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Introduction

Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) 
is responsible for coronavirus 
disease 2019 (COVID-19). SARS-
CoV-2 is a novel betacorona 
virus that shares similarities 
with the previous SARS-CoV-1 
and Middle East Respiratory 
Syndrome (MERS) viruses that 
were responsible for endemics 
in 2003 and 2012 respectively. 
The first cases of COVID-19 
were reported in Wuhan, China 
in December 2019. Since the 
SARS-CoV-2 virus is capable of 
human-to-human transmission, it 
has disseminated rapidly around 
the world and has already infected 
more than 110 million people. In 
the majority of cases, COVID-19 
runs a mild clinical course. 
However, approximately 10 to 
20% of patients develop severe 
COVID-19 which is characterized 
by progressive bilateral pneumonia 
that can ultimately progress 
to acute respiratory distress 
syndrome (ARDS). Despite the fact 
that it has already accounted for 2 
million deaths, the pathogenesis 
underlying severe COVID-19 
remains poorly understood. 
However, a series of recent studies 
from the Irish Centre for Vascular 
Biology have highlighted that 
SAS-CoV-2 infection has some 
unusual cardiovascular features 
that differ from those typically seen 
with other severe viral illnesses. 
Understanding the biological 
mechanisms underlying this 
COVID-vasculopathy represents an 
important step towards developing 
improved treatment options for 
patients with severe COVID-19. 

SARS-CoV-2 pneumonia

SARS-CoV-2 passes through the 
airways and then gains entry into 
airway epithelial cells, notably type 
II pneumocytes, by interacting 
with ACE2 receptors on the 
cell surface. Subsequently, viral 
replication within pneumocytes 
leads to cell death and triggers 
a local immune response. For 
reasons that remain poorly 
defined, a dysfunctional immune 
response is triggered in a subset of 
SARS-CoV-2 infected individuals. 
This leads to excessive infiltration 
of monocytes, macrophages and T 
cells into the lungs. The net effect 
is that the alveolar cavities become 
full of necrotic cells, cell debris and 
fluid such that normal ventilation 
with exchange of oxygen and 
carbon dioxide are impaired. In 
addition, the dysregulated immune 
response also results in a cytokine 
storm, with increased levels of 
many chemokines and cytokines 
including TNF-α and IL-1β  
and IL-6. 

COVID-19 coagulopathy and 
thrombosis

Initial reports from China reported 
that COVID-19 was associated 
with a characteristic coagulopathy. 
These studies showed that fibrin 
degradation D-dimer levels were 
markedly increased. Importantly, 
progressive increases in D-dimers 
following admission were shown 
to be associated with poor 
clinical outcomes and increased 
mortality. In contrast to other 
types of severe viral sepsis 
(e.g. Ebola), overt disseminated 
intravascular coagulation (DIC) 

was rare in severe COVID-19. 
Consistent with this coagulation 
activation, high rates of deep vein 
thrombosis (DVT) and particularly 
pulmonary embolism (PE) were 
also reported in patients with 
COVID-19. In particular, high 
PE rates > 30% were seen in 
COVID-19 patients requiring ICU 
support despite the use of low 
molecular weight heparin (LMWH) 
thromboprophylaxis. In addition 
to these venous thrombi, studies 
have also reported that SARS-
CoV-2 infection is also associated 
with increased risk for both 
myocardial infarction and stroke. 

Besides the increased risk 
for developing macrovascular 
thrombotic complications,  
post-mortem studies have 
highlighted that pulmonary 
microvascular occlusion 
plays a key role in COVID-19 
pathogenesis. These studies 
have consistently demonstrated 
evidence of disseminated 
microthrombi and hemorrhagic 
necrosis throughout the lung 
vasculature in patients with fatal 
COVID-19. In striking contrast, 
vascular beds in other tissues were 
minimally affected. Cumulatively, 
these findings suggest that the 
refractory ARDS phenotype 
observed in COVID-19 is due to 
concurrent ‘double-hit’ pathologies 
targeting both ventilation (V) and 
perfusion (Q) within the lungs 
where alveoli and pulmonary 
microvasculature exist in close 
juxtaposition. Critically however, 
the pathological mechanisms 
underpinning the pro-thrombotic 
state in severe COVID-19 remain 
poorly understood. 

The Irish COVID-19 Vasculopathy 
Study (iCVS).

To investigate the mechanisms 
involved in regulating COVID-19 
coagulopathy and in situ 
pulmonary thrombosis, a  
cross-disciplinary collaborative 
group of clinician-scientists from 
a number of Dublin university 
teaching hospitals got together 
in May 2020 to launch the Irish 
COVID-19 Vasculopathy Study 
(iCVS). This partnership is led by 
Prof. James O’Donnell (Consultant 
Haematologist, St James’s 
Hospital and Director of Irish 
Centre for Vascular Biology, RCSI). 
Co PIs on the iCVS study include 
consultants in Infectious Diseases 
(Prof. Patrick Mallon, St Vincent’s 
Hospital & UCD; Prof. Colm Bergin 
and Prof. Cliona Ni Cheallaigh, 
St James’s Hospital & TCD) as 
well as Intensive Care Medicine 
(Prof. Ignacio Martin-Loeches, St 
James’s Hospital & TCD and Prof. 
Ger Curley, Beuamont Hospital & 
RCSI). The iCVS is supported by a 
Health Research Board COVID-19 
Rapid Response award (COV19-
2020-086) and a philanthropic 
grant from the 3M Foundation to 
RCSI University of Medicine and 
Health Sciences in support of 
COVID-19 research. Over the past 
year, this successful partnership 
has published a series of papers 
that have provided important  
novel insights into COVID-
coagulopathy and generated major 
international attention. 

Ethnicity and COVID-19 
Coagulopathy 

In a landmark paper published 
in the British Journal of 
Haematology in June 2020, 
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the iCVS reported initial Dublin 
data (Fogarty H, Townsend L, 
et al, COVID-19 Coagulopathy 
in Caucasian patients. British 
Journal of Haematology, 2020 
Jun;189(6):1044-1049). Up to 
that point, most of the COVID-19 
coagulopathy data published had 
been from studies of Chinese 
patients. This is important 
because race and ethnicity have 
major effects on thrombotic risk. 
In particular, the incidence of 
venous thromboembolism (VTE) 
is approximately 4-fold lower in 
Chinese compared to Caucasian 
individuals. Conversely, VTE 
risk is significantly higher in 
African-Americans compared to 
Caucasians. Importantly, reduced 
VTE prevalence means act that 
heparin thromboprophylaxis is 
utilised infrequently in Chinese 
hospitals. Despite these ethnic 
differences, the iCVS data 
confirmed that severe COVID-19 
infection was also associated 
with a significant coagulopathy 
in Caucasian patients. However, 
although DIC had been reported 
in Chinese patients with severe 
COVID-19, it was rare in the Irish 
cohort (incidence < 3%). We 
further showed that the extent of 
COVID-19 coagulopathy at time 
of admission correlated inversely 
with overall survival. Finally, our 
data demonstrated that, at least 
at standard prophylactic doses, 
LMWH did not significantly 
impact the progressive increase 
in D-dimer levels observed in 
some patients who went on 
to ultimately develop severe 
COVID-19. Together, the Irish 
findings raised the intriguing 
possibility that pulmonary 
vasculopathy may contribute 
to the unexplained differences 
that have been reported in racial 
susceptibility to COVID-19 
mortality. This publication gained 
major international intention, 
achieving an Altmetrics attention 
score of 1393, making it the 
highest score ever attained by a 
manuscript published in the British 
Journal of Haematology. The 
paper featured in more than 120 
Newspapers across the world and 
was subsequently the focus of an 
editorial piece in the journal Nature 
(‘Coronavirus blood-clot mystery 
intensifies’ May 2020). 

COVID-19 causes endothelial 
cell damage which triggers 
vasculopathy 

In normal blood vessels, EC which 
line the vascular wall play a key 
role in preventing thrombosis. 
Autopsy studies in COVID-19 
patients have highlighted that 
severe COVID-19 results in major 
damage to pulmonary EC. These 
studies have shown EC swelling, 
disruption of EC intercellular 

junctions, and significant 
apoptosis. The pathogenic 
mechanisms responsible for 
causing this SARS-CoV-2 
pulmonary endotheliopathy 
remain poorly defined. However, 
the ACE2 receptor that is used 
by SARS-CoV-2 to gain cellular 
entry is also expressed on EC and 
electron microscopy studies have 
observed viral particles within 
pulmonary EC. EC damage is likely 
exacerbated by local complement 
activation, severe hypoxia and 
high levels of pro-inflammatory 
cytokines. This multifactorial 
EC damage is certainly a major 
factor in the causation of 
COVID-19 coagulopathy and in 
the formation of disseminated 
thrombi throughout the pulmonary 
microvasculature. The concept that 
EC activation plays a central role 
in triggering COVID-19 pulmonary 
microvascular occlusion was 
described in a recent article from 
the iCVS partnership published 
in the prestigious Lancet 
Haematology (O’Sullivan JM,  et 
al. Endothelial cells orchestrate 
COVID-19 coagulopathy. 
Lancet Haematology, 2020 
Aug;7(8):e553-e555). 

A novel role for von Willebrand 
factor in COVID-19 pulmonary 
microangiopathy

The iCVS  partnership has been 
investigating how COVID-19 
endotheliopathy contributes to 
COVID-19 pathogenesis.  von 
Willebrand factor (VWF) is a 
plasma clotting protein that is 
secreted from activated EC. 
Importantly studies in other 
microangiopathies (e.g. TTP 
and cerebral malaria) have 
demonstrated that plasma VWF 
levels can be used as a sensitive 
and specific measure of acute 
EC activation. In Irish patient with 
severe COVID-19, we observed 
markedly increased plasma 
VWF levels (median 500%). 
Interestingly, these VWF levels 
were significantly higher than 
those previously reported in other 
types of severe sepsis. Moreover, 
patients with highest plasma VWF 
levels demonstrated worse clinical 
outcomes. For COVID-19 patients 
admitted to ICU, sequential testing 
demonstrated that the elevated 
VWF levels remained high for up 
to 3 weeks. Importantly, plasma 
VWF levels also correlated with a 
range of clinical severity indices 
(including SOFA score, SIC score 
and P/F ratio), Collectively, these 
findings support the hypothesis 
that sustained fulminant EC 
activation is occurring in severe 
COVID-19, and further suggest 
that VWF may have a role as a 
biomarker in this setting. These 

important Irish research findings 
have recently been published in 
the British Journal of Haematology 
(Ward SE, et al. Von Willebrand 
factor propeptide in severe 
COVID-19: evidence of acute 
and sustained endothelial cell 
activation. British Journal of 
Haematology, 2020 – In press).

Prolonged elevation of D-dimer 
Levels in Convalescent 
COVID-19 patients 

Accumulating evidence suggests 
that a significant proportion of 
patients affected by SARS-CoV-2 
may have persistent symptoms 
following apparent resolution of 
the acute infection. This so called 
‘Long COVID’ phenomenon has 
been defined as ‘not recovering 
for several weeks or months 
following the start of symptoms 
that were suggestive of COVID’. 
Common symptoms reported 
include fatigue, breathlessness 
and reduced exercise tolerance. To 
date, the mechanisms responsible 
for these ongoing symptoms 
remain unclear. Given the role of 
coagulopathy in acute COVID-19 
pathogenesis, iCVS investigators 
have started to study whether 
micro-vasculopathy may also 
be important in Long COVID. 
In a recent study, they reported 
for the first time that increased 
D-dimer levels (>500ng/ml) were 
a common finding in 25% of 
Irish convalescent COVID-19 
patients up to four months post-
SARS-CoV-2 infection Increased 
convalescent D-dimers were 
more common in COVID-19 
patients who had required hospital 
admission and in patients aged 
more than 50 years. Importantly 
however, 29% of patients with 
elevated convalescent D-dimers 
had been managed exclusively as 
out-patients during their SARAS-
CoV-2 illness. The explanation 
for this ongoing coagulopathy in 
convalescent COVID-19 patients 
remains unclear. However, 
data suggest that it cannot be 
explained by a persistent acute 
phase response as other pro-
inflammatory markers (including  

(CRP, IL-6 and sCD25) had 
returned to normal in > 90% of 
convalescent patients. These 
exciting findings have recently 
been published in the Journal of 
Thrombosis and Haemostasis

(Townsend L, Fogarty H, et al. 
Prolonged elevation of D-dimer 
Levels in Convalescent COVID-19 
patients is Independent of the 
Acute Phase Response. J Thromb 
Haemost. 2021 Feb 15. Online 
ahead of print).

Translational implications of 
iCVS data for patient care

On the basis of clinical experience 
over the past year, it is clear that 
there are marked inter-individual 
differences in susceptibility to 
developing severe COVID-19. The 
biological reasons underpinning 
this variability remain to be 
determined. However, it 
seems likely that differences 
in coagulation, endothelial cell 
biology and immune responses 
will be central players. Based on 
the iCVS research findings, it also 
seems unlikely that a one-size-fits-
all approach to treatment is going 
to be effective. Given the ongoing 
global morbidity and mortality, 
better understanding of the 
biological mechanisms involved 
in COVID-19 vasculopathy is 
essential  to develop effective 
adjunctive therapeutic strategies. 
Ongoing randomised controlled 
clinical trials are investigating 
the role of anticoagulant therapy, 
particularly with respect to optimal 
dosing required and potential 
bleeding risks. In some patients, 
anti-platelet therapies or anti-VWF 
therapies may also have a role to 
play. However, emerging insights 
suggest that a number of other 
additional treatment strategies 
(e.g. corticosteroids; anti-
cytokines; anti-complement; or 
pro-fibrinolytic therapies) may also 
have roles to play. Further insights 
into the basic science underlying 
SARS-CoV-2 pathobiology will be 
essential so that patients can be 
accurately stratified into subgroups 
that should ultimately determine 
their optimal treatment regimen.
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