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The Points of Action of Drugs for Treating COVID-19

Hidekatsu Yanai

Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which causes coronavirus disease 2019 (COVID-19), has reached a
pandemic level. Very recently, I reported a significantly higher preva-
lence of diabetes and hypertension in severe COVID-19 as compared
with non-severe COVID-19 by the meta-analysis. Considering that
both diabetes and hypertension are risk factors for atherosclerosis,
I further studied the prevalence of cardiovascular disease (CVD) in
COVID-19 and found a significantly higher prevalence of CVD in
severe patients than in non-severe patients. I speculate that the pre-
existing vascular damage is associated with severity of COVID-19. A
recent study showed that obese patients with COVID-19, despite their
younger age, required more frequently assisted ventilation and access
to intensive care units than normal weight patients. I thought that if
the reason that COVID-19 is likely to become severe in obese people
could be elucidated, the mechanism for aggravation of COVID-19
would be understood. As a result of considering a model of aggrava-
tion in obese people, I came up with the notion that pre-existing risk
factors in obese people such as their vascular high-affinity for SARS-
CoV-2, pro-inflammatory and pro-coagulant state and endothelial
dysfunction may be likely to induce the development of “systemic
severe coagulopathic vasculitis (SSCV)” in obese people. I believe
that SSCV may largely contribute to the development of severe COV-
ID-19. Here, I will describe the points of action of drugs for treating
COVID-19 by using the SSCV model.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which causes coronavirus disease 2019 (COVID-19),
has reached a pandemic level. Very recently, I reported a sig-
nificantly higher prevalence of diabetes (odds ratio (OR) 3.52,
95% confidence interval (CI) 2.65 - 4.67) and hypertension
(OR 2.69, 95% CI 2.16 - 3.34) in severe COVID-19 as com-
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pared with non-severe COVID-19 [1]. Considering that both
diabetes and hypertension are risk factors for atherosclero-
sis, I further studied the prevalence of cardiovascular disease
(CVD) in COVID-19, and found the prevalence of CVD in
severe patients was remarkably higher than that in non-severe
patients (OR 5.37,95% C13.73 - 7.74) [1].

I speculate that the pre-existing vascular damage is as-
sociated with severity of COVID-19. Aging is one of impor-
tant risk factors for vascular damage such as arteriosclerosis.
Evidence has emerged to show that elderly people may be
at higher risk of developing severe health outcomes from
COVID-19 [2], supporting a significance of pre-existing vas-
cular damage in severe COVID-19. I believe that “systemic
severe coagulopathic vasculitis (SSCV)” which I named may
contribute to the development of severe COVID-19. Here, I
will introduce the concept of SSCV and describe the points
of action of drugs for treating COVID-19 by using this SSCV
model.

SSCV May Contribute to the Development of
Severe COVID-19

Both diabetes and hypertension are closely related to insulin
resistance commonly observed in obese people. A recent study
showed that obese patients with COVID-19, despite their
younger age, required more frequently assisted ventilation and
access to intensive care units (ICUs) than normal weight pa-
tients [3], suggesting that obesity/insulin resistance can be the
risk for severe COVID-19 even in young people. I think that
elucidating the mechanism by which COVID-19 is aggravated
in obese individuals may lead to elucidation of the mechanism
for the aggravation of COVID-19.

Angiotensin-converting enzyme 2 (ACE2) is the cellular
entry receptor of SARS-CoV-2 [4]. Increased ACE2 expres-
sion in bronchial epithelial cells in chronic obstructive pulmo-
nary disease (COPD) patients who are overweight compared
to those who are not overweight was observed [5], indicating
that SARS-CoV-2 is more likely to enter into the human body
in obese people as compared with non-obese people. ACE2 is
also present in vascular endothelial cells, and its expression
is increased due to obesity [6]. Such high-affinity of SARS-
CoV-2 for cardiovascular system may explain frequent car-
diovascular involvement in severe COVID-19 [7]. Obesity/
insulin resistance is likely to induce vascular damage such
as endothelial dysfunction and procoagulant state due to in-
creased secretion of inflammatory cytokines (interleukin-6
(IL-6), etc) and plasminogen activator inhibitor-1 (PAI-1)
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Figure 1. The points of action of drugs for treating COVID-19 in the
SSCV model. SSCV: systemic severe coagulopathic vasculitis; ACE2:
angiotensin-converting enzyme 2; IL-6: interleukin-6; SARS-CoV-2: se-
vere acute respiratory syndrome coronavirus 2; HCQ: hydroxychloro-
quine; CQ: chloroquine.

from adipose tissues [8]. In severe COVID-19 patients, el-
evation of von Willebrand factor (VWEF, the marker for en-
dothelial injury) and D-dimer (the marker for thrombosis)
was observed, indicating the existence of hypercoagulability
together with severe endothelial injury in severe COVID-19
[9], which I named as SSCV [8]. Pre-existing risk factors in
obese people such as their vascular high-affinity for SARS-
CoV-2 via ACE2, pro-inflammatory and pro-coagulant state
and endothelial dysfunction may be likely to induce the de-
velopment of SSCV in obese people. I believe that SSCV may
largely contribute to the development of severe COVID-19.
The SARS-CoV-2 epidemic was reported to be associated
with high incidence of a severe form of Kawasaki disease
known as systemic vasculitis [10], supporting a significant
association of SARS-CoV-2 infection with systemic severe
vasculitis.

The Points of Action of Drugs for Treating COV-
ID-19

I will think of the points of action of drugs for treating COV-
ID-19 by using the SSCV model (Fig. 1).

Drugs which can directly target the virus repli-
cation

Favipiravir plays as an inhibitor of the RNA-dependent RNA
polymerase by structurally resembling the endogenous gua-
nine [11]. Through competitive inhibition, the efficacy of viral
replication can be largely reduced. Favipiravir may be a rela-
tively safe and effective drug for COVID-19 at present [12].
Remdesivir is an adenosine analogue, which incorporates into
nascent viral RNA chains and results in pre-mature termination
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[13]. Remdesivir was highly effective in the control of SARS-
CoV-2 infection in vitro [14]. Favipiravir and remdesivir can
be classified into pharmaceutical agents that can directly target
the virus replication.

Drugs based on immunotherapy which improve damage
induced by inflammatory responses

Hydroxychloroquine (HCQ) is often used in chronic inflam-
matory diseases, including systemic lupus erythematosus and
rheumatoid arthritis. Several potential mechanisms of action
of HCQ against SARS-CoV-2 include inhibition of viral at-
tachment to the host cells, inhibition of viral release into the
intracellular space by disruption of lysosome-endosome fu-
sion, and inhibition of the release of pro-inflammatory cy-
tokines [15]. Chloroquine (CQ) was highly effective in the
control of SARS-CoV-2 infection in vitro [14]. Tocilizumab
is a humanized monoclonal antibody which selectively targets
the IL-6 receptor. Recently, tocilizumab has become one of the
therapeutic options for the management of cytokine release
syndrome [16], indicating that tocilizumab may improve cy-
tokine storm in COVID-19. Among COVID-19 patients with
acute respiratory distress syndrome (ARDS), the treatment
with methylprednisolone decreased the risk of death (hazard
ratio, 0.38; 95% CI 0.20 - 0.72) [17]. CQ, HCQ, tocilizumab
and methylprednisolone can be classified into pharmaceutical
agents based on immunotherapy which improve damage in-
duced by inflammatory responses.

Anticoagulant

Nafamostat (serine protease inhibitor), known as anticoagu-
lant, has potential anti-inflammatory and anti-viral activities
against COVID-19 [18]. Nafamostat can prevent the fusion of
the envelope of the virus with host cell surface membranes [19,
20]. In the study which investigated the association between
the treatment with heparin known as anticoagulant and mortal-
ity in 2,075 patients with COVID-19, heparin was associated
with lower mortality when the model was adjusted for age and
gender (OR 0.55, 95% CI 0.37 - 0.82; P = 0.003) [21]. This
association remained significant when saturation of oxygen <
90% and temperature > 37 °C were added to the model (OR
0.54, 95% CI1 0.36 - 0.82; P=0.003) [21].

Conclusions

Successful suppression of viral replication by favipiravir or
remdesivir can prevent the development of cytokine storm and
SSCV. If cytokines and markers for inflammation continue to
increase, the additional use of CQ and HCQ may be consid-
ered. If cytokine storm or ARDS develops, the additional use
of tocilizumab or methylprednisolone may be supportive. It
may be better to consider the additional use of nafamostat or
heparin when the development of SSCV accompanied by el-
evation of VWF and D-dimer is observed.
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