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Disclosures
I do not have conflict of interest for this talk

I have never personally treated any COVID-19 patients

The Shock & Lancet Resp Med review interpretations
of C-19 data presented here are a team effort as they

largely stem from the collegial brainstorming of
ESS and EGIS groups that created them. 

ESS: European Shock Society, EGIS: European Group on Immunology of Sepsis



COVID-19: the Beginning…



The World
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SARS-CoV-2: the Evolution of the Variants
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SARS-CoV-2: the Evolution of the Variants



Virus Tropism Mainly Correlates with ACE2 Tissue Distribution



Peng et al. 
Trends Biochem Sci. 2021

Schematic Diagram of SARS-CoV-2 Entry Pathways

Endosome fusion

TMPRSS2: transmembrane serine protease 2
AXL: tyrosine-protein kinase receptor UFO

NRP1: neuropilin 1
KREMEN-1: Kringle Containing Transmembrane Protein 1
ASGR-1: Asialoglycoprotein receptor 1

alternative/auxiliary 
(co)receptors 
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Tfh: follicular helper T cells, ASC: antibody secreting cells, CTL: cytotoxic T-cells, BM: bone marrow

Defining “Goodness and Badness” 
(on May 5, 2020)
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Defining “Goodness and Badness” 
(on May 5, 2021)





Alveolar epithelial and endothelial damage, and coagulopathy in COVID-19



PLTs within the thrombi
thrombus in a small pulmonary artery 

CD61+ stain HE stain 

megakaryocytes in alveolar capillaries fibrin/PLT thrombus perivascular LYM aggregates

Diffuse Alveolar Damage, Microangiopathy, Alveolar/Vascular Thrombosis

vWF stain:
small arteries/veins with accumulated 
PLTs & megakaryocytes



Coagulopathy in the Alveolus & Capilary
Immune activation and mechanisms of coagulopathy

NOT a Classical DIC!
- mildly/not prolonged PT/aPTT

- Mild thrombocytopenia
- High/very high fibrinogen

- High D-dimers



Sastry et al. Thrombosis Research 212 (2022) 51–57

SARS-CoV-2-induced endotheliitis is a common factor in 
the respiratory and non-respiratory manifestations of 

COVID-19



Zuo at al. JCI Insights 2020MPO-DNA: myeloperoxidase-DNA



High Release of Endoth./PLT-derived Extracellular Vesicles in Severe C-19 

healthy
control

ICU normal ward healthy
control

ICU normal ward

endothelium platelets

Johannes Gratz Pierre Raeven
Marion Wiegele

Unpublished Data

Eva Schaden



R = 0.51

microRNA signal well-correlated with the EV load in COVID-19 patients

Matthias Hackl

Unpublished Data

R = 0.61 R = 0.61



A COVID-19 Cytokine Storm?? 



Circulating IL-6 Across Various Severe Conditions
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There is NO 
cytokine storm in 
COVID-19!!! How
many times do I 

have to repeat it?!

Damn! I can‘t
reflexively believe

in everything I 
read on PubMed…

Sooo glad I 
read the

recent Shock 
review on the

topic! 

Need a 
journal club
on this and

FAST!

Cytokine Storm?? 

NOT Really!!

COVID-19?!
What‘s
that?!?



ISG: Interferon Stimulated Genes

Alpha/beta (α/β): IFN Type I
Lambda (λ): IFN Type III



A VIRAL SEPSIS



GENETIC PREDISPOSITION

2020 Oct 23; 370(6515): eabd4585

Slide by Jean-Marc Cavaillon, Institut Pasteur



Body organs/parts Damage/Consequences Acts on/ Type of cell affected

Gut Microbiota
Gut dysbiosis Decrease probiotic microorganisms

Inflammation and diarrhoea The small intestine, enterocytes, colon

Kidney
Acute Kidney Injury (AKI) Podocytes and proximally straight 

tubular cells
Rhabdomyolysis,hypoxemia,and 
coagulopathy

Glomerular cells, tubular epithelium, 
and podocytes

Liver Irregular liver function Cells of the bile duct

Heart
Microvascular disorders Pericytes
Myocarditis Myocardium
Acute Coronary Syndrome Endothelial cells

Lungs
Alveolar damage, hypoxemia Alveolar cell

Acute Respiratory Distress Syndrome Hyper fusion of alveolar cells

Brain

Cerebral haemorrhage ACE-2 receptor affected due to 
amplified blood pressure

Encephalitis Neuronal destruction and nerve tissue 
lesions

Puzzlement, loss of awareness, coma Cerebral capillary endothelial cells

COVID-19 Consequences Can Be Widespread/Long-term…



CRP > 5mg/ml

very
severe

severe
moder.

mild



mixed quality evidence: both robust & poor RCTs

some evidence emerging
some evidence emerging

robust evidence emerging; needs standardization

little evidence emerging

v. difficult; mostly evidence from blood/lung

some evidence emerging; need of Big Data  

Robust evid. for short-term; poor for long-term  

Difficult to organize; some local initiatives

A Wishful Thinking To-Do List…



Thanks 

ThanksThanks

Thanks 











Figure 2. Therapeutic Management of Adults Hospitalized for 
COVID-19 Based on Disease Severity
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