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Commentary on ‘Endothelial cell infection and endotheliitis in

COVID-19’, by Varga et al., Lancet 2020;395:1417–1418.

The COVID-19 pandemic undoubtedly influenced the focus of many sci-
entific fields, including cardiovascular research, and is still a global chal-
lenge for healthcare systems. The severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) predominantly affects the respiratory tract,
and in severe cases, also other organs, including the liver, kidney, heart,
and intestine.1 The leading cause of mortality in patients with COVID-19
is a hypoxic respiratory failure caused by acute respiratory distress syn-
drome (ARDS). It is well established that SARS-CoV-2 hijacks
angiotensin-converting enzyme 2 (ACE2) receptors to infect host cells.
ACE2 receptors are widely expressed in various tissues, suggesting the
broad clinical consequences of SARS-CoV-2 infection that make
COVID-19 a multiorgan disease.1 Endothelial cells have recently been
implicated as the primary cell type involved in the initiation and propaga-
tion of ARDS caused by SARS-CoV-2, resulting in severe endothelial in-
jury and widespread thrombosis.2 In fact, the first reports from Wuhan,
China reported an increase in D-dimers (reporting thrombosis and/or
disseminated intravascular coagulation) as a very early biomarker pre-
dicting an adverse outcome in COVID-19 patients, even preceding ele-
vations of troponin or interleukin-6.3 Accordingly, patients with pre-
existing conditions such as hypertension, obesity, and diabetes, which
are all associated with endothelial dysfunction, are more susceptible to
an adverse course of COVID-19. While the exact mechanisms are in-
completely resolved, SARS-CoV-2 impinging on endothelial cell function
has evolved as a key unifying candidate.2

As a proof of concept, Varga et al.4 recently presented three cases
that have in common a significant involvement of endothelial cells
across vascular beds of different organs in patients with cardiovascular
comorbidities infected with SARS-CoV-2. Patients included (two males
and one female, 58–71 years old) had different pre-existing conditions,
including arterial hypertension, coronary artery disease, or diabetes.
Upon infection with SARS-CoV-2, all patients required hospitalization
and developed respiratory failure, bilateral pulmonary infiltrates, and
mesenteric ischaemia. Two patients died from complications caused
by the infection. The first patient (male 71 years old) died from multi-
system organ failure 8 days after admission. The second patient (fe-
male 58 years old) died due to acute right coronary artery occlusion.

Post-mortem analysis of both patients revealed lymphatic endotheliitis
with the recruitment of inflammatory cells and an unusually high
amount of apoptotic bodies in many organs. Additionally, an accumula-
tion of inflammatory cells in the endothelium led to congestion of
small lung vessels. The third patient (male, 69 years old) survived the
infection but developed atrial fibrillation, left ventricular dilation, and
systolic dysfunction. Histological analysis of the small intestine resec-
tion from this patient revealed prominent endotheliitis of the submu-
cosal vessels and the presence of apoptotic bodies. The authors
observed that the presence of the virus within endothelial cells, to-
gether with altered inflammatory response, caused endotheliitis and
cell death in several organs, which led to impaired microcirculatory
function (Figure 1A). Therefore, the main take home from this study is
that endothelial cells are directly infected with SARS-CoV-2, which
might substantially contribute to the progression of the disease.

Since up to date, there is no cure for COVID-19, scientists all over the
world are working on the development of effective treatments.
Therapies that are under investigation include existing drugs for autoim-
mune diseases, drugs to treat malaria, antiviral drugs developed for other
viruses, and antibodies from individuals who recovered from COVID-
19.2 Varga et al.4 provide a rationale that on top of suppressing viral repli-
cation, a key focus to prevent severe COVID-19 illness is to stabilize the
endothelium using anti-inflammatory and/or anti-cytokine drugs, ACE
inhibitors, and/or statins (Figure 1B). Apart from medical options, a
healthy lifestyle likely plays a key role in protecting from a severe course
of the disease.5

The endothelium is one of the largest, metabolically active organs that
interact with nearly every tissue in the human body.2 Therefore, the en-
dothelium is implicated in various systemic illnesses, including cardiovas-
cular diseases. A healthy endothelium controls vascular homeostasis
regulates vascular tone, cellular adhesion, thromboresistance, smooth
muscle cell proliferation, and vessel wall inflammation.2 Endothelial dys-
function is a consequence of several genetic and environmental risk fac-
tors that predisposes to cardiovascular diseases (Figure 1C).
Furthermore, the cytokine storm observed in patients with severe
COVID-19 contributes to further destruction of the endothelium, lead-
ing to ARDS, multiorgan failure, and death.2,6 Therefore, the discovery of
new clinical targets to treat endothelial dysfunction is currently an urgent
unmet clinical need.7
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What can each individual do to avoid a severe course of COVID-19?

Considering that, as suggested by the discussed study,4 the endothelium
is a key target for SARS-CoV-2, keeping this organ healthy may effec-
tively ameliorate the consequences of infection. In fact, obesity, a well-
characterized risk factor for diabetes, hypertension, and cardiovascular
disease, is a main risk factor for severe SARS-CoV-2 infection, especially
in young patients in whom other comorbidities may still be absent.8

Along similar lines, physical inactivity and smoking also increase the risk
of severe COVID-19, and altogether, unhealthy behaviours in combina-
tion accounted for more than 50% of the population-attributable frac-
tion of severe COVID-19 in the UK.9 Hence, these data together with
the recent report by Varga et al.4 make a strong case that COVID-19 is a
systemic cardiovascular disease that threatens especially those with un-
healthy lifestyle and/or the (ensuing) non-communicable (and often age-
related) diseases. An important dilemma, however, is that global meas-
ures to restrict the spread of the pandemic may reduce just this physical
activity and thereby predispose to a sedentary lifestyle and unhealthy nu-
trition especially in children,10 but also adults. Therefore, governmental
decision-makers should include clear exceptions for physical activity in

local or nationwide lockdowns,5 which—considering the recent rise of a
second infection wave—may be unavoidable in the months to come.
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Figure 1 (A) Pathophysiology of infection with SARS-CoV-2 in different organs. (B) Therapeutic avenues for COVID-19. (C) Main genetic and environ-
mental risk factors leading to endothelial dysfunction and cardiovascular diseases.
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