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A B S T R A C T

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is causing the current pandemic of coronavirus disease 2019 (COVID-19) that has killed nearly one
million people so far. While this is a respiratory virus, surprisingly, it has been recognized that patients with cardiovascular disease are likely to be affected severely
and die of COVID-19. This phenomenon cannot be explained by the generally accepted logic that the SARS-CoV-2 infection/replication is the sole determinant of the
actions of the virus to define the fate of host cells. I herein propose the viral protein fragment theory of COVID-19 pathogenesis based on my observations in cultured
human vascular cells that SARS-CoV-2 spike protein can activate cell signaling events without the rest of the viral components. It is generally thought that SARS-CoV-
2 and other single-stranded RNA viruses attach to the host cells through the interactions between surface proteins of the viral capsid and the host cell receptors; the
fusion and the entry of the viral components, resulting in the replication of the viruses; and the host cell responses are the consequence of these events. I hypothesize
that, as humans are infected with SARS-CoV-2, the virus releases (a) fragment(s) of the spike protein that can target host cells for eliciting cell signaling without the
rest of the viral components. Thus, COVID-19 patients are subjected to the intact virus infecting the host cells for the replication and amplification as well as the spike
protein fragments that are capable of affecting the host cells. I propose that cell signaling elicited by the spike protein fragments that occur in cardiovascular cells
would predispose infected individuals to develop complications that are seen in severe and fatal COVID-19 conditions. If this hypothesis is correct, then the strategies
to treat COVID-19 should include, in addition to agents that inhibit the viral replication, therapeutics that inhibit the viral protein fragment-mediated cardiovascular
cell signaling.

Introduction

Coronaviruses are positive sense single-stranded RNA viruses that
often cause the common cold [1,2]. Some coronaviruses can, however,
be lethal; and currently the world is suffering from the pandemic of
coronavirus disease 2019 (COVID-19) caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) [3,4]. So far, over 30
million people have been infected with SARS-CoV-2 and nearly 1 mil-
lion people have died of COVID-19 worldwide, causing serious health,
economical, and sociological problems. SARS-CoV-2 uses angiotensin-
converting enzyme 2 (ACE2) as the receptor to enter the host cells
[5,6]. SARS-CoV-2 and other single-stranded RNA viruses attach to the
host cells through the interactions between surface proteins of the viral
capsid and the host cell receptors; the fusion and the entry of the viral
components, resulting in the replication of the viruses; and the host cell
responses are often thought to be the consequence of these events. As a
respiratory virus, lung cells are the primary targets of SARS-CoV-2,
resulting in severe pneumonia and acute respiratory distress syndrome
(ARDS). [7,8]. However, it has been noted that certain populations of
infected individual are more susceptible to being severely affected by
and die of COVID-19. Elderly patients with cardiovascular diseases are
particularly susceptible to developing severe and possibly fatal condi-
tions [4,9,10]. These surprising observations that cardiovascular

disease, but not respiratory disease, predisposes COVID-19 patients to
develop severe and fatal conditions question the general consensus that
biological responses by the human host cells are merely a consequence
of the viral replication.

The hypothesis

Viruses invade host cells, resulting in cell death. The major target
cells for SARS-CoV-2 should be respiratory cells. However, surprisingly,
patients with cardiovascular disease, rather than respiratory disease,
are predisposed to severe COVID-19 symptoms and death. To explain
this phenomenon, I herein propose the viral protein fragment theory of
COVID-19 pathogenesis (Fig. 1). This hypothesis is based on my ex-
perimental observations in cultured human vascular cells that the re-
combinant full length S1 subunit of SARS-CoV-2 spike protein can ac-
tivate cell signaling events without the rest of the viral components
[11]. Thus, the pathology of COVID-19 may not merely depend on the
spike protein serving as a fusion protein to facilitate the viral entry and
the infection. I propose a scenario that, as humans are infected with
SARS-CoV-2, the virus releases (a) fragment(s) of the spike protein that
can target host cells for eliciting cell signaling. Thus, infected patients
would have at least two entities introduced in response to the SARS-
CoV-2 infection. One is the intact virus that uses its spike protein to

https://doi.org/10.1016/j.mehy.2020.110267
Received 25 August 2020; Accepted 8 September 2020

⁎ Address: Department of Pharmacology and Physiology, Georgetown University Medical Center, 3900 Reservoir Road NW, Washington, DC 20007, USA
E-mail address: ys82@georgetown.edu.

Medical Hypotheses 144 (2020) 110267

Available online 11 September 2020
0306-9877/ © 2020 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

T

http://www.sciencedirect.com/science/journal/03069877
https://www.elsevier.com/locate/mehy
https://doi.org/10.1016/j.mehy.2020.110267
https://doi.org/10.1016/j.mehy.2020.110267
mailto:ys82@georgetown.edu
https://doi.org/10.1016/j.mehy.2020.110267
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mehy.2020.110267&domain=pdf


target ACE2, resulting in the entry into the host cells for the viral re-
plication and amplification. The other is the circulating fragment(s) of
the spike protein that independently elicit(s) actions, which ultimately
lead to severe pathological conditions. My experiments using cultured
vascular cells also showed that, while the full length S1 subunit of
SARS-CoV-2 spike protein elicits cell signaling, the shorter protein that
only contains the receptor binding domain (RBD) does not [11]. These
results suggest that other regions of the S1 subunit are responsible for
eliciting cell signaling in host cells. Thus, if the SARS-CoV-2 spike
protein fragment(s) that has/have been released into the blood is/are
responsible for the pathogenesis of severe COVID-19, therapies that
target the viral replication such as inhibitors of RNA-dependent RNA
polymerase alone would not work. Also, if the regions of spike protein
other than the RBD are responsible for eliciting pathological cell sig-
naling and if the fragment(s) is/are released quickly after the host is
exposed to SARS-CoV-2, then vaccine strategies that target RBD would
not affect the viral protein fragment-mediated cell signaling. Thus,
therapeutic strategies to inhibit viral protein fragment-mediated cell
signaling in cardiovascular cells, in addition to drugs that inhibit the
viral replication, are necessary to reduce the COVID-19-associated
death.

Evaluation of the hypothesis

My specific hypothesis is that certain viruses shed fusion protein
fragments that circulate in the blood and, in turn, elicit cell signal
transduction, which makes the infected individuals with cardiovascular
diseases predisposed to severe COVID-19 conditions and death. Thus,
infected patients would have at least two entities that may cause
complications when they are infected with SARS-CoV-2: (i) virus itself
that gets incorporated into the host cells where the viral replication and
amplification occur; and (ii) components of viral fusion proteins (i.e.
spike protein for SARS-CoV-2) that get circulated to elicit distinct
processes promoting pathologic conditions. This is based on my ob-
servations that recombinant SARS-CoV-2 spike protein (without the rest

of the virus) is capable of eliciting cell signaling in cultured human
vascular cells [11]. Interestingly, my experiments also showed that
RBD-only containing segment of SARS-CoV-2 spike protein does not
activate cell signaling, suggesting the role of other regions within the S1
subunit of SARS-CoV-2 spike protein to activate this cell signaling
event. Thus, the first experiments that are needed to validate this hy-
pothesis is to identify the regions of SARS CoV-2 spike protein that are
responsible for activating cell signaling, perhaps by using cultured
human cells. After identifying active protein regions of the S1 subunit of
SARS-CoV-2 spike protein, the occurrence of protein fragments that
possess such amino acid sequences should be detected in patients in-
fected with SARS-CoV-2. Experimental animals should also be em-
ployed to determine whether the administration of such fragments
promotes cardiovascular disease conditions or worsens the existing
cardiovascular pathology.

Consequences of the hypothesis

I herein propose the viral protein fragment theory of COVID-19 pa-
thogenesis, in which a fragment or fragments of SARS-CoV-2 spike
protein is/are released into the blood circulation, predisposing patients
with cardiovascular disease conditions to severe COVID-19 outcomes.
Thus, COVID-19 deaths of patients with cardiovascular comorbidity are
due to the death of host cells as a consequence of the viral infection and
replication as well as the spike protein fragment-mediated cell signaling
in human host cardiovascular cells. Currently, the development of
therapeutic strategies against COVID-19 focuses on the vaccine devel-
opment and searching for agents that inhibit viral replication. If my
hypothesis is correct, it is critical to also inhibit the unexpected biolo-
gical events that are elicited by SARS-CoV-2 such as the release of spike
protein fragments, which affect cardiovascular cells in addition to in-
hibiting the viral replication in order to successfully reduce the mor-
tality and morbidity associated with COVID-19 and to end the pan-
demic.
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Fig. 1. Proposed viral protein fragment theory of COVID-19 pathogenesis.
According to my hypothesis, SARS-CoV-2 produces a fragment or fragments of
spike protein that get(s) circulated in the blood. In addition to the intact virus
targeting ACE2 receptor-containing host cells for the viral replication and
amplification, the viral spike protein fragment elicits cell signaling events in
cardiovascular cells. Thus, if infected patients have the cardiovascular co-
morbidity, viral protein fragment-mediated cell signaling and the viral ampli-
fication would together worsen the COVID-19 condition. For these patients, in
addition to the anti-viral drugs or the vaccines that inhibits the viral replication,
agents that inhibits the viral spike protein fragment-mediated cell signaling is
needed in order to effectively reduce the mortality and morbidity associated
with COVID-19.
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