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ABSTRACT

In late December of 2019, the emergence of the novel
coronavirus also known as COVID-19 became a matter of
concern. In a short period, the virus was able to infect a
large number of populations as the virus transmits from one
person to another person. The novel coronavirus shows
genetic similarity with the SARS and MERS. However, have a
low mortality rate compared to them and the reason for
such a low mortality rate lies in its pathogenesis features.
The coronavirus uses ACE2 receptors as the entry path to
enter the host body and so gain the excess. Since most of the
ACE2 receptors exist on the lungs the first sign of infection
appears in the respiratory region which includes normal
inflammation sign like fever, cough, headache, and tiredness
but as the infection progress, the symptom like pneumonia
can also be observed. The incubation period for the
symptoms to appear range from 0-14 days as the infection
progress further a multi-organ damage can be observed.
Studies also suggest that in some patients no symptoms
were observed even though they were infected such
patients were called asymptomatic. Currently, no specific
medicine is there for COVID-19, and therefore treatment
involves various drug therapies like Immunoenhancement
therapy, Convalescent plasma therapy, Auxiliary blood
purification treatment, ramdesivir, chloroquine, and
hydroxychloroquine, arbidol, etc. and also many vaccines
are under pre-clinical and clinical trials.
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INTRODUCTION

In the late December of 2019, the first patient of novel coronavirus also known as COVID-19
was admitted to the hospital of Wuhan city, Hubei province in China and since then the virus
has spread across the globe affecting around 10,321,689 people this indicates that the virus is
highly transmissible and can be transferred from human to human-°. The origin of the virus
is thought to be related to the Huanan seafood market®. However, the genetic analysis shows
that the virus belongs to the genus of beta coronavirus and shows similarity with the
coronavirus which is found in bats. Also from different studies, it was observed that the
COVID-19 has 79.577% nucleotide and 83.36% amino acid similar identity with the SARS
and MERS-°.

Interestingly, even after showing such similarities with SARS and MERS the mortality rate of
COVID-19 is less compare to them. The main reason for such a low mortality rate lies in its
pathogenesis features which seem to be different from the other two strains of coronavirus®.
After studying the bioinformatics modeling and in vitro experiments it was concluded that the
virus of COVID-19 gains its excess into the host cell through the help of the ACE-2 receptor
interestingly the same receptor was earlier identified for the entry of SARS-CoV and HCOV-
NL6311-13, Basically, in coronavirus infection, the envelope spike glycoprotein protein binds
with the ACE-2 receptors and because of that the virus enters the host cells and releases its
viral RNA genome into the cytoplasm and hence the process of translation begins for the
production of the viral genome. Furthermore, these newly formed envelope glycoproteins are
placed inside the membrane of the endoplasmic reticulum or Golgi and the formation of
nucleocapsid starts through the combination of genomic RNA with nucleocapsid proteins.
After that, the germination of viral particles starts to occur into the endoplasmic reticulum-
Golgi intermediate compartment (ERGIC), and hence virus releases when the vesicles
containing virus particles merge with the plasma membrane!4-17. Surprisingly recent studies
also suggest that the ACE-2 does not only work as a receptor but has involvement in the post-
infection regulation, including immune response, cytokine secretion, and viral genome

replication?®,

However, the time taken by the COVID-19 virus to shows its symptoms approximately take
5.2 days and this period is called as incubation period!®. The time range from COVID-19
infections symptoms to death generally range from 6 to 41 days making 14 days the median

but this period can change as it depends on the patient’s immune system. In one of the
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studies, it was also observed that in the COVID-19 infection there is a drastic decrease in the
lymphocyte count and also a markable elevation in the inflammatory markers which
somewhere might be the reason for the elevated mortality rate?%21, The onset of the
symptoms starts around the 14™ day with the symptoms like fever, cough, fatigue, sputum
production, headache, hemoptysis, diarrhea, dyspnoea, and lymphopenia also the CT scan of
the patient's chest reveals some different features like RNAaemia, acute respiratory distress
syndrome, acute cardiac injury, and incidence of grand-glass opacities that led to death also
some other special features shown by COVID-19 infection is that it affects the lower airway
as evident by upper respiratory tract because of which symptoms such as rhinorrhoea,
sneezing and sore throat can be observed and the main reason for showing such diverse
symptoms may lie on the fact that ACE-2 receptors can be found on the renal, cardiovascular
and gastrointestinal lung alveolar epithelial cells, enterocytes of the small intestine, arterial
and venous endothelial cells and arterial smooth muscle cells from this it can also be
concluded that COVID-19 infection can cause issues in heart 20:22-29, |nterestingly some
people who were infected with the COVID-19 virus didn’t show any symptoms therefore

they were called asymptomatic patients which somewhere only acts as a carrier°,

Sadly, until now there is no specific medicament or cure available for the treatment of this
infection. However different medicines and therapies are used in combination to cure the

patients and also the clinical trials of the potential drug substances are also going on3?.
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Figure No. 1: Diagrammatic Representation of Covid-19 Infection through ACE2

Receptors!8
TREATMENT

Corticosteroids: - are the drug families which are used to treat inflammation. They also
suppress the immune system. In the era of the COVID-19 pandemic, they are used in the
treatment of COVID-19 patients. A study suggests that corticosteroids should not be used in
the treatment of COVID-19 induced lung injury but can be used in clinical trials. They are
known to reduce mortality and the need for ventilators in pneumonia patients. There is a
potential risk linked with high doses of corticosteroids like long-term complications and
prolong virus shedding. Basic procedures must be followed when using corticosteroids. They
are considered a double edge sword. Hence, its liberal use is restricted and low-to-moderate

doses are recommended>32.

Traditional Chinese medicines (TCM): - These are plants that are reported to have
medicinal properties and promoted for general prescription in the treatment of COVID-19
patients in China33. gingfeipaidu decoction is reported to have a 90% recovery rate in
COVID-19 patients. It works via multi-component and multi-target regulation. The

pharmacological target site is the lung, a decoction of 16 herbs reported to have specificity

Citation: Utsav Gupta et al. ljppr.Human, 2021; Vol. 21 (3): 32-49.



www.ijppr.humanjournals.com

for lung diseases. ACE-2 receptor is commonly expressed with potential target sites. The
same receptor is the target for the COVID-19 treatment. Multiple ribosomal proteins are
inhibited and hence COVID-19 replication is blocked3*. QPD is reported to elevate immune
response and eliminate inflammation by regulating cytokine action pathways and pathways
related to the immune system. In silico analysis has shown that ergosterol, shionone, and
patchouli alcohol formulations possess anti-COVID-19 activity, which provides a novel

molecular structure for drug development35-37,

Immunoenhancement therapy: - Elevation of the immune response system is the best
procedure for SARS treatment. Interferon induces innate and adaptive response which
inhibits viral infection. Recombinant alpha interferon was reported to be effective in the
treatment of SARS patients®8. Interferons are found to be effective replication inhibitors of
MERS-CoV??. These studies pave the path for the potential use of interferons in the COVID-
19 treatment. Thymosin alpha-1 works as an immune booster for SARS patients.
Immunoglobulin injected intravenously was observed to be the safest immunomodulator for

long-term use. Hence, they can be used for the treatment of COVID-1940-4,

Convalescent plasma therapy: - This therapy is given when there is no specific vaccine or
drug is sufficient for the treatment. This is one of the effective ways to alleviate the course of
disease for the patients who are infected severely. The patients suffering from SARS treated
with convalescent plasma therapy and few doses of hormonal shock, convalescent plasma
therapy found to be more effective as compared to hormonal shock. There was decreased
hospital stays and mortality rate. The patients recovered from COVID-19 produced specific
antibodies against it and plasma from them can be used to treat limit viral production in the
initial infection phase and help to eliminate the virus which results in rapid recovery of the
patients*3-46. Hence further considerations are required to ensure the safety of the plasma

globulin products*2.

Auxiliary blood purification treatment: - ACE2 receptors are highly expressed in human
kidneys approximately 100 times as compares to lungs. It is the key receptor needed by
COVID-19 for its replication in the host. Hence, kidneys might be the main target for the
COVID-19. The blood purification treatment can decrease the renal workload and assist in
renal function recovery. The serious cases of COVID-19 might suffer from cytokine storms.
The immune system can get damaged due to an imbalance of pro-inflammatory and anti-

inflammatory factors. Blood purification technology can be used to eliminate inflammatory
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factors and cytokine storms, maintain electrolyte and acid-base balance to control patient’s
capacity in an effective manner48: 49, In this manner, symptoms in patients can be improved

and blood oxygen level might be increased“2.

Remdesivir: - Gilead Science Inc. has developed a nucleotide prodrug which is a novel
experimental drug. It is an antiviral unapproved drug that was developed for the treatment of
Ebola and SARS. A clinical case study in the US on a COVID-19 patient who was first
administrated with remdesivir, on the 11" day lower load of virus particles observed in
nasopharyngeal and or pharyngeal samples. Hence clinical conditions of patients are
improved“®. Further controlled clinical trials are required to ensure its safety and efficacy in
COVID-19 patients®?-5L,

Antiviral Drugs: - Favorable clinical response was observed when lopinavir and ribavirin
are used to treat COVID-19 patients. In vitro antiviral activity of both the drugs reported

against SARS-associated coronavirus®?: 53,

Chloroquine and Hydroxychloroquine: -are used to treat malaria, systemic lupus
erythematosus, and rheumatoid arthritis by preventing viral entry into the host cells by
preventing glycosylation of host receptors, proteolysis, and acidification of endosomes. They
were also reported to attenuate cytokine production, inhibit autophagy and lysosomal activity.
Hence, they have an immunomodulator effect. In the low micro molar range, chloroquine
inhibits COVID-19 with a half-maximal effective concentration in vitro. Hydroxychloroquine
showed lower EC50 as compared to chloroquine in vitro after 24 hours. A report from china
shows chloroquine used in the successful treatment of approximately 100 COVID-19 cases.
However, no evidence exists that proves the efficacy of chloroquine and hydroxychloroquine
against SARS and MERS. Chloroquine and hydroxychloroquine resulted in low virus
numbers, enhanced radiological findings, and decreased progression of diseases. Both of
these drugs cause rare and serious adverse effects like QTc prolongation, hypoglycemia,

neuropsychiatric effects, retinopathy, and cardiac arrest>4-61,

Arbidol: - It is one of the promising antiviral agents which works with a unique mechanism
that targets the S protein/ ACE 2 interaction resulting in inhibition of viral envelop fusion

with membrane®2,

Favipiravir: - It is ribofuranosyl-5’ triphosphate, a prodrug of purine nucleotide. The active

compound inhibits the RNA polymerase, which interferes with viral replication. The
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preclinical data were obtained from the trials of this drug against Ebola and influenza. It also
showed a broad range of activity against other RNA viruses. The EC50 value of favipiravir
against SARS-CoV-2 was found to be 61.88 uM/L in Vero E6 cells. Depending upon the
indication of the infection dosing regimens are proposed. A lower dose is prescribing for
influenza as compared to SARS-CoV-2 and Ebola. Higher doses are (higher value of
therapeutic window) are considered for the COVID-19 patients. A loading dose is given
followed by a maintenance dose every 12 hours. This drug has a half-life of about 5 hours.
Even though the drug is well tolerated it shows some mild adverse effects. It is used for

influenza treatment in Japan, but unavailable for clinical use in United States®3-71,

Tocilizumab (TCZ): - An alternative treatment approach for COVID-19 patients with
cytokine storms risk is Tocilizumab, a monoclonal antibody specifically against interleukin-6.
In serious patients, a single dose of Tocilizumab was found very beneficial with a 10-fold
increase in interleukin-6. Interleukin-6 is eliminated through IL-6R—mediated clearance.lL-
6R binds with TCZ which inhibits 1L-6 mediated clearance, leading to serum accumulation.
Interestingly this study might explain the elevated IL-6 levels in TCZ-treated COVID-19
patients and then the gradual decrease in IL-6 levels which is caused by the inhibition of the

inflammatory activity of TCZ which finally results in improved clinical outcome’273,

JAK inhibitors: - the receptors of COVID-19 are a cell surface protein ACE2, which is
expressed by the cells of the heart, kidney lungs, and blood vessels. This virus enters the cell
via endocytosis. Out of all known regulators of endocytosis, one is AP-2 associated protein
kinasel. Virus entry into the cell can be interrupted by inhibiting AP-2 associated protein
kinase. A well-known JAK inhibitor and AP-2 associated protein kinas inhibitor are
Baricitinib, which also a possible drug candidate for the treatment of COVID-19 patients. To
reach the plasma concentration 2mg or 4mg therapeutic dose once daily was enough. Jack
inhibitors tend to inhibit multiple inflammatory cytokines such as INF-a, which plays a
necessary role in curbing virus activity. To confirm the efficacy of Baricitinib, clinical trials
needed to be studied in detail. However, a prospective, single-blind, randomized controlled
clinical trial was carried out on an inpatient that was severely affected with covid-19

pneumonia by treating them with a combination of ruxolitinib with mesenchymal stem cells’+
75
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VACCINES

Subunit vaccines: - A subunit vaccine efficacious in many studies based on recombinant S
protein of MERS-CoV S and ARS-CoV76-7°, A vaccine is under development by Clover
Biopharmaceuticals based on Trimer-Tag technology 8°. SARS-CoV-2 protein binding to
ACE2 receptor domain was found to exhibit higher binding affinity as compared to SARS-
CoV protein binding to ACE2 receptor®l. Hence, this knowledge is used by various
organizations with international collaborations to develop a receptor-binding domain
vaccine®2. To potentiate heterosubtypic immunity for influenza pulmonary surfactant
biometric nanoparticles are used and can also be used as an adjuvant for the enhancement of

immunogenicity of COVID-19 subunit vaccines®s.

Inactivated or live-attenuated vaccines: - It represents one of the traditional methods for
vaccine development. Researchers from Hong Kong University developed a live influenza
vaccine that expresses SARSCoV-2 proteins. To attenuate the virus codon deoptimization
technology used by Codagenix. Many more companies are exploring strategies to develop
COVID-19 vaccine8485,

Virus vector-based vaccine: - High level of expression of the protein, long-term stability,
and strong induction of immune response offered by vaccines which are based on viral
vectors 86, An adenovirus vector vaccine is developed by Jonson and Jonson Company via
AdVac® /PER.C6® platform for vaccine®”. The first adenovirus vector-based COVID-19
vaccine developed by a group of Chen Wei group entered the human trial phase 1 with
unprecedented rapidity on 16 march 2020 (NCT04313127). In Wuhan, China March 2020
one more phase 1 safety trial of an adenovirus recombinant candidate for the vaccine
(Cansino Biologics Inc., Tianjin, China), Ad5-nCoV, recruited 108 healthy adults88.
Shenzhen Geno-Immune Medical Institute developed two lentivirus vector-based vaccine
candidates, COVID-19/aAPC (by applying lentivirus modification, including SARS-CoV2
small genes) and LVSMENP- DC (by modifying DC with lentivirus vectors expressing

SARS-CoV2 minigenes and immune-modulatory genes)?°.
Vaccine candidates in the clinical phase

Worldwide currently 31 vaccines are in the clinical trial phase. The vaccines can be broadly
classified into five categories like Non-replicating viral vector, inactivated, RNA, DNA, and

protein subunit. The routes of administration of these vaccines are intramuscular except for
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one vaccine which is developed by Cadila Healthcare Limited which administered

intradermally. The following table represents the five categories of vaccines along with their

manufacturer®0.

Non-Replicating
Viral Vector

*University of
Oxford/AstraZe
neca

*CanSino
Biological
Inc./Beijing
Institute of
Biotechnology

*Janssen
Pharmaceutical
Companies

*Gamaleya
Research
Institute

*ReiThera/LEUK
OCARE/Univerc
ells

*Institute
Pasteur/Themis
/Univ. of
Pittshurg
CVR/Merck
Sharp & Dohme
(Replicating
Viral Vector)

““

sSinovac

*Wuhan Institute
of Biological
Products/Sinoph
arm

*Beijing Institute
of Biological
Products/Sinoph
arm

s|nstitute of
Medical Biology,
Chinese Academy
of Medical
Sciences

sBharat Biotech

sModerna/NIAID

sBioNTech/Fosun
Pharma/Pfizer

sCurevac

sArcturus/Duke-
NUS

eimperial College
London

*People's
Liberation Army
(PLA) Academy of
Military
Sciences/Walvax
Biotech.

Vaccines candidates in the pre-clinical phase

sInovio
Pharmaceuticals/
International
Vaccine Institute

s(Osaka
University/
AnGes/ Takara
Bio

sCadila Healthcare
Limited

sGenexine
Consortium

eAnhui Zhifei
Longcom
Biopharmaceutic
al/Institute of
Microbiology,
Chinese Academy
of Sciences

eNovavax

eKentucky
Bioprocessing,
Inc

*Clover
Biopharmaceutic
als
Inc./GSK/Dynava
X

sVaxine Pty
Ltd/Medytox

sUniversity of
Queensland/CSL/
Seqirus

sMedigen Vaccine
Biologics
Corporation/NIAI
D/Dynavax

eInstituto Finlay
de Vacunas, Cuba

*FBRI SRC VB
VECTOR,
Rospotrebnadzor
, Koltsovo

Worldwide around 174 vaccine candidates are in the pre-clinical phase. These vaccines can

be classified into eight different categories like DNA, RNA, VLP, Non-replicating viral

vector, replicating viral vector, protein subunit, Inactivated, live attenuated virus. The

following data represent the vaccine type along with the developer.
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e DIOSynVax Ltd / University of Cambridge

e Ege University

* Scancell/University of Nottingham/ Nottingham Trent University
» Karolinska Institute / Cobra Biologics

¢ Chula Vaccine Research Center

e BioNet Asia

* Mediphage Bioceuticals/University of Waterloo

¢ Entos Pharmaceuticals

* Symvivo
» Takis/Applied DNA Sciences/Evvivax
e Immunomic Therapeutics, Inc./EpiVax, Inc./Pharmale

Inactivated

* KM Biologics

* Selcuk University

* Erciyes University

+ National Research Centre, Egypt

* Beijing Minhai Biotechnology Co., Ltd.

e Osaka University/ BIKEN/ NIBIOHN

* Sinovac/Dynavax

* Valneva/Dynavax

* Research Institute for Biological Safety Problems, Rep of Kazakhstan

Live attenuated virus

¢ Mehmet Ali Aydinlar University / Actbadem Labmed Health Services A.S.
¢ Codagenix/Serum Institute of India

e Indian Immunologicals Ltd/Griffith University

® Bezmialem Vakif University

* Middle East Technical University
* VBl Vaccines Inc.

* IrsiCaixa AIDS Research/IRTA-CReSA/Barcelona Supercomputing
Centre/Grifols

¢ Mahidol University/ The Government Pharmaceutical Organization
(GPO)/Siriraj Hospital

* Navarrabiomed, Oncoimmunology group

® Saiba GmbH

* Imophoron Ltd and Bristol University’s Max Planck Centre

* Doherty Institute

* OSIVAX

* ARTES Biotechnology

¢ Univ. of Sao Paulo
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Protein subunit

\J

* Farmacoldgicos Veterinarios SAC (FARVET SAC) / Universidad Peruana
Cayetano Heredia (UPCH)

* Research Institute for Biological Safety Problems, Rep of Kazakhstan

* Mynvax

* [zmir Biomedicine and Genome Center

* Bogazici University

¢ University of Virginia

¢ Helix Biogen Consult, Ogbomoso & Trinity Immonoefficient Laboratory,
Ogbomoso, Oyo State, Nigeria.

* National Research Centre, Egypt

¢ University of San Martin and CONICET, Argentina

¢ Chulalongkorn University/GPO, Thailand

¢ AdaptVac (PREVENT-nCoV consortium)

* ExpreS2ion

¢ IMV Inc

* WRAIR/USAMRIID

¢ National Institute of Infectious Disease, Japan/Shionogi/UMN Pharma

* Osaka University/ BIKEN/ National Institutes of Biomedical Innovation, Japan

¢ Univ. of Pittsburgh

* Vaxil Bio

¢ Biological E Ltd

* Flow Pharma Inc

¢ AJ Vaccines

* Generex/EpiVax

¢ ImmunoPrecise/LiteVax BV

¢ Intravacc/Epivax

¢ Neovii/Tel Aviv University

e Intravacc/Epivax
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Protein subunit

N
* EpiVax/Univ. of Georgia

* EpiVax

* Sanofi Pasteur/GSK

* Heat Biologics/Univ. Of Miami

* FBRI SRC VB VECTOR, Rospotrebnadzor, Koltsovo

* Baylor College of Medicine

* iBio/CC-Pharming

* Saint-Petersburg scientific research institute of vaccines and serums
¢ Innovax/Xiamen Univ./GSK

* \VIDO-InterVac, University of Saskatchewan

* OncoGen

* MIGAL Galilee Research Institute

® LakePharma, Inc.

* Baiya Phytopharm/ Chula Vaccine Research Center
* Quadram Institute Biosciences

* BiOMViS Srl/Univ. of Trento

* Lomonosov Moscow State University

e University of Alberta

* AnyGo Technology

* Yisheng Biopharma

* Vabiotech

e Applied Biotechnology Institute, Inc.

* Axon Neuroscience SE

* MOGAM Institute for Biomedical Research, GC Pharma
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Replicating viral vector

.
* KU Leuven
* Cadila Healthcare Limited
* FBRI SRC VB VECTOR, Rospotrebnadzor, Koltsovo
* DZIF — German Center for Infection Research/CanVirex AG
* Tonix Pharma/Southern Research
* BiOCAD and IEM
* FBRI SRC VB VECTOR, Rospotrebnadzor, Koltsovo
¢ Fundacdo Oswaldo Cruz and Instituto Buntantan
* University of Hong Kong
* |AVI/Merck
* University of Manitoba
* University of Western Ontario
¢ Aurobindo
* FBRI SRC VB VECTOR, Rospotrebnadzor, Koltsovo
* [srael Institute for Biological Research/Weizmann Institute of Science
* UW—-Madison/FluGen/Bharat Biotech
* Intravacc/ Wageningen Bioveterinary Research/Utrecht Univ.
* The Lancaster University, UK

* Gennova

* Selcuk University

* Translate Bio/Sanofi Pasteur

* CanSino Biologics/Precision NanoSystems

¢ Fudan University/ Shanghai JiaoTong University/RNACure Biopharma
* Fudan University/ Shanghai JiaoTong University/RNACure Biopharma
* Centro Nacional Biotecnologia (CNB-CSIC), Spain

* University of Tokyo/ Daiichi-Sankyo

* BIOCAD

* RNAimmune, Inc.

* FBRI SRC VB VECTOR, Rospotrebnadzor, Koltsovo

* China CDC/Tongji University/Stermina

® Chula Vaccine Research Center/University of Pennsylvania

* eTheRNA

* Greenlight Biosciences

* |IDIBAPS-Hospital Clinic, Spain
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SUMMARY

Even though there is no specific drug to treat the novel coronavirus the combined therapy of
drugs shows that we can avoid the mortality rate to a great extent. Most of such drugs act on
the symptoms to give some relief to the patient. Even though precautions and measures were
taken to slow the transmission rate the need for a promising drug is a need of an hour. As
even though we can cure the patients with already existing drugs the after-effects of the
coronavirus on the human body is a matter of concern as even after being cured of the virus
the patient shows the sign and symptoms like low oxygen level, headache, difficulty in
breathing and are responsible for some deaths. However, the best treatment for COVID-19 is
still combined therapy along with drugs but the vaccines which are in the clinical trial phase

might prove more effective than the current therapies.
CONFLICT OF INTEREST: The authors have no conflicts of interest to declare.
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