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and rapidly spreading in humans causing a significant threat to international health
and the economy. Rapid assessment and warning are crucial for an outbreak analysis
in response to serious public health. SARS-CoV-2 shares highly homological se-
quences with SARS-CoVs causing highly lethal pneumonia with respiratory distress
and clinical symptoms similar to those reported for SARS-CoV and MERS-CoV in-
fections. Notably, some COVID-19 patients also expressed neurologic signs like
nausea, headache, and vomiting. Several studies have reported that coronaviruses
are not only causing respiratory illness but also invade the central nervous system
through a synapse-connected route. SARS-CoV infections are reported in both pa-
tients and experimental animals' brains. Interestingly, some COVID-19 patients have
shown the presence of SARS-CoV-2 virus in their cerebrospinal fluid. Considering
the similarities between SARS-CoV and SARS-CoV-2 in various aspects, it remains to
clarify whether the potent invasion of SARS-CoV-2 may affect in COVID-19 pa-
tients. All these indicate that more detailed criteria are needed for the treatment
and the prevention of SARS-CoV-2 infected patients. In the absence of potential
interventions for COVID-19, there is an urgent need for an alternative strategy to

control the spread of this disease.
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1 | INTRODUCTION

movement across diverse borders, rapid expansion of air traffic,
changes in the climate have modified the ecosystem has made these
It is surprising that the 2020 year started with the report of a novel pathogens can easily spread across the world.
dreaded novel viral coronavirus (SARS-CoV-2) disease threat in

China and spreading all over the globe. World Health Organization

(WHO) has declared coronavirus disease-2019 (COVID-19) a Public
Health Emergency of International Concern. Various changes in en-
vironmental factors and human behaviors have led towards the
emergence of more than 30 new infectious diseases in the last
3 decades, ranging from rotavirus to Middle East respiratory syn-

drome coronavirus.® The increasing human population, people

2 | COVID-19

On 31st December 2019, Chinese health authorities investigated
a cluster of atypical cases of pneumonia mainly occurring in
individuals who visited Huanan seafood wholesale Market in
Wuhan, Hubei Province, China. From 31st December 2019 to
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3rd January 2020, a total of 44 patients developed symptoms like
cough, fever, and chest discomfort or respiratory illness, being di-
agnosis of pneumonia constituted by chest radiographs and com-
puted tomographic scans.? During this period, the causal agent was
not known. After testing for the causes of respiratory infection
encode the negative result, an unbiased sequence of bronch-
oalveolar lavage fluid identified a f-coronavirus variant with se-
quences similarity of 85% corresponding to a bat severe acute
respiratory syndrome (SARS) like coronavirus (CoV).? Later, the
virus was isolated in eukaryotic cells culture, and further identifi-
cation indicated that it was distinct from SARS-CoV (sequence
homology 79%) and the Middle East respiratory syndrome (MERS)-
CoV (sequence homology 50%).° The sequences were deposited in
GenBank (accession number MN908947). The International Com-
mittee on Taxonomy of Viruses named this CoV variant as SARS-
CoV-2," representing the 7th CoV to cause disease in human beings,
and 3rd CoV since 2003 to spread from animals to humans related
with respiratory illness.? WHO has named this respiratory illness as
coronavirus disease-2019 (COVID-19) caused by SARS-CoV-2.

As of 19th April 2020, the COVID-19 outbreak had resulted in
nearly 2.24 million laboratory-confirmed cases, including 1.52 lakhs
death all around the world.” Currently, no suitable vaccines or anti-
viral drugs are available for SARS-CoV-2. Early warning is very cru-
cial measures to control the outbreak and epidemics of infectious
diseases. Rapid and reliable diagnostic methods for the detection of
SARS-CoV-2 is crucial for public health interventions that can mini-
mize the spread of COVID-19.

3 | THE CLINICAL FEATURES OF COVID-19

SARS-CoV-2 causes pneumonia with clinical symptoms of SARS-CoV
and MERS-CoV infections.®” Clinical features of SARS-CoV-2 infec-
tion showed non-productive cough, dyspnea, myalgia, fever, normal
or decreased leukocyte counts, fatigue, and pneumonia. Organ dys-
functions like shock, acute cardiac injury, acute kidney injury, acute
respiratory distress syndrome (ARDS), and death occurs in severe
cases. Most of these clinical features of patients had a history of
exposure to Huanan seafood whole-sale market. Later on, Chen et al®
documented his findings from 99 pneumonia cases indicated that the
2019-nCoV infection clustered within the group of human close
contact and likely to affect older men with comorbidities and results
in ARDS. About 46% to 65% of the patients in the intensive care
worsened in a short period and died due to respiratory failure.®”

It is not clear that CoVs are continuously confined to respiratory
iliness, indeed they additionally invade the central nervous system
(CNS) with neurological diseases. Such neuroinvasive tendency of
CoVs has been reported in all B-CoVs, including HCoV-229E,'° SARS-
CoV,** MERS-CoV,*? HCoV-0OC43,*® and porcine hemagglutinating
encephalomyelitis CoV."**® The high resemblance between SARS-
CoV and SARS-CoV-2 remains to explore whether the potent neu-
roinvasion of SARS-CoV-2 plays a significant role in COVID-19
infections.
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4 | THE NEUROINVASIVE PROPENSITY OF
SARS-CoV-2

SARS-CoV entry into the human host cell is mediated primarily by
cellular receptors angiotensin enzyme-2 (ACE2) that is expressed in
the lung parenchyma, kidney cells, vascular endothelia, small intes-
tine cells, and human airway epithelia.'”*? MERS-CoV enters hu-
mans host cells primarily by dipeptidyl peptidase-4 (DPP4) in the
cells of the immune system, liver, small intestine, and lower re-
spiratory tract.”’®?' Indeed, ACE2 or DPP4 alone is not enough to
make the host cell susceptible to infections. SARS-CoV or MERS-CoV
infections were also reported in the CNS, where ACE2 or DDP4
expression level is low under normal conditions.’? The accurate route
where SARS-CoV and MERS-COV enter CNS is still not clearly
documented. Indeed, the lymphatic or hematogenous path seems to
be impossible, particularly in the initial infection stage and there
were no virus particles were detected in the infected brain area.”*?°
However, several shreds of evidence indicate that CoVs may initially
invade peripheral nerve terminal, and later to the CNS through a
synapse-connected route.'*'%?¢2” The trans-synaptic transfer has
been reported for HEV67 CoV,” ¢ and avian bronchitis virus.?’%®

Earlier studies on SARS patient samples have shown the pre-
sence of SARS-CoV particles in the brain and located exclusively in
the neurons.?>?° In-vivo experiments using transgenic mice showed
that, when SARS-CoV or MERS-COV has given intranasally, it can
enter the brain via the olfactory nerve, and quickly spreads to certain
specific brain regions like brainstem and thalamus.?”*° Among the
infected brain areas, the brainstem has been heavily infected by
SARS-CoV or MERS-CoV.2?*' The brain has expressed ACE2 re-
ceptors that have been detected over neurons and glial cells which
makes them a potential target of COVID-19. Another important
observation was those mice infected with MERS-CoV with less in-
oculum doses, virus particles were not detected in the lung, but only
in the brain, which indicates that the CNS infection was more im-
portant for the high mortality.*°

Porcine hemagglutinating encephalomyelitis virus (PHEV;
family Coronaviridae; genus Coronavirus) causes vomiting and en-
cephalomyelitis disease in suckling piglets.>>*® Earlier studies have
shown that the virus is propagated through the neural route and has
a potent tropism in the upper respiratory tract.>* HEV 67N CoV is
the first coronavirus that showed to invade the porcine brain.>%°
HEV 67N-infected mice group exhibited typical neurological da-
mage with symptoms of depression, standing/vellicating front claws,
and arched waists after 3 days of postinoculation.>° Paraffin-
embedded section of the infected mice brain samples showed PHEV
positive in the cytoplasm of nerve cell utilizing a mouse anti-PHEV
monoclonal antibody by IFA. Antigen-positive neurons were widely
distributed in the hippocampus and cerebral cortex in the brain.*°
Indeed, the transfer of this CoV to neurons has been manifested by
the earlier reports in ultrastructural studies on the clathrin-coat
mediated endocytotic or exocytotic pathways.’® Recently, Li
et al®*®” has discussed the neuroinvasive potency of SARS-CoV-2

that cause respiratory failure in COVID-19 patients.
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Considering all these, the neuroinvasive propensity has been
manifested as a common feature of CoVs. Based on more similarity
between SARS-CoV and SARS-CoV-2, COVID-19 may also have a
similar potential. Recently, a study carried out by Mao et al*® on
COVID-19 infected 214 patients found that around 88% of severe
patients showed neurological manifestations like acute cere-
brovascular disease (impaired consciousness). It is very important to
note the fact that, previous reports”'®*® discussed above has
documented few SARS-CoV-2 infected patients showed neurologic
symptoms like nausea, headache, and vomiting. However, more
convincing evidence for brain illness caused by COVID-19 would
include type 2 respiratory failure or specific focal neurological de-
fects.>? This should be established by virus detection in cerebrospinal
fluid by polymerase chain reaction (PCR) or viral culture.

5 | REMARKS ON THE NEUROINVASIVE
PROPENSITY OF SARS-CoV-2

Patients with acute SARS-CoVs infection have shown the presence of the
virus in cerebrospinal fluid.>° Baig et al’® have recently published an
article where they suggested a putative transcrbrial SARS-CoV-2 route to
the brain and emphasized that SARS-CoV-2 RNA isolation in the cere-
brospinal fluid would be the conclusive evidence to report the COVID-19
neurovirulence. In SARS patients, the neuromuscular disorder has con-
sidered as a critical illness neuropathy and myopathy.** Besides, more
direct evidence has been reported in few countries. A COVID-19 case
with encephalitis was reported in a male patient (age 56 years) on
16th March 2020 in Beijing Ditan Hospital, Capital Medical University,
China (http://www.bjdth.com/html/1/151/163/3665.html). It is very im-
portant to note that the PCR amplification showed that the cerebrospinal
fluid sample from the patient turned positive for SARS-CoV-2.

According to Turtle,®” respiratory failure alone does not indicate
CNS invasion by SARS-CoV-2. He also considers that several viruses can
occasionally gain entry into the human CNS. Nataf*? thinks that an
alteration in the dopamine synthetic pathway is possibly involved in the
COVID-19 pathophysiology. The mechanism implicit in the neurological
symptoms is not clear which needs further studies, but the SARS-CoV-2
RNA isolation in the cerebrospinal fluid indicates that it might be
naturally neuroinvasive in human beings. Since a clear understanding of
SARS-CoV-2 is still missing, a high alert is needed for the possible in-
volvement of CNS in COVID-19 patients, despite only a few cases are
being documented with encephalitis or meningitis related COVID-19.
Indeed, the role in the blood-brain barrier comprising the virus and
avoiding it for gaining access to the neural tissue needs to be explored
further in COVID-19 patients. Hence, the possible neuroinvasion may
be a guiding significance to treat and prevent COVID-19.

6 | ROUTE OF TRANSMISSION

The epidemiological investigation in Wuhan, China has identified the

outbreak which was associated with Huanan seafood market, where

the majority of patients had visited or worked and subsequently
closed for disinfection. Notably, a variety of live wild animals in-
cluding fish, snakes, badgers, hedgehogs, birds (turtledoves), and
animal meat were available in the market before the outbreak
began./‘3 Indeed, as the outbreak started, the main mode of trans-
mission of the infection was from person-to-person. However, un-
derstanding of the transmission risks is incomplete. Person-to-person
spread of SARS-CoV-2 infection is believed to occur mainly via re-
spiratory droplets, corresponding to the spread of the influenza virus.
With the droplet transmission, the virus released in the respiratory
secretions when an infected person sneezes, coughs, or talks can
infect other people if it makes direct contact with the mucous
membrane. The infection can also occur when a person touches an
infected surface and later touches their nose, mouth or eyes.
Droplets usually do not travel more than 2 m and do not linger in the
air. However, according to Van et al** SARS-CoV-2 remains for at
least 3 hours in aerosols under certain experimental conditions.
Taken all these into account, airborne precautions are highly

recommended in many countries.

7 | CLOSING OPINION AND A PATH
FORWARD

The SARS-CoV-2 outbreak has once again spotlighted the need to
discover new vaccines, rapid development, and implementation of
diagnostic tests against infectious diseases of the global health
crisis. Indeed, further studies on COVID-19 and its pathogenesis
will provide some guidance to deal with this rapidly spreading
pandemic infectious disease. Several challenges remain as key
areas, including the recent people who have tested COVID-19 po-
sitive. Can the cured patient be transmitted to others? All these
indicate that more detailed criteria are needed for the prevention
and control of SARS-CoV-2 virus and strong rigorous criteria to
discharge patients after treatment. It is expected that the differ-
ences in the sequence of spike proteins between COVID-19 virus
and SARS-CoV will enable scientists to identify epitopes in COVID-
19 virus for the development of monoclonal antibodies against this
virus. Basic research studies on SARS-CoV-2-host interactions is the
key to several unanswered questions in the prevention and control
of the disease. Many important questions about the identification
and mechanism of interferon antagonists encoded by COVID-19 yet
to be answered.
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