestations. DAD leads to ARDS in COVID-19 patients.
DIC is a syndrome characterized by the activation of systemic intravascular coagulation, which leads to extensive
fibrin deposition in the blood. Its occurrence and development begin with the expression of tissue factor and
interact with physiological anticoagulation pathways. The down-regulation of fibrin and the impaired fibrinolysis
together lead to extensive fibrin deposition.

DIC is described as a decrease in the number of platelets and an increase in fibrin degradation products, such as D-
dimer and low fibrinogen. The formation of microthrombus leads to the disturbance of microcirculation, which in
turn leads to the death of the patient. However, the best prevention and treatment of COVID-19 microthrombosis is
still uncertain.

This review discusses the latest findings of basic and clinical research on COVID-19-related microthrombosis, and
then we proposed the theory of microcirculation perfusion bundle therapy to explore effective methods for
preventing and treating COVID-19-related microthrombosis. Further research is urgently needed to clarify how
SARS-CoV-2 infection causes thrombotic complications, and how it affects the course and severity of the disease. To
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cultivate a more comprehensive understanding of the underlying mechanism of this disease. Raise awareness of
the importance of preventing and treating microthrombosis in patients with COVID-19.

Keywords: SARS-CoV-2, COVID-19, Microcirculation Dysfunction, Autopsy, Pathology, Diffuse Alveolar Damage,

Disseminated Intravascular Coagulation

Introduction

COVID-19 is a new disease caused by severe acute re-
spiratory syndrome. Coronavirus 2 (SARS-CoV-2) is
spreading rapidly around the world. According to a re-
port from the World Health Organization on January 8,
2021; more than 87 million cases have been confirmed
worldwide, of which more than 1.8 million have died. It
is not yet clear why the COVID-19 mortality rate has in-
creased. Initially, the severe COVID-19 death was attrib-
uted to acute respiratory distress syndrome (ARDS), but
recent coagulopathy and thromboembolic events are
suspected to contribute to its high mortality [1]. The re-
port revealed that in addition to the typical features of
acute respiratory distress syndrome (ARDS), patients
with COVID-19 also showed thrombotic necrosis of pul-
monary capillaries [2]. Preliminary results of in vivo
evaluation of sublingual microcirculation in patients
with severe COVID-19 requiring mechanical ventilation
indicate that thrombosis exists in the microcirculation.
This finding strengthens that microvascular thrombosis
is a sign of COVID-19. Another conclusion emphasized
by the study is that microvascular thrombosis occurs
systemically and may affect different organs. Those or-
gans with high capillary density, such as the lungs, suffer
the most. In the lungs, pulmonary microvascular throm-
bosis can lead to dead-end effects (ventilated areas, but
not perfused), leading to the severe hypoxemia observed
in these conditions. In turn, microvascular thrombosis
may damage other areas, such as diffuse cortical necrosis
and extensive thrombosis in renal biopsy, leading to ex-
tensive endothelial damage and microthrombosis [3, 4],
liver and brain microthrombosis [5],leading to multiple
organ dysfunction [6],autopsy series results show that
the incidence of pulmonary artery capillary embolism is
very high [7]. Human anatomy is the most direct
method to reveal the true appearance of the virus, and it
is one of the important methods for pathological re-
search. Through the comparative study of pathological
changes and clinical changes, reveal the pathogenesis,
analyze the cause of death, summarize diagnosis and
treatment experience, and improve clinical treatment
and prevention effects.

In order to identify a new type of disease, an autopsy
can provide us with many new answers. Since the first
corpse of a COVID-19 deceased was conducted in China
on February 16, 2020, there have been multiple

pathological samples and autopsy reports, and related re-
search work is also in progress.

We searched PubMed with “SARS autopsy”, “path-
ology of COVID-19”, “COVID-19 autopsy”, and
“COVID-19 Microcirculation Dysfunction”, collected
autopsy pathology reported during SARS and COVID-
19, and explained pathological anatomy report and its
application in clinical treatment. Chinese experts
pointed out that in severe cases, patients can develop
acute respiratory distress syndrome (ARDS), a disease
with diffuse alveolar damage (DAD) as the main patho-
logical manifestation.

Tang et al. [8] reported that 71.4% of COVID-19 pa-
tients who did not survive met the criteria for dissemi-
nated intravascular coagulation (DIC), while only 0.6%
of survivors met the criteria. It is worth noting that the
coagulation and fibrinolysis disorders in the pulmonary
circulation and bronchoalveolar spaces may be import-
ant factors in the pathogenesis of ARDS in COVID-19.

Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) enters cells through angiotensin-
converting enzyme2 (ACE2) receptors to cause endothe-
lial damage, which is believed to be the cause of diffuse
endotheliitis.

Endothelial cell damage can lead to an inflammatory
host response, which is characterized by excessive im-
mune activation and cytokine storm, which promotes
hypercoagulable state and thrombosis [9]. Therefore, this
review will hopefully stimulate more interest and re-
search, and it is important to raise awareness of the im-
portance of microthrombosis in patients with COVID-
19 and the importance of microthrombosis causing
microcirculation disorders.

Microscopic Pathology of SARS

1. Pulmonary lesions: extensive combination of both
lungs; focal hemorrhage, necrosis, desquamative
alveolitis and bronchitis, alveolar cavity is filled with
proliferating alveolar epithelium and secreted
proteins, monocytes, lymphocytes and plasma cells,
transparent lung Membrane formation, changes in
glomerular mechanized pneumonia in the alveolar
cavity, mechanized exudation, and virus inclusion
bodies can be seen in alveolar epithelial cells;
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2. Immune organ damage: large necrosis of splenic
lymphoid tissue, focal necrosis of lymph node,
suppression of bone marrow hematopoietic tissue;

3. Systemic small vessel vasculitis: edema around small
veins of the heart, lung, liver, kidney, adrenal gland,
striated muscle and blood vessel wall, focal fibrin
necrosis, infiltration of monocytes and lymphocytes,
thrombosis in some small veins;

4. Changes in systemic toxicity: degeneration and
necrosis of lung, liver, kidney, heart and adrenal
parenchymal cells. Transmission electron
microscopy of lung tissue showed aggregated virus
particles [10].

The General Pathology of SARS

1. Chest cavity and lungs: There is a small amount of
pink or red liquid in the chest cavity, and no
adhesions are seen in the pleura. The lung tissue is
visible to the naked eye as dark red with tough
texture.

It can still float on the water surface, and the light red
or red liquid flows out from the longitudinal section,
and there are few secretions in the trachea.

The upper left, lower left, upper right, middle right
and lower right lobe were observed under multiple
microscopes.

Except for a few fields, each lung lobe showed diffuse
and persistent exudative lesions.

Alveolar capillaries are highly dilated and congested,
and have some cavities.

Microthrombosis can be seen, due to edema, lympho-
cyte and monocyte infiltration, the alveolar wall is sig-
nificantly thickened, and focal type II epithelial and
mesenchymal cell active proliferation can be seen.

A light red uniform cellulose-like substance is depos-
ited on the alveolar wall, the capillary basement mem-
brane thickens, and the distance from the alveolar wall
widens.

The alveolar epithelium is shed and incomplete.

Most of the alveolar cavity has red exudate.

It can be seen that there are cellulose, red blood cells,
macrophages and epithelial cells in some alveolar cavities.

Virus inclusion bodies can be found in the alveolar
epithelium. They are uniform red staining, structureless
hollow bodies, and no multinucleated giant cells.

Bronchial submucosal edema, inflammatory cell infiltra-
tion, epithelial shedding or focal hyperplasia, more neutro-
phils and thromboembolism in the vessel lumen [11].

2. Hilar lymph node enlargement: The inherent
structure of the lymph node disappears, the
lymphatic sinus and blood vessels are obviously
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dilated, the number of lymphocytes in the cortical
area is significantly reduced, and the germinal
center is not seen. Macrophages proliferate in the
subcystic lymphatic sinus. The liposome foam is
swallowed. Visible focal necrosis [11]. Enlarged hilar
and abdominal lymph nodes [12]

3. Spleen: The volume of the spleen decreases and the
weight of the spleen decreases [12].

Under the microscope, white pulp atrophy, lympho-
cytes around the lymphatic sheath around the artery,
sparse red pulp lymphocytes, and focal hemorrhage and
necrosis can be seen in the lower part of the capsule
[11].

4. Liver: The liver cells in the liver lobes are slightly
swollen and fatty degeneration, the liver sinusoid
cells are actively proliferating, the area of the
manifold is slightly enlarged, and a small amount of
lymphocyte infiltration [11].

5. Heart: muscle fiber atrophy, brown pigmentation in
the cells, mild proliferation of interstitial cells, and a
small amount of lymphocyte infiltration [11].

6. Kidney: Cortical dysplasia, renal tubular edema,
partially visible protein casts, glomerular fibrosis
and corresponding renal tubular atrophy and
fibrosis, glomerular concentration, and
compensatory remnant glomerular hypertrophy
[11]

7. Pancreas: mild acinar atrophy, a small amount of
lymphocyte infiltration [11]

8. Small intestine: No obvious mucosal damage,
submucosal hyperemia and edema, and other
pathological changes under the naked eye and
under the microscope, and a small amount of
lymphocyte infiltration under the mucosa [11]

The Relationship between SARS Pathology and
Clinic

SARS virus infection is not limited to the lungs, but also
involves other parts of the respiratory tract and other
organ systems. The most important are immune cells,
especially T lymphocytes, monocytes and macrophages
[13]. Under antigen stimulation, NK and T cells rapidly
secrete a large number of cytokines with immunomodu-
latory effects to enhance the body’s immunity against in-
fection. SARS will invade the mucosa of the respiratory
tract, lymph nodes and blood circulation after respira-
tory infection. SARS multiplies and multiplies, causing
cell lysis and necrosis. Patients with reduced resistance
are prone to mixed infections, and patients often die
from complications of mixed infections. Almost every
patient has diffuse serous inflammation in each lobe of
the lung [14]. Focal necrosis of lung tissue, local
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multinucleated giant cells, and as the course of the dis-
ease prolongs, lung tissue fibrosis appears, this is a need
for special attention Follow-up radiology studies on pa-
tient rehabilitation showed that 62% of the surviving pa-
tients had pulmonary fibrosis. Therefore, at least in
severe SARS patients, pulmonary fibrosis may develop
relatively quickly [15]. The patient’s gas exchange func-
tion was severely impaired, hypoxemia occurred, and
acute respiratory failure, which is clinically called acute
respiratory distress syndrome (ARDS). Finally, systemic
arteritis and vasculitis lead to systemic microcirculation
failure, and a large number of platelet aggregations show
diffuse intravascular coagulation (DIC). If the patient
can survive this dangerous period, the patient’s clinical
symptoms will gradually improve. However, some pa-
tients, the mechanization of large alveoli, interstitial fi-
brosis and scar formation will damage the lungs and the
gas exchange function of certain lung tissues will lose
normal. Structure, lung compensatory capacity is re-
duced, lung capacity is reduced. The role of bronchioles
and bronchiole in alveolar mechanization, interstitial fi-
brosis and scar formation. The lumen becomes thicker
or thinner. Secretions accumulate in thickened areas,
and thinning will affect the discharge of secretions. Ba-
sically, patients are susceptible to repeated infections
caused by bronchial inflation. Pulmonary sclerosis also
affects pulmonary circulation and right ventricular func-
tion, leading to pulmonary heart disease [16].SARS is a
systemic disease that can damage many organs. The
lungs, immune organs and small blood vessels through-
out the body are the main targets of virus attack. Exten-
sive consolidation of the lungs, diffuse alveolar injury,
transparent membrane formation, respiratory distress
and reduced immune function are the main causes of
death [10]. Studies have found that SARS-CoV can infect
vascular endothelial cells. This may indicate that direct
infection of these cells is part of the observed endothelial
damage. However, the lack of infected endothelial cells
does not seem to explain the severe vascular damage
[17]. Previous studies reported high levels of various cy-
tokines and chemokines in the serum of SARS patients
[18, 19]. Therefore, in addition to direct viral infection,
the highly induced effects of pro-inflammatory media-
tors and hypoxia may play an important role in the vas-
cular endothelial injury of SARS patients.

Microscopic Pathology of COVID-19

1. Lungs: mainly the early exudation changes of the
disease, pulmonary edema, alveolar fibrin exudation,
inflammatory cells, alveolar epithelial cells,
multinucleated meganuclei, hyaline membrane
formation, and fibrin deposition. Type I alveolar
cells in the alveolar cavity proliferated significantly,
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and some cells fell off and disappeared. Type II
alveolar cells mainly proliferate and fall off.
Inclusion bodies can be seen in type II alveolar cells
and macrophages. Alveolar septal vascular
congestion and edema, infiltration of monocytes
and lymphocytes, and obvious thrombosis in the
blood vessels. Hemorrhagic infarction may cause
focal bleeding and lung tissue necrosis. Part of the
alveolar exudate is mechanized and pulmonary
interstitial fibrosis. The epithelium of the bronchial
mucosa in the lung fell off, and the formation of
mucus and mucus in the cavity was blocked. Rarely,
the alveoli are over-inflated, the alveolar septum
ruptures or forms cysts [20]. Histological examin-
ation revealed bilateral diffuse alveolar injury with
cellular fibrous mucinous exudates. The right lung
showed obvious lung cell shedding and hyaline
membrane formation, showing acute respiratory
distress syndrome (ARDS). The left lung tissue
showed pulmonary edema and formed a hyaline
membrane, suggesting early ARDS. Lymphocyte-
based interstitial mononuclear inflammatory infil-
tration was found in both lungs. Multinucleated
syncytial cells were identified in the alveolar cavity.
Atypical pneumonia cells have larger nuclei, amphi-
pathic granular cytoplasm, and have prominent nu-
cleolus characteristics, showing viral cytopathy. No
obvious nuclear or cytoplasmic virus inclusion bod-
ies were found [21-23].

Coronavirus particles can be seen in the cytoplasm of
bronchial mucosal epithelium and type II alveolar epi-
thelial cells under electron microscope. Immunohisto-
chemical staining showed that some alveolar epithelium
and macrophages were positive for new coronavirus an-
tigens, and RT-PCR detection of new coronavirus nu-
cleic acid positive COVID-19 eosinophils had less
encapsulation [21], SARS can be seen with more virus
inclusions, and with transparent membranes and mucus

plugs.

2. Spleen, hilar lymph nodes and bone marrow: The
spleen is significantly reduced. In the spleen, the
number of lymphocytes was significantly reduced,
focal hemorrhage and necrosis, macrophage
proliferation and phagocytosis were seen.

There are few lymphocytes in the lymph nodes and
necrosis. Immunohistochemical staining showed that
CD4+T and CD8+T cells in the spleen and lymph
nodes were reduced, and the decline was more severe
than SARS.

The third line of bone marrow cells decreased [20].
Lymph node tissue can be positive for the new
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coronavirus nucleic acid test, and the macrophage im-
munostaining for the new coronavirus antigen is
positive.

Bone marrow hematopoietic cells may proliferate or
decrease in number, and the proportion of red granules
increases; hemophagocytosis is occasionally seen [20].

3. Liver and gallbladder: increase in volume, dark red.
Hepatocyte degeneration, local necrosis with
neutrophil infiltration; the gallbladder is highly filled
[20]. Hepatic sinusoids are congested, lymphocytes
and monocytes are infiltrated in the portal area, and
microthrombosis is formed.

4. Heart and blood vessels: degeneration and necrosis of
cardiomyocytes can be seen, and a small number of
monocytes, lymphocytes and/or neutrophils infiltrate
the matrix [20]. Clinically, markers of myocardial injury
have increased significantly. In a small number of
patients, 1/4 to 1/3 of the severe cases have increased
myocardial enzymes, but there is no myocardial
infarction. Pathological myocardial damage is not
obvious. Endothelial cell shedding, intimal or full-
thickness inflammation can be seen in small blood ves-
sels in major parts of the body; mixed thrombosis,
thromboembolism and infarction in corresponding
parts can be seen in blood vessels. Visible thrombosis
can be seen in the capillaries of the main organs [20].

5. Kidney: Impaired renal function; protein exudate
can be seen in the glomerulus cavity, and the renal
tubular epithelium degenerates and detaches.
Interstitial hyperemia, microthrombosis and focal
fibrosis can be seen. Protein exudate can be seen in
the glomerular cavity, the renal tubular epithelium
has degenerated and fallen off, and a transparent
cast can be seen. Visible interstitial hyperemia,
microthrombosis and focal fibrosis [20].

6. Urine and stool: Virus detected. Studies have shown
that 4 out of 62 stool samples tested positive for the
2019 new coronavirus. Among the patients who
tested positive on rectal swabs, four had detected
the new coronavirus 2019 in the gastrointestinal
tract, saliva or urine. In a case of severe peptic ulcer
after the onset of symptoms, the 2019 new
coronavirus was directly detected at the site of
esophageal erosion and bleeding [24].

7. Other organs: brain tissue hyperemia, edema,
degeneration of some neurons. The adrenal glands
show focal necrosis. The mucosal epithelium of the
esophagus, stomach and intestine is deformed and
necrotic, falling off [20].

The General Pathology of COVID-19
The lungs and pleura are moderately adherent, patchy
and tough, with gray-white lesions and dark red

Page 5 of 12

bleeding. A large amount of viscous secretions over-
flowed from the surface of the alveoli, and fiber bundles
were visible on the slices. The autopsy results were con-
sistent with the distribution of imaging changes, and the
lesions developed further. Considering the correspond-
ence between the ground-glass shadows found in im-
aging and the gray-white alveolar lesions visible to the
naked eye, it is considered that COVID-2019 mainly
causes inflammatory reactions characterized by deep re-
spiratory tract and alveolar damage [25]. There is not
much pleural effusion, suggesting that there is no serous
inflammation in lung disease [25]. Pericardial effusion,
moderate epidural edema, and myocardial red flesh [25].

The Relationship between COVID-19 Pathology
and Clinic

COVID-19 shows early symptoms such as dry cough,
foam-free sputum, and jelly-like substances in the al-
veoli. In terms of clinical features, the most common
symptoms are fever (87.9%) and cough (67.7%), while
diarrhea (3.7%) and vomiting (5%) are rare. 25.2% of pa-
tients have at least one underlying disease, such as
hypertension, chronic obstructive pulmonary disease,
etc. During hospitalization, the most common complica-
tion was pneumonia (79.1%), followed by acute respira-
tory disease (3.37%) and septic shock (1%) [24]. One of
the distinguishing features of Covid-19 is that the lungs
from the patient have extensive vascular thrombosis, ac-
companied by microvascular disease and alveolar capil-
lary occlusion [26]. The main pathological manifestation
of SARS infection is the formation of a hyaline mem-
brane in the alveolar cavity, which eventually leads to
consolidation of the lung, inability to breathe effectively
at the site of the consolidation, and clinical respiratory
distress. COVID-19 is different, mainly due to distal al-
veolar injury, mucus-like exudation, and inconspicuous
lung hyaline membrane. From a clinical point of view,
lymphocytes in COVID-19 patients are reduced, the
pathological spleen is significantly reduced, the number
of lymphocytes is significantly reduced, the body’s im-
mune system is damaged, and the early disease is mainly
exudative. Pulmonary inflammation, vasodilation, blood
cells, white blood cells, fluid exudation, fibrinogen exud-
ation into fibrin, entering the alveolar cavity that origin-
ally required gas exchange, and forming exudate are
basic pathological changes. Later found interstitial fibro-
sis, mechanization and pulmonary complications. Path-
ology showed bronchial exudate, viscous secretions and
inflammatory exudate mainly blocked the 14/15 grade
bronchus. It is recommended to lie on the prone by
tackling the sputum, slapping the back and changing the
position of the body, which makes it easy to expel
mucus. Although glucocorticoid therapy is not recom-
mended for SARS-CoV-2 pneumonia routinely,
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according to the pathological results of pulmonary
edema and the formation of pulmonary hyaline mem-
brane, serious patients should consider timely and ap-
propriate use of corticosteroids and ventilator support to
prevent ARDS happened. Lymphopenia is a common
feature of COVID-19 patients and may be a key factor
related to disease severity and mortality [21]. Lung dis-
ease progresses rapidly and requires early respiratory
treatment. Phlegm plugs are formed by mucous lesions
in the lungs, which are pathological changes after disease
damage. The formation of sputum plugs is not condu-
cive to the effective delivery of oxygen from the ventila-
tor to the alveoli, resulting in ineffective ventilation of
the ventilator. Therefore, it is more effective to reduce
sputum, suck sputum, clear the respiratory tract, and
then provide oxygen support in clinical practice.

One of the focuses of clinical debate now is whether
patients with new coronary arteries need early tracheot-
omy for invasive auxiliary respiratory support. Invasive
tracheotomy is easier to remove the sputum in the main
part of the deep respiratory tract, and it is easier to as-
pirate thick sputum. The problem of airway obstruction
is easier to solve. However, airway incisions face a huge
risk of respiratory aerosol infection. Therefore, more
follow-up anatomical conclusions are needed to clarify
whether the occurrence of mucus blockage in the pa-
tient’s airway is a common phenomenon, so as to deter-
mine which option should be clinically preferred.

COVID-19 and Microthrombus

Some scholars proposed suggest the use of MicroCLOTS
(microvascular COVID-19 lung vessels obstructive
thromboinflammatory syndrome) as a new name for se-
vere pulmonary coronavirus disease 2019 (COVID-19).
They propose a mechanism of lung damage, primarily
explained by a dramatic alveolar endothelial damage
leading to a progressive endothelial pulmonary syn-
drome with microvascular thrombosis, and suggest
MicroCLOTS (microvascular COVID-19 lung vessels
obstructive thromboinflammatory syndrome) as an atyp-
ical ARDS working hypothesis [27].

A series of autopsy results showed that the incidence
of microvascular thrombosis was high. Severe dysfunc-
tion of endothelial cells, massive thrombosis in the capil-
laries. Covid-19-related deaths are usually related to the
immune system’s overreaction to viruses related to the
so-called cytokine storm. It is recognized that the inci-
dence of microthrombotic complications in COVID-19
patients has increased, and that microthrombosis is
closely related to COVID-19. Autopsy of 22 patients
who died of ARDS showed that 21 patients had
thromboembolism. The large thrombus found at autopsy
was related to the number of filling defects on angiog-
raphy  before death. Pulmonary microvascular
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thrombosis was once described as a complication of se-
vere acute respiratory distress syndrome at autopsy, and
later reports have been reported to complicate ARDS
during outbreaks of other coronaviruses, including
SARS-CoV and MERS-CoV. However, this feature is
more pronounced in severe SARS-CoV-2 infections.
Compared with influenza patients, the histology of
COVID-19-related respiratory failure patients shows that
the incidence of alveolar capillary microthrombosis has
increased by 9 times [26] .One of the salient features of
Covid-19 is that the patient’s lungs have extensive vascu-
lar thrombosis, accompanied by microvascular disease
and alveolar capillary occlusion. In this regard, autopsy
results show that, in addition to the expected features of
diffuse alveolar injury found in ARDS, platelet fibrin
thrombosis is a common microscopic finding in small
pulmonary vasculature, and happened in 80-100% of
lungs examined at autopsy Combined with other re-
ported thrombotic events, the emerging microvascular
thrombotic complications indicate that there is a strong
interaction between COVID-19 and microcirculation
disorders [28]. Here, we show that severe COVID-19 is
characterized by the formation of highly neutrophil
extracellular traps (NETs) in microvessels. The intravas-
cular accumulation of NET leads to rapid blockage of
the affected blood vessels, obstruction of microcircula-
tion and organ damage. The accumulated NETs are re-
lated to endothelial injury, and a large number of
microvascular congestion [1].

Comparison of SARS and COVID
Common:

They are all RNA coronaviruses, their intermediate
hosts are from wild animals, and their gene sequence
homology is 79%.All CoV-S proteins bind to human air-
way mucosa angiotensin converting enzyme II (ACE2)
and enter epithelial cells. The binding force of COVID-
19 is 10-20 times higher than that of SARS-CoV, so it
has stronger resistance to infection [22, 29].

Difference

a  SARS has severely damaged many organs
throughout the body, and the pathological changes
of tissues and organs outside the lungs of COVID-
19 are generally not obvious. The severity of the
entire lung disease, especially the degree of alveo-
lar damage and lung necrosis, is less severe than
SARS. Unlike SARS, COVID-19 has slight damage
to the alveolar wall, and SARS alveolar epithelium
is severely shed [25].

b  Both have type II alveolar epithelial hyperplasia.
The proliferation of SARS decreased to the
alveolar cavity, COVID-19 proliferated on the
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alveolar wall, and then the mass fell into the alveo-
lar cavity. The degree is different.

¢ Degree and progression of alveolar fibrosis. After
virus attack, epithelial cells and macrophages
accumulate in the cytoplasm. After staining, the
virus content is round pink [30], which is very
common in SARS and difficult to find in COVID-
19 [21]. This indicates that there are different
forms of viruses, and the degree of aggregation of
attacking cells is also different.

d  Pulmonary fibrosis and comorbidities of COVID-
19 are not as serious as SARS, and exudative le-
sions (mucus embolism) are more obvious than
SARS. It may be related to the virus attacking
mainly the serous glands (rather than the mucous
glands). Serous gland cells are obviously damaged,
and the mucous glands that are not fixed can se-
crete large amounts of mucus. A large amount of
exudate is mixed with alveoli and bronchioles.

e  COVID-19 extrapulmonary organs, splenic lymph
node damage and flaky necrosis are slightly more
severe than SARS. This indicates that the lung is a
very important target organ, and the organs outside
the lung, especially the immune system, are
relatively damaged. This damage may be caused
directly by the virus or indirectly caused by systemic
cytokines. The SARS autopsy showed that the lungs
showed severe diffuse alveolar damage (DAD) and
bronchopneumonia, the spleen and lymph nodes
showed lymphoid depletion, and the liver showed
microvesicular steatosis.

The main pathological manifestation of SARS infection is
the formation of a transparent membrane in the alveolar cav-
ity, which eventually leads to consolidation of both lungs.
The consolidation position cannot be effectively breathed,
and clinical respiratory distress occurs. SARS The patho-
logical changes of SARS can be summarized into four as-
pects: lung disease, immune organ damage, systemic small
vasculitis, and systemic poisoning. Focal necrosis of the lung
tissue, multinucleated giant cells can be seen locally, with the
prolonged medical history, lung tissue fibrosis, this is a prob-
lem that deserves special attention after the patient recovers.
COVID-19 is different. Distal alveolar injury is the main
form, accompanied by mucus-like exudation, manifested by
systemic vascular changes, pulmonary vasculitis, fibrinoid ne-
crosis and thrombosis, and microthrombosis in the lungs-
Diffuse thrombosis DIC.

What Is the Incidence of Microthrombosis in
COVID-19 Patients?

The number of autopsies collected this time was 334,
and the number of microthrombi reached 305, account-
ing for 91.3%.
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Published in the Lancet Medical Journal, autopsy of 10
African Americans whose cause of death was COVID-19
was performed. Important findings included thrombosis
and microvascular disease in small pulmonary blood ves-
sels and capillaries [31]. Autopsy of 3 patients who died
of COVID-19 in Chongqing revealed that hyaluronic
thrombus was found in a few capillaries [32]. Postmor-
tem autopsy reports of 10 cases noted clear capillary
thrombosis and mixed intravascular thrombus [33]. An
autopsy report of 23 cases in Houston, Texas pointed
out that acute COVID-19 pneumonia has distinctive fea-
tures of acute interstitial pneumonia, diffuse alveolar in-
jury components, microvascular involvement in
intravascular and extravascular fibrin deposits, and neu-
trophils. It is trapped within the blood vessels and often
forms microthrombi in the arterioles. Severe pulmonary
thromboembolism with pulmonary infarction and/or
hemorrhage occurred in 5 of 23 patients (21.7%) [34].
The autopsy results of 21 COVID-19 patients were re-
ported. The main causes of death were respiratory fail-
ure, exudative diffuse alveolar injury and massive
capillary congestion. Despite anticoagulation therapy,
they were often accompanied by microthrombi. Five
cases (23.8%) showed pulmonary thrombotic microangi-
opathy [35]. Autopsy of 12 COVID-19 patients showed
microvascular thrombosis [36]. Autopsy of 67 COVID-
19-positive patients was performed at Mount Sinai Hos-
pital. In many patients, microthrombuses in multiple
organ systems including the brain were reported. New
findings reported include the endothelial phenotype of
ACE2 in selected organs. This phenotype is related to
coagulation abnormalities and thrombotic microangiop-
athies, and can solve prominent coagulopathy and
neuropsychiatric symptoms. Another initial observation
is that macrophage activation syndrome, with phagocytic
and phagocytic lymphocytic histiocytosis, is the basis for
microangiopathy and excessive cytokine release [37]. In
the minimally invasive ultrasound-guided autopsy, 8 out
of 10 (80%) patients had alveolar arteriole fibrosis
thrombosis [38]. Some literature reveals that in addition
to organ-specific changes, microscopic thrombosis, espe-
cially those found in the lung, kidney and prostate, is the
most important observation under the microscope [39].
Autopsy of 3 cases of COVID-19 confirmed micro-
thrombus [40]. The autopsy of 38 patients with COVID-
19 revealed that in COVID-19, inflammatory micro-
vascular thrombosis exists in the lung, kidney and heart
[41]. In 7 patients, all autopsies showed platelet-rich
thrombi in the microvessels of the lung, liver, kidney,
and heart regardless of the anticoagulation status [5].
Eight autopsies of COVID-19 mentioned that COVID-
19 may define a catastrophic microvascular injury syn-
drome mediated by complement pathway activation and
related procoagulant states [42]. According to the
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autopsy of 14 cases of COVID-19 included in The Lan-
cet, the main lung findings were acute or tissue-stage
diffuse alveolar injury, and 5 cases (35.7%) of the pa-
tients showed focal pulmonary microthrombus [43]. An
autopsy of 14 COVID-19 deceased was performed, and a
key finding was the presence of thrombotic/thrombo-
embolic vascular occlusion: capillary thrombosis (11/14,
78.6%) [44]. Autopsy of lung tissue samples of 38 pa-
tients with COVID-19 revealed 33 cases of platelet-fibrin
thrombus (86.8%). The lung lesions of COVID-19 pa-
tients are mainly diffuse alveolar injury. Hyaline mem-
brane formation and dysplasia of lung cells are common.
Importantly, the presence of platelet-fibrin thrombi in
arterioles is consistent with coagulopathy, which seems
to be very common in COVID-19 patients and should
be one of the main goals of treatment [45]. The report
of the first German who died of COVID-19 suggests that
a microthrombotic event occurred in the lungs [46]. The
pulmonary manifestations of 4 cases of fatal COVID-19
are introduced. The early disease is characterized by
microthrombosis and laboratory features of diffuse intra-
vascular coagulation. Therefore, according to conven-
tional standards, respiratory insufficiency may be
considered unlikely to be the direct cause of death, but
this situation and recently published autopsy data indi-
cate that pulmonary microvascular changes are an im-
portant and distinctive feature of COVID-19, and may
cause hypoxemia and acute cardiac insufficiency [47].
Standardized autopsy was performed on 13 patients who
died of COVID-19. The autopsy revealed characteristic
pathological changes in the lungs caused by COVID-19,
which is believed to be the cause of death in most pa-
tients. The main histological finding was secondary al-
veolar injury, apparently due to focal capillary
microthrombosis. Alveolar injury directly or by inducing
pulmonary parenchymal fibrosis leads to death [48]. The
autopsy results showed that the focal damage of micro-
vascular pulmonary circulation is the main mechanism
of fatal lung disease caused by SARS-CoV-2 virus. For
patients recovering from severe COVID-19, this may
also be the cause of persistent lung injury. Diffuse alveo-
lar damage (DAD) was seen in 87% of the 68 autopsied
lungs. The late incidence of DAD is relatively low and is
related to the long duration of the disease. At least 84%
of the lesions have fibrin microthrombi. In the ultra-
structure, small blood vessels show duplication of base-
ment membrane and obvious endothelial swelling,
accompanied by cytoplasmic vacuolation. The report
proposes that COVID-19 pneumonia is a heterogeneous
disease (tracheobronchitis, DAD, and vascular injury),
usually involving pulmonary blood vessels with capillary
microthrombosis and inflammation and large throm-
bosis. Viral infection in the area of persistent active in-
jury leads to persistent and temporal heterogeneous lung
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injury [49]. Autopsy of 38 cases showed that organ in-
volvement and the characteristics of thrombosis in
COVID-19 were related to immune thrombosis. In
COVID-19, inflammatory microvascular thrombi exist in
the lungs, kidneys, and heart, including extraneutrophil
traps associated with platelets and fibrin. COVID-19 pa-
tients also show neutrophil platelet aggregation and ob-
vious neutrophil and platelet activation patterns in the
blood, which vary with the severity of the disease. The
abnormal immune thrombotic regulation of SARS-CoV-
2 pneumonia is related to ARDS and systemic hyperco-
agulability [41]. In order to determine the role of micro-
thrombosis in COVID-19, further work is needed.

How Do we Construct Microthrombosis

Associated with COVID-19?

The study found [45] that fibrin thrombosis (less than 1
mm in diameter) in arteriole vessels was observed in
87% of cases, and about half of the cases involved more
than 25% of lung tissue and high levels of D-
dimerization body. These findings may explain severe
hypoxemia, which is a characteristic of ARDS in
COVID-19 patients. Vascular microthrombus is often
found in the area of diffuse alveolar injury and is related
to diffuse endothelial injury. Although these features are
not pathogenic, they are common in our series, are
widely distributed in the lung samples of the patients ex-
amined, and are the main unique vascular components.
Although the underlying mechanism of COVID-19-
related microthrombus has not been fully elucidated, it
is conceivable that the main role of its development is
the activation of the thrombotic inflammatory pathway
induced by the “cytokine storm” caused by SARS-CoV2
infection. As with other forms of sepsis, endothelial dys-
function has been observed in COVID-19 patients lead-
ing to extensive microthrombosis, mainly located in the
pulmonary vascular bed. In summary, these findings in-
dicate that although the pathogenesis of COVID-19-
related microthrombosis is multi-factorial, it is mainly
located at the microvascular level, and the veins and ar-
teries are involved in the later stage. This pathophysio-
logical phenomenon raises some questions about the
effectiveness of anticoagulants at full antithrombotic
doses to effectively treat the disease [50].

Plasma D-dimer detection is a direct prognostic indi-
cator of COVID-19. In this regard, D-dimer is a fibrin
degradation product released when plasmin cleaves
cross-linked fibrin. Compared with non-serious diseases,
D-dimer levels appear to be higher in patients with se-
vere COVID-19. Subsequently, further studies empha-
sized that the level of D-dimer in patients who did not
survive COVID-19 increased, and that D-dimer contin-
ued to increase upon admission before dying [28].
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How Do we Deal with COVID-19 Microcirculation
Disorder?

The Italian Thrombosis and Hemostasis Association
provides some suggestions for the treatment of
hemostatic disorders in COVID-19 patients based on ex-
pert consensus [51]. Including general management of
patients. Strengthen the laboratory examination and
monitoring of hemostasis and platelet count; it is recom-
mended to use standardized procedures to collect clin-
ical and laboratory data of all hospitalized patients to
increase understanding of the disease; all hospitalized
COVID-19 patients are strongly recommended to pre-
vent venous thromboembolism; The use of a patient-
based individual approach aims to balance the risk/bene-
fit ratio of various anti-thrombotic strategies, while tak-
ing into account the potential hypercoagulable state; it is
also recommended that all experts involved in the treat-
ment of COVID-19 patients cooperate closely.

In fact, so far, there is no evidence that the SARS-
CoV-2 virus exerts an inherent procoagulant effect.
Therefore, the most reasonable hypothesis is that the
virus activates the coagulation cascade by triggering a
large-scale inflammatory response, similar to those ob-
served in other forms of sepsis. Several studies have
shown that thrombosis and inflammation, the two pro-
cesses complement each other and closely interconnect
each other [52]. That is, coagulation factors and platelets
are directly involved in the regulation of the host’s im-
mune response, showing its hemostatic effect independ-
ent of its pro-inflammatory function. In addition, the
cytokine storm stimulates the expression of tissue factor
on monocytes/macrophages and vascular endothelial
cells, triggering a coagulation cascade on their surface.
Thrombosis at the microvascular level leads to tissue is-
chemia and organ dysfunction [50]. Blood hypercoagula-
bility and intravascular microthrombosis are the
development nodes of severe COVID-19. Therefore,
anticoagulation and anti-inflammatory therapy can be
used as an important treatment strategy for severe
COVID-19 [53]. Based on the successful experience of
COVID-19 treatment in Wenzhou area, we propose the
theory of microcirculation perfusion bundle [54].

Microthrombosis: The Theory of Microcirculation
Perfusion Bundle

So far there is no specific antiviral treatment method for
SARS-CoV-2. Overall management considerations
should include evaluation of concomitant infections in
patients with critically ill sepsis, especially acute lung in-
jury and ARDS. COVID-19-related coagulopathy should
be managed like any other coagulopathy, including
sepsis-related DIC. Patients who only suffer from
COVID-19 coagulopathy may not develop SIC, DIC or
have hemorrhagic diathesis or need blood component
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replacement. For those developing overt DIC, standard
guidelines for blood composition support can be used.
Microvascular thrombosis may also be the cause of mul-
tiple organ failure in patients with long-term infection,
but the early lung dysfunction seems to be caused by in-
flammation, reaction and viral effects on lung tissue. Pa-
tients with sepsis should receive standard supportive
care. Although the use of anticoagulants or other physio-
logical drugs may reduce microvascular thrombosis and
possible end-organ dysfunction, patients with sepsis or
sepsis with SIC or open DIC should continue to receive
preventive anticoagulation therapy. In addition, the D-
dimer value of COVID-19 patients greater than 1 ug/mL
is associated with fatal consequences. For these reasons,
although their efficacy and safety are closely monitored,
due to their anti-inflammatory properties, it has been
suggested that anticoagulants may be beneficial in pa-
tients with severe COVID-19 [55-57]. Liquid anticoagu-
lation mechanism, intravenous fluid infusion weakens
the thrombin-fibrinogen interaction, coagulation factor
XIII-fibrin polymer interaction, enhances the fibrinolysis
reaction, and reduces platelet aggregation and adhesion.
Hydration and anticoagulation are safe and effective.

Discussion

Cytokine storm and endothelial dysfunction in patients
with severe diseases, the disease progresses rapidly and
is fatal. Endothelial dysfunction is the basic mechanism
that triggers the procoagulant state, which eventually
evolves into diffuse intravascular coagulation, leading to
embolism of multiple organs, leading to multiple organ
failure (MOF). The Italian Society of Clinical Hemor-
heology and Microcirculation aims to emphasize the role
of microcirculation disorders in the pathogenesis of
COVID-19, which is the biggest challenge facing the
world health [58].

The general observation of anatomy is different from
the previous local pathological features. In fact, this is
the difference between puncture pathological biopsy and
systemic pathological anatomy. Although the use of glu-
cocorticoids is not a conventional treatment for COVID-
19, the patient’s lung pathology is characterized by
edema and transparent membrane formation, which in-
dicates that timely and appropriate use of glucocorti-
coids and ventilator support in critically ill patients can
help prevent. The development of ARDS. In addition,
the signs of suffocation are not obvious, but according
to the current understanding of deaths caused by new
coronary pneumonia infection, this is largely related to
breathing difficulties. The discovery of lung disease is
currently the most clinically helpful and can help im-
prove treatment.

However, there are still many individual differences in
other evidence. It is recommended to follow-up
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pathological examination and follow-up pathological
work. Infected patients are accompanied by basic dis-
eases, and the pathological changes between old and
new diseases affect each other. Different stages and dif-
ferent age groups need more pathological support. Cur-
rently, there is no specific antiviral treatment for SARS
and COVID-19. Therefore, it is necessary to further
study the infection mechanism of the coronavirus to de-
termine a suitable therapeutic target.

Conclusions

Among COVID-19 patients, especially those suffering
from severe diseases and/or being sent to the intensive
care unit, the incidence of microthrombotic complica-
tions has increased, and the coagulation system of most
patients is activated. The presence of extensive micro-
vascular thrombosis highly confirms the presence of
microcirculation disorders. Extensive microthrombosis
rather than pneumonia is the cause of respiratory failure.
Autopsy studies found that pulmonary microvascular
thrombosis may be the cause of severe hypoxia in pa-
tients with COVID-19.Smooth microcirculation can pro-
long the life of the patient; microcirculation disorders
caused by microthrombosis and acute respiratory dis-
tress syndrome caused by diffuse alveolar damage are
the main causes of death in COVID-19 patients.

Abbreviations

DAD: Diffuse alveolar damage; DIC: Disseminated intravascular coagulation;
ARDS: Acute respiratory distress syndrome; COVID-19: Coronavirus disease-19;
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2

Authors’ Contributions

All authors participated in writing. Writing-review, language correction &
editing were done by Wenjing Chen. The author(s) read and approved the
final manuscript.

Funding

This work was supported by the National Natural Science Foundation of
China (81671968), the Medical Innovation Discipline of Zhejiang Province
(Critical Care Medicine, Y2015), and the Major project co-founded by Zhe-
jiang Province and Ministry of Science and Technology (WKJ-ZJ-1909).

Availability of Data and Materials
Not applicable.

Ethics Approval and Consent to Participate
Not applicable.

Consent for Publication
All' authors have read and approved the final version of the manuscript.

Competing Interests
The authors declare that they have no competing interests.

Author details

School of the First Clinical Medical Sciences, Wenzhou Medical University,
Wenzhou, China. 7Department of Intensive Care Unit, The First Affiliated
Hospital of Wenzhou Medical University, Wenzhou, China. *Wenzhou Key
Laboratory of Critical Care and Atrtificial Intelligence, Wenzhou, China.

Page 10 of 12

Received: 17 December 2020 Accepted: 11 January 2021
Published online: 20 January 2021

References

1. Leppkes M, Knopf J, Naschberger E, Lindemann A, Singh J, Herrmann |,
Strzl M, Staats L, Mahajan A, Schauer C, Kremer AN, V6IkI S, Amann K, Evert
K, Falkeis C, Wehrfritz A, Rieker RJ, Hartmann A, Kremer AE, Neurath MF,
Mufoz LE, Schett G, Herrmann M. Vascular occlusion by neutrophil
extracellular traps in COVID-19. EBioMedicine. 2020;58:102925.

2. Song WG, FitzGerald GA. COVID-19, microangiopathy, hemostatic activation,
and complement. J Clin Invest. 2020;130(8):3950-3.

3. Jhaveri KD, Meir LR, Flores Chang BS, Parikh R, Wanchoo R, Barilla-LaBarca
ML, Bijol V, Hajizadeh N. Thrombotic microangiopathy in a patient with
COVID-19. Kidney Int. 2020;98(2):509-12.

4. Santoriello D, Khairallah P, Bomback AS, Xu K, Kudose S, Batal |, Barasch J,
Radhakrishnan J, D'Agati V, Markowitz G. Postmortem kidney pathology
findings in patients with COVID-19. J Am Soc Nephrol. 2020;31(9):2158-67.

5. Rapkiewicz AV, Mai X, Carsons SE, Pittaluga S, Kleiner DE, Berger JS, Thomas
S, Adler NM, Charytan DM, Gasmi B, Hochman JS, Reynolds HR.
Megakaryocytes and platelet-fibrin thrombi characterize multi-organ
thrombosis at autopsy in COVID-19: a case series. EClinicalMedicine. 2020,24:
100434.

6. do Espirito Santo DA, Lemos ACB, Miranda CH. In vivo demonstration of
microvascular thrombosis in severe COVID-19. J Thromb Thrombolysis. 2020;
50(4):790-4.https://doi.org/10.1007/511239-020-02245-x. Epub 2020 Aug 13.
PMID: 32789730; PMCID: PMC7424241.

7. Mackman N, Antoniak S, Wolberg AS, Kasthuri R, Key NS. Coagulation
abnormalities and thrombosis in patients infected with SARS-CoV-2 and
other pandemic viruses. Arterioscler Thromb Vasc Biol. 2020;40(9):2033-44.

8. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost. 2020;18(4):844-7.

9. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu
R, Niu P, Zhan F, Ma X, Wang D, Xu W, Wu G, Gao GF, Tan W. China Novel
Coronavirus Investigating and Research Team. A Novel Coronavirus from
Patients with Pneumonia in China, 2019. N Engl J Med. 2020;382(8):727-33.
https://doi.org/10.1056/NEJM0a2001017. Epub 2020 Jan 24. PMID: 31978945;
PMCID: PMC7092803.

10. Ding Y, Wang H, Shen H, Li Z, Geng J, Han H, Cai J, Li X, Kang W, Weng D.
The clinical pathology of severe acute respiratory syndrome (SARS): a report
from China. J Pathol. 2003;200(3):282-9.

11. Lang Z Zhang L, Zhang S, Meng X, Li J, Song C, Sun L, Zhou Y. Pathological
study on severe acute respiratory syndrome. Chin Med J. 2003;116(7):976~
80.

12. Nicholls JM, Poon LL, Lee KC, Ng WF, Lai ST, Leung CY, Chu CM, Hui PK,
Mak KL, Lim W. Lung pathology of fatal severe acute respiratory syndrome.
Lancet. 2003;361(9371):1773-8.

13. Gu J, Gong E, Zhang B, Zheng J, Gao Z, Zhong Y, Zou W, Zhan J, Wang S,
Xie Z. Multiple organ infection and the pathogenesis of SARS. J Exp Med.
2005;202(3):415-24.

14.  Lang ZW, Zhang LJ, Zhang SJ, Meng X, Li JQ, Song CZ, Sun L, Zhou VS,
Dwyer DE. A clinicopathological study of three cases of severe acute
respiratory syndrome (SARS). Pathology. 2003;35(6):526-31.

15. Tse GM, K. To, Chan PK, Lo A, Ng K, Wu A, Lee N, Wong H, Mak S, Chan K.
Pulmonary pathological features in coronavirus associated severe acute
respiratory syndrome (SARS). J Clin Pathol. 2004;57(3):260-5.

16. RBEER and BATLA, SARS TR FRAE . BB S die g, 2003. 31(4):
p. 88-90.

17. Ye J, Zhang B, Xu J, Chang Q, McNutt MA, Korteweg C, Gong E, Gu J.
Molecular pathology in the lungs of severe acute respiratory syndrome
patients. Am J Pathol. 2007;170(2):538-45.

18. Wong C, Lam C, Wu A, Ip W, Lee N, Chan |, Lit L, Hui D, Chan M, Chung S.
Plasma inflammatory cytokines and chemokines in severe acute respiratory
syndrome. Clin Exp Immunol. 2004;136(1):95-103.

19. Zhang Y, Li J, Zhan Y, Wu L, Yu X, Zhang W, Ye L, Xu S, Sun R, Wang Y.
Analysis of serum cytokines in patients with severe acute respiratory
syndrome. Infect Immun. 2004;72(8):4410-5.

20, <HPRLEARI RN R 1297 J7 ZE_RATHE . pdf>.

21. Xu Z ShiL, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P, Liu H, Zhu L.
Pathological findings of COVID-19 associated with acute respiratory distress
syndrome. Lancet Respir Med. 2020,8:420.


https://doi.org/10.1007/s11239-020-02245-x
https://doi.org/10.1056/NEJMoa2001017

Chen and Pan Biological Procedures Online

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

(2021) 23:4

Cai G, Cui X, Zhu X, Zhou J. A hint on the COVID-19 risk: population
disparities in gene expression of three receptors of SARS-CoV; 2020.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B,
Huang CL, Chen HD, Chen J, Luo Y, Guo H, Jiang RD, Liu MQ, Chen Y, Shen
XR, Wang X, Zheng XS, Zhao K, Chen QJ, Deng F, Liu LL, Yan B, Zhan FX,
Wang YY, Xiao GF, Shi ZL. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020;579(7798):270-3.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui
DSC, Du B, Li LJ, Zeng G, Yuen KY, Chen RC, Tang CL, Wang T, Chen PY,
Xiang J, Li SY, Wang JL, Liang ZJ, Peng YX, Wei L, Liu Y, Hu YH, Peng P,
Wang JM, Liu JY, Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY,
Zhong NS. Clinical characteristics of coronavirus disease 2019 in China. N
Engl J Med. 2020;382(18):1708-20.

B, £, JREE, oz, X, R, Ik, A5, R, 0, <
T SELIR D 73 28 E T 7 R R GERR R AR WL EER A5 pdf>. TEPE 22 2%, 2020,
Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F,
Vanstapel A, Werlein C, Stark H, Tzankov A, Li WW, Li VW, Mentzer SJ, Jonigk
D. Pulmonary vascular Endothelialitis, thrombosis, and angiogenesis in
Covid-19. N Engl J Med. 2020;383(2):120-8.

Ciceri F, Beretta L, Scandroglio AM, Colombo S, Landoni G, Ruggeri A,
Peccatori J, D'Angelo A, De Cobelli F, Rovere-Querini P, Tresoldi M, Dagna L,
Zangrillo A. Microvascular COVID-19 lung vessels obstructive
thromboinflammatory syndrome (MicroCLOTS): an atypical acute respiratory
distress syndrome working hypothesis. Crit Care Resusc. 2020;22(2):95-7.
McFadyen JD, Stevens H, Peter K. The emerging threat of (micro) thrombosis
in COVID-19 and its therapeutic implications. Circ Res. 2020;127(4):571-87.
Prabakaran P, Xiao X, Dimitrov DS. A model of the ACE2 structure and
function as a SARS-CoV receptor. Biochem Biophys Res Commun. 2004;
314(1):235-41.

Schaller T, Hirschbuhl K, Burkhardt K, Braun G, Trepel M, Markl B, Claus R.
Postmortem examination of patients with COVID-19. Jama. 2020;323(24):
2518-20.

Fox SE, Akmatbekov A, Harbert JL, Li G, Quincy Brown J, Vander Heide RS.
Pulmonary and cardiac pathology in African American patients with COVID-

19: an autopsy series from New Orleans. Lancet Respir Med. 2020,8(7):681-6.

Yao XH, Li TY, He ZC, Ping YF, Liu HW, Yu SC, Mou HM, Wang LH, Zhang
HR, Fu WJ, Luo T, Liu F, Guo QN, Chen C, Xiao HL, Guo HT, Lin S, Xiang DF,
Shi'Y, Pan GQ, Li QR, Huang X, Cui Y, Liu XZ, Tang W, Pan PF, Huang XQ,
Ding YQ, Bian XW. A pathological report of three COVID-19 cases by
minimal invasive autopsies. Zhonghua Bing Li Xue Za Zhi. 2020;49(5):411-7.
Wu JH, Li X, Huang B, Su H, Li Y, Luo DJ, Chen S, Ma L, Wang SH, Nie X,
Peng L. Pathological changes of fatal coronavirus disease 2019 (COVID-19)
in the lungs: report of 10 cases by postmortem needle autopsy. Zhonghua
Bing Li Xue Za Zhi. 2020,49(6):568-75.

Buja LM, Wolf DA, Zhao B, Akkanti B, McDonald M, Lelenwa L, Reilly N,
Ottaviani G, Elghetany MT, Trujillo DO, Aisenberg GM, Madjid M, Kar B. The
emerging spectrum of cardiopulmonary pathology of the coronavirus
disease 2019 (COVID-19): report of 3 autopsies from Houston, Texas, and
review of autopsy findings from other United States cities. Cardiovasc
Pathol. 2020;48:107233.

Menter T, Haslbauer JD, Nienhold R, Savic S, Hopfer H, Deigendesch N,
Frank S, Turek D, Willi N, Pargger H, Bassetti S, Leuppi JD, Cathomas G,
Tolnay M, Mertz KD, Tzankov A. Postmortem examination of COVID-19
patients reveals diffuse alveolar damage with severe capillary congestion
and variegated findings in lungs and other organs suggesting vascular
dysfunction. Histopathology. 2020;77:198.

Deshpande C. Thromboembolic findings in COVID-19 autopsies: pulmonary
thrombosis or embolism? Ann Intern Med. 2020;173(5):394-5.

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 experiencelJ]. medRxiv. 2020.

Nunes Duarte-Neto A, de Almeida Monteiro RA, da Silva LFF, Malheiros D,
de Oliveira EP, Filho JT, Pinho JRR, Gomes-Gouvéa MS, Salles APM, de
Oliveira IRS, Mauad T, do Nascimento Saldiva PH, Dolhnikoff M. Pulmonary
and systemic involvement of COVID-19 assessed by ultrasound-guided
minimally invasive autopsy. Histopathology; 2020.

Al Nemer A. Histopathologic and autopsy findings in patients diagnosed
with coronavirus disease 2019 (COVID 19): what we know so far based on
correlation with clinical, Morphologic and Pathobiological Aspects. Adv
Anat Pathol. 2020,27:363.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

Page 11 of 12

Middleton EA, He XY, Denorme F, Campbell RA, Ng D, Salvatore SP, Mostyka
M, Baxter-Stoltzfus A, Borczuk AC, Loda M, Cody MJ, Manne BK, Portier |,
Harris ES, Petrey AC, Beswick EJ, Caulin AF, lovino A, Abegglen LM, Weyrich
AS, Rondina MT, Egeblad M, Schiffman JD, Yost CC. Neutrophil extracellular
traps contribute to immunothrombosis in COVID-19 acute respiratory
distress syndrome. Blood. 2020;136(10):1169-79.

Nicolai L, Leunig A, Brambs S, Kaiser R, Weinberger T, Weigand M,
Muenchhoff M, Hellmuth JC, Ledderose S, Schulz H, Scherer C, Rudelius M,
Zoller M, Hochter D, Keppler O, Teupser D, ZwiSler B, Bergwelt-Baildon M,
Kédb S, Massberg S, Pekayvaz K, Stark K. Immunothrombotic Dysregulation
in COVID-19 pneumonia is associated with respiratory failure and
coagulopathy. Circulation. 2020;142:1176.

Magro C, Mulvey JJ, Berlin D, Nuovo G, Salvatore S, Harp J, Baxter-Stoltzfus
A, Laurence J. Complement associated microvascular injury and thrombosis
in the pathogenesis of severe COVID-19 infection: a report of five cases.
Transl Res. 2020,220:1-13.

Bradley BT, Maioli H, Johnston R, Chaudhry |, Fink SL, Xu H, Najafian B,
Deutsch G, Lacy JM, Williams T, Yarid N, Marshall DA. Histopathology and
ultrastructural findings of fatal COVID-19 infections in Washington state: a
case series. Lancet. 2020;396(10247):320-32.

Grosse C, Grosse A, Salzer HJF, Diinser MW, Motz R, Langer R. Analysis of
cardiopulmonary findings in COVID-19 fatalities: high incidence of
pulmonary artery thrombi and acute suppurative bronchopneumonia.
Cardiovasc Pathol. 2020;49:107263.

Carsana L, Sonzogni A, Nasr A, Rossi RS, Pellegrinelli A, Zerbi P, Rech R,
Colombo R, Antinori S, Corbellino M, Galli M, Catena E, Tosoni A, Gianatti A,
Nebuloni M. Pulmonary post-mortem findings in a series of COVID-19 cases
from northern ltaly: a two-Centre descriptive study. Lancet Infect Dis. 2020;
20:1135.

Heinrich F, Sperhake JP, Heinemann A, Mushumba H, Lennartz M, N6rz D,
Glatzel M, Lutgehetmann M, Pischel K. Germany's first COVID-19 deceased:
a 59-year-old man presenting with diffuse alveolar damage due to SARS-
CoV-2 infection. Virchows Arch. 2020:477(3):335-9.

Bosmuiller H, Traxler S, Bitzer M, Haberle H, Raiser W, Nann D, Frauenfeld L,
Vogelsberg A, Klingel K, Fend F. The evolution of pulmonary pathology in
fatal COVID-19 disease: an autopsy study with clinical correlation. Virchows
Arch. 2020;477(3):349-57.

Kommoss FKF, Schwab C, Tavernar L, Schreck J, Wagner WL, Merle U, Jonigk
D, Schirmacher P, Longerich T. The pathology of severe COVID-19-related
lung damage. Dtsch Arztebl Int. 2020;117(29-30):500-6.

Borczuk AC, Salvatore SP, Seshan SV, Patel SS, Bussel JB, Mostyka M,
Elsoukkary S, He B, Del Vecchio C, Fortarezza F, Pezzuto F, Navalesi P,
Crisanti A, Fowkes ME, Bryce CH, Calabrese F, Beasley MB. COVID-19
pulmonary pathology: a multi-institutional autopsy cohort from Italy and
New York City. Mod Pathol. 2020;33:2156.

Marietta M, Coluccio V, Luppi M. COVID-19, coagulopathy and venous
thromboembolism: more questions than answers. Intern Emerg Med. 2020;
15(8):1375-87. https.//doi.org/10.1007/511739-020-02432-x. Epub 2020 Jul 11.
PMID: 32653981; PMCID: PMC7352087.

Marietta M, Ageno W, Artoni A, De Candia E, Gresele P, Marchetti M, Marcucci
R, Tripodi A. COVID-19 and haemostasis: a position paper from Italian society
on thrombosis and Haemostasis (SISET). Blood Transfus. 2020;18(3):167-9.

Iba T, Levy JH. Inflammation and thrombosis: roles of neutrophils, platelets
and endothelial cells and their interactions in thrombus formation during
sepsis. J Thromb Haemost. 2018;16(2):231-41.

Haimei MA. Pathogenesis and treatment strategies of COVID-19-related
Hypercoagulant and thrombotic complications. Clin Appl Thromb Hemost.
2020;26:1076029620944497.

Yang W, Cao Q, Qin L, Wang X, Cheng Z, Pan A, Dai J, Sun Q, Zhao F, Qu J,
Yan F. Clinical characteristics and imaging manifestations of the 2019 novel
coronavirus disease (COVID-19):a multi-center study in Wenzhou city,
Zhejiang, China. J Infect. 2020;80(4):388-93.

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is
associated with decreased mortality in severe coronavirus disease 2019
patients with coagulopathy. J Thromb Haemost. 2020;18(5):1094-9.
Camprubi-Rimblas M, Tantinya N, Bringué J, Guillamat-Prats R, Artigas A.
Anticoagulant therapy in acute respiratory distress syndrome. Ann Trans!
Med. 2018;6(2):36.

Kollias A, Kyriakoulis KG, Dimakakos E, Poulakou G, Stergiou GS, Syrigos K.
Thromboembolic risk and anticoagulant therapy in COVID-19 patients:
emerging evidence and call for action. Br J Haematol. 2020;189(5):846~7.


https://doi.org/10.1007/s11739-020-02432-x

Chen and Pan Biological Procedures Online (2021) 23:4 Page 12 of 12

58.  Colantuoni A, Martini R, Caprari P, Ballestri M, Capecchi PL, Gnasso A, Lo
Presti R, Marcoccia A, Rossi M, Caimi G. COVID-19 Sepsis and
microcirculation dysfunction. Front Physiol. 2020;11:747.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Introduction
	Microscopic Pathology of SARS
	The General Pathology of SARS
	The Relationship between SARS Pathology and Clinic
	Microscopic Pathology of COVID-19
	The General Pathology of COVID-19
	The Relationship between COVID-19 Pathology and Clinic
	COVID-19 and Microthrombus
	Comparison of SARS and COVID
	What Is the Incidence of Microthrombosis in COVID-19 Patients?
	How Do we Construct Microthrombosis Associated with COVID-19?
	How Do we Deal with COVID-19 Microcirculation Disorder?
	Microthrombosis: The Theory of Microcirculation Perfusion Bundle
	Discussion
	Conclusions
	Abbreviations
	Authors’ Contributions
	Funding
	Availability of Data and Materials
	Ethics Approval and Consent to Participate
	Consent for Publication
	Competing Interests
	Author details
	References
	Publisher’s Note

