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Abstract. - The emergence of Coronavi-
rus Disease 19 (COVID-19) as a pandemic has
claimed hundreds of thousands of lives world-
wide since its initial breakout. With increasing
reports from clinical observations and autopsy
findings, it became clear that the disease caus-
es acute respiratory distress syndrome (AR-
DS), as well as a broad spectrum of systemic
and multiorgan pathologies, including angiopa-
thy, endothelialitis, and thrombosis. Coagulopa-
thy is associated with the activity of megakary-
ocytes, which play crucial roles in modulating
the platelet homeostasis. Only a few autopsy re-
ports include findings on thrombosis formation
and the presence of megakaryocytes. Here we
review and summarize the possible involvement
and the pathophysiology of the thromboembolic
events in COVID-19 patients based on post-mor-
tem reports. We reviewed post-mortem reports
from March 2020 to September 2020. Eleven au-
topsy reports that demonstrated thromboembol-
ic involvement findings, either macroscopically
or microscopically, were included in this review.
All studies reported similar pulmonary gross
findings. Not all studies described thrombi for-
mation and megakaryocyte findings. Pulmonary
embolism, coagulopathy, severe endothelial in-
jury, and widespread thrombosis are frequent in
COVID-19 patients, following many patients with
high-level D-Dimer, increased fibrinogen, ab-
normal prothrombic coagulation, and thrombo-
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cytopenia. Reports showed that thrombus was
also found in the lower extremities’ deep veins
and the prostatic venous plexus. In conclusion,
a complex interaction of SARS-CoV-2 virus in-
vasion with platelets, leukocytes, endothelial
cells, inflammation, immune response, and the
possible involvement of megakaryocytes may
increase the cumulative risk of thrombosis by a
yet unclear cellular and humoral interaction.
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Introduction

Coronavirus Disease 19 (Covid-19), caused
by a newly recognized severe acute respiratory
syndrome-related Corona Virus named SARS-
CoV-2, has emerged as a pandemic since its initial
breakout in December 2019, claiming hundreds of
thousands of lives worldwide'. A sheer endless ef-
fort has been put on to lower the transmission and
mortality rate of COVID-19. To date, neither vac-
cines nor specific medication is available for de-
finitive treatment yet, although several vaccines
are claimed to be available in the future. These
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vaccines aim to target the viral surface spike pro-
tein, a crucial structure for viral replication®. The
goal is to induce both humoral and cellular immu-
nity against the virus, and hope is glaring as stud-
ies in Rhesus macaques appear to be protective.
Trials in humans report potential effects as well’.
Ultra-high-resolution studies using cryo-electron
microscope revealed coronavirus-specific struc-
tures likely to play a role in virus replication,
thereby acting as potential targets for treatment*.
SARS-Cov-2 belongs to, as the name implies,
the Coronaviridae manifesting with a severe acute
respiratory outcome. It is an example of the family
of enveloped positive-strand RNA viruses related
to SARS-Cov — causing severe acute respiratory
syndrome (SARS) and Middle East Respirato-
ry Syndrome (MERS) caused by MERS-CoV'.
A full understanding of the pathophysiology of
the disease is still under investigation®”’. At the
early stage of the infection, SARS-CoV-2 virus
entry into the host cells is mediated by its S-gly-
coprotein’s attachment to the angiotensin-con-
verting enzyme 2 (ACE2) receptors, which are
expressed in lower respiratory tract endothelial
and type II pneumocytes cells®®. The respiratory
route of transmission contributes to the idea that
the disease affects the respiratory tract primarily.
With increasingly reported clinical observations
and autopsy findings, the disease causes not only
acute respiratory distress syndrome (ARDS) but
also a broad spectrum of systemic and multior-
gan pathologies, including angiopathy, endotheli-
alitis, and thrombosis beyond the lung®. Reports
revealed that systemic involvement, such as a cy-
tokine storm and general inflammation resulting
in multiorgan dysfunction, might play a role in a
patient’s mortality'®'2. Besides the typical mani-
festations of infectious disease, hypercoagulabil-
ity-related thromboembolic events in COVID-19
are emerging problems that require attention.
The latest findings demonstrated that the system-
ic coagulopathy, including thrombocytopenia,
increased D-Dimers, longer prothrombin time
(PT), and longer activated partial thromboplastin
time (APTT), are associated with thromboem-
bolic events, such as pulmonary embolism (PE),
myocardial infarction, ischemic stroke, and deep
vein thrombosis (DVT), leading to the higher
mortality in COVID-19 patients. Furthermore, an
analysis of pulmonary vasculature in COVID-19
patients showed diffuse alveolar damage (DAD)
with concurrent thrombi formation®”'>!4, Here,
the urgent need to unravel the disease by post-
mortem examinations led to rigorous guidelines

for performing autopsies, which quickly gave the
scientific community clues to what was going on
in the lungs and beyond these patients'>'8.

The coagulopathy is associated with the ac-
tivity of megakaryocytes that play crucial roles
in modulating platelet homeostasis. Megakary-
ocytes (MKs) are usually present in the human
bone marrow and lung. The presence of MKs
outside the native organs might indicate their in-
volvement in the occurrence of thromboembolic
events in COVID-19 patients. However, the exact
mechanism of how some MKs could reside out-
side the lung, such as in glomeruli, and causing
subsequent thromboembolism remains a ques-
tion until now. Studies that explore the role of
megakaryocytes in COVID-19-associated coag-
ulopathy are still scarce!®?. Only a few autopsy
reports include findings on thrombosis formation
and megakaryocyte presence. Pulmonary autop-
sy reports revealed that COVID-19 patients with
DAD also showed an increase in the megakaryo-
cyte population. This condition might predict
a greater prothrombotic tendency in these pa-
tients?*?2. Rapkiewicz et al*' reported the finding
of an increased number of megakaryocytes found
at autopsy in the lungs and heart. Also, reports
have shown the unusual formation of thrombus in
less common organs, such as the prostatic venous
plexus, the heart, the kidney, and the hepatic por-
tal vein'>!%2!, Based on these facts, this article will
review and summarize the possible involvement
of the thromboembolic events in COVID-19 pa-
tients based on the post-mortem reports.

Thromboembolic Manifestation
in COVID-19

The reports on the general incidence of throm-
boembolic manifestation are still varied, ranging
from 15% to 85% worldwide®*. This vast range
of incidence might be due to heterogeneous di-
agnostic tools and patient characteristics. Ac-
cording to the International Society on Throm-
bosis and Haemostasis (ISTH), a development
of thromboembolic events induced by systemic
pathogen infection belongs to a specific entity
called septic-induced coagulopathy (SIC). The
similar events in COVID-19 might resemble to
that of SIC. Being more specific, around 5-10%
of COVID-19 patients with severe pulmonary
clinical manifestations that would eventually re-
quire admission to the intensive care unit (ICU)
developed COVID-19-specific coagulopathy.
When the symptoms become more severe, the
coagulopathy will be more pronounced, leading
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to a worse prognosis and a higher risk of devel-
oping thromboembolism, including PE, arterial
thrombosis, and DV T%*%6, Compared to the sur-
vivors of COVID-19, 71.4% of the patients who
did not survive from COVID-19 were reported
to match the classification of overt disseminated
intravascular coagulation (DIC) based on ISTH
criteria?®. When DIC occurs, it has been consid-
ered that DIC might not be the only concurrent
finding of COVID-109. Still, it is believed that DIC
is a part of the pathological process that leads to
multiorgan failure due to microthrombi and tissue
damage6,25,27-29.

It is still unclear whether DIC is the result of
the early coagulation change in Covid-19, but
there are clearly changes in hemostasis parame-
ters seen in COVID-19 patients. Reports revealed
that 59.6% of severe COVID-19 cases showed an
increase in D-dimer level (threshold as 0.5 mg/L),
decreased platelet count (thrombocytopenia), and
prolonged prothrombin time. The increase in
D-dimer levels depicts an increase in the turnover
of fibrin formation and degradation. Zhou et al*
reported in a cohort of 191 patients that D-dimer
levels of more than 1 mg/L were associated with
higher mortality. Guan et al*' further showed that
46.4% out of 1,099 patients had D-dimer levels
of more than 0.5 mg/L. The findings showed
that coagulopathy would likely take part during
COVID-19%#3031 In addition to an increase in
D-dimer levels, COVID-19 patients are reported
to have a marked increase in Von Willebrand Fac-
tor (VWF), as shown by the rise in anti-cardio-
lipin antibodies and VWF antigen, indicating the
possible wide-scale systemic vascular endothelial
cell activation'®2,

Alteration of lower platelet count is observed
in COVID-19, but it appears to be only moderate
compared to the usual drop-in patients with septic
shock. A report from China showed that 36.2% of
patients admitted to ICU had thrombocytopenia
of fewer than 150 G/L%*'. A meta-analysis involv-
ing 1,779 COVID-19 patients from nine studies
showed that lower platelet counts were associated
with the most severe patients and the increased
probability of developing severe Covid-19 by five-
fold**'3. The exact pathway of how this throm-
bocytopenia occurs in COVID-19 is still unclear.
One of the proposed mechanisms is that the virus
infection might cause a decrease in platelet count
to the bone marrow, which triggers macrophages
activation and cause the destruction of hemato-
poiesis cells, including the megakaryopoiesis.
This behavior was also observed in other corona-
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virus infections®**. The abnormal platelet count
is followed by an increase in plasma viscosity in
COVID-19 patients due to the elevated fibrinogen,
as commonly found in any strong inflammatory
syndrome, including ARDS. The hyper-viscosity
state is likely to increase the risk of endothelial
damage and clot formation®-¢.

Autopsy Findings of COVID-19

As a newly emerging disease, valuable infor-
mation regarding diagnosis and understanding of
the pathophysiology of COVID-19 could be ob-
tained by autopsy and microscopic examination
of tissue samplings. Autopsy reports that focused
on the findings of thrombi formation and mega-
karyocytes involvement are shown in Table 1. All
the eleven studies reported similar pulmonary
gross findings. The lungs’ parenchyma was firm,
congested, heavy, and diffusely edematous, con-
sistent with the macroscopic findings of ARDS*"
¥ The lungs of COVID-19 patients were signifi-
cantly heavier compared to the uninfected control
lungs but lighter than those of patients with in-
fluenza pneumonia®. Seven papers reported both
thrombi formation and the presence of megakary-
ocytes!»1319203738 ‘OQne study did not report throm-
bi formation’, and three reports did not report the
presence of megakaryocytes>'4°,

Histologically, diffuse alveolar damage with
reactive type I pneumocytes, cellular fibromyx-
oid exudates, chronic interstitial pneumonia, and
organizing pneumonia were the main reported
pathological findings on the study of post mor-
tem COVID-19 patients*”*°. In addition to these
findings, other studies also found oedema, in-
flammatory infiltrates consisting of interstitial
mononuclear, and multinucleated giant cells with
cytopathic changes, consistent with viral etiolo-
gy'’. Cytopathological findings of peripheral mar-
gination of the membranes with inflammatory
cells at the background, and nuclear chromatin
clearing, including neutrophilic granulocytes,
macrophages, and lymphocytes with positive
CD68 expression confirmation, revealed that
these multinucleated giant cells were closely re-
lated to syncytial histiocytic cells**2. Clear pre-
sentation of macroscopic and histological sections
of the infected lung has been reported in detail in
some reports?%-21-37:38,

Apart from the histologic findings, sever-
al studies also reported that pulmonary embo-
lism, coagulopathy, severe endothelial inju-
ry, and widespread thrombosis are frequent in
COVID-19 patients, following many patients that
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Table I. Macroscopic and microscopic autopsy findings of COVIDI19 patients.

Microscopy
No.
First author cas- | Time Macroscopy iz IR Megalaryocyte
es damage abnormality
and Thrombi
Formation
Buja et al'? 23 April 2020 | Yes (heavy lungs) Yes (diffuse Yes (pulmonary Yes (alveolar
alveolar artery capillaries)
damage) thromboembolism,
fibrin-platelet
thrombus in
glomerular arteries

Edler et al® 80 May 2020 Yes, (heavy and Yes (diffuse Yes (pulmonary Not reported
congested lungs) alveolar embolism, deep

damage) vein thrombosis
of the lower
extremity)

Aguiar et al’ 1 May 2020 Yes (heavy lungs, Yes (diffuse Not reported Yes (abundant in
firm and rubbery alveolar lung interstitial)
with hemorrhagic damage)
oedema bilaterally)

Ackermanetal® |7 May 2020 Yes (lungs were Yes (diffuse Yes (thrombi in the | Not reported
heavier than alveolar pulmonary artery,
non-Covid-19 lung) | damage) alveolar micro-

thrombi

Fox et al®’ 10 May 2020 Yes (lungs were Yes (diffuse Yes (pulmonary Yes (within small
heavier than alveolar thrombi and vessels and
normal; lung damage angiopathy) alveolar
parenchyma was capillaries)
diffusely edematous

Nunes 10 May 2020 Not reported Yes (diffuse Yes (fibrinous Yes (high density

Duerte-Neto alveolar thrombi in alveolar | of alveolar

etal® damage) arterioles, fibrin megakaryocytes)

microthrombi in
glomeruli)

Wichmann et al** | 12 May 2020 Yes (congested, Yes (diffuse Yes (microvascular | Not reported
heavy, mild alveolar thromboemboli)
pleurisy) damage)

Rapkiewcs et al?! | 7 June 2020 Yes (lung Yes (diffuse Yes (platelet-rich Yes (in the
congestion) alveolar thrombi in the microvasculature

damage) pulmonary, of the heart,
hepatic, renal, glomeruli, lungs)
and cardiac
microvasculature)

Carsana et al®® 38 June 2020 Yes (lungs were Yes (diffuse Yes (fibrin thrombi | Yes (in the lung
heavy, congested, alveolar in the small arterial | capillaries)
and edematous, damage) vessels)
with patchy
involvement)

Valdivia-mazeyra | 17 September | Not reported Yes (diffuse Yes (pulmonary Yes (in the lung

et al?* 2020 alveolar thrombi) capillaries)

damage)

Schurink et al'® | 21 September | Yes (heavy and Yes (diffuse Yes (pulmonary Yes (abundant

2020 congested lungs) alveolar thrombi, deep vein | megakaryocyte
damage) thrombosis, glom- | in lung and bone
eruli thrombosis) marrow)
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have high-level D-Dimer, increased fibrinogen,
abnormal prothrombic coagulation, and throm-
bocytopenia®**44. Another study reported that al-
veolar-capillary microthrombi in COVID-19 pa-
tients were nine times higher than in patients with
influenza. Beyond the lung pathology, reports
showed that thrombus was also found in the low-
er extremities’ deep veins (in almost every third
female and every second male) and the prostat-
ic venous plexus>®¥. This vascular abnormality
even became a distinctive feature of COVID-19,
compared to HIN1 and SARS infection®®°.

As mentioned before, megakaryocytes typical-
ly present in the bone marrow and lung modulate
platelet homeostasis. Valdivia-Mazeyra et al®
reported that megakaryocytes were a common
finding in the lungs of COVID-19 patients with
abnormal coagulation parameters. However, the
report did not specify the unique characteristic of
the involved megakaryocytes®. A more detailed
description by Roncati et al** showed a significant
increase in naked megakaryocytes in critical-
ly-ill COVID-19 patients. These megakaryocyte
findings were proven by immunohistochemistry
CD61+ antibodies in lung capillaries, with plate-
let-fibrin thrombin within small arterial vessels
and alveolar capillaries'>'’. The presence of plate-
lets and fibrin within small vessels caused the ag-
gregation of inflammatory cells and entrapment
of neutrophils®. These megakaryocytes’ findings
were likely related to many foci of hemorrhage
and platelet-rich thrombi in the lungs that lead
to peripheral ischemic events and a severe pul-
monary ventilation-perfusion mismatch”. The
findings of megakaryocytes in the lung are not
always related to DAD, considering the naturally
occurring megakaryocytes in the lung and bone
marrow. However, the megakaryocytes’ morphol-
ogy found in the pulmonary microcirculation is
different from that of in the bone marrow, which
can easily be overlooked and must be proven by
immunohistochemistry®’. This condition is sup-
ported Rapkiewicz et al*, which showed that
megakaryocytes were present in the microvessels
of the heart and glomeruli of COVID-19 patients.

The number of megakaryocytes found in
COVID-19 patient lungs was significantly high-
er than in the lungs of other ARDS patients, in-
dicating active platelet production, aggregation,
and consumption*®. Manne et al*’ showed that
COVID-19 triggered robust platelet hyperactivity
by altering platelet gene expression, particularly
CDG62P (P-selectin) and CD63 expression, and in-
creased plasma thrombopoietin, a megakaryocyte
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growth factor. Although the exact mechanism
of alveolar megakaryocyte induction is unclear,
several studies revealed that Toll-like receptor
3 (TLR3) is present in platelets and megakaryo-
cytes, indicating its role in thrombopoiesis and
megakaryocytes changes in viral infection*.

Another vascular pathology feature demonstrat-
ed in autopsy is endothelialitis in different organs
(heart, small intestines, lung, and kidney). Traces
of viral particles are found in injured endothelial
cells, suggesting that SARS-CoV-2 are directly in-
fecting the endothelial and induce endothelialitis,
pyroptosis, and apoptosis in several organs'’.

The included autopsy reports in Table I showed
that most macroscopic and microscopic findings
were consistent with the pulmonary characteris-
tic changes of the epithelial and vascular phase of
COVID-19 patients as proposed by Polak et al*.
The pulmonary fibrosis formation appeared to be
a late finding and rarely reported in an autopsy. A
proposed pathophysiological pathway suggested a
possible pathogenesis of the disease progression,
which consisted of the initial epithelial phase in-
volving viral invasion and diffuse alveolar damage
followed by the vascular changes and fibrotic phase.
Microvascular damage and thrombi formation re-
sult from the vascular change phase, although the
exact mechanism was not explained'**®,

Pathophysiology of Thrombosis
in Covid-19

In a situation where the human body tries to over-
come the infection, a defensive mechanism involv-
ing a complex interaction between inflammatory
and hemostatic reactions will occur. The coagula-
tion system will interact proportionately with the
fibrinolytic system, the complement, the endotheli-
al system, leukocytes, and platelet activation. Due
to abundant numbers, platelets are the first blood
component to recognize viral particles and initiate
a response once the SARS-COV-2 virus reaches
circulation. Once involved, platelets’ interaction
with leukocytes can contribute to the defensive
mechanism against infection by facilitating extrav-
asation of neutrophils on inflammatory sites. The
early response by the platelets is mediated by the
Toll-like receptor 7 (TLR7). Once TLR7 is activat-
ed, a-granulase and complement C3 are released,
initiating platelets to interact with neutrophils via
P-selectin and CD40L. Thus, the formation of
neutrophil extracellular traps (NETs), a network
of chromatin and histone to bind and immobilize
pathogens, will be triggered***. These NETs con-
tribute to thrombi formation by inducing platelet



Thromboembolic in COVID-19 mortality

activation and contact pathway of coagulation. The
more severe the viral load, the more NETs are re-
quired to trap the pathogen. Consequently, more
platelets are needed; thus, the production must be
increased. The mechanisms of how platelets form
and release from these precursor cells remain con-
troversial, although it has been widely agreed that
platelets are derived from megakaryocytes. Ac-
cording to Ribes et al’, platelets are formed from
their parent cell predominantly in the pulmonary
circulation since megakaryocytes have been iden-
tified in intravascular sites within the lung. Al-
though the size of megakaryocytes would seem to
limit the ability to transmigrate, we hypothesized
that the diffuse alveolar damage and inflammation
could contribute to the transmigration of entire
megakaryocytes through endothelial apertures of
approximately 3-6 pm in diameter into the circula-
tion. This event will increase the risk of microcir-
culation thrombosis, as seen in organs like lungs,
liver, skin, and kidneys®!4223!-53,

Apart from megakaryocytes and platelets’ role
during the early virus invasion, the generalized
inflammation and DIC that take place subsequent-
ly would also contribute to the thrombotic events.
Once triggered, DIC’s pathophysiology is similar
in all pathologic conditions regardless of what ini-
tiates the chain of events, with some exceptions
in specific characteristics in COVID-19. Like
any other viral infection, COVID-19 could result
in subsequent generalized inflammation. As the
inflammation builds up, the synthesis of proin-
flammatory cytokines will follow and may result
in hyperinflammation. This hyperinflammation
or cytokine storm is characterized by a sudden
increase in various proinflammatory cytokines
such as tumor necrosis factor (TNF)-a, IL-1p,
IL-6, IL-17A, and IL-18. Among these cytokines,
IL-17A is closely related to thrombotic events as
the elevation of IL-17A is found to be associated
with vascular dysfunction. Rauci et al** report-
ed that IL-17A could increase platelet activation
and regulate arterial thrombi formation via the
extracellular signal-regulated kinase-2 (ERK-2)
pathway>**¢. Together with TNF-a, IL-17A could
induce the expression and regulates thrombomod-
ulin and thrombosis formation. Besides 1L-17A,
another important mediator of DIC is tissue factor
(TF), a transmembrane glycoprotein expressed on
various cell surfaces, including monocytes, mac-
rophages, and endothelial cells. TF is also abun-
dant in alveoli. When diffuse alveolar damage
occurs, exposure to proinflammatory cytokines
such as IL-1 and TNF-a will release tissue fac-

tor. As a result, TF will bind with activated factor
VII, and subsequent activation of factor IX and
X to IXA and XA, respectively, will occur. This
event will result in the coagulation and formation
of thrombin and fibrin. In Covid-19, we believe
that this condition is exaggerated due to the inter-
action between the TF cascade and the transmi-
grated megakaryocytes*”>27,

The endothelium is also considered to contrib-
ute to thromboinflammation. In severe COVID-19
patients, endothelial dysfunction and activation
will occur. Following the activation of endothe-
lial cells, upregulation of adhesion molecules like
E-selectin and ICAM (intercellular adhesion mol-
ecule) will occur. The activated endothelial cells
will also produce tissue factor and plasminogen
activation inhibitor 1 (PAI-1) as potent activators
of coagulation to prevent fibrinolysis and express
P-selectin and VWF on the cell surface to re-
cruit more platelets. TF is also known to induce
a-thrombin production, a crucial enzyme in fibrin
generation, and a potent platelet activator. The
effect of a-thrombin will be enhanced by the in-
hibition of endothelial antithrombotic molecules
such as tissue factor pathway inhibitor (TFPI) and
the activated protein C’s thrombomodulin path-
way®!%325% Due to the hyperinflammation state in
COVID-19 patients, we believe that the activated
endothelial cells’ contribution would be more ex-
aggerated, leading to the formation of thrombo-
embolic events in severe COVID-19 patients®?7%,

The association between thrombosis and inflam-
mation was consistent with the proposed mechanism
of COVID-19-associated thrombosis introduced by
McFadyen et al*®. Once the virus enters the lung en-
dothelium via the interaction of the transmembrane
spike (S) glycoprotein to angiotensin-converting
enzyme 2 (ACE-2), the proinflammatory cytokines
and chemokines are released*. The endothelial cells
also become activated and upregulate the expres-
sion of adhesion molecules such ICAM (intercellu-
lar adhesion molecule)-1, P-selectin, and E-selectin
and von Willebrand factor, leading to recruitment of
platelets and leukocytes and complement activation.
Synergistically, the complement pathway’s activa-
tion enhances the coagulation process by increasing
endothelial and monocyte tissue factor, thus, facili-
tating further platelet activation. These mechanisms
will eventually result in excessive thrombus forma-
tion, fibrinolysis inhibition, thromboinflammation
initiation, and ultimately microthrombi deposition
and microvascular dysfunction. These manifes-
tations would be more distinctive in more severe
COVID-19 patients®3¢60-61,
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The complex pathomechanism of the inflam-
mation and thromboembolic process is closely
related to the distinctive structure of the SARS-
CoV-2 virus. Studies on the virus’s structure
showed the predicted capabilities of SARS-CoV-2
in causing damage to the host. The SARS-CoV-2
virus has various proteins to provide the ability to
cause destruction in the host. The presence of the
nonstructural protein (NSP)-1 could suppress the
work of interferon-1 (INF-1), leading to failure
in inhibiting virus replication and dissemination
at an early stage®®. As also seen in other RNA
viruses, another nonstructural protein, NSP-3,
together with the accessories protein open read-
ing frame (ORF) 3b and 6, also contribute to the
ability to evade the host immune defense by an-
tagonizing the interferon and the Janus kinase
signal transducer and activator of transcription
(JAK-STAT) signaling pathway. We hypothesized
that the virus’s ability to evade would increase the
virus’s survival rate and cause a further chain of
generalized inflammatory events, leading to the
subsequent thromboinflammation®%. The stim-
ulator of interferon genes (STING) is also re-
sponsible for innate immunity by inducing type
I interferon and NF-kB production in the early
infection phase. In a murine model, the binding
of the SARS-COV-2 virus to ACE2 receptors is
associated with overly expressed angiotensin II
signaling due to low ACE2 conversion, contrib-
uting to the STING pathway activation. Damaged
self-DNA due to any cause may also activate the
STING pathway. When the STING pathway is
overly activated, monocytes and macrophages
will be induced to release interferon-f and tissue
factor, resulting in hyper-coagulability®*.

The events in COVID-19 are similarly close to
what has been studied in another family member
of coronavirus, causing an epidemic in 2003, the
SARS-CoV-1 virus. Reports have shown that the
SARS-CoV-1 virus had also been associated with
coagulopathy and thrombotic complications. An
in vitro study using peripheral blood mononuclear
cells infected by SARS-CoV-1 virus demonstrat-
ed that the infected mononuclear cells expressed
a panel of genes that reveal a procoagulant effect,
including fibrinogen (FGB, FGG), SERPINs (D1
and A3), factors II, 111, and X. Besides, Toll-like
receptor 9 (TLR9) and thromboxane synthase
(TBXAS) gene have also been identified as tar-
gets of the SARS-CoV-1. Elevated thromboxane
may increase platelet aggregation, vasoconstric-
tion, and endothelial dysfunction. Further inves-
tigation is necessary to confirm whether a sim-
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ilar pathway might be applicable in COVID-19
thrombotic events?*->866:67,

Conclusions

A complex interaction of SARS-CoV-2 virus in-
vasion with platelets, leukocytes, endothelial cells,
inflammation, immune response, and the possible
involvement of megakaryocytes may increase the
cumulative risk of thrombosis. Only a few autopsy
reports report complete findings on both thrombotic
and megakaryocytes’ involvement in COVID-pa-
tients. Future autopsies could focus more on a com-
prehensive examination of thromboembolic events
and identify megakaryocytes’ involvement to un-
derstand how the mechanism could increase mortal-
ity in COVID-19 patients. Comprehensive autopsy
reports are essential as they may provide a clearer
picture of the disease pathophysiology to guide and
support the existing treatment protocol, especially
the anti-thromboembolic therapy.
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