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Abstract: 

 

Since the first cases the coronavirus disease caused by SARS-CoV-2 (COVID-19) reported in December 

2019, worldwide continuous efforts have been placed both for the prevention and treatment of this 

infectious disease. As new variants of the virus emerge, the need for an effective antiviral treatment 

continues. The concept of preventing SARS-CoV-2 on both pre-entry and post-entry stages has not been 

much studied. Therefore, we compared the antiviral activities of three antiviral drugs which have been 

currently used in the clinic. In silico docking analyses and in vitro viral infection in Vero E6 cells were 

performed to delineate their antiviral effectivity when used alone or in combination. Both in silico and 

in vitro results suggest that the combinatorial treatment by favipiravir and umifenovir or camostat 

mesylate has more antiviral activity against SARS-CoV-2 rather than single drug treatment. These 

results suggest that inhibiting both viral entry and viral replication at the same time is much more 

effective for the antiviral treatment of SARS-CoV-2. 
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Introduction: 

SARS-CoV-2 has spread all over the world, over 191 countries with more than 181 million confirmed 

cases and 4 million deaths (Johns Hopkins University, www.coronavirus.jhu.edu/map.html, accessed 

29. June. 2021). Despite the ongoing preclinical and clinical studies, unfortunately, there is no other 

drug approved for SARS-CoV-2 infection rather than FDA approved Remdesivir. Researchers have 

been focused on drug repurposing to find fast and effective treatment against SARS-CoV-2 infection. 

Drug repurposing is a technique to search new indication for an approved drug rather than its original 

indication.   

Favipiravir (FPV) (T-705; 6-fluoro-3-hydroxy-2-pyrazinecarboxamide) is a pro-drug which was 

licensed by the Fujifilm Toyama Chemical Company. FPV prevents viral replication by inhibiting RNA 

dependent RNA polymerase (RdRP). It has a broad spectrum anti-viral activity in a variety of RNA 

viruses. It is shown that FPV effectively inhibits the SARS-CoV-2 infection in Vero E6 cells 

(EC50 = 61.88 μmol·L−1, CC50 > 400 μmol·L−1, SI > 6.46) (Wang et al., 2020a). Cai et al. have 

compared the effects of favipiravir and Lopinavir/ritonavir against Covid-19.  In a non-randomized 

clinical trial in which 35 patients were treated with Favipiravir and 45 patients were treated with 

Lopinavir/ritonavir, they found that Favipiravir was associated with faster viral cleansing and higher 

rates of recovery in chest imaging (Cai et al., 2020).  

Umifenovir (Arbidol) is an antiviral drug that is generally used for the treatment of influenza and the 

major feature is not to have intolerable side effects. Umifenovir interacts with the envelope protein of 

hepatitis C virus (HCV) leading inhibition of host cell membrane fusion activity (Pécheur et al., 2007). 

Also umifenovir interacts with viral hemagglutinin (HA) of Influenza virus and inhibits the transition of 

HA into its functional form (Wang et al., 2020b). S protein of SARS-CoV-2 virus have a structural 

similarity HA of Influenza virus. Therefore, umifenovir suggested for the antiviral treatment of SARS-

CoV-2 virus for the inhibition of viral membrane and host cell membrane fusion (Halboub et al., 2020; 

Vankadari, 2020; Wang et al., 2020b). Therefore, fusogenic changes in spike protein by Umifenovir in 

endosomes prevent fusion of viral membrane to the host-cell membrane. Fusogenic mechanisms are 

common for most of the viruses, therefore umifenovir is being regarded as a wide-spectrum antiviral 

agent. A randomized, controlled, open-label multicenter trial was conducted among patients with 

COVID-19. It is shown that umifenovir treatment neither shortened the time of SARS-CoV-2 nor the 

length of hospitalization of patients with COVID-19 (Lian et al., 2020). Contrary to this finding, there 

are several reports showing that umifenovir therapy contributes significantly to the clinical and 

laboratory improvements in COVID-19 patients (Huang et al., 2020) (Nojomi M, 2020 ).  Huang et al. 

indicated that umifenovir might not only make shorter the viral infection time but also decreased the 

hospitalization duration of non-severe patients. Therefore they pointed out umifenovir was promising 

for the clinical outcome of COVID-19 (Huang et al., 2020). In an open-label randomized controlled 
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trial, Nojomi et al., found that use ofumifenovir in hospitalized COVID-19 patients was significantly 

better against lopinavir/ritonavir combination in terms of clinical and laboratory improvements, 

including peripheral oxygen saturation, requiring ICU admissions, duration of hospitalization, chest CT 

involvements, WBC, and ESR (Nojomi M, 2020 ). Another umifenovir monotherapy trial against 

lopinavir ritonavir was supportive for this finding as no viral load was detected after 14 days of 

admission in umifenovir group versus viral load was still present in 44.1% of the patients with 

lopinavir/ritonavir group (Zhu Z, 2020). 

In a Randomized Clinical Trial, monotherapy of 116 patients in Favipiravir and 120 patients in 

Umifenovir was compared. It was shown that although the comparison of 7 day’s clinical recovery rate 

of drugs was not significantly different, Favipiravir significantly advanced the latency to cough relief 

and reduced the duration of pyrexia in moderate COVID-19 patients. It has been mentioned that 

favipiravir was not related with any differences in ICU admission, AOT/NMV, dyspnea, respiratory 

failure or all-cause mortality but associated with reduced auxiliary oxygen therapy or noninvasive 

mechanical ventilation rate with marginal significance (Chen et al., 2020). In another clinical trial 

patients were treated with Umifenovir- Lopinavir/ritonavir combination and LPV/r only for 5-21 days. 

Analysis were performed of 16 patients who received Umifenovir- LPV/r in the combination group and 

17 who LPV/r only. LPV/r has some gastrointestinal symptoms like elevated levels of bilirubin and it 

was mentioned that treatment with Umifenovir and LPV/r was well tolerated symptoms in this study 

(Deng et al., 2020). Prophylactic Umifenovir was shown to have a lower incidence of SARS-CoV-2 

infection in health care providers (Yang C, 2020). In this study the cumulative infection rate in health 

professionals using Umifenovir was found to be significantly lower that of individuals not using 

Umifenovir. In another retrospective cohort study on family members and health care providers exposed 

to COVID-19 previously, it was shown thatumifenovir could reduce the risk of infection in hospital and 

family environments (Zhang JN, 2020 ).  

Camostat mesylate is an oral serine protease inhibitor used for the treatment of acute symptoms related 

to chronic pancreatitis and postoperative reflux esophagitis, shows promise in cell cultures in combating 

SARS- CoV-2 through limiting viral entry via inhibiton of TMPRSS2 priming activity with SARS-CoV-

2 virus. In a study; patients treated with camostat mesylate showed a decrease in disease severity 

assessed by the SOFA score. The SOFA score includes sepsis defining parameters, suggesting that 

camostat mesylate may reduce virus spread from the lung to other organs and/or may dampen the 

inflammatory response (Hofmann-Winkler et al., 2020). The efficacy and safety of 600 mg QID are 

currently being evaluated in an phase III study in patients with COVID-19 (Kitagawa et al., 2021). The 

results from an other double-blind randomized placebo-controlled trial show that among patients 

hospitalized with Covid-19 camostat mesylate treatment did not significantly improve time to clinical 

improvement, the risk of intubation or death, time to discontinuation of supplemental oxygen,or any 

other efficacy outcomes (Gunst et al., 2021).  
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In this study, we aimed to compare the antiviral activities of these three promising antiviral drugs against 

SARS-CoV-2. In vitro viral infection and in silico docking analyses were performed to delineate their 

effectivity when used alone or in combination. 

 

 

 

Material and Methods: 

In silico calculations 

The chemical structures of umifenovir, camostat mesylate and favipiravir were downloaded from the 

PubChem (https://pubchem.ncbi.nlm.nih.gov) with the CID numbers 131411, 5284360 and 492405 

respectively. Before docking calculations, the structures of chemicals were optimized using B3LYP/6-

31G(d) method and basis set of density functional theory (DFT). As a second step, frequency analysis 

calculations were performed, and stabilization of the optimized structures were checked by the number 

of image (NImag=0). In addition, the electrostatic potential maps of the optimized structures were 

determined by using the same method with the basis set 6-311G(d,p). Gaussian 09W and GausView 

program packages were used for these calculations (Frisch et al. 2009). PDB files of all proteins that 

model the SARS-CoV-2 virus were downloaded from the PDB databank (https://www.rcsb.org): 6VYB, 

6VXX (open and closed forms of spike glycoproteins respectively), 6VWW (Nsp 15 endoribonuclease), 

6LU7, 6M03, 6Y84 (main protease), 6VYO (nucleocapsid phosphoprotein), 6M71 (RNA polymerase), 

5X29 (envelope protein), 6LXT (fusion protein), 6M0J (ACE2-bounded spike protein) and 1R42 (ACE2 

protein). Before using PDB files for docking calculations, first, water and drug molecules were removed 

from all protein structures using the BIOVIA Discovery Studio 2021 software (Dassault Systèmes 2021) 

(BIOVIA Discovery Studio - BIOVIA - Dassault Systèmes®), and then the PDB file format of proteins 

were converted into PDBQT file format using default parameters of AutoDock (ver.1.5.7) software 

(Trott and Olson, 2009). The binding affinity energies (G, kcal·mol–1) between drugs (umifenovir, 

camostat mesylate, favipiravir) and proteins were calculated, with single and multiple drug simulation 

docking (Li et al., 2012) approaches by blind docking (supplementary material, RawData.zip) using 

AutoDock 4.2.6 program. As a result of these calculations, the top 10 conformations with the highest 

affinity energies were taken into consideration. BIOVIA and UCSF Chimera ver. 1.15 (Pettersen et al., 

2004) softwares were used for two- and three- dimensional analysis and imaging of complexes. 

Furthermore, to detect the cavity and druggability of cavities of prepared protein models, CAVITY 

software (http://repharma.pku.edu.cn) was used (Yuan et al., 2013). In order to predict ADME-T 

(absorption, distribution, metabolism, excretion and toxicity) profiles of umifenovir, camostat mesylate 
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and favipiravir, OSIRIS Property Explorer (https://www.organic-chemistry. org/prog/peo) and 

SwissADME online web server (http://www. swissadme.ch) were used. 

 

Cell Culture 

African green monkey kidney Vero E6 cell line was purchased from ATCC and maintained in DMEM 

media containing 10% FBS and 1% antibiotics. Local SARS-CoV-2 isolates (hCoV- 19/Turkey/HSGM-

302/2020 (Clade GR) with GISAID accession number of EPI_ISL_437313|2020-03-27 was used in this 

study. Viruses were propagated in Vero E6 cells by using DMEM media containing 2% FBS and 1% 

antibiotics. All virus-related experiments were performed at Biosafety Level 3 laboratories. 

Viral Infection 

Vero E6 cells were seeded onto 96-well plates at confluency. Cells were first incubated with drugs at 

different concentrations and later infected with SARS-CoV-2 (MOI 0.1) After the final treatment, plates 

were incubated at 5% CO2 at 37ºC. Plates were monitored for cytopathic activity for 5 days. 

qRT-PCR analysis 

At the end of day 5, cell culture supernatants were collected. Total RNA was isolated via MPLC Total 

Nucleic Acid Isolation Kit (Roche) using automated MagNA Pure LC Instrument (Roche). One-step 

qRT-PCR was performed using the Transcriptor One-Step RT-PCR Kit (Roche) by using 5μL of 

samples per each 20 μL reaction volume. In order to calculate viral copies per μL, a standard curve was 

constructed by using 5 different standards of known copy numbers according to the viral N gene. 

Statistical Analysis 

All values are expressed as mean ± ST.D. Comparison between groups was performed by one-way 

ANOVA, followed by a Tukey’s post hoc multiple comparisons by the statistics program GraphPad. At 

least three independent replicated were analyzed. 
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Results: 

First, we evaluated the in vitro antiviral activity of these drug molecules based on the docking results. 

First, Vero E6 cells were infected following exposure with drug molecules. Cells were monitored for 5 

days, and at the end of the experiment, cell culture supernatants were collected and used to quantify viral 

copy numbers via qRT-PCR. According to Figures 2A and 2B, umifenovir and favipiravir showed a 

similar antiviral activity profile, where more than 80% of viral inhibition was observed at 650 µM drug 

concentration. On the other hand, camostate mesylate treatment was only able to achieve the same 

inhibition levels at a much higher dose (Figure 2C). Later, when drugs were used in combination, it can 

be seen that treating Vero E6 cells with umifenovir and favipiravir at the same time, SARS-CoV-2 copy 

numbers were significantly reduced compared to the cells treated with either of the drugs at each dilution 

(Figure 3A. Furthermore, combining camostat mesylate with umifenovir or favipiravir also significantly 

inhibited viral infection compared to the cells treated only with camostate mesylate (Figure 3B and 3C). 

Considering that umifenovir and camostat mesylate are both acting at the entry of viral particles into 

host cells, combining these drugs with a post-entry drug such as favipiravir gives the most promising 

antiviral activity in Vero E6 cells. Therefore, in parallel to the docking analysis, these results further 

support the importance of using drug combinations to achieve better antiviral activity.  

 

After performing in vitro experiments, molecular docking analtysis was performed to further support 

and delineate the antiviral activities observed above. ESP maps of umifenovir, camostat mesylate 

(CamostatM) and favipiravir molecules show nucleophilic and electrophilic attack regions (Figure S1). 

These characteristics indicates that the drug molecules are capable of being both hydrogen donor and 

acceptor, conduct non-bonding interaction with amino acids, and also held dynamically on the protein 

surface. In addition, ADME-T calculations suggest that these drug active chemicals are not mutagenic 

and other feature values are also in acceptable range (Figure S2). Calculated the highest single affinity 

docking scores of umifenovir, CamostatM, favipiravir and as duo umifenovir+camostatM, 

camostatM+favipiravir, umifenovir+favipiravir protein complexes were given in Table S1 (and 

supplementary materials, RawData.zip). If Table S1 results were analyzed, in the single effect, the 

highest affinity value with -8.35 kcal/mol against 6LU7 (main protease) and the lowest affinity value 

with -2.97 kcal/mol against 5X29 (envelope) was umifenovir and favipiravir respectively. As for duo 

effect, shows that the highest affinity values with -8.96 + -4.36 kcal/mol against 6VXX (closed form of 

spike) and the lowest affinity values with -3.20 + - 3.52 kcal/mol against 5X29 (envelope) was 

camostatM+favipiravir and favipiravir+umifenovir, each to each. If the data in Table S1 are analyzed in 

terms of the average effect of umifenovir, camostatM and favipiravir on proteins, it can be said that, the 

single and duo effect changes respectively as camostatM>umifenovir>favipiravir and 

camostatM+favipiravir> umifenovir+camostatM>favipiravir+umifenovir. However, when dual effects 
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examined, it was clearly seen that especially camostatM+favipiravir increases the effectiveness. This 

effect was calculated to be highest against Spike proteins (6M0J, -8.26 + -5.20, 6VXX, -8.96 + -4.36 

and 6VYB, -8.63 + -4.85). As a matter of fact, this calculated increase in efficiency is also consistent 

with the experimental results (Figure 3B). All three-dimensional shots of 10 highest energy 

conformations of single and duo combinations of umifenovir, camostatM and favipiravir on proteins are 

given in RawData.zip (supplementary material). And also, three-dimensional shots showing the protein 

affinity of the camostatM+favipiravir combination, in which the highest efficiency was observed, are 

shown in Figure S3. The effect of camostatM+favipiravir combination on 6VYB, 6VXX spike proteins 

and 6M0J spike ACE2 bounded protein, increasing their affinity energies compare to their single state 

(Table S1), is especially worth examining. In Figure S4, the effects of single camostatM, favipiravir and 

duo camostatM+favipiravir on 6VYB, 6VXX and 6M0J proteins are shown comparatively. In the duo 

combination of camostatM + favipiravir, it can be said that camostatM and favipiravir both protect their 

single affinity sites and also distributed uniformly on the protein surfaces, thus the ligands affect each 

other in the direction of expanding the affinity area. According to UniProtKB database 

(https://www.uniprot.org/uniprot/P0DTC2), 6VYB (open form) and 6VXX (close form) spike proteins 

have two binding areas. These are amino acids between 319-541 (Receptor Binding Domain, RBD) and 

437-508 (receptor-binding motif). Besides, 30-41, 82-84 and 353-357 amino acids are active in binding 

of ACE2 protein (1R42) to spike proteins (https://www.uniprot.org/uniprot/Q9BYF1). If representations 

in Figure S4 are examined, it is seen that the combination of comastatM + favipiravir shows affinity for 

these active sites of the proteins. Indeed, the two- and three-dimensional representations of ligand-amino 

acid interactions which were given in Figure S5A-C confirm this situation. Considering its affinity for 

the 6M0J spike-ACE2 bounded protein (Figure S5C), it is seen that camostatM+favipiravir have affinity 

for both parts and interface of the protein, and to interact with amino acids in hydrogen, van der Waals, 

and non-covalent bonds: (6M0J; A(1R42), LSY:31, ASN:33, HIS:34, GLU:35, GLU:37, ASP:38, 

LEU:39, TRY:83, PRO:84, ARG:357; E(Spike), TRP:436, ASN:437, SER:438, ASN:439, ASN:440, 

LEU:441, LEU:452, TYR:453, GLU:484, TYR:489, PHE:490, LEU:492, GLN:493, SER:494, 

TYR:495, VAL:503, TYR:505, GLN:506, TYR:508, ARG:509). It can also be said that ligands interact 

with amino acids in areas where solvent accessibility is low (Figure S5, SAS shots, green area). On the 

other hand, the duo combinations of umifenovir+camostatM and favipiravir+umifenovir are also in 

agreement with the experimental data (Figure 3C and 3A). Figure S6A and S6B show the effect of 

camostatM+umifenovir and favipiravir+umifenovir on 6VYB, 6VXX and 6M0J proteins, respectively. 

In addition, 2D maps showing the effects of duo combinations at the 6M0J protein interface are also 

given. As seen from the 2D maps, dual drug combinations have effects on Spike-binding amino acids 

of ACE2 and the RBD regions of Spike proteins (open and closed forms), although their affinity energies 

are lower than CamostatM+favipiravir (TableS1). 
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Discussion: 

SARS-CoV-2 virus classified as positive sense single stranded RNA (+ssRNA) virus. +ssRNA viral 

genome is enveloped with nucleocapsid (N) protein. The viral membrane of SARS-CoV-2 composed of 

envelope (E), membrane (M), and spike (S) proteins (Murgolo et al., 2021). S1 and S2 domains 

containing S protein mediates host cell entry via interacting with angiotensin converting enzyme 2 

(ACE2) receptor located on host cell membrane. S1 domain of S protein mediates the interaction of 

ACE2 and S protein by containing receptor-binding domain (RBD) (Lan et al., 2020; Letko et al., 2020).  

ACE2 interacting S protein is primed by transmembrane protease serine 2 (TMPRSS2) protein to reveal 

active S2 domain of S protein. S2 protein mediates fusion of viral membrane with host cell membrane 

leading disclosure of +ssRNA in the host cell cytoplasm (Hoffmann et al., 2020a, 2020b). Viral 

translation begins with the disclosure of +ssRNA after viral cell entry leading t the  translation of Open 

Reading Frames, ORF1a and ORF1b. Translation of ORF1a and ORF1b lead production of pp1a and 

pp1ab polyproteins respectively (Finkel et al., 2021). These polyproteins later produce non-structural 

proteins (nsps) by proteolytic cleaveage. Proteolytic cleaveage of pp1a and pp1ab leads to production 

of nsp1-10 and nsp12-16 proteins, respectively. The combination of nsp3, nsp5 and nsp8 leads to the 

expression of viral helicase protein whereas nsp12 leads to the expression of RNA-dependent RNA 

polymerase (RdRp) (Hillen et al., 2020). Host endomembranes diverted into replication organelles –

mostly ER-derived double membrane vesicles (DMVs)- with the help of nsp3, nsp4 and nsp6 (Knoops 

et al., 2008). RdRp and replicase protein placed in DMVs which leading protective microenvironment 

for viral transcription and replication. For the formation of new viral particles, translated proteins in 

DMVs translocate into ER membrane, and then transit into ER-to-golgi intermediate compartment 

(ERGIC). The replicated genomic material encapsulated with the produced E, M, S and N proteins. 

Finally, the assembled virus is released by exocytosis through golgi apparatus from host cell (V’kovski 

et al., 2020).  

As summarized above, the viral infection cycle is complex and dependent on various different viral 

proteins. In this study, we aimed to explore if the antiviral drugs that have been used in the clinic against 

SARS-CoV-2, can be used in combination to improve the antiviral activity (Figure 4).  Umifenovir has 

been suggested for the antiviral treatment of SARS-CoV-2 for the inhibition viral entry (Halboub et al., 

2020; Vankadari, 2020; Wang et al., 2020b). Camostat mesylate is a serine protease inhibitor which 

inhibits the catalytic activity of TMPRSS2 protein (Hoffmann et al., 2021). It has been suggested that 

inhibition of TMPRSS2 activity results reduction of SARS-CoV-2 viral entry by blocking exposure of 

S2 domain of S protein via TMPRSS2 priming (Uno, 2020; Breining et al., 2021), which refers to the 

combinatorial umifenovir- camostat mesylate treatment in our study. The possibility that camostat 

mesylate or other TMPRSS2 inhibitors administered in higher doses or combinations with other drugs 

might be effective in lowering the risk of disease progression. Hypothetically, combination of drugs 
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which have different mechanism of action can eventuate to an effective antiviral thearpy for SARS-

CoV-2 infection. Preclincal and clinical studies are ongoing for drug combinations to combat SARS-

CoV-2.  

The concept of preventing the virus on both pre-entry and post-entry stages has not been previously 

studied. Favipiravir is broad-spectrum antiviral pro-dug which inhibits viral replication by influencing 

the activiy of RdRp (Delang et al., 2018). Favipiravir enters cell through cell membrane and 

phophoribosylated by Hypoxanthine Guanine Phosphoribosyltransferase (HGPRT) to become 

Favipiravir-ribose-5’-monophosphate (Favipiravir-RMP) (Naesens et al., 2013). Favipiravir-RMP turns 

into Favipiravir-ribose-5-diphosphate (Favipiravir-RDP) and Favipiravir-ribose-5’-triphosphate 

(Favipiravir-RTP) respectively by phosphorylation. Favipiravir-RTP competes with purine bases –

predominantly GTP- to influence viral RdRp mediated viral replication (Furuta et al., 2013). Favipiravir-

RTP can base pair with both cysteine and uracil base pairs. In our study, the antiviral activity of 

favipiravir and umifenovir  or favipiravir and camostat mesylate combinations are much more effective 

than mono drug threapies. Doi et al. showed that combination of favipiravir and another TMPRSS2 

inhibitor nafamostat mesylate showed promising results indicating combinatorial treatment inhibits both 

viral replication and viral entry (Doi et al., 2020). Therefore, it is reasonable to target both viral entry 

and viral replication at the same time to eliminate the SARS-CoV-2 infection. In summary, the 

combinatiorial treatment via favipiravir and umifenovir or camostat mesylate has more antiviral activity 

against SARS-CoV-2 rather than single drug treatment by inhibiting both viral entry and viral 

replication.   
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Figure Legends 

Figure 1. The structure of antiviral drug molecules used in this study. A) Umifenovir, B) 

Camostat mesylate, C) Umifenovir.  

Figure 2. In vitro antiviral activity of drug molecules when used alone. Vero E6 cells were 

pre-treated with antiviral drugs at different concentrations and after 1 hour, viral particles were 

added into the culture media. At the end of day 5, cell culture supernatants were collected and 

number of viral particles were quantified by qRT-PCR.  

Figure 3. In vitro antiviral activity of drug molecules when used in combination. Vero E6 

cells were pre-treated with antiviral drug combinations at different concentrations and after 1 

hour, viral particles were added into the culture media. At the end of day 5, cell culture 

supernatants were collected and number of viral particles were quantified by qRT-PCR.  

Figure 4. Mechanisms of antiviral drugs. SARS-CoV-2 virus is classified as +ssRNA virus. 

S protein of SARS-CoV-2 mediates host cell entry via interacting with ACE2 receptor located 

on host cell membrane. ACE2 interacting S protein is primed by TMPRSS2 protein to reveal 

active S2 domain of S protein. S2 protein mediates fusion of viral membrane with host cell 

membrane leading exposure of +ssRNA in the host cell cytoplasm which results viral 

replication. Umifenovir inhibits the interaction of S protein and ACE2 receptor. Camostat 

Mesylate inthibits the proteolytic activity of TMPRSS2. Translation leads to production of nsps. 

Host endomembranes diverted into replication organelles. RdRp and replicase protein placed 

in DMVs for tranlation of viral proteins. Translated viral proteins translocate into ER membrane 

and then transit to ERGIC. Viral genomic material wrapped with E, M, S, and N viral proteins 

and newly produced virus relased by exocytosis through Golgi apparatus. Favipiravir enters the 

cell and phoshorylated with HGPRT. The Favipiravir-RTP form of Favipiravir competes with 

purine bases and inhibits the replicative activity of RdRp.  
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