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A B S T R A C T   

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) emerged from Wuhan in China before it spread 
to the entire globe. It causes coronavirus disease of 2019 (COVID-19) where mostly individuals present mild 
symptoms, some remain asymptomatic and some show severe lung inflammation and pneumonia in the host 
through the induction of a marked inflammatory ‘cytokine storm’. New and efficacious vaccines have been 
developed and put into clinical practice in record time, however, there is a still a need for effective treatments for 
those who are not vaccinated or remain susceptible to emerging SARS-CoV-2 variant strains. Despite this, 
effective therapeutic interventions against COVID-19 remain elusive. Here, we have reviewed potential drugs for 
COVID-19 classified on the basis of their mode of action. The mechanisms of action of each are discussed in detail 
to highlight the therapeutic targets that may help in reducing the global pandemic. The review was done up to 
July 2021 and the data was assessed through the official websites of WHO and CDC for collecting the information 
on the clinical trials. Moreover, the recent research papers were also assessed for the relevant data. The search 
was mainly based on keywords like Coronavirus, SARS-CoV-2, drugs (specific name of the drugs), COVID-19, 
clinical efficiency, safety profile, side-effects etc.This review outlines potential areas for future research into 
COVID-19 treatment strategies.   

1. Introduction 

Coronaviruses in the last two decades have caused serious infection 
and mortality in humans. In December 2019, a third novel strain of the 
severe acute respiratory syndrome coronavirus, SARS-CoV-2 surfaced 
from a seafood market in Wuhan, China. The differences in sequences in 

the spike protein in SARS-CoV-2 results in its enhanced binding to 
angiotensin-converting enzyme 2 (ACE2) in human lung cells (Asrani 
et al., 2020). The greater transmission rates of SARS-CoV-2 as compared 
to previous coronaviruses, resulted in the infection of > 179 million 
people and 3.8 million deaths across the globe (World Health Organi
zation, 2020). Despite of effective guidelines and safety protocols being 
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released in diagnosis of COVID-19 (Asrani et al., 2021), worst implica
tions of different waves of COVID-19 were witnessed in many parts of 
the world including India whose health infrastructure was extremely 
strained with scarcity of oxygen concentrates and other essential treat
ment aids (Asrani et al., 2021). Many individuals also struggled to get 
the diagnosis done through RT-PCR within the specified time putting an 
undue pressure to the government and health sectors in this time of crisis 
(Asrani et al., 2020). This has led to severe global lockdown causing 
huge physiological, psychological, social and economic losses to gov
ernments and their citizens. 

Infection of human airway and lung cells with SARS-CoV-2 results in 
acute pneumonia-like symptoms and an increased incidence of death 
among vulnerable older population or those with pre-existing comor
bidities such as diabetes, cardiovascular and chronic obstructive pul
monary disease (COPD) (Channappanavar and Perlman, 2017; Johansen 
et al., 2020). Angiotensin-converting enzyme 2 (ACE2) expression is 
increased in the lower airways of susceptible older and male healthy 
individuals, while there is reduced expression of ACE2 in patients with 
asthma (Wark et al., 2021). Administration of renin-angiotensin aldo
sterone system inhibitors to the COVID-19 infected patients with history 
of smoking and comorbidity like COPD should not be encouraged as 
elevated expression of ACE2 is observed in these cases (Haug et al., 
2020). Viruses and other invading microorganisms express multiple 
pathogen associated molecular patterns (PAMPs) that are recognized by 
pattern recognition receptors (PRRs) such as toll-like receptors (TLRs), 
which then elicit inflammatory and innate immune responses in the host 
(Hansbro et al., 2017). Innate immune responses include the release of 
inflammatory factors, type I interferons (IFNs) and maturation of mac
rophages and dendritic cells leading to adaptive immune responses (Lu 
et al., 2011). The SARS-CoV-2 is capable of escaping surveillance by the 
host innate immune system by either inducing senescence or apoptotic 

conditions in macrophages or through suppression of interferon type-1 
(IFN-1). In the first case, the inflammatory cytokines associated with 
cellular senescence are produced, which in turn promotes a 
pro-infectious environment for virus multiplication and subsequent 
disease manifestations (Fig. 1) (Fu et al., 2020; Johansen et al., 2020). 
Later, infiltration of immune cells into lung tissue results in the pro
duction of more pro-inflammatory cytokines and reactive oxygen spe
cies (ROS) (Asrani and Hassan, 2020). Secondly, IFN-1 induction plays a 
central role as an immune defense of the host in response to a viral 
infection (Stetson and Medzhitov, 2006). Since, production of IFN-β and 
induction of host antiviral state depends upon activation of a signaling 
complex located on mitochondrial outer membrane (Liu et al., 2010), 
the ORF9b gene of coronavirus involved in targeting the mitochondria 
inhibits the production of IFN-1 (Shi et al., 2014). 

Adaptive immunity is induced through recognition of viral antigens 
presented by antigen presenting cells (APCs) to T cell (TCRs) and B cell 
(BCRs) receptors. In case of SARS, spike (S) and nucleocapsid (N) protein 
of coronavirus possesses immunogenic epitopes which are recognized by 
APCs for inducing humoral immunity. This leads to direct activation of B 
cells to produce antibodies, as well as activation of CD4+ T helper 2 
(Th2) and follicular helper T cells (Tfh) that further activate B cells. 
CD4+ Th1 cells are also activated to produce pro-inflammatory cyto
kines such as IFN-γ (Mortaz et al., 2020), and CD4+ Th17 cells that 
produce IL-17 among other cytokines. Th17 cell activation in 
SARS-CoV-2 infection leads to increased vascular permeability and 
leakage. Finally, activated CD8+ cytotoxic T cells (CTL) are able to kill 
virus-infected cells directly. The two most important antibodies that are 
produced by B cells includes IgM and IgG. Among these, IgM can be 
detected after 3–6 days post-viral infection while, IgG could be detected 
after 8 days of viral infection (Zhuoyue et al., 2003). IgG antibodies are 
more likely to provide protective roles for longer duration as 

Fig. 1. Replication cycle and inflammatory response of SARS-CoV-2 in human host cells. The entry of virus occurs through the interaction of spike glycoproteins to 
ACE2 on the host cell. Once, the virus enters by fusion with the host cell membrane, it starts synthesis of non-structural proteins. These proteins further cause 
replication and discontinuous transcription of structural genes producing fragments of mRNA. Translation of these fragments leads to the production of four 
structural proteins which are then assembled to form mature virus particles. Exocytosis is shown by the virus to exit from the infected host through endomembrane 
system. The cycle repeats when a virus approaches a new host for its replication (Brian and Baric, 2005; Shereen et al., 2020). The second part of the figure shows the 
viral pathogenesis mediated because of production of a cytokine storm. Early virus replication causes apoptosis of macrophages resulting in release of 
pro-inflammatory cytokines. This causes further activation of TH17 cells and down regulation of ACE2 receptors leading to more production of inflammatory cy
tokines and acute lung injuries. Abbreviations: ORF- Open Reading Frame, Interleukin 1β (IL-1 β), Tumor necrosis factor (TNF-α), Interleukin 17 (IL-17), Interleukin 
21 (IL-21), Interleukin 22 (IL-22), Granulocyte Macrophage Colony Stimulating Factor (GM-CSF), T helper cells (TH 17), angiotensin-converting enzyme-2 (ACE2), 
Renin-angiotensin system (RAS). 
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SARS-specific IgM antibodies were found to disappear by the end of 
week 12 (Li et al., 2003). In patients with MERS infection it is suggested 
that suppression of T cell functionality results in greater production of 
pro-inflammatory cytokines, free radicals and chemokines in patients; 
therefore, SARS-CoV-2 is likely to follow a similar destructive pattern 
affecting lungs and other organs (Niu et al., 2018). Therefore, in later 
stages of infection, SARS-CoV-2 impacts adaptive immunity by sup
pressing T cell functions and causing lymphopenia. The exact mecha
nism behind lymphocyte reduction remains unclear but few hypotheses 
have been laid in this direction. Some studies supports apoptosis of 
lymphocytes occurs in patients of severe SARS-CoV-2 infection (Qu 
et al., 2020) as earlier in case of SARS-CoV-1 acute infection, higher 
levels of plasma Fas-ligand and cleaved caspase-3-positive CD4 and CD8 
lymphocytes were found in patients (Chen et al., 2006). Other studies 
speculate IL-β induced pyroptosis as primary cause of lymphopenia (Tay 
et al., 2020). Other than this, suppression of bone marrow during 
cytokine storm, direct infection of T-cells with SARS-CoV-2 (Wang et al., 
2020) or during pneumonia, sequestration of immune cells in the 
infected lung airways could also be probable cause of reduced number of 
lymphocytes (Azkur et al., 2020). 

Post SARS-CoV-2 invasion, downregulation and shedding of ACE2 
receptors which leads to loss of renin-angiotensin system (RAS) function 
has also been observed. Following recovery, COVID-19 occurs with long- 
term symptoms of breathing difficulty and lethargy which may involve 
tissue remodeling and fibrosis although this is yet to be confirmed. Some 
studies have shown evidence that SARS-CoV-2 promote lung fibrosis by 
inducing transcriptional signatures in human epithelial cells (Xu et al., 
2020). 

Despite the enormous efforts of researchers to produce anti-viral 
drugs against COVID-19, the search for an effective treatment has 
been elusive. Remdesivir, though is not very effective, still has been 
approved as the first emergency drug for the treatment of COVID-19 in 
several countries and its extreme shortages necessitates the identifica
tion of further treatment options. Here, we describe in detail the 
different drugs that are currently in clinical trials or possess the potential 

to target specific SARS-CoV-2 infection (Fig. 2). They are classified based 
on their mode of action and mechanisms. We also describe the previous 
success of drugs in overcoming other viral and non-viral infections to 
illustrate their potential for repurposing to combat COVID-19. 

2. Pharmacological drugs classes and their viral targets 

Different classes of pharmacological drugs were FDA approved for 
the treatment of earlier episodes of highly pathogenic human CoVs 
(Kumari et al., 2020). These include the anti-diarrheal agent loperamide 
hydrochloride (de Wilde et al., 2014); the antimalarial agent chloro
quine diphosphate (Dyall et al., 2014); cyclophilin inhibitors such as 
cyclosporin A (de Wilde et al., 2013); the kinase inhibitor Wortmannin 
(Kindrachuk et al., 2015) and the neurotransmitter inhibitors chlor
phenoxamine (Dyall et al., 2014). In vitro studies with Vero-E6 cell lines 
infected with mouse-adapted SARS-CoV showed > 50% inhibition 
against the viruses and < 30% cytotoxicity by neurotransmitter in
hibitors such as chlorpromazine hydrochloride and triflupromazine 
hydrochloride; kinase inhibitors such as nilotinib; the DNA synthesis 
inhibitor gemcitabine hydrochloride; and the oestrogen inhibitor tor
emifene citrate (Dyall et al., 2014). 

Since the distribution of effective vaccines is ongoing, and there will 
likely be vaccine-escape mutants and people who do not respond or 
remain unvaccinated there remains an important need to identify 
effective drugs for treating COVID-19 patients to reduce their viral 
burden and/or disease severity (Dhama et al., 2020). The WHO has 
approved various drugs for experimental trials that might become 
promising agents in treating SARS-CoV-2 infection (Fig. 3). Further
more, different classes of other drugs are currently under clinical 
investigation to assess their efficacy against COVID-19. These include 
broad spectrum antivirals, antiretrovirals, antimalarials and antipara
sitic drugs, antibiotics, monoclonal antibodies, traditional medicines 
and immune-modulators and anti-inflammatory drugs (Table 1). 

Fig. 2. An overview and scenario of drugs considered for repurposing in the COVID-19 pandemic. The figure describes different classes of drugs that are previously 
known to exhibit activities against other viral and non-viral diseases. These are classified on the basis of their mode of action and may have a role in suppressing the 
viral loads of SARS-CoV-2 as reported by various small scale randomized studies as of now. 
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2.1. Antiviral drugs 

Antiviral drugs specifically aim to target viral entry or replication, or 
virus-specific enzymes by blocking essential viral factors and cellular 
processes required for virus survival in the host (Chen-Yu Hsu et al., 
2015; Durantel and Zoulim, 2016). Here, we discuss the mode of action 
of different antiviral drugs that might have activity against SARS-CoV-2 
and describe their targets. 

Favipiravir was first authorized in Japan for its activity against 
influenza virus. The drug is activated upon intracellular phosphor
ibosylation and then inhibits RNA-dependent RNA polymerase (RdRp) 
(Furuta, 2017). In a randomized clinical trial, favipiravir was adminis
tered to 200 patients with COVID-19 in Wuhan, China. A significant 
reduction in pneumonia and other COVID-19 symptoms was observed (4 
days versus 11 days in the control group). Further, the treated group had 
a shorter time to negative SARS-CoV-2 PCR result, suggesting that there 
was a reduced viral load in these patients (Scavone et al., 2020). The 
treated group also had a quicker reduction in elevated body temperature 
(2.5 days versus 4.5 days with placebo) (Chang Chen et al.). Several 
mechanisms of action are suggested. One is the likely inclusion of the 
drug into the nascent viral RNA chain or binding into polymerase do
mains preventing nucleotide incorporation that is required for RNA 
replication and transcription (Furuta et al., 2017). Another study 
showed that favipiravir induces a lethal transition mutation of viral RNA 
nucleotides from C→T or C→U and G →A which might target the viral 
replication and survival in the host (Baranovich et al., 2013). 

Ribavirin is an another antiviral drug that blocks viral replication 
(Crotty et al., 2001). It is a structural analog of the nucleotide guanosine 
which interferes with host polymerases that recognize viral RNA and 
induce replication (Agostini et al., 2018). This drug also inhibits the 
enzyme inosine monophosphate dehydrogenase required for the con
version of guanine precursors to guanosine (Markland et al., 2000; Shu 

and Nair, 2008). With the absence of guanosine residues on the mRNA 
cap, viral RNA is destabilized leading to its breakdown (Graci and 
Cameron, 2006). A randomized control trial with ribavirin, 500 mg 
twice (BID) or thrice daily (TID) is recommended in the revised Treat
ment Plan Edition 5 in China (Khalili et al., 2020a, 2020b). Ready access 
and low cost makes Ribavirin the preferred choice over other drugs in 
this category. However, the use of this drug is controversial, as it 
induced anemia, depression, insomnia, and irritability in patients 
infected with human immunodeficiency virus (HIV) and hepatitis C 
virus (HCV) (Martin and Jensen, 2008). Hence, the true potential of 
ribavirin can only be determined in large randomized clinical trials with 
COVID-19 patients (Khalili et al., 2020a, 2020b). 

Galidesivir (BioCryst Pharmaceuticals) functions against a broad 
spectrum of viral infections including those caused by Marburg, yellow 
fever, HCV and Ebola viruses (Rele, 2020). It is a structural analog of 
adenosine nucleoside and, like Ribavirin, blocks the action of viral RNA 
polymerase (Taylor et al., 2016). The drug has been demonstrated to be 
potentially active against some 20 different RNA viruses including those 
from the families of coronaviruses, bunyaviruses, togaviruses, filovi
ruses, arenaviruses, flaviviruses, and paramyxoviruses (Basha, 2020; Li 
and De Clercq, 2020). A dose-dependent inhibition of MERS-CoV was 
found with increasing concentration of this drug in an in vitro study 
conducted with a Vero-E6 cell line (Li et al., 2020). Similar inhibition 
rates were observed with SARS-CoV-1 (Ataei and Hosseinjani, 2020). 
The high efficiency of this drug against previous CoV outbreaks suggests 
its potential in treating COVID-19 patients (Zhang et al., 2020). 
Importantly this drug is well tolerated and can be administered either 
orally or intramuscularly (Ataei and Hosseinjani, 2020). Larger studies 
are currently underway to assess the potential of Galidesivir as a ther
apeutic intervention in COVID-19 (Shah et al., 2020). 

Nitazoxanide (NTZ), a broad range antiviral drug, is in the thiazolide 
class of drugs and also has antiparasitic and antibacterial properties 

Fig. 3. Mode of action of various drugs under different stages of viral life cycle. The figure shows different viral targets and their associated drugs within the life cycle 
of SARS-CoV-2. Virus entry inhibitors, protease inhibitors, protein synthesis inhibitors, viral replication inhibitors and drugs that suppresses the cytokine storm and 
other inflammatory responses of the host could be targeted for achieving the planetary health. The combination of these drugs may also provide better efficacy to 
contain and control the COVID-19. 
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(Zumla et al., 2015). It is FDA approved and licensed in the USA, pre
dominantly against gastrointestinal parasites such as Giardia lamblia and 
Cryptosporidium parvum (Amadi et al., 2002). In vitro studies with NTZ 
showed suppressive effects on SARS-CoV-2 replication (Mahmoud et al., 
2020), which occurs through interference with host-regulated path
ways. These in vitro studies have shown promising results against 
influenza viruses, HIV and HCV (Rossignol and Keeffe, 2008). Mecha
nistically, this drug has been shown to suppress various inflammatory 

cytokines such as IL-2, -4, -5, -6, -8, -10 and TNF-α in peripheral blood 
mononuclear cells (PBMC) isolated from healthy donors and later 
cultured in the presence and absence of three different doses of tizox
anide (actively circulating metabolite of NTZ) i.e. 0.5, 1.0 and 10 ng/ml 
(Clerici et al., 2011). It has been demonstrated that the peak plasma 
concentration and trough concentration i.e. 4.6 and 0.8 mg/ml of this 
drug could be achieved in humans during phase 2b/3 clinical trials by 
twice daily dosing of NTZ controlled release tablets (Rossignol, 2016). 

Table 1 
Repurposing of different classes of drugs against COVID-19.  

Classes of drug Name of drug and its current status Mechanism of action Activity against previously 
known diseases 

Antiviral compounds Favipiravir 
(further studies are required) 

Targets RNA-dependent RNA polymerase (RdRp) and prevents 
replication and transcription of virus. 
It many also induce lethal transition mutagenesis. 

Influenza viruses. 

Ribavirin 
(further studies are required) 

It inhibits the enzyme inosine monophosphate dehydrogenase 
required for the conversion of guanine precursors to the guanosine 
and causes destabilization of viral mRNA. It is also an analog of 
guanosine and prevents replication of the virus. 

Hepatitis C virus (HCV). 

Galidesivir 
(further studies are required) 

An analog of adenosine nucleoside which blocks the action of RNA 
polymerase. 

Marburg virus, Yellow fever, 
HCV and Ebola 

Nitazoxanide (further studies are required) Inhibits viral replication by inhibiting the host- regulatory pathways. 
It also inhibits the inflammatory cytokines. 

Influenza viruses, HIV AIIDS 
and HCV. 

Triazavirin 
(further studies are required) 

Inhibits viral replication by being an analog of purine nucleoside. Influenza and other 
respiratory infections. 

Antiretroviral compounds Remdesivir 
(A FDA approved drug for treatment of 
COVID-19). 

Inhibits RNA dependent RNA polymerase required for multiplication 
of viruses in lung epithelial cells. 
It is also an analog of adenine therefore, prevents viral replication. 

Ebola virus and Nipah virus. 

Danoprevir 
(further studies are required) 

Inhibits viral proteases. Possesses structural similarity with 
chymotrypsin like protease of SARS-CoV-2. 

HCV and HIV. 

Azvudine 
(further studies are required) 

Nucleoside inhibitor of reverse transcriptase enzyme required for the 
replication of various RNA viruses. 

HIV, HCV, HBV and EV71. 

Darunavir 
(further studies are required) 

Viral protease inhibitor. HIV. 

Antimalarial compounds Mefloquine (further studies are required) Inhibits the protein synthesis. Plasmodium falciparum 
causative agent of malaria. 

Chloroquine 
(No longer considered to be effective in 
treating COVID-19) 

Prevents the virus binding to the cellular receptors on the host cell by 
inhibiting the enzyme quinone reductase 2 required for the synthesis 
of sialic acid (significant role in ligand reduction). 

Malarial parasites. 

Hydroxychloroquine 
(No longer considered to be effective in 
treating COVID-19) 

Increases the pH of endosomes disrupting the fusion of virus in the 
host cell. 
Interferes with glycosylation of ACE2 receptors. 

Malarial parasites, lupus, 
rheumatoid arthritis etc. 

Antiparasitic compounds Ivermectin 
(Under clinical trials but is no longer 
considered to be effective in treating COVID- 
19 as of now). 

Disturbs the nuclear transport of viral proteins by dissociating IMPα/ 
β1 heterodimer. 

Strongyloidiasis (roundworm 
infection). 

Niclosamide 
(further studies are required) 

Inhibits the oxidative phosphorylation and stimulates the activity of 
adenosine triphosphatase in mitochondria. 

Anticestodal (tapeworm 
infection). 

Antibiotics Azithromycin 
(No longer considered to be effective in 
treating COVID-19) 

Macrolide antibiotic that interferes with the synthesis of proteins. Zika virus, Rhino virus and 
respiratory bacterial 
infections. 

Quinolones 
(further studies are required) 

Inhibits the production of IL-1 and TNF-α and thus suppresses the 
lung inflammation response. 
Exhibits NO regulatory and anti-oxidative effects on lung injuries. 

Pneumonia and influenza 
viral infection. 

Monoclonal antibodies Tocilizumab 
(Found to be effective against COVID-19). 

Blocks both membrane-bound and soluble IL-6 receptors and their 
associated signaling pathways. 

Rheumatoid diseases and 
immunotherapy in cancer 
patients. 

Emapalumab 
(further studies are required) 

Exhibits high affinity towards INF-γ receptors and blocks its 
associated signaling. 

Multiple organ failure caused 
by hyper-inflammation. 

Infliximab and Etanercept 
(further studies are required) 

Infliximab targets TNF-α and Etanercept is a protein that fuses with 
the TNF-α receptor causing its inactivation. 

Rheumatoid arthritis and 
other immune disorders. 

Sarilumab Inhibitor of IL-6 receptor in both soluble and membrane bound form. Rheumatoid arthritis 
Immune modulators or 

anti-inflammatory 
compounds 

Anakinra 
(further studies are required) 

Blocks the receptors of IL-1β and IL-1α and further the signaling 
cascade for the cytokine storm production. 

Rheumatoid arthritis. 

Colchicine 
(No longer considered to be effective in 
treating COVID-19) 

Prevents the formation and polymerization of microtubules. 
It also inhibits the production of TNF-α from macrophages and 
prevents their interaction with the endothelial cells required in 
initiating the process of inflammation. 

Gout, arthritis and myocardial 
infraction. 

Traditional herbs Lanhuaqingwen Inhibits the viral replication and regulates the cytokine storm. Influenza viruses and SARS- 
CoV. 

Polygonum multiflorum and Rheum officinale Inhibits the spike protein of SARS-CoV-2 and prevents the viral 
binding to ACE2 receptors. 

SARS-CoV. 

Houttuynia cordata Inhibits RdRp and chymotrypsin like protease. 
It also enhances the effect of CD4+ and CD8+ T cells for inhibiting the 
replication of virus. 

SARS-CoV.  

P. Asrani et al.                                                                                                                                                                                                                                  



International Journal of Biochemistry and Cell Biology 142 (2022) 106114

6

Since, in vitro studies have demonstrated that the low percent inhibitory 
concentration (IC50) of 0.1 and 1 µg/ml is required to treat influenza and 
other respiratory viruses therefore, the levels of NTZ achieved in phase 
2b/3 clinical trials are sufficient to be used as antiviral therapy of res
piratory concern. (Rossignol, 2016). This extended-release tablet holds 
potential in treating viral respiratory infections by suppressing viral 
loads and other major symptoms associated with viral entry and repli
cation, such as in influenza (Rossignol, 2014). 

Triazavirin (TZV) is another purine nucleoside that inhibits viral 
replication (Loginova et al., 2014). Phase 2 clinical trials showed 
promising results in reducing the duration of symptoms of influenza 
(respiratory symptoms and fever) and related complications (pneu
monia, diabetes, asthma, lung and heart diseases) associated with sec
ondary influenza virus infections (Kiselev et al., 2012). A recent pilot 
randomized control trial (RCT) conducted with TZV in patients with 
COVID-19 showed reductions in signs of inflammation in the lungs and 
other vital organs as measured through radiological findings (such as 
hydrothorax, consolidations, abnormalities in chest); laboratory find
ings (including WBC, monocytes, platelets, neutrophil count, creatine 
kinase, CRP, blood urea nitrogen etc.) and various other serious and 
adverse effects (acute hepatic injury, urinary tract infection, anemia, 
hyperproteinemia, hyperalbuminemia etc.) (Wu et al., 2020). A total of 
52 patients were recruited, half were administered TZV and the other 
half placebo. Although no significant difference in time to clinical 
improvement was recorded, it was noted that the TZV arm had lower 
frequency of reliance on concomitant medicines for cardiac, renal, res
piratory, hepatic and coagulation support (Wu et al., 2020). 

2.2. Antiretroviral drugs 

Remdesivir, a drug used for the treatment of the Ebola virus and 
Nipah virus, has also shown some positive effects on the patients with 
COVID-19 (Wang et al., 2020). It is a nucleoside analog possessing 
antiviral activity (Szychlinska et al., 2019) which works by inhibiting 
the RNA-dependent RNA polymerase required for the multiplication of 
virus in lung epithelial cells (Gordon et al., 2020). As an analog of 
adenine it incorporates itself into the viral RNA and causes premature 
termination of transcription (Siegel et al., 2017). 

This drug has been licensed for its emergency and provisional use in 
different countries for the patients that have been hospitalized with 
COVID-19 or those who are under severe effects of this infection. The 
countries where this is currently licensed includes United States, Japan, 
United Kingdom, South Korea, Taiwan, Singapore, Israel, Egypt, India, 
European Union and Australia (https://www.reuters.com/article/healt 
hcoronavirus-gilead-remdesivir-idUSL1N2HD1UX). A randomized 
study conducted on 1062 patients from whom 541 had received 
remdesivir and 521 received placebo showed reduction in the median 
recovery rate from 15 days in the placebo group (95% confidence in
terval [CI], 13–18) to 10 days (95% CI, 9–11) in COVID-19 patients 
receiving remdesivir (Madsen, 2020). Initial assessment of COVID-19 
patients determined that this drug reduced viral load significantly if it 
was administered before the peak of viral replication. Similar observa
tions were noted in animal studies. Administration of remdesivir prior to 
24 h of inoculation in MERS-CoV infected rhesus monkeys showed 
complete inhibition of viral replication and formation of respiratory 
lesions; while administration 12 h post-inoculation in the same model 
resulted in reduced viral replication, symptoms, and pulmonary lesions 
(de Wit et al., 2020). However, it was found not to be effective in 
SARS-CoV-2 infected mouse models once viral replication peaked 
(Sheahan et al., 2020). 

Danoprevir has been licensed in China for treating HCV-infected 
patients since 2018. It works by inhibiting the HCV protease that is 
required for virus survival in the host cell. Ritonavir is a similar drug that 
inhibits CYP3A4 and can reduce the required concentration of Dano
previr in human plasma. It also acts against HIV proteases. The struc
tural similarities of the chymotrypsin-like protease of SARS-CoV-2 with 

HCV and HIV provide an incentive to test the ability of Danoprevir to 
treat COVID-19. A small-scale open label interventional clinical study 
was performed on 11 COVID-19 patients. Following four to 12 days of 
treatment with Danoprevir plus the pharmacokinetic enhancer Ritona
vir resulted in two consecutive negative tests for SARS-CoV-2 deter
mined by RT-PCR of nasopharyngeal swabs. There was also 
improvement in lung imaging as assessed by high resolution chest CT 
scans with overall improvement in clinical respiratory symptoms, and 
normal body temperature was achieved rapidly in treated patients (Chen 
et al., 2020). 

Azvudine (FNC) possesses broad-spectrum antiviral activity against 
HIV (Tyack et al., 2015), HCV (Nilsson et al., 2012), HBV (Zhou et al., 
2012) and Enterovirus 71 (EV71) (Xu et al., 2020) as demonstrated in 
various clinical trials. It is a nucleoside inhibitor of the reverse tran
scriptase required for the replication of various RNA viruses (Wang 
et al., 2014). A block randomized clinical trial of 172 patients demon
strated the potential of FNC as an inhibitor of HIV-1 and has been 
approved by National Medical Products Administration (NMPA) for 
further determination of the effective concentrations and doses of FNC 
for clinical research on patients with naïve HIV infection (Ren et al., 
2020). Its activity and efficacy against SARS-CoV-2 has now been 
demonstrated in several studies (Ren et al., 2020; Zhai et al., 2020). A 
pilot study was performed on 20 patients of mild COVID-19 symptoms 
who were randomly chosen to receive FNC and other received standard 
antiviral treatment (as described in Diagnosis and Treatment Program 
Trial version 5 or 6 guidelines) as a control group in an open label 
controlled clinical trial. These standard antiviral therapies included 
antiviral drugs, antibiotic drugs, Chinese medications, oxygen support 
therapies, adjuvant medications etc. The results showed conversion to a 
negative PCR result from the start of treatment to 11.3 days in the 
control group (patients receiving other standard anti-viral treatment) 
and 4.5 days in the patients belonging to FNC group. Moreover, no 
adverse effects were recorded during the clinical trial suggesting that 
larger scale studies are warranted to better analyze FNC’s potential in 
combating COVID-19 (Ren et al., 2020). 

Darunavir (DRV) is another viral protease inhibitor which inhibits 
the HIV-1 protease and subsequently decreases HIV replication (Rabi 
et al., 2013). It is taken in combination with Cobicistat and Ritonavir 
which increase its concentration in the plasma (Gallant et al., 2016). The 
tolerability and efficacy of this drug have been proven and therefore, it is 
licensed drug for HIV patients, suggesting its possible application to 
COVID-19 patients as well (Orkin et al., 2013). Also, its adverse side 
effect profile is minimal. However, recent studies conducted on patients 
of COVID-19 did not show encouraging results. In a randomized 
experiment, group 1 received a single pill of DRV/C (800 mg of Dar
unavir and 150 mg of cobicistat) for 5 days while no oral antiviral drugs 
were given to the patients of group 2 (control group). It was observed on 
the fifth day after the treatment, DRV administration did not reduce the 
duration of conversion to negative PCR compared to controls (Chen 
et al., 2020). This study was on a pilot scale in which only patients with 
mild symptoms were enrolled (Chen et al., 2020). Similarly, another 
study reported disappointing results after DRV administration in 
SARS-CoV-2 patients with pre-existing HIV infection (Riva et al., 2020). 

2.3. Antimalarial drugs 

Mefloquine is a quinolone-methanol compound structurally related 
to quinine. The drug functions against all known malarial parasite types 
including most drug-resistant forms of Plasmodium falciparum (White, 
1994). It functions by inhibiting protein synthesis through its interaction 
with the 80S ribosome of P. falciparum (Wong et al., 2017). In-silico 
studies on docking of Mefloquine against spike protein of SARS-CoV-2 
and virus main protease (MPro) using Schrodinger software showed 
that it may have activity against the virus by interacting and inhibiting 
the main viral protease. (Sachdeva et al., 2020). Furthermore, in vitro 
studies with Vero-E6 cell lines show that Mefloquine-artesunate 
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combination therapy has the greatest antiviral effect against 
SARS-CoV-2 as compared to the other artemisinin-based combination 
therapy (ACT) drugs which are used for treating malaria. It was observed 
that 72.1 ± 18.3% inhibition of SARS-CoV-2 was achieved with 
Mefloquine-artesunate concentrations of 550 mg/250 mg (equivalent 
blood concentration 8.3 and 5 µM respectively). (Gendrot et al., 2020). 

Chloroquine (CQ) is a well-established antimalarial drug which has 
been used for decades. With respect to SARS-CoV-2 several mechanisms 
are proposed for the antiviral potential of the drug (Devaux et al., 2020). 
One is interference with the biosynthesis of sialic acid by directly 
inhibiting the quinone reductase-2 enzyme (Kwiek et al., 2004). Sialic 
acid plays a significant role in ligand recognition, and CQ may prevent 
the virus from binding to the cellular sialic acid receptors on the host cell 
(Varki, 1997). Another mechanism is based on endosome-mediated viral 
entry into host cells (Gay et al., 2012). Increase in the pH of the endo
some prevents the fusion of the viral membrane to the endosome, and, 
therefore, interferes with viral entry (Vianney et al., 2010). Similar pH 
modulations affect the maturation of the viral particles (Randolph et al., 
1990). The accumulation of membrane proteins of SARS-CoV-2 inside 
golgi bodies determines the fate of virion budding that may be affected 
by CQ treatment (Klumperman et al., 1994). In vitro studies have 
demonstrated the activity of CQ against SARS-CoV-2 (Gao et al., 2020), 
however it’s administration is strictly controlled in clinical trials 
because of potential drug interactions and side effects (Hossen et al., 
2020). 

Hydroxychloroquine (HCQ) is another quinolone-based anti-malar
ial drug which works by increasing the pH of endosomes thereby dis
rupting the fusion of the parasite with the host cell (Savarino et al., 
2003). It has also been shown that it interferes with the glycosylation of 
ACE2 receptors (Vincent et al., 2005). These effects led to the analysis of 
its potential as a COVID-19 treatment across multiple countries. China 
followed by France used this drug along with azithromycin and showed 
positive effects in reducing viral load in COVID-19 patients (Savarino 
et al., 2003). In an attempt to treat increasing patient numbers in the 
USA, the FDA approved its use as a prophylactic agent (Eapen et al., 
2020). However, it was soon observed that patients did not show 
improvement in treatment with this drug (Molina et al., 2020). A 
population-based cohort study through OpenSAFELY platform on the 
rheumatoid arthritis patients using hydroxychloroquine before 
SARS-CoV-2 infection assessed the effects of this drug on mortality 
(Rentsch et al., 2021). They included 30,569 patients who were taking 
hydroxychloroquine from six months prior to what was the start of the 
COVID-19 pandemic in England as well as 16,4068 patients with rheu
matoid arthritis who were not taking hydroxychloroquine. They found 
no significant difference in COVID-19 mortality in patients with or 
without hydroxychloroquine treatment (0.23% mortality rate in 
hydroxychloroquine versus 0.22% in non-users) (Rentsch et al., 2021). 
Several other human clinical trials also fail to support the use of 
hydroxychloroquine for either treatment or prophylaxis of COVID-19 
(Ferner and Aronson, 2020; Jorge, 2021). 

2.4. Antiparasitic drugs 

Ivermectin is an antiparasitic drug that also possesses antiviral 
properties against some viruses. It mainly interferes with the nuclear 
transport of viral proteins by dissociating importin (IMPα/β1) hetero
dimers (Wagstaff et al., 2012). Since nuclear transport is important for 
the replication of viruses, targeting this process may be a powerful 
approach against viral infection (Caly et al., 2012). Upon exposing 
SARS-CoV-2 infected vero-hSLAM cells to ivermectin at a concentration 
of 5 µM, a 5000 fold reduction in SARS-CoV-2 viral activity was reported 
48 h post infection (Caly et al., 2020). However; Schmith and his team 
(Schmith et al., 2020) has shown that the approved concentration of 
ivermectin as a single drug is not sufficient to reach a successful clinical 
trial. The total bound and unbound concentrations of plasma ivermectin 
is still far to reach the IC50, even when the level of dose is 10x higher 

than the approved dose. Therefore, this drug is still under the clinical 
trials where some studies have shown no benefit including the ran
domized trials. One of the largest trails of ivermectin showing it to be the 
most benefit drug against COVID-19 has been retracted because of the 
falsified data and hence, it has been suggested by Dr. Josh Davis of 
University of Newcastle to “not to recommend ivermectin for routine use 
outside the setting of clinical trials”. 

An FDA-approved anthelminthic drug Niclosamide has also been 
used against various bacteria, viruses and parasites known to infect 
humans (Fan et al., 2019). It is among the top drugs listed in WHO’s 
essential medicines (World Health Organization, 2019). It is recom
mended for use against tapeworms due to its inhibition of oxidative 
phosphorylation and stimulation of adenosine triphosphatase in mito
chondria (Weinbach and Garbus, 1969). Immunoblot studies with 
Niclosamide conducted on Vero E6 cells revealed its ability to block viral 
replication and abolish antigen synthesis at a concentration of 1.56 µM 
(Wu et al., 2004). Moreover, a concentration as low as 1 μM of the drug 
was sufficient to suppress the cytopathic effect of SARS-CoV-1 in 
Vero-E6 cell lines with an EC50 of < 0.1 μM (Wen et al., 2007). Since 
Niclosamide is an inexpensive and well-tolerated drug it is an attractive 
candidate for treating COVID-19 in economically poorer countries 
(Mahmoud et al., 2020). 

2.5. Antibiotics 

Azithromycin is a macrolide antibiotic that interferes with the syn
thesis of proteins (Sultana et al., 2020). It is specifically used to treat 
respiratory bacterial infections and reduce severity of respiratory 
symptoms and chronic lung inflammation (Gibson et al., 2017; Rizk 
et al., 2020). It also possesses activity against several respiratory RNA 
virus infections (Schögler et al., 2015). Several earlier studies support its 
ability to inhibit Zika virus and rhinovirus replication (Gielen et al., 
2010). It also has an in vitro antiviral effect against SARS-CoV-2 (Old
enburg and Doan, 2020) and infected bronchial epithelial cells (Gielen 
et al., 2010). It is a relatively safe and commonly prescribed drug 
(Oldenburg and Doan, 2020). Some studies suggest that azithromycin, 
along with HCQ, is efficacious in treating COVID-19 (Gautret et al., 
2020; Juurlink, 2020; Rosenberg et al., 2020); while others claim that 
azithromycin activity in COVID-19 is restricted to the inhibition of 
superimposed bacterial infections rather than direct action against 
SARS-CoV-2 (Oldenburg and Doan, 2020; Sultana et al., 2020). An open 
label randomized clinical trial in 447 adult participants in Brazil showed 
no benefit of azithromycin on clinical outcomes including clinical status 
and mortality in COVID-19 (Furtado et al., 2020). This drug is now 
dropped from the clinical trials because of not being of much clinical 
importance against COVID-19. 

Various other antibacterial drugs have been repurposed as potential 
therapies for COVID-19 (Karampela and Dalamaga, 2020). The fluo
roquinolones including moxifloxacin and levofloxacin are commonly 
used antibiotics to treat pneumonia (Metlay et al., 2019). Recent in silico 
studies showed their ability to bind to the protease of SARS-CoV-2 and 
thus their potential activity against its replication (Marciniec et al., 
2020). In vivo studies in mice model of H1N1 influenza A virus infection 
showed levofloxacin can scavenge oxidative stress markers (neu
trophil-derived hydroxyl radicals) and nitric oxide (NO) metabolites in 
the lungs (Enoki et al., 2015). Fluoroquinolones inhibited the produc
tion of IL-1 and TNF-α in both in vitro and in vivo studies (H1N1 
influenza A virus infection mouse model) as demonstrated by immu
nohistochemistry and electron spin trapping experiments. Thus, levo
floxacin, a type of fluoroquinolone derivative contributed to attenuating 
inflammatory responses with reduced symptoms of lung inflammation 
associated with SARS-CoV-2 replication (Enoki et al., 2015). There are 
few studies of the safety profile and pharmacokinetics of moxifloxacin 
needed for treatment of lower respiratory tract infections. Notably, 
other studies highlight that various chronic conditions (cardiac ar
rhythmias, long term QT prolongation and tendon rupture) are 
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associated with the long term use of quinolones (Cornett et al., 2017). 

2.6. Monoclonal antibodies 

Tocilizumab is a monoclonal antibody specifically designed against 
IL-6 receptors and their signaling pathways (Zhang et al., 2020). Since 
IL-6 acts as a ligand for the activation of the JAK-STAT pathway leading 
to T-helper cells 17 (TH-17) cell differentiation, that can lead to a 
cytokine storm, blocking the ligand could prevent the signaling cascade 
that mediates SARS-CoV-2 driven lung inflammation (Chen et al., 
2020a, 2020b). Clinical studies show encouraging results in patients 
with COVID-19 including improved oxygenation capacity, reduced 
respiratory symptoms and fever (Michot et al., 2020). A retrospective 
analysis of changes in clinical manifestations, laboratory examinations, 
and CT scan images of 21 patients with severe COVID-19, showed 
improved recovery and reduced death following the administration of 
tocilizumab in comparison to the patients who received routine treat
ment for a week before tocilizumab administration. This routine treat
ment did not improve the patient’s deteriorating conditions rather led to 
hypoxemia, sustained fever and worsening of CT scan results and hence, 
TCZ was given in these patients later to judge its efficacy. It was 
observed that following TCZ administration, fever returned to normal on 
the first day and other symptoms reduced within 5 days. The level of 
supplemental oxygen intake reduced considerably (75%) among 15 out 
of 20 patients while one patient did not require O2 therapy. CT scan 
images showed absorption of lung lesion opacities in 19 patients. The 
percentage of lymphocytes in peripheral blood returned to normal in 
52.6% patients on the fifth day of treatment. On average, patients were 
discharged ~15 days after tocilizumab treatment (Xu et al., 2020). 
Chinese authorities have approved its use for treating pneumonia 
associated with COVID-19 and tocilizumab-based therapy has been 
included in “Diagnosis and Treatment Program of COVID-19 of the 
National Health Commission of China” since 3th March 2020 (Fu et al., 
2020). 

Emapalumab is also a monoclonal antibody (IgG1) against IFN-γ 
(Al-Salama, 2019) and is recommended for patients with 
hyper-inflammatory conditions with multiple organ failure (Locatelli 
et al., 2020). It has been approved in the US for the treatment of 
hemophagocytotic lymphohistiocytosis (HLH) disorder. An open label, 
single group, phase 2–3 study on 34 patients suggested that it is safe in 
adolescent and pediatric patients suffering from HLH (Locatelli et al., 
2020). Although few clinical trials have been conducted in analyzing the 
potential of emapalumab to combat COVID-19, the use of Emapalumab 
in controlling the hyper-inflammation generated upon SARS-CoV-2 
replication and through apoptosis and pyroptosis of macrophages is 
supported (Scala and Pacelli, 2020). 

Infliximab and Etanercept both inhibit TNF-α, a pro-inflammatory 
cytokine produced by macrophages during SARS-CoV-2 infection 
(Kristensen et al., 2006). Since TNF-α is one of the prominent initial 
cytokines released during viral infections, it is possible that its active 
inhibition could diminish the SARS-CoV-2 mediated lung inflammation 
in host cells (Asrani and Hassan, 2020). 

Sarilumab is one of the other antibodies that serves to inhibit the 
signal transduction by binding to IL-6 receptors both in soluble and 
membrane bound form. It belongs to the subclass 1 of immunoglobulin G 
antibody (IgG1). The approval of FDA for its use as anti-RA drug by 
inhibiting IL-6 signaling suggests their probable use for the patients of 
COVID-19 (Khiali et al., 2021). A prospective study on eight COVID-19 
patients in Italy was carried out where all the patients first received a 
standard anti-viral therapy such as hydroxychloroquine 400 mg, dar
unavir 800 mg, azithromycin 500 mg, enoxaparin 100 U per kg, cobi
cistat 150 mg (Benucci et al., 2020). After their hospital administration, 
these patients received three additional doses of intravenous infusions of 
sarilumab- 400 mg after 24 h, 200 mg after 48 h and another 200 mg 
after 96 h of hospital admission. Comparisons of the functional param
eters of seven patients at the baseline, 96 h and after one week from the 

first infusion were made. Lymphocyte count, oxygen saturation/fraction 
of inspired oxygen, IL-6 levels increased in contrary to C-reactive pro
tein, D-dimer, echo score, serum amyloid A and lactate dehydrogenase 
levels decreased. From the day of hospitalization, seven patients were 
discharged within the 14 days however; one patient did not show 
improvement in the oxygen saturation and died on the 13th day. A mild 
increase in the IL-6 levels occurred because of decreased IL-6 clearance 
after massive blockage of IL-6 receptors by this antibody. 

2.7. Immune-modulators or anti-inflammatory drugs 

Anakinra blocks IL-1 receptors and the synthesis of IL-1β and IL-1α, 
two stimulatory cytokines produced by macrophages to initiate the 
inflammation cycle (Zeng et al., 2020) that are oftenly associated with 
severe respiratory diseases like asthma, chronic obstructive pulmonary 
diseases (COPD) including COVID-19 (Kim et al., 2015; Kim et al., 
2017). A small scale open label study of the efficacy of anakinra showed 
improvement in the oxygenation capacity and reduced the need for 
life-saving mechanical ventilation in COVID-19 patients in comparison 
to the patients before treatment (Aouba et al., 2020). It is administered 
by subcutaneous injection and sometimes induces a reaction at the in
jection site limiting its use (Ramírez and Cañete 2018). Some studies 
show serious side-effects with predisposition to infections like pneu
monia, gangrene, cellulitis and herpes zoster virus with high dose 
(> 100 mg) treatment for rheumatoid arthritis. (Salliot et al., 2009). The 
German National Registry (RABBIT) showed that adverse effects linked 
with the administration of anakinra occur at a rate of 17.5/100 patient 
years while serious adverse events occurred at 3.2/100 patient years 
(Lampropoulos et al., 2015). Since, no serious side effects are associated 
with its use however; determination of optimal concentration of this 
drug along with close monitoring of patients is required before this could 
be repurposed in the treatment of COVID-19. (Aouba et al., 2020). 

Colchicine is an anti-inflammatory drug recommended for the 
treatment of gout and arthritis (Tardif et al., 2019). Its potential is 
currently being explored for treating COVID-19 (Schlesinger et al., 
2020). Low dose colchicine prevents the formation of microtubules 
required for mitosis and higher doses prevent microtubule polymeriza
tion (Bhattacharyya et al., 2008). Since microtubules play a significant 
role in the maintenance of cell shape, motility, cell signaling, and signal 
transduction, several important cellular processes are targeted at once 
(Ben-Chetrit and Levy, 1998). It also possesses anti-inflammatory effects 
on neutrophils by reducing the expression of adhesion molecules, 
motility and migration, thereby interfering with their interactions with 
endothelial cells (Li et al., 1996). It also inhibits the production of TNF-α 
by macrophages required to initiate inflammatory processes and pre
vents their interaction with the endothelial cells (Ding et al., 1990). 
Coronaviruses use tubulins to enter into host cells and microtubules 
during their replication cycle (Sims et al., 2008). The virions require the 
assembly of spike proteins mediated by microtubules for the formation 
of their viral structures (de Haan and Rottier, 2005). Various random
ized open-label clinical studies are underway exploring the potential of 
this drug in COVID-19 (Deftereos et al., 2020) (ClinicalTrials.gov Iden
tifier: NCT04322682). Recently, some studies have denied their efficacy 
in treating the COVID-19 infected patients and it has been now dropped 
from the list of potential clinical drug against coronavirus. 

2.8. Traditional medicines 

Traditional plants have an age old history of being used for the 
treatment of various diseases (Asrani et al., 2019). Lanhuaqingwen (LH), 
is a Chinese traditional medicine made up of 13 herbs. The antiviral 
activity of LH on SARS-CoV-2 was assessed using cytopathic effect in
hibition (CPE) and plaque reduction assay in Vero E6 cells lines and 
further its effect was observed in the form of morphological character
istics under transmission electron microscope. Further, cell viability 
assay of LH on SARS-CoV-2 infected huh-7 cells showed cytotoxicity at 
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the concentration of 600 µg/ml in comparison to 50 µM remdesivir 
concentration as a positive control. Similarly, the expression level of 
pro-inflammatory cytokines were measured in huh-7 cells infected with 
SARS-CoV-2 using real time quantitative PCR assays (Runfeng et al., 
2020). The results exhibited decreased concentration of cytokines such 
as INF-α, CCL-2/MCP-1, CXCL-10/IP-10 and IL-6 in concentration 
dependent LH-treated cells in comparison to mock-treated huh-7 cells 
(Runfeng et al., 2020). LH exhibits broad-spectrum activity against 
influenza viruses and SARS-CoV-1 by impairing the nuclear export of the 
viral ribonucleoprotein and thus inhibiting the viral replication. The 
suppression of virus induced NF-kβ activation was also observed fol
lowed by alleviation of virus-induced gene expression of cytokines such 
as IP-10, IL-6, Il-8, MCP-1, MIP1A, TNF-α, those particularly involved in 
the COVID-19 cytokine storm, in dose dependent manner (Ding et al., 
2017). This medicine has been recommended for use by 20 health 
commissions across China and the National Administration of Tradi
tional Chinese Medicine. It is also incorporated in the Guidelines for the 
Diagnosis and Treatment of Novel Coronavirus Pneumonia Trials issued 
by the National Health Commission of the People’s Republic of China 
(Runfeng et al., 2020). In previous studies, the IC50 for anti-influenza 
activity of LH was 200–2000 µg/ml (Ding et al., 2017). LH has anti
viral activity against SARS-CoV-2 of 411.2 µg/ml IC50 by CPE assay. 
Transmission electron microscopy studies of the virus after exposure to 
600 µg/ml of LH showed decreased assembly of virus particles at the 
plasma membrane, plasma vesicles and cytoplasm of cells infected with 
SARS-CoV-2. The in vitro studies on cytokine profile of huh-7 cells 
infected with SARS-CoV-2 also showed the change by suppression of 
cytokine gene expression following intake of LH in a dose-dependent 
manner (600 µg/ml) (Runfeng et al., 2020). 

Various other traditional herbs from different geographical locations 
are being studied to identify their potential role in treating COVID-19 
(Mirzaie et al., 2020). Microorganisms also play an important role in 
modulating plant bioactive compounds for metabolic and immune 
fitness (Shinde et al., 2020). Plants such as Pyrrosia lingua, Lindera 
aggregata, Lycoris radiata, and Artemisia annua showed anti-SARS-CoV-1 
activity at 2.4–88.2 μg/ml (Li et al., 2005). The plant extract of Lycoris 
radiate which when subjected to fractionation, purification and 
CPE/MTS viability assays led to the extraction of a phytochemical 
compound called Lycorine. This compound exhibited an 
anti-SARS-CoV-2 ability by showing half maximal effective concentra
tion (EC50) value of 15.7 ± 1.2 mM; cytotoxic concentration (CC50) 
value of 1498.0 ± 912.0 mM in cytotoxicity assay and selective index 
greater than 900. This supports its use as an excellent candidate for 
anti-viral activity (Lau et al., 2008). Other medicinal compounds like 
Polygonum multiflorum and Rheum officinale inhibit interactions of the 
spike protein of SARS-CoV-1 and prevents its binding to ACE2 receptors 
(Ho et al., 2007). Aqueous extract of the traditional herb Houttuynia 
cordata inhibits RNA-dependent RNA polymerase (RdRp) and 
chymotrypsin-like protease from SARS-CoV-1 (Luo et al., 2019). It also 
enhances the ability of CD4+ and CD8+ T cells to inhibit the replication 
of viruses (Chiow et al., 2016). These traditional herbs are hypothesized 
to possess similar antiviral effects against SARS-CoV-2 owning to high 
similarity with SARS-CoV-1 (Nugraha et al., 2020). 

2.9. Probiotics as a preventive measure against COVID-19 

General health and well-being is important to prevent or tackle the 
widespread diseases by naturally boosting the immunity of an individual 
(Kurian et al., 2021). From past, the concept of probiotics and prebiotics 
have continued to shape the lives of individuals and are common 
household items which are taken in different forms for maintaining a 
good health. 

Probiotics consists of live microorganisms which when administered 
orally benefits the human health by reconstituting the composition of 
gut microbiota (Gohil et al., 2021). The close association of gastroin
testinal and respiratory system has also been established suggesting the 

alternative way of treating the infections of respiratory origin (Spag
nolello et al., 2021). A bidirectional communication between gut and 
lung referred to as gut-lung axis has been evident which is strongly 
associated with immune homeostasis (Dang and Marsland, 2019; Olai
mat et al., 2020). 

Four clinical trials have been found to have the positive results when 
probiotics were used as an adjunctive treatment in COVID-19. One of the 
study has shown a misbalance of certain essential microbial population 
such as Lactobacillus and Bifidobacterium in the intestine of the COVID-19 
patients and therefore, probiotics could potentially aid in restoration of 
these natural microbial populations (Xu et al., 2020). Another study 
emphasized that the large dose of probiotics helped in dissolving the 
symptoms associated with COVID-19 accompanied by reduction in the 
signs of inflammation (Wu et al., 2020). 

There are number of ways through which probiotics work. They 
remodulate the microbial flora in the gut and prevent the entry of 
pathogenic microorganisms (Peng et al., 2021). Probiotics bind to the 
gut epithelium and undergo competitive inhibition with the pathogens 
who enter via gut route (Walton et al., 2021). They may release sub
stances that modulates the permeability of intestine (Weiland-Bräuer 
et al., 2020). Some probiotics may result in secretion of mucin which 
forms a mucus layer as a part of first line defense against invading mi
croorganisms (Din et al., 2020). They are also know to function by 
strengthening the epithelial barrier and in attenuating the signs of 
inflammation (Hiippala et al., 2018). 

An another approach called bioengineered probiotic has been pro
posed by Verma et al. (2019) where Lactobacillus paracasei (LP) 
expressing secretory human ACE2 (in fusion with the non-toxin subunit 
B of cholera toxin) was used as a live vector for oral delivery of human 
ACE2. The validation of this probiotic was performed in the mouse 
model of diabetic retinopathy. The successful implementation of this 
bioengineered technology has also indicated its possible use for pre
venting the COVID-19. Apart from interfering with the entry of 
SARS-CoV-2, these probiotics might boosts an innate immunity or might 
be useful in controlling the dysbiosis in COVID-19 patient (Senapati 
et al., 2020). 

3. Conclusion and future prospects 

The alarming rate of occurrence of COVID-19 in different countries 
underscores the urgent need for effective treatments. Different classes of 
drugs have shown promise in treating SARS-CoV-2 infection and COVID- 
19 in small-scale studies. However, larger well-powered randomized 
controlled clinical trials are required to ensure their safety and efficacy. 
Even as vaccines become widely available throughout the world, SARS- 
CoV-2 is here to stay and cases will continue to present, therefore the 
quest for effective treatments remains imperative. 
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