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Abstract

Introduction: Drug repositioning is being actively pursued for Covid 19. Drug repositioning is also
known as therapeutic switching, drug re purposing, drug re tasking or drug re profiling. This is the re
tasking of a previously tested and approved drug to attempt to address the treatment requirements of a
different disease or medical condition. Methods: A systematic search of Scopus, Web of science,
PubMed and Google scholar was conducted to identify articles that involved studies on repurposing of
drugs for clinical management of COVID-19 disease. The following ‘Medical Subject Headings’
(MeSH) terms and text words were used in the search in Scopus: (Drug Repurposing or Drug Re-
profiling or Drug re-positioning) AND (Coronavirus disease) OR (COVID 19) OR (SARS-coronavirus-
2 diseases.) The following ‘Medical Subject Headings’ (MeSH) terms and text words were used in the
search in Web of Science: (Drug Repurposing or Drug Re-profiling or Drug re-positioning) AND
(Coronavirus disease) OR (COVID 19) OR (SARS-coronavirus-2 diseases.) The following ‘Medical
Subject Headings’ (MeSH) terms and text words were used in the search in Pubmed: (Drug Repurposing
or Drug Re-profiling or Drug re-positioning) AND (Coronavirus disease) OR (COVID 19) OR (SARS-

12425



A comprehensive narrative review of the organic evolution of global initiatives and developments in
Covid 19 drugs and therapeutics repurposing research with regard to Monoclonal antibodies and
Antivirals.

coronavirus-2 diseases.) The following ‘Medical Subject Headings’ (MeSH) terms and text words were
used in the search in Google scholar: (Drug Repurposing or Drug Re-profiling or Drug re-positioning)
AND (Coronavirus disease) OR (COVID 19) OR (SARS-coronavirus-2 diseases.) Results and
Discussion: The Monoclonal antibodies space is seeing repositioning as well as development of new
therapeutic alternatives specifically for Covid 19. The antibodies being investigated for repositioning
are anti-IL-8 (BMS-986253) and anti-IL-6 agents (Tocilizumab). The antiviral therapeutic space is
seeing significant research activity in re positioning previously developed and approved anti viral
agents. These anti viral agents had been therapeutically weaponised against SARS-CoV, MERS-CoV
and the West Nile virus. The antivirals currently being repurposed are Favipiravir, Remdesivir,
Umifenovir, Triazavarinand Ribavirin.
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Introduction

COVID-19 drug development includes all research that works towards developing therapeutic and
preventative pharmaceutical interventions for the alleviation of the severity of the Covid 19 disease.
Health organisations, hundreds of pharmaceutical companies, university researchers and firms working
in biotechnology have been, from the beginning of the pandemic in early 2020, all through 2021,
working towards the development of these interventions. These therapeutic and preventative
pharmaceutical candidates are in different stages of research: clinical and preclinical. As of April 2021,
the total number of candidates was 506 and the number of potential Covid 19 drugs in clinical trials
was 419.1 Concerted efforts for the development of vaccines, post infection therapies and antiviral drugs
had begun in March 2020 with the US Food and Drug Administration (USFDA), WHO, European
Medicines Agency (EMA), the government of China and pharmaceutical companies®**°6 coordinating
closely with researchers in industry and academia to hasten the pace of development.”8%1° 536 clinical
studies with the objective of coming out with covid 19 post infection treatments are registered with the
WHO’s Registry platform for International Clinical Trials.'*2 The Solidarity trial was run by the WHO
in 10 countries, starting from March 2020. Thousands of Covid 19 positive patients were enrolled. The
clinical objective was to ascertain the efficacy of four antivirals used in the trial.®>**1> In April 2020, a
dynamic systematic review was set in motion. The purpose of this review was to track the progress of
covid 19 related registered clinical trials for treatment drugs and vaccines.'® With drug development
being a time intensive process, typically taking above five years to meet all standard safety
requirements®’, U.S. and European regulatory bodies moved quickly to bring down barriers and speed
up clinical testing.*® In June 2021, the final stage of human testing for phase 3 and phase 4 clinical trials
had been reached by several potential candidates for post covid infection pharmaceutical therapy.®

The process of drug development has the following components: animal and microorganism
laboratory research and fulfilment of regulatory requirements.?®?* Typically, the whole process from
concept to approved drug / vaccine takes at least 10 years. The intervening stages are those of laboratory
based preclinical testing and development of clinical trials including phase 1, phase 2 and phase 3
trials.1"22 Typically, the preclinical stage for Covid 19 treatments requires 1 to 2 years.?223242% This
includes testing for safety and efficacy in a statistically significant sample size of Covid 19 patients. In
different countries, the statistically significant size can vary from hundreds to thousands. The success
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rate to attain eventual regulatory approval is only 19 percent.?® Phase 1 trials assess mainly initial dosing
and safety. The testing is done in a cohort size of a few dozen. After success in Phase 1 trials, Phase 2
trials begin. These trials assess efficacy of increasing dosage levels on Covid 19 disease. Efficacy is
measured by biomarkers. The cohort size in phase 2 trials is in the hundreds. Close monitoring is done
for adverse events. Phase 2 trials of Covid 19 therapeutic candidates have typically been blinded,
randomised, placebo controlled and operationally executed at multiple sites.?” The strike rate for Phase
2 trials to move to Phase 3 (for all conditions) is 31 percent. The strike rate for Phase 2 trials to move
to Phase 3 (for infectious diseases only) is 43 percent.?® Phase 2 trial lengths can extend from many
months to 2 years. The longer the duration, the more expensive it is.?” In literature, the available
estimates of the cost for an average length Phase 2 trial inclusive of the costs of the preclinical and
Phase 1 stages is 57 million dollars (in 2013 dollars).? Successful execution of a Phase 2 trial does not
necessarily translate into success in Phase 3 research.?® Phase 3 trials have a sample size that can range
from a few hundreds to thousands. The cohort consists of hospitalised patients. The variable tested is
the efficacy of the drug in reducing disease effects. It includes continuous monitoring for adverse events
following drug administration.1"-%

Drug repositioning is being actively pursued for Covid 19. Drug repositioning is also known as
therapeutic switching, drug re purposing, drug re tasking or drug re profiling. This is the re tasking of a
previously tested and approved drug to attempt to address the treatment requirements of a different
disease or medical condition.! Many antiviral medications currently in use or that have been used
previously as treatments for Malaria, Severe acute respiratory syndrome(SARS), HIV and Middle east
respiratory syndrome (MERS) are potential drug repurposing candidates. There exists a significant
similarity in the genomic layout, replication characteristics and biology of the SARS Cov 2, SARS and
MERS viruses. Therefore it is a logical step to test therapeutic options across these viruses.?

Methods

A systematic search of Scopus, Web of science, PubMed and Google scholar was conducted to
identify articles that involved studies on repurposing of drugs for clinical management of COVID-19
disease. The following ‘Medical Subject Headings’ (MeSH) terms and text words were used in the
search in Scopus: (Drug Repurposing or Drug Re-profiling or Drug re-positioning) AND (Coronavirus
disease) OR (COVID 19) OR (SARS-coronavirus-2 diseases.) The following ‘Medical Subject
Headings’ (MeSH) terms and text words were used in the search in Web of Science: (Drug Repurposing
or Drug Re-profiling or Drug re-positioning) AND (Coronavirus disease) OR (COVID 19) OR (SARS-
coronavirus-2 diseases.) The following ‘Medical Subject Headings’ (MeSH) terms and text words were
used in the search in Pubmed: (Drug Repurposing or Drug Re-profiling or Drug re-positioning) AND
(Coronavirus disease) OR (COVID 19) OR (SARS-coronavirus-2 diseases.) The following ‘Medical
Subject Headings’ (MeSH) terms and text words were used in the search in Google scholar: (Drug
Repurposing or Drug Re-profiling or Drug re-positioning) AND (Coronavirus disease) OR (COVID
19) OR (SARS-coronavirus-2 diseases.)
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Results and Discussion

1. Monoclonal antibodies

The Monoclonal antibodies space is seeing repositioning as well as development of new
therapeutic alternatives specifically for Covid 19.3 The antibodies being investigated for
repositioning are anti-1L-8 (BMS-986253) and anti-IL-6 agents (Tocilizumab).* Mavrilimumab is
a monoclonal antibody. It suppresses granulocyte macrophage colony-stimulating factor
receptor (GM-CSF-R).[*I2 |ts efficacy in bettering the prognosis of Covid 19 pneumonia and
systemic hyperinflammation has been studied. Some beneficial effects have been reported.t®
Sarilumab and Tocilizumab have been declared fit for Covid 19 use by the UK NHS in January
2021. The indication is ICU admissions. The evidence points to a decrease in risk of death by 24
percent. Tocilizumab is an interleukin 6 inhibitor. Tocilizumab use has been assessed in multiple
trials. It is authorised for clinical use in severe cytokine release syndrome, rheumatoid arthritis,
systemic juvenile idiopathic arthritis and giant cell arteritis.*> WHO and Hoffmann-La Roche have
conducted exclusive clinical trials on cohorts of clinically severely ill patients.'® On July 29,2020,
Roche announced that there was no evidence of clinical benefits in the double blind randomised
trial of tocilizumab in treatment of Covid 19 pneumonia.’ In contrast, the UK based REMAP-CAP
trials came up with data that strongly suggested that tocilizumab provided significant therapeutic
benefits. These therapeutic benefits were seen in adults when the administration was started within
24 hours of the beginning of indications for organ support in patients who were critically ill with
Covid 19. The patients in the trial cohort were in an ICU setting, receiving cardiovascular and/or
respiratory support.®® In January 2021, the UK National Institute for Health and Care Excellence
(UK NICE) updated its therapeutic guidelines for Tocilizumab therapy.® Tocilizumab has been
tested in the large scale RECOVERY trial in the UK.® The proponents of Tocilizumab have held
up the results of this trial as clinching proof of the efficacy of Tocilizumab in the treatment of severe
cases of Covid 19.2® The RECOVERY trial had a cohort of 4000 adults. This cohort size was
substantially more than the combined cohorts of all previous randomised control trials. It was in
fact several times more. This cohort was randomly assigned to either the standard protocol treatment
of the time or to Tocilizumab.*? In patients on Tocilizumab, mortality rate was 31 percent as
compared to 35 percent in patients receiving standard protocol treatment of the time. Deaths within
28 days were considered for the purpose of calculation. Hospital discharge within 28 days was also
seen to be significantly more probable in patients on Tocilizumab than in patients receiving standard
protocol treatment of the time.*8 Tocilizumab was authorised for emergency use in the U.S. in June
2021. The indications for emergency use were Covid positive patients older than two years of age
and receiving inpatient treatment with systemic steroids, oxygen supplementation, mechanical
ventilation (non invasive or invasive) or extracorporeal membrane oxygenation (ECMO).1°

2. Antivirals

The antiviral therapeutic space is seeing significant research activity in re positioning previously
developed and approved anti viral agents. These anti viral agents had been therapeutically weaponised
against SARS-CoV, MERS-CoV and the West Nile virus.?’ The antivirals currently being repurposed
are Favipiravir, Remdesivir, Umifenovir, Triazavarin and Ribavirin.2%21:2223.24 There is evidence of the
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artesunate-pyronaridine combination inhibiting the activity of SARS-CoV-2 in in vitro tests utilising
Hela cells. Post twenty four hours, this combination had a virus titre inhibition rate of more than 99
percent. Evidence of significant reductions in Cytotoxicity were also observed.? A peer reviewed pre
print published in July 2020 gave evidence of this combination using human lung epithelial cells to
display antiviral actions against influenza and SARS-CoV-2 viruses.?® The artesunate-pyronaridine
combination is undergoing phase 2 clinical trials in South Africa and South Korea.??82%% ProTide
Remdesivir contains the nucleoside GS-441524. ProTide Remdesivir has shown a 96 percent success
rate in the treatment of Feline infectious peritonitis (FIP) which is caused by a feline coronavirus.3!32
After administration, Remdesivir is subjected to rapid hydrolysis and dephosphorylation with the result
that GS-441524 is the active metabolite in circulation.®*343536 These findings have pushed it as a
therapeutic option for Covid 19.3337:383%940 Factors favouring ProTide Remdesivir are faster synthesis,
absence of liver first pass metabolism and enhanced production of triphosphate and increased
hydrophilicity independent of the enzymes needed for the bioactivation of Remdesivir: CTSA and
CESI. Molnupiravir is used in influenza treatment. Researchers have presented evidence for the
complete suppression of Covid 19 transmission within 24 hours by Molnupiravir. This evidence comes
from research in ferrets. Covid 19 transmission in ferrets is very similar to Covid 19 transmission in
humans.*+424344 An in vitro screening assay of drugs carried out in South Korea has come up with
Niclosamide as a potential antiviral candidate.* Rupintrivir, CLpro 1 and GC376 are protease inhibitors
that are seeing substantial laboratory research and development. These protease inhibitors have a
defined target: the protease 3CLpro.464748

Favipiravir is approved for Influenza treatment in Japan.“®2° With regard to favipiravir efficacy in
Covid 19 treatment, it is safe to say that more evidence is required.*° Clinical trials on Favipiravir in the
Chinese research centres in Shenzhen and Wuhan reported significant efficacy in Covid 19 treatment.>
The Wuhan study had a cohort size of 240 patients with Covid 19 pneumonia. The cohort was divided
into two batches. One batch was administered Favipiravir. The other batch received Umifenovir.>?
Clinical recovery from fever and cough was quicker in the favipiravir cohort. There was no significant
difference in the probability of progression to more serious illness that required ventilator support.>
Favipiravir was approved by the Italian administration for experimental treatment in Covid 19 in March
2020. Three high Covid 19 disease burden regions in Italy were chosen for the conduct of clinical
trials.>* Public announcements were made by the Italian pharmaceutical agency that the then levels of
evidence in favour of the efficacy of Favipiravir in Covid 19 treatment were at best patchy and
insufficient.% In May 2020, Avifavir, a generic version of Favipiravir was granted approval by the
health ministry of the Russian government for treatment of Covid 19. The phase 1 clinical trials of
Avifavir had shown very encouraging results.®®%"%8 The use of Fabiflu, a generic version of Favipiravir
developed by Glenmark pharmaceuticals was approved in June 2020 by the Indian government for the
management of mild and moderate cases of Covid 19.% A systematic review published in May 2021
shared the following results: Patients who received Favipiravir in the first seven days of inpatient
treatment had a 24 percent higher chance of improvement in clinical status. With regard to mortality
reduction, there was no statistically significant impact in any of the groups including inpatients and
those without serious symptoms. 5061

Lopinavir and Ritonavir
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In March of 2020, it was identified that post infection drugs could target 3CLpro, which is the main
protease of the SARS-Cov-2 virus. This protease is an enzyme that is required in the processing of
polyproteins related to replication. The identification of the protease enzyme was facilitated
significantly by the publication of the genome by Chinese researchers in January of 2020.%? Lopinavir
and Ritonavir are protease inhibitors that are currently being used in the treatment of Human
Immunodeficiency Viruses (HIV). There is evidence of their antimicrobial activity against
coronaviruses, MERS and SARS.®% Their efficacy as a potential combination therapy has been studied
in 2 arms of Phase 3 of the 2020 global solidarity Covid 19 project.®*®* There was no effect of this
combination on Covid 19 inpatients in a preliminary study conducted in China.®® University of Colorado
researchers are trying to modify these drugs into something that will bind with the SARS-CoV-2
protease.®®®” There has been academic criticism from within the peer scientific community regarding
the logic of directing research funding towards the repurposing of drugs that have been developed very
specifically for HIV/AIDS. There is scepticism regarding whether such drugs will have any efficacy
against a virus that does not have the particular HIV-1 protease that these drugs target.? Lopinavir and
Ritonavir were included in the International solidarity trial by the WHO.® In June 2020, the UK
RECOVERY trial investigators released their report: the administration of Lopinavir and Ritonavir over
a treatment duration of 28 days in a cohort of 1596 inpatients with severe Covid 19 infection did not
yield any significant therapeutic benefits.5" In October 2020, a study of FDA approved therapeutic
agents that targeted the SARS-CoV-2 spike (S) protein was published. It suggested that the combination
of Lopinavir and Ritonavir was unbalanced, resulting in Lopinavir interfering with Ritonavir’s action
and significantly negatively impacting its therapeutic benefits. Ritonavir’s action is blocking activity
on the RBD-hACE?2 interaction (Receptor Binding Domain-human Angiotensin Converting Enzyme-
2).

Remdesivir

The United States approved Remdesivir for Covid 19 therapy in October 2020.75°859 This approval
was based on the U.S. FDA’s data analysis of 3 RCTs: NCT04280705, NCT04292899, and
NCT04292730. The cohort had inpatients with Covid 19 severity ranging from mild Covid 19 to severe
Covid 19.7°° The cohort size was 2043. 226 sites in 17 countries including the USA participated. Gilead
Sciences Inc. was granted approval and received the updated Emergency use authorisation (EUA). The
U.S. National Institute of Allergy and Infectious Diseases conducted an RCT. It was double blinded
and placebo controlled. It assessed recovery times from Covid 19 among patients within 29 days of the
end of treatment.” The cohort size was 1062 inpatients with all three grades of Covid 19 (mild, moderate
and severe). 541 patients received Remdesivir and 521 patients received placebo.” The definition of
recovery for the purpose of the study included two options: either discharge from the hospital, or
inpatient no longer needing supplemental oxygen and medical care.” Median time for recovery from
Covid 19 was ten days for the Remdesivir group and fifteen days for the placebo group. This difference
is statistically significant.” The Remdesivir cohort had a statistically significant higher probability of
clinical improvement on day 15 compared to the placebo cohort.” A second multi centre RCT of
hospitalised Covid 19 inpatients with moderate illness was conducted. Two cohorts received
Remdesivir for 5 days (n=191) and 10 days (n=193) and one cohort received standard care (n=200).’
The clinical status of patients was evaluated on Day 11.” The analysis showed that the probability of a
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patient’s clinical status improving on day 11 was statistically significantly higher in the 5 day
Remdesivir group when compared to the group receiving standard care.’” The probability of a patient’s
clinical status improving on day 11 was higher in the 5 day Remdesivir group when compared to the
group receiving standard care, but not statistically significantly.” A third multi centre RCT of
hospitalised Covid 19 inpatients with severe illness was conducted. Two cohorts received Remdesivir
for 5 days (n=200) and 10 days (n=197).” The clinical status of patients was evaluated on Day 14.” The
analysis showed that the probability of a patient’s clinical status improving on day 14 was the same for
both cohorts. The two cohorts did not have any statistically significant differences in their recovery
rates and mortality rates.’

Remdesivir/baricitinib

The ACTT-2 (Adaptive COVID-19 Treatment Trial 2) to assess the impact and safety of a combination
treatment of Baricitinib and Remdesivir was initiated by the US NIAID (National Institute of Allergy
and Infectious Diseases) in May 2020. The study cohort was Covid 19 inpatients with lung pathology;
requiring mechanical ventilation; requiring supplemental oxygen or having abnormal chest x rays.®%.61.62
Based on the results of these trials, the US FDA authorised emergency use of baricitinib in combination
with remdesivir in November 2020.% The target population is suspected or laboratory confirmed Covid
19 inpatients older than 2 years of age requiring any of the following: ECMO (Extracorporeal membrane
oxygenation), supplemental oxygen or mechanical ventilation.?®

Remdesivir/interferon beta-1a

The ACTT-3 (Adaptive COVID-19 Treatment Trial 3) to assess the impact and safety of a combination
treatment of remdesivir plus interferon beta-1a was initiated by the US NIAID (National Institute of
Allergy and Infectious Diseases) in May 2020. The study cohort was laboratory confirmed Covid 19
adult inpatients with lung pathology; requiring mechanical ventilation; requiring supplemental oxygen
or having abnormal chest x rays.%:63

Authorizations and deployment

Approximately fifty countries have authorised Remdesivir for emergency use in Covid 19.** India and
Singapore have granted Emergency use authorisation for Remdesivir.®4® Australia, Japan, U.S. and the
European Union have granted approvals for the use of Remdesivir in patients with severe
illness.8966:67.6869.57587 An assessment of whether the usage guidelines for Remdesivir should be altered
to include Covid 19 patients with no indications for supplemental oxygen was begun by the Committee
for Medicinal Products for Human Use (CHMP) of the European Medicines Agency (EMA) in
February 2021.7° Remdesivir is the first therapeutic intervention for Covid 19 treatment to be granted
approval by the U.S. FDA.” The current FDA approval does not extend to the whole population that had
been covered by the Emergency use authorisation granted on May 1,2020.7 With the aim of maintaining
uninterrupted access of Remdesivir to the pediatric population that had coverage previously too under
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the EUA, the EUA for remdesivir was revised by the FDA to make the therapeutic option available to
suspected or laboratory confirmed Covid 19 pediatric inpatients weighing between 3.5 kgs and 40 kgs.’
Currently, the safety and impact of Remdesivir in pediatric patients is being assessed by clinical trials.’

References

1. World Health Organization. WHO Director-General's opening remarks at the media briefing on
COVID-19. 11 March 2020. https://www.who.int/dg/speeches/detail/who-director-general-s-opening-
remarks-at-the-media-briefing-on-covid-19—11-march-2020 (March 11, 2020), Accessed 17 March
2020.

2. A. Pizzorno, B. Padey, O. Terrier, M. Rosa-Calatrava. Drug repurposing approaches for the treatment
of influenza viral infection: reviving old drugs to fight against a long-lived enemy. Front.
Immunol., 10 (2019), p. 531

3. W.+j. Guan, Z.-y. Ni, Y. Hu, W.-H. Liang, C.-Q. Ou, J.-X. He, L. Liu, H. Shan, C.-I. Lei, D.S. Hui.
Clinical characteristics of coronavirus disease 2019 in China. New Engl. J. Med., 382 (2020), pp. 1708-
1720

4. P. Bost, A. Giladi, Y. Liu, Y. Bendjelal, G. Xu, E. David, R. Blecher-
Gonen, M. Cohen, C. Medaglia, H. Li, et al. Host-viral infection maps reveal signatures of severe
COVID-19 patients. Cell (2020), 10.1016/j.cell.2020.05.006

5. R. Lu, X. Zhao, J. Li, P. Niu, B. Yang, H. Wu, W. Wang, H. Song, B. Huang, N. Zhu. Genomic
characterisation and epidemiology of 2019 novel coronavirus: implications for virus origins and
receptor binding. The Lancet, 395 (2020), pp. 565-574

6. Sun M.L., Yang J.M., Sun Y.P., Su G.H.: Inhibitors of RAS might be a good choice for the therapy
of COVID-19 pneumonia. Zhonghua Jie He He Hu Xi Za Zhi 2020; 43: pp. E014.

7.C. Rothe, M. Schunk, P. Sothmann, G. Bretzel, G. Froeschl, C. Wallrauch, T. Zimmer, V. Thiel, C.
Janke, W. Guggemos. Transmission of 2019-nCoV infection from an asymptomatic contact in
Germany. New Engl. J. Med., 382 (2020), pp. 970-971

8.Z.1Jin, X. Du, Y. Xu, Y. Deng, M. Liu, Y. Zhao, B. Zhang, X. Li, L. Zhang, C. Peng, et al. Structure
of Mpro from COVID-19 virus and discovery of its inhibitors. Nature, 582 (2020), pp. 289-293

9.G.L. Law, J. Tisoncik-Go, M.J. Korth, M.G. Katze. Drug repurposing: a better approach for infectious
disease drug discovery? Curr. Opin. Immunol., 25 (2013), pp. 588-592

10. N. Chen, M. Zhou, X. Dong, J. Qu, F. Gong, Y. Han, Y. Qiu, J. Wang, Y. Liu, Y. Wei.
Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet, 395 (2020), pp. 507-513

11. M.P. Lythgoe, P. Middleton. Ongoing clinical trials for the management of the COVID-19
pandemic. Trends Pharmacol. Sci., 41 (2020), pp. 363-382

12432



Dr.Gavishiddhayya Salimath, Mr.Rajib Mandal, Mr.Sanjeev B. Chougule, Dr.Kamath Madhusudana,
Biju Soman,

12. W. Chen, Y. Lan, X. Yuan, X. Deng, Y. Li, X. Cai, L. Li, R. He, Y. Tan, X. Deng. Detectable 2019-
nCoV viral RNA in blood is a strong indicator for the further clinical severity. Emerging Microbes
Infect., 9 (2020), pp. 469-473

13.M.A. Miller, V.S. Raj, D. Muth, B. Meyer, S. Kallies, S.L. Smits, R. Wollny, T.M. Bestebroer, S.
Specht, T. Suliman. Human coronavirus EMC does not require the SARS-coronavirus receptor and
maintains broad replicative capability in mammalian cell lines. MBio, 3 (2012) e00515-e00512

14.S. Pushpakom, F. lorio, P.A. Eyers, K.J. Escott, S. Hopper, A. Wells, A. Doig, T. Guilliams, J. Lati
mer, C. McNamee, et al. Drug repurposing: progress, challenges and recommendations. Nat. Rev. Drug
Discov., 18 (2019), pp. 41-58

15. Pfefferle S., Schopf J., Kogl M., Friedel C.C., Muller M.A., Carbajo-Lozoya J., et. al.: The SARS-
coronavirus-host interactome: identification of cyclophilins as target for pan-coronavirus inhibitors.
PLoS Pathog 2011; 7:

16. J.M. Sanders, M.L. Monogue, T.Z. Jodlowski, J.B. Cutrell. Pharmacologic treatments for
coronavirus disease 2019 (COVID-19): a review. JAMA, 323 (2020), pp. 1824-1836

17. B. Ju, Q. Zhang, X. Ge, R. Wang, J. Yu, S. Shan, B. Zhou, S. Song, X. Tang, J. Yu, et al. Potent
human neutralizing antibodies elicited by SARS-CoV-2 infection. Nature (2020), 10.1038/s41586-020-
2380-z

18. P. Yu, J. Zhu, Z. Zhang, Y. Han, L. Huang. A familial cluster of infection associated with the 2019
novel coronavirus indicating potential person-to-person transmission during the incubation period.
J. Infect. Dis., 221 (2020), pp. 1757-1761

19. Keyaerts E., Vijgen L., Maes P., Neyts J., Van Ranst M.: . Biochem Biophys Res Commun 2004;
323: pp. 264-268.

20. Uthman, B. Extended-release Antiepilepsy Drugs—Review of the Effects of Once-daily Dosing on
Tolerability, Effectiveness, Adherence, Quality of Life, and Patient Preference. US Neurol. 2014, 10,
30.

21. D.B. Kitchen, H. Decornez, J.R. Furr, J. Bajorath. Docking and scoring in virtual screening for drug
discovery: methods and applications. Nat. Rev. Drug Discov., 3 (2004), pp. 935-949

22. Lima WG, Alves-Nascimento LA, Andrade JT et al (2019) Are the Statins promising antifungal
agents against invasive candidiasis? Biomed Pharmacother 111:270-
281. https://doi.org/10.1016/j.biopha.2018.12.076

23.D.E. Gordon, G.M. Jang, M. Bouhaddou, J. Xu, K. Obernier, K.M. White, M.J. O’Meara, V.V. Re
zelj, J.Z. Guo, D.L. Swaney, et al. A SARS-CoV-2 protein interaction map reveals targets for drug
repurposing. Nature (2020), 10.1038/s41586-020-2286-9

24. Richardson, P.; Griffin, I.; Tucker, C.; Smith, D.; Oechsle, O.; Phelan, A.; Stebbing, J. Baricitinib
as potential treatment for 2019-nCoV acute respiratory disease. Lancet 2020, 395, e30-e31.

25. Dakshanamurthy, S.; Issa, N.; Assefnia, S.; Seshasayee, A.; Peters, O.; Madhavan, S.; Uren, A,;
Brown, M.; Byers, S. Predicting New Indications for Approved Drugs Using a Proteochemometric
Method. J. Med. Chem. 2012, 55, 6832—6848.

26.P. Sanseau, P. Agarwal, M.R. Barnes, T. Pastinen, J.B. Richards, L.R. Cardon, V. Mooser. Use of
genome-wide association studies for drug repositioning. Nat. Biotechnol., 30 (2012), pp. 317-320

12433



A comprehensive narrative review of the organic evolution of global initiatives and developments in
Covid 19 drugs and therapeutics repurposing research with regard to Monoclonal antibodies and
Antivirals.

27. Nishimura, Y.; Hara, H. Editorial: Drug Repositioning: Current Advances and Future
Perspectives. Front. Pharmacol. 2018, 9

28. Spaulding, A.; Rutherford, G.; Siegfried, N. Stavudine or Zidovudine in three-drug combination
therapy for initial treatment of HIV infection in antiretroviral-naive individuals. Cochrane Database
Syst. Rev. 2010.

29.J.H. Beigel, K.M. Tomashek, L.E. Dodd, A.K. Mehta, B.S. Zingman, A.C. Kalil, E. Hohmann, H.
Y. Chu, A. Luetkemeyer, S. Kline, et al. Remdesivir for the treatment of Covid-19 — preliminary
report. N. Engl. J. Med. (2020), 10.1056/NEJM0a2007764

30. S.H.E. Kaufmann, A. Dorhoi, R.S. Hotchkiss, R. Bartenschlager. Host-directed therapies for
bacterial and viral infections. Nat. Rev. Drug Discov., 17 (2018), pp. 35-56

31. Pelham, W.; Gnagy, E.; Burrows-Maclean, L.; Williams, A.; Fabiano, G.; Morrisey, S.; Chronis,
A.; Forehand, G.; Nguyen, C.; Hoffman, M.; et al. Once-a-Day Concerta Methylphenidate Versus
Three-Times-Daily Methylphenidate in Laboratory and Natural Settings. Pediatrics 2001, 107, e105.

32. JF-W. Chan, S. Yuan, K.-H. Kok, K.K.-W. To, H. Chu, J. Yang, F. Xing, J. Liu, C.C.-
Y. Yip, RW.-S. Poon. A familial cluster of pneumonia associated with the 2019 novel coronavirus
indicating person-to-person transmission: a study of a family cluster. Lancet, 395 (2020), pp. 514-523

33. S.Y. Xiao, Y. Wu, H. Liu. Evolving status of the 2019 novel coronavirus Infection: proposal of
conventional serologic assays for disease diagnosis and infection monitoring [Commentary/Review].
J. Med. Virol., 92 (2020), pp. 464-467

34.L. Zhang, D. Lin, X. Sun, U. Curth, C. Drosten, L. Sauerhering, S. Becker, K. Rox, R. Hilgenfeld.
Crystal structure of SARS-CoV-2 main protease provides a basis for design of improved a-ketoamide
inhibitors. Science, 368 (2020), pp. 409-412

35.P. Gautret, J.C. Lagier, P. Parola, L. Meddeb, M. Mailhe, B. Doudier, J. Courjon, V. Giordanengo,
V.E. Vieira, H.T. Dupont. Hydroxychloroquine and azithromycin as a treatment of COVID-19: results
of an open-label non-randomized clinical trial. Int. J. Antimicrob. Agents (2020), p. 105949

36. E. De Clercg, G. Li. Approved antiviral drugs over the past 50 years. Clin. Microbiol.
Rev., 29 (2016), pp. 695-747

37. Blaising J, Polyak SJ, Pécheur EI (2014) Arbidol as a broad-spectrum antiviral: An update. Antivir
Res. 107:84-94. https://doi.org/10.1016/j.antiviral.2014.04.006

38. Meng, X.; Zhang, H.; Mezei, M.; Cui, M. Molecular Docking: A Powerful Approach for Structure-
Based Drug Discovery. Curr. Comput. Aided-Drug Des. 2011, 7, 146-157.

39. Yao X., Ye F., Zhang M., Cui C., Huang B., Niu P, et. al.: . Clin Infect Dis 2020;

40. L. Simonsen, G. Chowell, V. Andreasen, R. Gaffey, J. Barry, D. Olson, C. Viboud. A review of the
1918 herald pandemic wave: importance for contemporary pandemic response strategies. Ann.
Epidemiol., 28 (2018), pp. 281-288

41. Samarpita, S.; Kim, J.; Rasool, M.; Kim, K. Investigation of toll-like receptor (TLR) 4 inhibitor
TAK-242 as a new potential anti-rheumatoid arthritis drug. Arthritis Res. Ther. 2020, 22.

12434



Dr.Gavishiddhayya Salimath, Mr.Rajib Mandal, Mr.Sanjeev B. Chougule, Dr.Kamath Madhusudana,
Biju Soman,

42. Baron S.A., Devaux C., Colson P., Raoult D., Rolain M.J.: Teicoplanin: an alternative drug for the
treatment of coronavirus COVID-19?. Int J Antimicrob Agents 2020;

43. Vora, P.; Somani, R.; Jain, M. Drug Repositioning: An Approach for Drug Discovery. Mini-Rev.
Org. Chem. 2016, 13, 363-376.

44. ). Stebbing, A. Phelan, I. Griffin, C. Tucker, O. Oechsle, D. Smith, P. Richardson. COVID-19:
combining antiviral and anti-inflammatory treatments. Lancet Infect. Dis., 20 (2020), pp. 400-402

45. Y. Xu, F. Zhao. Single-cell metagenomics: challenges and applications. Protein Cell, 9 (2018),
pp. 501-510

46. S. Ekins, J. Mestres, B. Testa. In silico pharmacology for drug discovery: applications to targets and
beyond. Br. J. Pharmacol., 152 (2007), pp. 21-37

47.Y. Liu, AA. Gayle, A. Wilder-Smith, J. Rocklév. The reproductive number of COVID-19 is higher
compared to SARS coronavirus. J. Trav. Med., 27 (2020), p. taaa021

48. A. Kilianski, A.M. Mielech, X. Deng, S.C. Baker. Assessing activity and inhibition of Middle East
respiratory syndrome coronavirus papain-like and 3C-like proteases using luciferase-based biosensors.
J. Virol., 87 (2013), pp. 11955-11962

49. Wei, G.; Twomey, D.; Lamb, J.; Schlis, K.; Agarwal, J.; Stam, R.; Opferman, J.; Sallan, S.; den
Boer, M.; Pieters, R.; et al. Gene expression-based chemical genomics identifies Rapamycin as a
modulator of MCL1 and glucocorticoid resistance. Cancer Cell 2006, 10, 331-342

50. R.D. Pechous, V. Sivaraman, N.M. Stasulli, W.E. Goldman. Pneumonic plague: the darker side of
Yersinia pestis. Trends Microbiol., 24 (2016), pp. 190-197

51.A. Giacomelli, L. Pezzati, F. Conti, D. Bernacchia, M. Siano, L. Oreni, S. Rusconi, C. Gervasoni,
A.L. Ridolfo, G. Rizzardini, et al. Self-reported olfactory and taste disorders in patients with severe
acute  respiratory coronavirus 2 infection: a cross-sectional study. Clin. Infect.
Dis. (2020), 10.1093/cid/ciaa330

52.Worldometer (2020) Coronavirus Cases.
Worldometer. https://www.worldometers.info/coronavirus/.

53.T.l. Oprea, J.E. Bauman, C.G. Bologa, T. Buranda, A. Chigaev, B.S. Edwards, J.W. Jarvik, H.D. G
resham, M.K. Haynes, B. Hjelle, et al. Drug repurposing from an academic perspective. Drug Discov.
Today Ther. Strateg., 8 (2011), pp. 61-69

54. E.P. Tchesnokov, J.Y. Feng, D.P. Porter, M. Gotte. Mechanism of inhibition of Ebola virus RNA-
dependent RNA polymerase by remdesivir. Viruses, 11 (2019), p. 326

55. Dyall J., Coleman C.M., Hart B.J., Venkataraman T., Holbrook M.R., Kindrachuk J., et. al.:
Repurposing of clinically developed drugs for treatment of Middle East Respiratory Syndrome
coronavirus infection. Antimicrob Agents Chemother 2014; 58: pp. 4885-4893.

56.K. Kuba, Y. Imai, S. Rao, H. Gao, F. Guo, B. Guan, Y. Huan, P. Yang, Y. Zhang, W. Deng. A crucial
role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus—induced lung injury. Nat.
Med., 11 (2005), pp. 875-879

12435



A comprehensive narrative review of the organic evolution of global initiatives and developments in
Covid 19 drugs and therapeutics repurposing research with regard to Monoclonal antibodies and
Antivirals.

57. M. Wang, R. Cao, L. Zhang, X. Yang, J. Liu, M. Xu, Z. Shi, Z. Hu, W. Zhong, G. Xiao. Remdesivir
and chloroquine effectively inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell
Res., 30 (2020), pp. 269-271

58.K. Ratia, S. Pegan, J. Takayama, K. Sleeman, M. Coughlin, S. Baliji, R. Chaudhuri, W. Fu, B.S. Pr
abhakar, M.E. Johnson. A noncovalent class of papain-like protease/deubiquitinase inhibitors blocks
SARS virus replication. Proc. Natl. Acad. Sci. U S A, 105 (2008), pp. 16119-16124

59. S. Cohn, R. Kutalek. Historical parallels, Ebola virus disease and cholera: understanding community
distrust and social violence with epidemics. PLoS
Curr., 8 (2016), 10.1371/currents.outbreaks.aalf2b60e8d43939b43fbd93e1a63a94

60. Beck BR, Shin B, Choi Y et al (2020) Predicting commercially available antiviral drugs that may
act on the novel coronavirus (2019-nCoV), Wuhan, China through a drug-target interaction deep
learning model. bioRxiv. https://doi.org/10.1101/2020.01.31.929547

61.B. Cao, Y. Wang, D. Wen, W. Liu, J. Wang, G. Fan, L. Ruan, B. Song, Y. Cai, M. Wei, et al. A trial
of lopinavir—ritonavir in adults hospitalized with severe COVID-19. N. Engl. J. Med., 382 (2020),
pp. 1787-1799

62. A. Tang, Z. Tong, H. Wang, Y. Dai, K. Li, J. Liu, W. Wu, C. Yuan, M. Yu, P. Li. Detection of
novel coronavirus by RT-PCR in stool specimen from asymptomatic child, China. Emerging Infect.
Dis., 26 (2020), pp. 1337-1339

63.W. Zhang, Y. Zhao, F. Zhang, Q. Wang, T. Li, Z. Liu, J. Wang, Y. Qin, X. Zhang, X. Yan. The use
of anti-inflammatory drugs in the treatment of people with severe coronavirus disease 2019 (COVID-
19): the experience of clinical immunologists from China. Clin. Immunol., 214 (2020), p. 108393

64. Keyaerts E., Li S., Vijgen L., Rysman E., Verbeeck J., Van Ranst M., et. al.: Antiviral activity of
chloroquine against human coronavirus OC43 infection in newborn mice. Antimicrob Agents
Chemother 2009; 53: pp. 3416-3421.

65. Padhy BM, Gupta YK (2011) Drug repositioning: Re-investigating existing drugs for new
therapeutic indications. J Postgrad Med 57:153-160. https://doi.org/10.4103/0022-3859.81870

66. P. Zhou, X.-L. Yang, X.-G. Wang, B. Hu, L. Zhang, W. Zhang, H.-R. Si, Y. Zhu, B. Li, C.-L. Huang.
A pneumonia outbreak associated with a new coronavirus of probable bat origin. Nature, 579 (2020),
pp. 270-273

67. Foletto V.S., Serafin M.B., Bottega A., da Rosa T.F., de S., Machado C., Coelho S.S., et. al.:
Repositioning of fluoxetine and paroxetine: study of potential antibacterial activity and its combination
with ciprofloxacin. Medicinal Chemistry Research 2020; 29: pp. 556. —53

68. De Wit E, Van Doremalen N, Falzarano D, Munster VVJ (2016) SARS and MERS: recent insights
into emerging coronaviruses. Nat Rev Microbiol 14:523-534. https://doi.org/10.1038/nrmicro.2016.81

69.W. Li, M.J. Moore, N. Vasilieva, J. Sui, S.K. Wong, M.A. Berne, M. Somasundaran, J.L. Sullivan,
K. Luzuriaga, T.C. Greenough, et al. Angiotensin-converting enzyme 2 is a functional receptor for the
SARS coronavirus. Nature, 426 (2003), pp. 450-454

12436



Dr.Gavishiddhayya Salimath, Mr.Rajib Mandal, Mr.Sanjeev B. Chougule, Dr.Kamath Madhusudana,
Biju Soman,

70.M.J. Keiser, V. Setola, J.J. Irwin, C. Laggner, A.l. Abbas, S.J. Hufeisen, N.H. Jensen, M.B. Kuijer,
R.C. Matos, T.B. Tran, et al. Predicting new molecular targets for known drugs. Nature, 462 (2009),
pp. 175-181

12437



