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As of September 2020, the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) pandemic has led to 
over 33 million infections and 1.000.000 deaths world-
wide [1]. Compared to other coronavirus outbreaks 
(SARS-CoV-1, MERS-CoV), SARS-CoV-2 is character-
ized by a higher basic reproductive rate and an overall 
lower mortality [2]. However, while coronavirus disease 
2019 (COVID-19) typically begins as an infection of 
the upper aerodigestive tract, it may progress to severe 
forms, with an acute respiratory distress syndrome 
(ARDS) and a multisystemic disease.

COVID-19 ARDS shares the common histological 
hallmarks with other infectious/non-infectious ARDS. 
Unspecific diffuse alveolar damage (DAD), as its his-
tologic correlate, is characterized by edema, hemor-
rhage and intra-alveolar fibrin deposition, but in case of 
COVID-19 ARDS, also by a distinct angiocentric lym-
phocytic inflammation [3–5]. DAD is the leading pattern 
of lung injury and has been shown to be independent of 
mechanical ventilation. There is some evidence for alter-
native injury patterns in COVID-19 ARDS, such as acute 
fibrinous organizing pneumonia (AFOP). Nonetheless, 
COVID-19-induced DAD is by far the most frequently 
reported one and is also characterized by more distinct 
morphologic features, including vascular changes [5].

In that, the detection of SARS-CoV-2 in multiple 
organs (respiratory tract, heart, endothelium, digestive 
tract, kidneys, brain) and multisystemic clinical features, 
suggest that COVID-19 might be a systemic “vascular 
disease” (Fig.  1). The vasculature indeed appears to be 

more than a mere means of virus propagation. After virus 
respiratory tract invasion, the cytokine storm secondary 
to the innate and adaptive immune responses, along with 
a potential direct cytopathic effect of the virus, are likely 
to trigger an endothelial dysfunction [6, 7]. SARS-CoV-2 
thus leads to three distinctive angiocentric features with: 
i. endothelial damage associated with intracellular SARS-
CoV-2 virus, platelet activation, elevated D-dimers and 
fibrinogen; ii. widespread vascular thrombosis, and iii. 
abnormal vascular architecture (intussusceptive neo-
angiogenesis), suggesting microangiopathy [8] and 
resulting in disrupted laminar blood flow and vasocon-
striction. This special form of vascularization is thought 
to act as an aberrant reaction to the viral aggression [4, 
9]. The extensive endothelial damage seen in postmortem 
examinations also suggested viral inclusions being criti-
cally involved, but also endothelial inflammation with 
mononuclear cell infiltrate and lymphocytic endothelii-
tis, which may account not only for pulmonal damage 
but for the systemic impaired microcirculatory function 
in lung, kidney, liver, heart, small intestine in most severe 
forms of COVID-19 with subsequent organ dysfunction 
(supplementary figure) [7]. Deep vein thrombosis and 
pulmonary thromboembolism are one of the most severe 
consequences of this vascular disease. On the other hand, 
hemorrhagic colitis, an under-recognized COVID-19 
complication, may occur due to microangiopathy of the 
intestinal vasculature [10].

Noteworthy, cardiac involvement does not involve the 
classic morphologic features of viral myocarditis. SARS-
CoV-2 detection is rare and, therefore, a damage similar 
to the lungs is unlikely. Indeed, cardiac histopathologi-
cal findings combine inflammatory and prothrombotic 
features, with rather mild epicardial inflammation and 
mononuclear infiltrate, with local occasional small vessel 
thrombi, congestive cardiomyopathy, and a few cases of 
focal lymphocytic myocarditis. Other findings, however, 
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are attributed to prior conditions, like atherosclerotic 
coronary artery disease, chronic ischemic cardiomyopa-
thy, myocardial hypertrophy [6, 11, 12].

Beside respiratory manifestations, up to 30% of the 
patients with COVID-19 may develop acute kidney 
injury. Postmortem findings mainly revealed morpho-
logical hallmarks of extensive acute tubular damage and 
necrosis, with marked degenerative changes and glomer-
ulopathy appearing to be in line with other viral infec-
tions of the kidney [6, 13, 14]. Other autopsy findings 
included arterionephrosclerosis, extensive degenerative 
changes, focal segmental glomerulosclerosis and hyper-
tensive changes in most patients (80%) [4].

Similarly, most severe patients with COVID-19 also 
frequently develop moderate disturbed liver and pancre-
atic functions. However, both damages are nonspecific 
and more likely to be due to the critical illness or pre-
existing disease. Liver damages indeed mainly consisted 
of cirrhosis and steatosis, sinusoidal congestion and dila-
tion, lobular lymphocytic infiltrates, hepatitis, necrosis, 
venous obstruction, thrombi and hemophagocytosis [4, 
6]. Hemophagocytosis, mainly lymphophagocytosis was 

also identified within the lymph nodes, bone marrow, 
and spleen [4, 6].

Finally, a bundle of evidence has assessed the neu-
rotropism and neurological injury caused by SARS-
CoV-2, although the multiple pathways to access the 
central nervous system (CNS) in COVID-19 patients 
are unknown. Ultrastructural analysis autopsy findings 
of SARS-CoV-2 in the olfactory pathways and brain-
stem have shown that SARS-CoV-2 may also reach the 
CNS, from the nasal mucosa to the olfactory bulb via 
the cribriform plate and be transported by the cerebro-
spinal fluid to the adjacent and distant areas of the CNS. 
Indeed, SARS-CoV-2 virion particles have been reported 
in the neurons, glia, nerve axons, and myelin sheath, and 
widespread tissue damage have been described by Bulfa-
mante et al. [15]. Other authors, however, identified only 
weak alterations of the CNS with no or infrequent direct 
virus detection in the nervous parenchyma and cerebro-
spinal fluid [11, 16]. Other histopathological findings in 
the central nervous system are similar to those of other 
organs and include vascular abnormalities with wide-
spread microthrombi, ischemic necrosis, vascular edema, 
and dotted subarachnoid hemorrhages [4, 6]. Pooling 

Fig. 1 This figure illustrates the frequently identified alterations by autopsy in the different organ systems. Following the hypothesis of a vascular 
driven disease many of those changes are caused by vascular injury due to a viral-induced inflammatory process. Of note, many of those alterations 
are found in different situation of critical illness as well and not necessarily caused by the direct interaction with the virus. Yellow arrows indicate 
proinflammatory cytokines
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data of different studies to build larger series and minute 
histological work up as well as multi-omics analyses with 
radiological correlation will eventually lead to distin-
guishing between well-known alterations in other situa-
tions of critical illness and COVID-19-specific structural 
and functional changes.

Our understanding of how the virus spreads within 
patients, as well as how organs undergo molecular alter-
ations remains very limited. Variability in post-mortem 
examination in the early epidemics, due to the lack of 
appropriate biosafety conditions and/or personal pro-
tective equipment, has led to still partial findings. 
However, recommendations have now been published 
to minimize the risk of infection transmission to the 
employees; to our best knowledge only one infec-
tion attributable to exposure during autopsy has been 
published. Although autopsy-based findings mainly 
provide information about late stages of the disease, 
it appears essential to understand the discrepancies 
between clinical presentation and actual organ involve-
ment. Autopsy findings have contributed to a better 
comprehension of the disease and therapeutic evolu-
tion since the beginning of the epidemic. Such findings 
have led to an understanding of the need for preven-
tion from thrombotic events and downregulation of the 
immunogenic response (supplementary table). Further 
advances may help personalize therapy by identification 
of different disease types. A strong physician family 
relationship is the basis for receiving autopsy consent. 
Careful guidance of the relatives is mandatory but also 
a challenging task, especially for younger physicians. 
However, hereby contributing to medical knowledge 
will help future patients and can comfort grieving rela-
tives. More autoptic data are needed to confirm certain 
findings and perhaps identify relations between differ-
ent strains and disease progression.
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