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A B S T R A C T

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is now a pandemic with the United States now carrying the highest number of cases and fatalities.
Although vaccines and antiviral agents are the main focus of therapy, here we present a plausible hypothesis to leverage our understanding of neuroimmunomo-
dulation to intervene in the pathophysiology of the disease to prevent death.

Introduction

Although the SARS-CoV-2 pandemic has resulted in an overall low
mortality rate with most patients developing only mild symptoms to
those that are asymptomatic, it has become clear that those patients
harboring co-morbidities such as obesity, diabetes hypertension and
cardiovascular diseases are the most vulnerable [1]. Each of these co-
morbidities are emerging as complex disease processes involving in-
teraction between the gut microbiome, the nervous system, the endo-
crine system and immune cell [2,3]. Indeed, these co-morbid conditions
reflect chronic sympathetic hyperactive stress situation [4,5] caused by
dietary modification [6], dysbiosis [7], aging [8] and chronic psycho-
logical stress [9]. Among these vulnerable population SARS-CoV-2 in-
fection affect all major organs leading to severe hypoxemia in com-
pliant lung with loss of lung perfusion [10], myocardial injury [11]
acute cerebrovascular accident including hemorrhagic stroke [12],
acute kidney injury [13] suggestive of significant sympathetic activa-
tion.

During stressful situation, norepinephrine released from neu-
roendocrine system have dual effect on function of the immune cells
depending upon the exposure time. While prolong stress is generally
harmful, short term stress can be protective as it prepares organism to
deal with challenges [14]. In short term stress exposure for less than
30 min it mobilizes NK cells whereas prolong stress exposure as ob-
served in chronic sympathetic hyperactive stress situation, it decreases
number of lymphocytes, inhibits T cell proliferation[15]. Experimental
animal model of stressors has demonstrated that a variety of stressors
increased the susceptibility of animals to coronavirus, coxsackievirus
B3, encephalomyocarditis virus, Herpes Simplex virus, poliomyelitis
virus, influenza virus. Stressed animals are found to have decreased

production of interferon gamma and neutralizing antibody, decrease
activity of cytotoxic T lymphocytes, NK cell activity [16]. Similarly in
human, psychological stress has been associated with an increased risk
of acute corona virus type 229E infection in dose dependent manner
[17].

The SARS-CoV-2 virus causes widespread immune dysregulation
[1]. Disease severity with outcomes from the SARS-CoV-2 virus are
related to the characteristics of the host immune response. CD8 + T
lymphocytes play important role on virus clearance. Functional ex-
haustion of cytotoxic lymphocytes correlates with disease progression
and significant decrease in CD8 + T cell counts as the diseases progress
[18]. Just like in the past influenza virus pandemic, SARS-CoV-2 in-
fection induces an excessive immune reaction in the host leading to
hyper inflammatory syndrome characterized by fulminant and fatal
cytokine storm with multi-organ failure. This fatal cytokine storm in-
volves a considerable release of proinflammatory cytokines including
IL-6 and TNF-α [1,19].

Respiratory viral infection is a stress that activates the sympathetic
nervous system resulting in release of norepinephrine [20]. Nor-
epinephrine exerts pro-inflammatory action via augmenting the pro-
duction of macrophage derived TNFα through α2 adrenoceptors [21].
Norepinephrine modulates the level of T lymphocyte activity through
the beta2-adrenergic receptor (β2AR). CD8+ T lymphocytes express
more β2 AR than naïve cells and upon treatment with norepinephrine
expresses more pro inflammatory cytokines related genes and less
growth-related genes. Similarly, CD8+ T lymphocytes harvested from
human plasma obtained from patients in a stressed state produce an
excessive level of pro inflammatory cytokines upon stimulation [22].
This could be due to more engagement of β2AR receptor in these cells
compared to naïve T cells [23] from unstressed patients.
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Normally, the sympathetic nervous system is activated locally via
β2AR within tissues in order to confine inflammation and protect the
host from the detrimental effects of widespread pro inflammatory cy-
tokines [24]. This “localization effect” is disrupted when there has been
chronic sympathetic hyperactive stress situation such as obesity, dia-
betes and hypertension [25]. Chronic exposure to norepinephrine
during these stressed states can inhibit T cell proliferation [26] and can
enhance the production of inflammatory chemokine and cytokines [22]
by phenotypically changing immune cells via up-regulation of β2AR
expression. Hence, chronic sympathetic hyperactive situation makes
people more vulnerable to erratic stress such as viral infection. In such
situation, attenuating the effects of sympathetic nervous system by
β2AR antagonists or α2-AR agonists are plausible immunomodulatory
options available to prevent over activation of immune system and its
harmful effect [27].

Such attenuation of the sympathetic response to mitigate hyper
inflammation to viral infection has been demonstrated in animal stu-
dies. A study done in animals infected with influenza A virus demon-
strated detrimental role of sympathetic activation [28]. Blockage of
sympathetic neurotransmission via either with a beta-blocker or an
alpha agonist induces an antiviral T cell response, suppresses lung
edema, and improves survival following lethal influenza A viral infec-
tion [29,30] in mice [29,30]. Similarly, interruption of sympathetic
outflow to lung by stellate ganglion blockade prevent development of
ARDS in the animal model [31]. Likewise, susceptibility to cytomega-
lovirus infection is increased in mice with over activation of the sym-
pathetic nervous system. Stimulation of β2AR can down-regulate innate
immunity allowing the host to become more susceptible to viral in-
fection whereas knocking out β2AR decreases sympathetic stimulation
of immune cells allowing the host to develop resistance to viral infec-
tion perhaps owing to an increase IFN-Y production [32].

There is strong correlation between diet, sympathetic immune
system [33] and gut microbiome. [34]. The observation that patients
with western diet associated co-morbidities such as obesity and dia-
betes harbor a disrupted microbiome is in stark contrast to 10,000 years
ago when hunter-gatherers survived on a diet high in protein and very
low in carbohydrates. Introduction of starch and sugar into the 21st
century diet, now termed a “Western diet” may impart its detrimental
effect on human health via creation of chronic sympathetic hyper-
activity state leading to obesity, diabetes and hypertension [6]. Thus,
the most vulnerable patients to a poor outcome from the SARS-CoV-2
virus infection may relate, in part, to chronic consumption of a high fat,
high sugar and low fiber based “Western diet.”

The hypothesis

We hypothesize, people with chronic sympathetic hyperactive co-
morbid conditions, people on western diet and on stress, when contract
SARS-CoV-2 virus can potentially drive the infection towards a fatal
outcome. Hence, in such condition attenuation of sympathetic activity
with currently available drugs such as of a2 agonist and β blocker may
be a plausible mechanism to override the T cell exhaustion, cytokine
spillage and impaired clearance of virus. Given that critically ill patients
infected with SARS-CoV-2 are dying of ARDS, hypoxia and hyper in-
flammation with significant myocardial injury and stroke here we
propose that use of FDA approved antihypertensive drugs such as
Clonidine and Propranolol should be considered in symptomatic pa-
tients with SARS-CoV-2 infection to prevent progression of disease and
mortality.

Evaluation of the hypothesis

We propose prospective randomized clinical trials using either one
or both drugs in combination with standard treatment to all sympto-
matic SARS-CoV-2 positive patients (Fig. 1). All SAR-CoV-2 positive
patients above age 13 years presented with symptoms of fever, myalgia,

cough, headache, GI symptoms, should be categorized to mild, mod-
erate and severe grade based upon cut off values for body temperature,
respiratory rate, and blood workup including IL-6, D dimer and serum
ferritin measurement. Patients allergic to drugs, with significant heart
block and in shock with systolic blood pressure less than 90 mmHg
should be excluded from the study. Besides standard treatment patient
with mild grade infection should be treated with Clonidine patch or oral
tablets whereas patient with moderate to severe grade infection should
be treated with combination of both drugs (Clonidine and Propranolol)
with strict monitoring of blood pressure so that systolic blood pressure
remains > 90 mm Hg. Plasma IL-6, D-dimer and serum ferritin should
be monitored serially. End point of this proposed trial should be ven-
tilatory requirement and death.

Discussion

SARS-CoV-2 infection is rapidly evolving. Although vaccine and
antiviral therapy are mainstay of treatment, development of such
therapeutic modalities takes time. Here we propose FDA approved
drugs Clonidine and Propranolol which has proven efficacy in man-
agement of critically ill trauma patients with multiple comorbid con-
ditions admitted in ICU [35]. The case fatality rate for SAR-Cov-2 in-
fection is significantly higher in older population with comorbid
condition. The immune status among these older population with co-
morbid condition is already impaired [36] and potency of vaccine
among such population is still uncertain. Recent data from U.S Influ-
enza Vaccine Effectiveness Network demonstrate overall effectiveness
of seasonal influenza vaccine for preventing medically attended, la-
boratory-confirmed influenza virus infection is 45% and its varies by
season. Similarly, vaccination doesn’t confer 100% protection against
Influenza virus infection [37]. Hence, there is a possibility that SAR-
CoV-2 may remain as another flu like syndromic virus with substantial
threat to the community.

Serum IL-6 level correlates positively with poor outcome in SAR-
CoV-2 infected patients [38]. Besides immune cells, sympathetic neu-
rons produce IL-6 and may response in an autocrine/paracrine manner
and is one of the key mediators for neuro-immune interactions [39].
Hence, we postulate, IL-6 level will be the best marker for monitoring
and checking level of attenuation of sympathetic activity with Propra-
nolol and Clonidine. This approach could be a measure to prevent
worsening of immune response allowing immune cells to ultimately
clear the virus on its own in SARS-CoV-2 infected patient.

Majority of the symptomatic patients with SAR-CoV-2 positive are
already on antihypertensive medications. So one of the advantages of
this trial is that we just need to change the antihypertensive medication
that the patient is receiving, whereas there is possibility of hypotension
among the patients who are not previously hypertensive and should be
started on lower dose of medication and monitored closely for the hy-
potension. Although, major side effects have not been mentioned in
previous study in critically ill patients [35], we recommend to remain
highly vigilant in monitoring blood pressure with adequate fluid man-
agement. Recently, published scientific brief by WHO mentioned that
most people recovered from infection, develop antibodies to the virus
[40]. However, some of these people have very low levels of neu-
tralizing antibodies suggesting that cellular immunity may also be cri-
tical for recovery [41]. Given the fact that this virus is highly con-
tagious and difficult to be contained [42] and development of antiviral
and effective vaccine will take time, these FDA approved commonly
available drugs should be considered to mitigate the morbidity and
mortality amidst the pandemic.
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