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Coronavirus disease 2019 (COVID-19) is the current biggest health problem that has
caused pandemic in hundreds of countries worldwide. Important efforts for COVID-19 prevention
and management have been implemented by WHO and many countries; however, the number of
new cases is still increasing. The objective of this review is to formulate appropriate strategies to
tackle COVID-19 pandemic using molecular mechanisms-based approach. COVID-19preventive
measuresaim toavoid virus entry to human cells by applying physical distancing, hand washing
and personal protective equipment, maintaining good immune system by balanced nutrition and
physical exercise, developing vaccine against the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) based on comprehensive analysis on SARS-CoV-2 antigen presentation and
subsequent immunological cascades, considering the patients’ clinical condition including
biomolecular parameters, and developing drugs by designing inhibitors for SARS-CoV-2 proteins
responsible for virus replication and transcription.
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Coronavirus disease 2019 (COVID-19) is
the current biggest health problem that has caused
pandemic in hundreds of countries worldwide
very rapidly. As April 20, 2020, the World
Health Organization (WHO) reported that the
number of confirmed COVID-19 cases globally
was 2,314,621 with mortality rate 6.8%.' Three
countries with the highest number of cases were
the United States of America (723,605 cases with
34,203 deaths), Italy (178,972 cases with 23,660
deaths) and Spain (195,944 cases with 20,453
deaths).! COVID-19 was caused by the severe

acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), and, firstly became an outbreak in Wuhan,
China, in December 2019. In addition to very
serious health problems, this pandemic potentially
causes more systemic effect including economic
and social crisis.

Some important efforts to tackle
COVID-19 have been conducted by WHO and
many countries; however, the number of new cases
is still increasing. This review aims to formulate
appropriate strategies to tackle COVID-19
pandemic using molecular mechanisms-based
approach.
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Clinical manifestation of COVID-19

An epidemiological study involving 99
COVID-19 patients in Wuhan, China, reported
that the symptoms present in COVID-19 patients
were fever, cough, shortness of breath, myalgia,
confusion, headache, sore throat, rhinorrhea,
chest pain, diarrhea, and nausea and vomiting.’ In
line with this study, another study in Wuhan also
revealed that, in the early onset of illness, COVID-19
patients were reported to suffer from fever, cough,
muscle ache.? Some patients also complained
of sputum production, headache, hemoptysis or
diarrhea.” As the disease developed, patients had
dyspnea, lymphopenia and radiographic finding of
pneumonia, and, subsequently, might have acute
respiratory distress syndrome and multiple organ
failure as the complications and died.**

Recent retrospective cohort study which
involved 191 COVID-19 patients in Wuhan,
China reported that almost half of the patients
had disease comorbidity, such as hypertension,
diabetes and coronary heart disease.* Furthermore,
this study revealed that older age, high Sequential
Organ Failure Assessment (SOFA) and higher
d-dimer level were associated with higher odds
of in-hospital mortality.“Moreover, an estimation
study using model-based analysis unraveled
that COVID-19 case fatality ratio dramatically
increased in patients aged >60 years.’
Molecular mechanisms underlying the
pathogenesis of COVID-19

Spike (S) protein of coronavirus, including
those which causes severe acute respiratory
syndrome (SARS), was reported to be responsible
for virus entry into host cells.®* The mechanism
of infection by coronavirus involved the binding
of S protein with angiotensin-converting enzyme
2 (ACE2) receptor of the target cell.” Recent
study unraveled that SARS-CoV-2, which caused
COVID-19, also binds to ACE2 receptor to initiate
the infection.® Another study reported the role of
Mre)an important CoV enzyme which facilitates
viral replication and replication in host cells.’

Antigen presentation is a very important
virus entry-following step in the process of
infection. Viral antigens are presented by major
histocompatibility complex (MHC) or human
leukocyte antigen (HLA) in humans and recognized
by cytotoxic T lymphocytes which then lead to
subsequent immunological cascades. Previous
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studies reported that HLA polymorphisms were
associated with human susceptibility to get severe
acute respiratory syndrome coronavirus (SARS-
CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV)." Although at this
moment we still do not know exactly about the
mechanism of SARS-CoV-2 antigen presentation,
these reports might give us some clues to optimize
our prevention, diagnosis and management on
COVID-19.

Investigation on a family cluster infected
with SARS-CoV-2 in China found lymphopenia as
one of the clinical characteristics of COVID-19
patients.!" Moreover, a recent case report of a
severe COVID-19 patient who had a history
of travelling to Wuhan, China, revealed that
the number of CD4" and CD8" T lymphocytes
were reduced.'? Further analysis on COVID-19
molecular mechanisms using transcriptome
sequencing of bronchoalveolar lavage fluid (BALF)
and peripheral blood mononuclear cells (PBMC)
revealed the association between increased
production of chemokines including CCL2/MCP-
1, CXCL10/IP-10, CCL3/MIP-1A, and CCL4/
MIP1B with the pathogenesis of COVID-19."* This
study also proposed the induction of P53 signaling
pathway and apoptosis as the mechanisms by which
lymphopenia commonly occurs in COVID-19
patients.'® Furthermore, recent study suggested the
occurrence of cytokine storms in the pathogenesis
of COVID-19, starting from the lungs and then
circulating to other organs.'* In normal persons, the
released inflammatory cytokines will subsequently
recruit virus-specific T cells to the infection site
in which they remove the infected cells before
the spreading of the virus. On the other hand,
neutralizing antibodies will prevent further viral
infection by attracting alveolar macrophages to
phagocytize the infected cells. While in COVID-19
patients, the inflammatory cascades might cause
further recruitment of immune cells in the lungs,
which, in turn, results in the lungs destruction due
to oversecretion of cytokines.'*

Strategies to tackle COVID-19

Viral infection involves three major
factors: (1) viral factors, including pathogenicity,
transmission and virulence; (2) host factors,
consisting of age, lifestyle, immune condition
and comorbid diseases; and (3) external factors
such as environmental condition, community
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lifestyle, pharmaceutical and non-pharmaceutical
interventions.'> These factors can influence the
severity and transmissibility of viral infection.'s
The most effective strategy to control
COVID-19 is to prevent the virus entry to human
cells by implementing physical distancing
as recommended by WHO for all affected
countries.! Physical distancing is required to
prevent transmission of virus through person-
to-person contact, as evidence also reported that
COVID-19 can be transmitted from person-to-
person."! WHO recommends keeping distance at
least 2 meters with other peopleas previous study
revealed that infectious influenza virus-containing
aerosols might be exposed by influenza patients to
another person within 1.829 meters."'S Moreover,
it was estimated that 107 countries implemented
school closure to improve the prevention measures,
even though a study reported that it only reduced
mortality rate 2-4%.'""'* Some countries also
implement “lockdown” in public activities
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including flight restrictions, as, for example,
conducted in Turkey."

Personal protective equipment measures
such as wearing appropriate type of masks
and regular hand washing with soap or usage
of >60% alcohol-based hand sanitizer are also
important to prevent SARS-CoV-2 infection.Soap
molecules contain surfactants which facilitate
removal of microorganisms including virus.*
Theyhavehydrophilic part which dissolves water in
one side, and, on the other side, have hydrophobic
part which can dissolve fatty layer of virus
envelope. Ethanol in hand sanitizer destroys virus
by coagulation and denaturation of virus protein
structures.?!

As immunological response is very
important to tackle coronavirus infection,
maintaining well functional immunity
includinggood diet with balanced compositionof
carbohydrates, proteins, lipids, vitamins and
minerals and exercise, is the other main strategy.
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Every cell, including immune cells, requires energy,
which is obtained from food, for maintaining
their cellular functions. Various cytokines and
antibodies are also composed of amino acids
whose productions require sufficient protein intake.
Previous studies revealed the role of vitamins and
minerals, such as vitamin A, beta-carotene, folic
acid, vitamin B6, vitamin B12, vitamin C, vitamin
E, riboflavin, iron, zinc, and selenium, in the variety
of immune functions.**They support the functions
of NK cells, macrophages and T cells, and maintain
antibodies and cytokines production.?’Regular
exercise of moderate intensity was reported
to have several benefits for immune systems,
such as increasing the function of neutrophil, T
cells and NK cells.?Regular physical exercise
also exerts anti-inflammatory effects through
multiple pathways and improves immune system
regulation, hence decreases the risk of getting
illness includinginfection.

Rapid diagnostic test is the other
important measure to control the outbreak of
COVID-19." Hundreds of countries gave big efforts
in facilitating this program. Korea transformed the
implementation of rapid diagnostic tests by running
Drive-through Screening Center for COVID-19 by
which the test only took about 10 minutes and the
testees did not need to leave their car while being
tested. This program increased testing capacity in
Korea.”

As COVID-19 severity is correlated with
disease comorbidity, it is also important to consider
the patients’ clinical condition comprehensively.
Clinicians as the first liner in COVID-19 diagnosis
and management play pivotal roles in determining
the prognosis of COVID-19 by taking some
indicators, such as disease comorbidity, age, SOFA
and d-dimer level, into account.* Considering the
role of disease comorbidity in COVID-19 severity,
community-based promotive and preventive
programs for prevention of hypertension, diabetes
and other metabolic diseases are indispensable.

The presence transcriptome data of
COVID-19 patients is very important to guide us
finding the best management for these patients.
Careful analysis on these data might also give
us valuable clues in developing new drugs and
vaccines for SARS-CoV-2. Molecular approach is
very important in developing new drugs specific
for SARS-CoV-2 control. Recent study reported
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that drug development has been initiated by
discovering the inhibitor for M, a CoV enzyme
responsible for virus replication and transcription.’
Other possible targets for vaccines and drug
developments are blocking of S protein, which is
responsible for interaction with host cells” ACE2
receptor, inhibition of TMPRSS2,a serine protease
which plays pivotal role in the cleavage of S protein
for viral entry, activation of CD8" T cell to remove
infected cells by degranulation, and neutralization
of pro-inflammatory cytokines to recover cytokine
storm.'*Finally, vaccines for SARS-CoV-2 are very
urgent to develop body immunity against this virus.
Vaccine development might be initiated using
a molecular approach based on comprehensive
analysis on SARS-CoV-2 antigen presentation and
subsequent immunological cascades.

Comprehensive strategies for COVID-19
prevention and management are illustrated in
Figure 1.

CONCLUSION

Comprehensive strategies are required
to tackle COVID-19 pandemic. They include
preventive measures to avoid virus entry into
human cells, balanced nutrition and physical
exercise to maintain good immune system, analysis
of biomolecular parameters to determine disease
severity and prognosis, and vaccine and drug
development against SARS-CoV-2. Molecular
approach in formulating the strategies is important
to produce precise and effective measure to this
pandemic.
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