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1. INTRODUCTION

The COVID-19 pandemic tested global health systems
by presenting a diagnostic and therapeutic vacuum.
During the early stages of the outbreak in Wuhan, China,
there were no specific antivirals. To fill the therapeutic
vacuum, the scientific and medical communities rapidly
began to repurpose drugs. Encouraging the identification
of new indications for already approved drugs, drug
repurposing has become a valuable tool to bridge the gap
between urgent clinical needs and the long processes of
traditional drug development. This article evaluates the
drug repurposing activities attempted during the
COVID-19 pandemic, focusing on their pharmacological
and clinical insights and the role of technology in shaping
pandemic response. While the idea of drug repurposing
existed before the COVID-19 pandemic, the COVID-19
pandemic highlighted the relevance of the idea. It
demonstrated the alignment of medical and administrative
systems in even the most advanced countries, such as the
US and China. The rapid shift of existing pharmacological
agents to address an emerging infectious disease
demonstrated the need for modern biomedicine and the
importance of interdisciplinary efforts during a crisis.
Traditionally, therapeutic breakthroughs have occurred as
a result of drug repurposing. Some examples include the
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use of sildenafil to treat erectile dysfunction and
duloxetine to treat stress urinary incontinence, which
illustrate the innovative capability of existing therapies [1,
2]. These findings helped us figure out a plan for
conducting research that can skip toxic-substance checks
and speed up the path to human trials. The conventional
process of developing drugs from scratch is time-
consuming, often taking more than ten years, and is
associated with substantial costs. Using drugs that are
already known to be safe, which is called repurposing, is
different. Repurposing involves the use of drugs that have
already been proven to be safe. This means we can
shorten parts of the research process, which is very
helpful when we have big health problems, like COVID-19,
and need to solve them soon. Repurposing is one way to
do this, as it saves time and money [3].

During the pandemic, some existing drugs were found
to have potential for combating the virus. Researchers
considered drugs that could possess immunomodulatory
properties. Three drugs were much in the spotlight
globally: remdesivir, dexamethasone, and tocilizumab.
Remdesivir was originally developed to treat Ebola. It was
found to work against SARS-CoV-2 in lab tests. Studies in
hospitals showed that remdesivir helped patients recover
faster. It took patients who received remdesivir 11 days to
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recover, versus 15 days for those who did not in the
ACTT-1 trial [4, 5]. Its approval under the U.S. FDA's
Emergency Use Authorization marked a moment in the
timeline of pandemic medicine [6]. Dexamethasone is a
potent anti-inflammatory agent and has been shown to be
beneficial in patients with severe COVID-19. The
RECOVERY trial demonstrated that dexamethasone
reduced mortality by up to 35% in critically ill patients
with COVID-19 [7]. Dexamethasone is an affordable
medicine. It costs more than two United States dollars for
a ten-day course. Dexamethasone is available in over 120
countries. This makes Dexamethasone more accessible
than medicines like molnupiravir. Molnupiravir is very
expensive. It costs over seven hundred United States
dollars for one course. Tocilizumab, originally developed
for the treatment of rheumatoid arthritis, exerts its effects
by inhibiting the excessive inflammatory response
associated with severe illness. It has been shown to
effectively reduce systemic inflammation, and when used
in combination with dexamethasone, it improves clinical
outcomes in patients with severe disease. Moreover, this
combination therapy has been associated with improved
survival in critically ill patients. Studies such as REMAP-
CAP and RECOVERY have demonstrated that the
combination of tocilizumab and dexamethasone improves
survival in patients with severe COVID-19. This
combination therapy has been reported to reduce
mortality by 15-30% [8]. These successes highlighted the
potential of repurposing existing drugs to address disease
mechanisms within a relatively short period. Researchers
employed computational simulations and molecular
studies to identify compounds with therapeutic potential.
This assisted in validating available drugs and some newer
ones as well. These drugs were repurposed to target novel
mechanisms of the disease. Computer modelling and
molecular dynamics studies validated existing SARS-CoV-2
targets and new leads identified from repurposed drugs
[9-11].

Although drug repurposing holds promise, there are
certain challenges. After an outbreak, the rush to find
treatments led people to become overly enthusiastic about
them prematurely. For instance, hydroxychloroquine and
lopinavir/ritonavir were believed to be cure-all drugs, but
these drugs did not provide any real benefits in large
randomized trials [12]. Nevertheless, several challenges
remain. Emergency Use Authorizations (EUAs) can
facilitate access to drugs during public health
emergencies; however, full regulatory approval requires
extensive data on efficacy, safety, and manufacturing
quality in compliance with regulatory standards. In
addition, concerns regarding intellectual property and the
limited financial incentives associated with drug
repurposing, particularly for generic drugs, may
discourage industry investment [13]. The pandemic has
highlighted the need for rapid and effective responses
based on the use of existing therapeutic agents rather
than the development of new drugs. There should be a
system to monitor the effects of drugs and identify their
additional therapeutic applications. This would enable us
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to be better equipped for the future. In addition, dedicated
databases or websites should be established to provide
information on the observed effects of these drugs and the
outcomes predicted by computational models [14-17].
Pharmaceutical companies are increasingly using
computational approaches to identify new applications for
existing drugs. Techniques such as molecular docking and
artificial intelligence are employed to screen for potential
therapeutic opportunities. These tools facilitate the
identification of drug targets and the prediction of
diseases for which existing drugs may be effective.
Consequently, drug repurposing has become a more
systematic and data-driven process. The continued
advancement of computational technologies is further
enhancing the efficiency and accuracy of drug repurposing
strategies [14, 15]. The drug repurposing models that use
artificial intelligence were evaluated by examining
historical patient outcomes, such as those associated with
remdesivir and baricitinib. To ensure the accuracy of these
models, similar datasets are needed, along with
experimental validation and open access to the data so
that other researchers can reproduce the findings. During
the COVID-19 crisis, drug repurposing enabled the use of
drugs such as dexamethasone and tocilizumab, making
them available to patients in both high- and low-income
countries. This represents an important advantage of drug
repurposing, as it facilitates global access to essential
medicines, even when they are expensive or difficult to
obtain during public health emergencies.The COVID-19
pandemic demonstrated that existing drugs can be highly
beneficial during medical emergencies and can contribute
to saving lives. The use of remdesivir, dexamethasone, and
tocilizumab was particularly successful. These findings
highlight that leveraging existing knowledge of medicines
can improve patient outcomes while also reducing
healthcare costs during pandemics such as COVID-19
[16-20].

CONCLUSION

This study proposes that drug repurposing is a core
weapon for future pandemic prevention and control.
However, to fully unlock its value, a mature system that
integrates three types of supporting conditions must be
established: regulatory flexibility with fast-track pathways,
advanced computational tools, and mechanisms to
guarantee equitable access, so that low-income countries
are not left behind. Clinical practices from past global
pandemics show that drug repurposing is not a one-size-
fits-all solution: Remdesivir only delivers very limited
mortality benefits; dexamethasone acts as a double-edged
sword, with potential harm to non-hypoxemic patients who
do not need oxygen therapy; and tocilizumab exhibits
highly variable efficacy, which relies heavily on precise
patient selection and whether it is used in combination
with corticosteroids. In the future, we must shift from
inflexible traditional trial models to adaptive trial designs
and precise patient stratification to clarify the suitability
of specific drugs for specific patient groups.



Repurposed Drugs and Pandemic Preparedness

AUTHORS’ CONTRIBUTION

It is hereby acknowledged that all authors have
accepted responsibility for the manuscript's content and
consented to its submission. They have meticulously
reviewed all results and unanimously approved the final
version of the manuscript.

FUNDING

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

(1]

[2]

(4]

(91

Ashburn TT, Thor KB. Drug repositioning: Identifying and
developing new uses for existing drugs. Nat Rev Drug Discov
2004; 3(8): 673-83.

http://dx.doi.org/10.1038/nrd1468 PMID: 15286734

Ng YL, Salim CK, Chu JJH. Drug repurposing for COVID-19:
Approaches, challenges and promising candidates. Pharmacol
Ther 2021; 228: 107930.
http://dx.doi.org/10.1016/j.pharmthera.2021.107930
34174275

Rahmani D, Jafari A, Kesharwani P, Sahebkar A. Molecular targets
in SARS-CoV-2 infection: An update on repurposed drug
candidates. Pathol Res Pract 2024; 263: 155589.
http://dx.doi.org/10.1016/j.prp.2024.155589 PMID: 39276508
Godwin PO, Polsonetti B, Caron MF, Oppelt TF. Remdesivir for
the Treatment of COVID-19: A narrative review. Infect Dis Ther
2024; 13(1): 1-19.

http://dx.doi.org/10.1007/s40121-023-00900-3 PMID: 38193988
Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus (2019-
nCoV) in vitro. Cell Res 2020; 30(3): 269-71.
http://dx.doi.org/10.1038/s41422-020-0282-0 PMID: 32020029
Elshaboury RH, Monk MM, Bebell LM, et al. Remdesivir use and
outcomes during the FDA COVID-19 emergency use authorization
period. Ther Adv Infect Dis 2021; 8: 20499361211046669.
http://dx.doi.org/10.1177/20499361211046669 PMID: 34589214
Horby P, Lim WS, Emberson JR, et al. Dexamethasone in
hospitalized patients with Covid-19. N Engl ] Med 2021; 384(8):
693-704.

http://dx.doi.org/10.1056/NEJMo0a2021436 PMID: 32678530
Narayanan ], Tamilanban T, Kumar PS, et al. Role and
mechanistic actions of protein kinase inhibitors as an effective
drug target for cancer and COVID. Arch Microbiol 2023; 205(6):
238.

http://dx.doi.org/10.1007/s00203-023-03559-z PMID: 37193831
Verma S, Dubey A, Singh R, Tayade R, Mishra VK. In-silico
screening, molecular dynamics, and DFT analysis of ZINC and
CHEMBL library compounds for sars-cov-2 main protease
inhibition. ChemistrySelect 2025; 10(4): 202403269.

PMID:

[11]

[13]

[17]

http://dx.doi.org/10.1002/slct.202403269

Ancy I, Sivanandam M, Kumaradhas P. Possibility of HIV-1
protease inhibitors-clinical trial drugs as repurposed drugs for
SARS-CoV-2 main protease: A molecular docking, molecular
dynamics and binding free energy simulation study. ] Biomol
Struct Dyn 2021; 39(15): 5368-75.
http://dx.doi.org/10.1080/07391102.2020.1786459
32627689

Chinnamadhu A, Ramakrishnan ], Suresh S, Ramadurai P,
Poomani K. Dynamics and binding affinity of nucleoside and non-
nucleoside inhibitors with RdRp of SARS-CoV-2: A molecular
screening, docking, and molecular dynamics simulation study. J
Biomol Struct Dyn 2023; 41(20): 10396-410.
http://dx.doi.org/10.1080/07391102.2022.2154844
36510678

Cao B, Wang Y, Wen D, et al. A trial of lopinavir-ritonavir in
adults hospitalized with severe Covid-19. N Engl ] Med 2020;
382(19): 1787-99.

http://dx.doi.org/10.1056/NEJM0a2001282 PMID: 32187464

van der Pol KH, Aljofan M, Blin O, et al. Drug repurposing of
generic drugs: Challenges and the potential role for government.
Appl Health Econ Health Policy 2023; 21(6): 831-40.
http://dx.doi.org/10.1007/s40258-023-00816-6 PMID: 37398987
Yadav A, Singh S, Srivastava V, et al. A review article on vaccine
development and therapeutics approach against SARS-CoV-2.
Open COVID Journal 2021; 1(1): 117-38.
http://dx.doi.org/10.2174/2666958702101010117

Abdelsattar AS, El-Awadly ZM, Abdelgawad M, Mahmoud F, Allam
SA, Helal MA. The role of molecular modeling and bioinformatics
in treating a pandemic disease: The case of COVID-19. Open
COVID Journal 2021; 1(1): 216-34.
http://dx.doi.org/10.2174/2666958702101010216
Ramasubburayan R, Amperayani KR, Varadhi G, et al. Unraveling
bioactive metabolites of mangroves as putative inhibitors of SARS-
CoV-2 Mpro and RBD proteins: Molecular dynamics and ADMET
analysis. ] Biomol Struct Dyn 2024; 42(24): 13401-10.
http://dx.doi.org/10.1080/07391102.2023.2275185
37897196

Zekri A, Ouassaf M, Khan SU, Rengasamy KRR, Alhatlani BY.
Discovery of novel natural inhibitors of h5nl neuraminidase using
integrated molecular modeling and ADMET prediction.
Bioengineering 2025; 12(6): 622.
http://dx.doi.org/10.3390/bioengineering12060622
40564438

Bhatia T, Sharma S. Drug repurposing: Insights into current
advances and future applications. Curr Med Chem 2025; 32(3):
468-510.
http://dx.doi.org/10.2174/0109298673266470231023110841
PMID: 37946344

Sharma Sayan, Ghosh Puja, Kar Chirantan, Ghosh Rajgourab,
Challenges Anticipating Viral. Anticipating viral challenges: A
perspective on phytochemicals against existing and emerging
viruses. Anti-Infect Agents 2025; 23(3)
http://dx.doi.org/10.2174/0122113525312781240819105116

da Silva Santos I, Magalhaes LO, Marra RKF, et al. Natural and
synthetic coumarins as potential drug candidates against SARS-
CoV-2/COVID-19. Curr Med Chem 2025; 32(3): 539-62.
http://dx.doi.org/10.2174/0109298673285609231220111556
PMID: 38243979

PMID:

PMID:

PMID:

PMID:

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.



http://dx.doi.org/10.1038/nrd1468
http://www.ncbi.nlm.nih.gov/pubmed/15286734
http://dx.doi.org/10.1016/j.pharmthera.2021.107930
http://www.ncbi.nlm.nih.gov/pubmed/34174275
http://dx.doi.org/10.1016/j.prp.2024.155589
http://www.ncbi.nlm.nih.gov/pubmed/39276508
http://dx.doi.org/10.1007/s40121-023-00900-3
http://www.ncbi.nlm.nih.gov/pubmed/38193988
http://dx.doi.org/10.1038/s41422-020-0282-0
http://www.ncbi.nlm.nih.gov/pubmed/32020029
http://dx.doi.org/10.1177/20499361211046669
http://www.ncbi.nlm.nih.gov/pubmed/34589214
http://dx.doi.org/10.1056/NEJMoa2021436
http://www.ncbi.nlm.nih.gov/pubmed/32678530
http://dx.doi.org/10.1007/s00203-023-03559-z
http://www.ncbi.nlm.nih.gov/pubmed/37193831
http://dx.doi.org/10.1002/slct.202403269
http://dx.doi.org/10.1080/07391102.2020.1786459
http://www.ncbi.nlm.nih.gov/pubmed/32627689
http://dx.doi.org/10.1080/07391102.2022.2154844
http://www.ncbi.nlm.nih.gov/pubmed/36510678
http://dx.doi.org/10.1056/NEJMoa2001282
http://www.ncbi.nlm.nih.gov/pubmed/32187464
http://dx.doi.org/10.1007/s40258-023-00816-6
http://www.ncbi.nlm.nih.gov/pubmed/37398987
http://dx.doi.org/10.2174/2666958702101010117
http://dx.doi.org/10.2174/2666958702101010216
http://dx.doi.org/10.1080/07391102.2023.2275185
http://www.ncbi.nlm.nih.gov/pubmed/37897196
http://dx.doi.org/10.3390/bioengineering12060622
http://www.ncbi.nlm.nih.gov/pubmed/40564438
http://dx.doi.org/10.2174/0109298673266470231023110841
http://www.ncbi.nlm.nih.gov/pubmed/37946344
http://dx.doi.org/10.2174/0122113525312781240819105116
http://dx.doi.org/10.2174/0109298673285609231220111556
http://www.ncbi.nlm.nih.gov/pubmed/38243979

	[1. INTRODUCTION]
	1. INTRODUCTION
	CONCLUSION
	AUTHORS’ CONTRIBUTION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


