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Table S1: Comparison of different alpha diversity indices of microbial communities with a 

significant difference between COVID-19 patients (n=221) and healthy subjects (n=76) based 

on Wilcoxon-Mann-Whitney test p values.  

Alpha 

Diversity 

Disease 

Status 

Wilcoxon-Mann-Whitney test  Cliff's Delta 

Median  

(IQR) 

P-value  

(FDR) 

 Mean 

(SD) 

Effect size  

Observed  

Patients 
937.5 

(717.25, 1199.75) 
2.2e-16 

 3105.36 

(825.81) 0.983 

(large) 
Healthy 

2941.5 

(2502, 3874) 

 1003.21 

(431.24) 

Chao1 

Patients 
1729.328 

(1303.84, 2200.93) 
2.2e-16 

 5128.32 

(1222.61) 0.987 

(large) 
Healthy 

4852.912 

(4250.33, 6318.36) 

 1807.16 

(688.06) 

Shannon 

Patients 
4.145 

(3.605, 4.556) 
3.442e-15 

 4.84 

(0.612) 0.606 

(large) 
Healthy 

4.875 

(4.455, 5.263) 

 4.00  

(0.795) 

Simpson 

Patients 
0.953 

(0.919, 0.971) 
3.453e-05 

 0.962 

(0.023) 0.319 

(small) 
Healthy 

0.969 

(0.954, 0.977) 

 0.942 

(0.038) 

 

 

 

Table S2: Comparative relative abundances of the oral and gut microbiota’s at the phylum, 

and genus level in COVID-19 and healthy group. Firmicutes, Bacteroidetes, Proteobacteria 

and Fusobacteria were the most abundant phyla between two group whereas Bacteroides, 

Prevotella, Actinomyces, Rothia and Fusobacterium were the most dominated genera’s in the 

microbiome of the sample.  

 

Taxonomic Rank 

COVID-19 Patients  Healthy  
Chi-

square 
P-value 

Median IQR  Median IQR 

Phylum 

Bacteroidetes 466 313.25-602.5  255 117-418 44.223 2.93e-11 

Thermi 0.00 0.00-0.00  0.00 0.00-0.00 10.167 0.001 

SR1 0.00 0.00-1.00  0.00 0.00-0.00 1.7739 0.182 

TM7 0.00 0.00-0.00  1.0 0.0-10.0 49.122 2.405e-
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Actinobacteria 51.5 11-150.25  31.0 7.75-76.5  4.272 0.038 

Proteobacteria 13 4.0-31.75   123 43.25-217 96.193 2.2e-16 

Verrucomicrobia 0.00 0.00-0.00  0.00 0.00-0.00 16.752 4.26e-05 

Cyanobacteria 0.00 0.0-1.0  0.00 0.0-2.0 11.43 0.0007 

Firmicutes 61 36.25-144.75  286 217-377.5  72.77 2.2e-16 

Fusobacteria 63 5.25 -132.5  43 16-85 4.913 0.026 

Genus 

Porphyromonas 0.50 0.00-13.75   1.5 0.00-11.25 0.173 0.677 

Bacteroides 47.50 13.0-224.75  24 6.75 -211.5 1.018 0.312 

Prevotella 165 7.25 -375.5  64.5 22-177.25 12.89 0.000 

Campylobacter 10.0 2.0-28.0  0.00 0.00-22.25 39.683 2.987e-

10 

Streptomyces 0.00 0.00-0.00  0.00 0.00-0.00 0.699 0.402 

Bifidobacterium 0.00 0.00-1.00  0.00 0.00-2.0 1.781 0.181 

Actinomyces 8.50 4.00-26.5  2.50 0.00-16.25 8.753 0.003 

Rothia 4.00 0.00-23.75  2.00 0.00-8.0 6.856 0.008 

Corynebacterium 1.00 0.0-10.0  2.00 0.00-22.25 3.375 0.066 

Faecalibacterium 0.00 0.00-3.0  1.00 0.00-38.5 5.729 0.016 

Fusobacterium 5.00 0.0-30.0  8.50 0.00-46.25 0.574 0.448 

Clostridium 0.00 0.00-0.00  0.00 0.00-0.00 6.331 0.011 

Values are median (IQR) of percentage relative abundance means. 

*Kruskal-Wallis H test. P < 0.05 in bold. 

 

 

 

Table S3: Pharmacological assesment of the top three potential liggand molecules derived 

from the admetSAR , SwissADME, and pKCSM web-servers. 

 

Parameter Bemcentinib Ledipasvir Velpatasvir 

Molecular weight (g/mol) 506.64  889.02 883.02 

H-Bond Acceptor 8 8 9 

H-Bond Donor 2 4 4 

CNS -2.04 -2.995  -3.597 

CYP2D6 substrate No No No 

CYP3A4 substrate Yes Yes Yes 
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Parameter Bemcentinib Ledipasvir Velpatasvir 

CYP1A2 inhibitor No Yes No 

CYP2C19 inhibitor Yes No No 

CYP2C9 inhibitor Yes No No 

CYP2D6 inhibitor No No No 

CYP3A4 inhibitor Yes No Yes 

Carcinogenicity Non-carcinogenic Non-carcinogenic Non-carcinogenic 

Hepatotoxicity No No No 

P-glycoprotein inhibitor No No No 

Acute Oral Toxicity No No No 

 

 

Table S4: Metadata of SARS-CoV-2 infections obtained by reviewing published articles 

were used in this study 

Publication Target Candidate drugs 

Rodrigues, L., et 

al. 2022[1] 

S, E,  N, M, 

NSP1,NSP2, NSP3, 

NSP4, NSP5, NSP6, 

NSP7, NSP8,NSP9, 

NSP10,ACE2 

Chloroquine, Hydroxychloroquine, Alpha-

1-proteinase inhibitor, Aluminium, 

Aluminium acetate, Aluminium phosphate, 

Aprotinin, Cyproterone acetate, Filgrastim, 

Mifepristone, Pegfilgrastim 

Siminea, N. et al. 

2022[2] 

ACTB, AKT1, ATM, 

ATP6AP1, CSNK2A1, 

CDK2, EGF, MAPK14, 

MTOR and TP53 

Bosutinib, brigatinib, dasatinib, imatinib, 

nilotinib, ponatinib, regorafenib, 

Dabrafenib, encorafenib, regorafenib, 

ripretinib, sorafenib, vemurafenib, 

Bosutinib, Afatinib, brigatinib, dacomitinib, 

erlotinib, gefitinib, icotinib, lapatinib, 

neratinib, olmutinib, osimertinib, 

vandetanib, zanubrutinib, Brigatinib, 

Entrectinib, fedratinib, ruxolitinib, 

zanubrutinib, Dasatinib, Everolimus, 

ridaforolimus, temsirolimus, Midostaurin 

Khataniar, A., et 

al. 2022[3] 

 

 

 

 

 

S, E,  N, M, NSP1,NSP2, 

NSP3, NSP4, NSP5, 

NSP6, NSP7, NSP8, 

Ascorbyl palmitate, cinametic acid, lauric 

acid, guaifenesin, nabumetone, nafcillin, 

octacosanol, palmidrol, and salmeterol, 

Dipyridamole, candesartan cilexetil, 

candesartan, oxytetracycline, valganciclovir 

hydrochloride, roxatidine acetate, 

omeprazole, sulfacetamide, cimetidine, 

disulfiram, atazanavir, hydroxychloroquine, 

chloroquine, indinavir montelukast sodium, 
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Publication Target Candidate drugs 
NSP9, NSP10, NSP11, 

NSP12, NSP13, NSP14, 

NSP15, NSP16, ACE2, 

RdRp 

maribavir, Colchicine, remdesivir, 

bafilomycin A1, temozolomide, colchicine 

derivatives, Apamycin, camostat, 

nafamostat, saracatinib, trametinib, 

cefuroxime, ceftriaxone, cefotaxime, 

molnupiravir, grazoprevir, ganciclovir, 

atazanavir, daclatasvir, acyclovir, etravirine, 

entecavir, efavirenz, asunaprevir, abacavir 

dolutegravir, lomibuvir, penciclovir, 

trifluridine, danoprevir, ritonavir, 

saquinavir, raltegravir, lamivudine, 

Pemirolast, isoniazid pyruvate, 

nitrofurantoin, and eriodictyol 

Islam, T., eta la. 

2022[4] 
S, ACE2, 3CLpro, 

RdRp, Mpro, Plpro,  

Remdesivir, Molnupiravir, Paxlovid, 

Baricitinib 

Wen, W. et al. 

2022[5] RdRp molnupiravir, fluvoxamine and Paxlovid 

McKee, D.L., 

2022[6] 
ACE2, 3Clpro, 

RdRp,TMPRSS2 

Camostat mesilate, Nafamostat mesilate, 

Chloroquine phosphate, 

Hydroxychloroquine, Remdesivir, 

Lopinavir/ritonavir, Umifenovir, Favipiravir 

Gysi, D.M. et al. 

2021[7] 

SIGMAR1, NSP6,  

CYP3A4, ABCB1, 

CYP2D6, CYP2C9, 

HTR2A, ALB 

Ritonavir, Isoniazid, Troleandomycin, 

Cilostazol, Chloroquine, Rifabutin, 

Flutamide, Dexamethasone, Rifaximin, 

Azelastine, Crizotinib, Urea, 

Methylprednisolone, Dimethyl sulfoxide, 

Folic acid, Celecoxib, Betamethasone, 

Prednisolone, Mifepristone, Budesonide, 

Prednisone, Oxiconazole, Megestrol acetate, 

Idelalisib, Econazole, Rabeprazole, Quinine, 

Ticlopidine,  

Hydrocortisone, Lansoprazole, Methotrexate, 

Digoxin, Etoposide, Letrozole, Clobetasol, 

Quercetin, Tioguanine, 

Medroxyprogesterone acetate, 

Triamcinolone, Progesterone, 

Phenylbutyric acid, Colchicine, 

Teriflunomide, Dimethyl fumarate, 

Leflunomide, Bortezomid, Citalopram, 

Cholrambucil, Omeprazole, Ribavirin, 

Teniposide, Methimazole, 
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Publication Target Candidate drugs 

Cyclophosphamide, Acetic acid, 

Hydroxychloroquine, Ifosfamide, 

Aminoglutethimide, Fluconazole, Nelfinavir, 

Trabectedin, Bicalutamide, Theophylline, 

Enzalutamide, Gefitinib, Mebendazole, 

Adenosine, Mesalazine, Nevirapine, 

Belinostat, Mitomycine, Malathion, 

Ixekizumab, Vindesine, Secukinumab, 

Rifapentine, Bilastine, Nirmatrelvir , 

Clotrimazole, Erlotinib,  

Panobinostat, Warfarin, Busulfan, 

Goserelin, Hydroxyurea, Temsirolimus, 

Abiraterone, Miconazole, Ketorolac, 

Exemestane, Oxymetholone, Pentamidine, 

Diclofenac, Aminophylline, Loratadine, 

Fexofenadine, Terbinafine, Verapamil, 

Clopidogrel, Rivaroxaban 

Chakraborty, C., 

2021[8] 
3CLpro, PLPro, RdRp, 

Mpro, hACE2 

Chloroquine phosphate, Baricitinib, 

hydroxychloroquine sulfate, Azithromycin 

Lopinavir-Ritonavir,Tocilizumab, 

Favipiravir, Remdesivir, Baricitinib,  

Ivermectin,Dexamethasone,Baricitinib,  

Mavrilimumab,  Hydroxychloroquine, 

Remdesivir, Dexamethasone, Tocilizumab, 

Mavrilimumab 

Fangzhou 

Liu_2021[9] 
AKT1, TP53, TNF, IL6, 

BCL2L1 and ATM 
Matrine 

Gurudeeban 

Selvaraj et al. 

2021[10] 

MYC, HDAC9, 

NCOA3, CEBPB, 

VEGFA, BCL3, 

SMAD3, SMURF1, 

KLHL12, CBL, ERBB4, 

and CRKL 

Wortmannin 

Ahmed, S. 

2020[11] ORF1ab ,  N, RdRP, E 
IFN-α, Lopinavir/ritonavir, 

Ribavirin,Chloroquine phosphate, Arbidol 

Muarya, V.K. et al. 

2020[12] 
RdRp, 3CLpro, Spike 

glycoprotein 

Favipiravir, Ribavirin,Penciclovir, 

Remdesivir,Lopinavir, Ritonavir, Darunavir 

and cobicistat, ASC09F, Nafamostat, 

Griffithsin,Arbidol 

Oseltamivir,Chloroquine,Nitazoxanide 

Huang, F. et al., 

2020[13] spike protein, ACE2, Remdesivir/GS-5734, Chloroquine and 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/angiotensin-converting-enzyme-2
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Publication Target Candidate drugs 
TMPRSS2, 3CLpro, 

RdRp and PLpro 
Hydroxychloroquine, 

Lopinavir/Ritonavir(Kaletra) Favipiravir, 

EIDD-2801, Baricitinib, 

Methylprednisolone,  Heparin, Zinc, 

Arbidol/Umifenovir, Darunavir, Oseltamivir, 

Emtricitabine 

Tenofovir, Baloxavir marboxil, Danoprevir, 

Dipyridamole, Fingolimod Losartan, 

Azithromycin, Ribavirin, Triazavirin, 

Tranilast, Ebastine 

EI-Din Abuo-

Rahman, G.A., et 

al. 2020[14] 

ACE2, TMPRSS2, 

ORF1a, ORF1b, Plpro, 

3CLpro, RdRp 

Favipiravir, Ribavirin,Penciclovir, 

Remdesivir (GS-5734),Galidesivir 

(BCX4430), 6′-Fluorinated-aristeromycin 

analogues Acyclovir fleximer analogues 

Nitulescu, G.M. et 

al. 2020[15] 
RdRp, S, PKR, N, M, 

TLR3, ACE2 

Tocilizumab, Sarilumab, Siltuximab, 

Clazakizumab, Anakinra, Canakinumab 

XPro1595, Adalimumab, IFN-α 2a, 

Pegylated IFN-λ, IFN-β 

Taz et al. 2020[16] 

SAA2, MMP9, SAA1, 

S100A8, ICAM1, PI3, 

SOD2, C8orf4, 

SERPINA3, S100A12, 

S100A9, VEGFA, 

AKT1, MMP9, ICAM1, 

CD44 

MIGLITOL CTD 00002031, 

CHEMBL55802 CTD 00003118, Hesperidin 

CTD 00006087, Cytochalasin D CTD 

00007076, Prolinedithiocarbamate CTD 

00002658, Parthenolide CTD 00000087, 

FEXOFENADINE HYDROCHLORIDE 

CTD 00003191, Hydroxytyrosol CTD 

00000267, Antimycin A CTD 00005427, 

Anacardic acid C15:3 CTD 00003117, 

Moni et al. 

2020[17] 

MX1, IRF7, BST2, 

BCL2A1, CSF2, 

EPSTI1, MMP13, 

CXCL6, OAS2, CXCL1, 

CXCL2, CXCL3, IFI6, 

IFI27 and TNF 

Cytochalasin D, 1′-acetoxychavicol acetate, 

Atorvastatin, Proline dithiocarbamate, 

Dicumarol, Oleanolic acid. 

Zhen-Zhen[18] 
ACE2, TMPRSS2, IL-

1α, IL-8, IL-6, and CCL-

2, 3CLpro3 

berberine/NIT-X 

Yi-Wei Zhu et al. 

2020 [19] 

RELA, TNF, IL6, IL1B, 

MAPK14, TP53, 

CXCL8, MAPK3, 

MAPK1, IL4, MAPK8, 

CASP8, STAT1 

Quercetin, Kaempferol, bsitosterol, 

Isorhamnetin, Naringenin, Luteolin, (þ)-

catechin, Delphinidin, aloe-Emodin, 

Baicalein and Irisolidone 

Suresh Kumar _et VEGFA, TNF, IL-6, Chloroquine, lenalidomide, Penicillin, 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/serine-proteinase
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/proteinase
https://www.sciencedirect.com/topics/medicine-and-dentistry/mapk1
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Publication Target Candidate drugs 

al. 2020 [20] CXCL8, IL10, CCL2, 

IL1B, TLR4, ICAM1, 

MMP9 

Pentoxifylline, Thalidome, Sorafenib,  

Paclitaxel, Rapamycin, Cortisol, Statins 

Zulkar Nain et al. 

2020[21] 

APC, KPNA2, 

CTNNB1, CCND1, 

NFKB1, FOS, HDAC2, 

PTPRK, LHB, FUS, 

CTBP1, THRA, CDX2 

and BUB1 

Antibiotic K-252A,Cabozantinib, 

Amuvatinib, Crizotinib, SGX-523, 888719-

03-7, CHEMBL527066, CHEMBL503090, 

SCHEMBL15322421, CHEMBL462712, 

rac-crizotinib, CHEMBL561660, 

Crizotinib, Cabozantinib. 

Li Zhonglin et al, 

2020[22] 

DYNLL1, POLR2F, 

RPL13A, FBXO11, 

CSNK1E 

Podophyllotoxin, Amantadine, 

Thioperamide, Monensin, Vancomycin, 

Etiocholanolone, Acyclovir, Isoflupredone, 

Heptaminol,Chenodeoxycholic acid, 

Podophyllotoxin, Atractyloside, 

Adiphenine, Monensin, Lisuride 

Islam et al. 

2020[23] 

BIRC3, ICAM1, IRAK2, 

MAP3K8, S100A8, 

SOCS3, STAT5A, TNF, 

TNFAIP3, TNIP1,  

FOXC1, GATA2, YY1, 

FOXL1, NFKB1 

SYK-inhibitor, Radicicol, Dabrafenib, AT-

7519, Dasatinib, Lovastatin, Thiostrepton, 

Linifanib, JNK–IN–5A, Withaferin-A. 

Ge C et al 

2020[24] 

MMP13, NLRP3, 

TRIM21, GBP1, 

ADORA2A, PTAFR, 

TNF, MLNR, IL1B, 

NFKBIA, ADRB2, and 

IL6 

Astragaloside IV 

Aishwarya et al. 

2020[25] 

MDH1, SGCE, 

PFKFB3, PGM5, ISLR 

and ANK2 

F-1566-0341, Digoxin, Proscillaridin, 

Linifanib 

Tao et. al., 

2020[26] 

MAPK3, MAPK8, 

TP53, CASP3, IL6, 

TNF, MAPK1, CCL2, 

PTGS2 

Quercetin, Kaempferol, Beta-sitosterol, 

Stigmasterol, Isorhamnetin, Baicalein, 

Naringenin, Formononetin 

Beck et al. [27] RdRp, 3CLpro 

 5-nonyloxytryptamine, Abacavir sulfate, 

Abacavir, Acetylcholine Chloride, 

Acyclovir, Adefovir Dipivoxil, Amprenavir 

(agenerase), Apixaban, Asunaprevir (BMS-

650032), Atazanavir sulfate (BMS-232632-

05), Atazanavir, Atropine, avermectin, 

Batimastat, Boceprevir, bosutinib, Cidofovir, 

Cyclosporine, dacinostat, Daclatasvir (BMS-

790052), danoprevir, Daptomycin, 

https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22888719-03-7%22%5BCompleteSynonym%5D%20AND%2021081761%5BStandardizedCID%5D
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22888719-03-7%22%5BCompleteSynonym%5D%20AND%2021081761%5BStandardizedCID%5D
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22CHEMBL503090%22%5BCompleteSynonym%5D%20AND%2011560856%5BStandardizedCID%5D
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22rac-crizotinib%22%5BCompleteSynonym%5D%20AND%2011597571%5BStandardizedCID%5D
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22CHEMBL561660%22%5BCompleteSynonym%5D%20AND%2025229537%5BStandardizedCID%5D
https://www.sciencedirect.com/topics/neuroscience/stat5a
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/transcription-factor-gata-2
https://www.sciencedirect.com/topics/neuroscience/yy1
https://www.sciencedirect.com/topics/neuroscience/nfkb1
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Publication Target Candidate drugs 

Darunavir, demecarium, Difloxacin HCl, 

dinoprostone, efavirenz, elvitegravir, 

Entecavir Hydrate, entecavir, eprosartan, 

Etomidate, everolimus, Famciclovir, foxy-5, 

Ganciclovir, indinavir, ivermectin, 

Leuprolide Acetate, lisuride, lopinavir, 

Methscopolamine, mupirocin, naltrindole, 

Nelfinavir Mesylate, nelfinavir, nevirapine, 

Octreotide acetate, oligomycin-a, 

Oseltamivir acid, Oseltamivir phosphate, 

Oseltamivir, Otilonium Bromide, 

Penciclovir, Peramivir Trihydrate, Peramivir, 

Pimecrolimus, prostaglandin, Radotinib(IY-

5511), raltegravir, Rapamycin (Sirolimus), 

Remdesivir, ribavirin, Rifabutin, Rilpivirine, 

Ritonavir, Rupatadine Fumarate, Saquinavir 

mesylate, saquinavir, saracatinib, 

scopolamine, Sildenafil Citrate, sirolimus, 

somatostatin, Tacrolimus (FK506), 

Telaprevir (VX-950), temsirolimus, 

Tenofovir Disoproxil Fumarate, tenofovir, 

thiostrepton, Tigecycline, Tiotropium 

Bromide, torin-2, trichostatin-a, Valaciclovir 

HCl, valaciclovir, Valganciclovir HCl, 

Zanamivir, zolmitriptan, PHA-665752 

Kartikay Prasad et 

al. 2020[28] 

IFIT1, IFITM1, IRF7, 

ISG15, MX1, and 

OAS2, TLR3, 

Mitomycin-C, Imiquimod, 

Polyinosinic:polycytidylic acid (poly I:C),S-

carbamidomethylcysteine(Cysteine-S-

acetamide), Vanadium oxide and MgATP. 

Han et. al, 2020 

[29] 

IL6,  ACE2, TNF, IL10, 

MAPK8, MAPK3, 

CXCL8, CASP3, 

PTGS2, TP53, and 

MAPK1 

Quercetin, Luteolin 

S. A. Khan et al., 

2021 [30] 3CLpro 
Remdesivir, Saquinavir, Darunavir, flavone, 

coumarin derivatives 

Alves et al., 2021 

[31] 
Mpro Sufugolix, Cenicriviroc, Proglumetacin 

Umesh et al., 

2021[32] 
Mpro 

Alpha-ketoamide, Carnoso, Rosmanol, 

Arjunglucoside-I 

Liu et al., 2020[33] 3CLpro Itacitinib, Oberadilol, Telcagepant, 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/irf7
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mx1
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Publication Target Candidate drugs 

Vidupiprant, Pilaralisib, Poziotinib, 

Fostamatinib, CL-275838, Ziprasidone, 

Leucal/Folinic 

Acid, ITX5061 

Jin et al., 2020[34] Mpro 
Ebselen, Shikonin, Tideglusib, PX-12, 

TDZD-8, Carmofur 

Feng et al., 

2021[35] 
3CL Pro 

antiviral drugs (lopinavir, tenofovir 

disoproxil, fosamprenavir and ganciclovir), 

antif lu drugs 

(peramivir and zanamivir) and an anti-HCV 

drug (sofosbuvir) 

Günther et al., 

2021[36] 
Mpro 

Adrafinil, AR-42, AT7519, Aurothioglucose, 

AZD6482, Bromebric acid, Calpeptin, 

Climbazole, Clonidine, Dexrazoxane, 

Fusidic acid, Glutathione monoisopropyl 

ester, Glycitein, BE-2254, Ifenprodil, 

Ipidacrine, Isofloxythepin, LSN2463359, 

Maleic acid, Neptazane, MUT056399, 

Necrostatin-1, PD 168568, Pelitinib, 

Polydatin, RS102895, SEN-1269, 

Suxamethonium, SUN-B 8155, Tegafur, 

Evofosfamide, Tofogliflozin, Tolperisone, 

Tretazicar, Teroxirone, UNC-2327, Zinc 

pyrithione 

R. J. Khan et al., 

2021[37] 
3CLpro, 2'-O-MTase 

Raltegravir, Paritaprevir, Bictegravir and 

Dolutegravir 

Raj, 2021[38] NSP-3, 5, 11, 14, 15 DB01977, BD07132, DB07535 

Kuo et al., 

2021[39] 
3CLpro, PLpro 

levothyroxine, manidipine-2HCl 

levothyroxine, loperamide, manidipine-

2HCl, maprotiline, 

reserpine, proanthocyanidin 

Anand et al., 

2021[40] 
NSP10, Nucleoprotein, 

NSP3, 3CLpro, 

Darifenacin, Nebivolol, Bictegravir, 

Alvimopan, Irbesartan, 

Cavasotto and Di 

Filippo, 2021[41] 
Mpro, PLpro, S-protein 

ENMD-981693, Felypressin, 

Brilacidin, Samatasvir, Eribaxaban, Aplidin, 

Candesartan Cilexetil, Ritonavir, 

Tomivosertib, Rebamipide, Saquinavir, 

Flovagatran, Sovaprevir, Indinavir, 

Anatibant, Pilaralisib, Tiracizine, 

Zabofloxacin, Picotamide, Cilazapril, 

Indisulam, Darolutamide, Ziprasidone, 
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Publication Target Candidate drugs 

Propamidine, Pralatrexate, Carumonam, 

Aclerasteride, Granotapide 

Gil et al., 2020[42] RNA polymerase, 

3CLpro, PLpro, S 

remdesivir, favipiravir, ribavirin, oseltamivir, 

galidesivir, sofosbuvir, umifenovir, 

lopinavir/ritonavir, ivermectin, disulfiram, 

griffithsin 

Guedes et al., 

2021[43] 
PLpro, Mpro, RdRp, N, S 

Prazosin, Bazedoxifene, Menaquinone, 

Posaconazole, Ledipasvir, Imatinib, 

Atorvastatin, Ivermectin, Elbasvir, 

Velpatasvir, Pibrentasvir, Ombitasvir, 

Dactinomycin, Ribavirin, Daclatasvir, 

Ivermectin, Elbasvir, Fdaxomicin, 

Atorvastatin, Lomitapide 

Liang et al., 

2021[44] 
RdRp, 3CLpro, PLpro, S 

avapritinib, bictegravir, ziprasidone, 

capmatinib, pexidartinib 

Rahman et al., 

2021[45] 
Mpro, RdRp, PLpro, S Rutin 

Murugan et al., 

2020[46] 
3CLpro, Plpro, RdRp 

Baloxavir marboxil, Phthalocyanine, 

Tadalafil, Lonafarnib, Nilotinib, 

Dihydroergotamine, R-428 

Manikyam and 

Joshi, 2020[47] 
3CLpro, Plpro,RdRp 

paritaprevir, ritonavir, entecavir and 

chloroquine 

Wu et al., 2020[48] 3CLpro, PLpro, RdRp 

ribavirin, valganciclovir, thymidine, 

cefpiramide, sulfasalazine, phenethicillin, 

lymecycline, demeclocycline, doxycycline, 

oxytetracycline,  tigecycline, montelukast, 

fenoterol 

 Abdel-Basset et 

al., 2020[49] 
3CLpro, RdRp 

Cilostazol, Baricitinib, Fluconazole, 

Itraconazole, Quercetin, Rabeprazole, 

Grazoprevir, Sirolimus, Ivermectin, 

Methylprednisolone, Abacavir, Rifaximin, 

Ritonavir, Metoprolol , Digoxine 

Mishra et al., 

2021[50] 

S, hACE2, 3CLpro, 

CTSL, nucleocapsid 

protein, RdRp, NSP6 

Ritonavir, Dolutegravir, Tenofovir, 

Tinofoviralafenamide, 

Boceprevir, Catechin, Zanamivir 

Nelakuditi and 

Shrivastava, 

2020[51] 

 

Mpro, S, ACE2, RdRp 

Vilazodone, Lopinavir, Ritonavir, Darunavir, 

Selinexor, Etoposide, Nintedanib, 

Methylprednisolone, Hydrocortisone, 

Tolcapone, Apixaban, Rivaroxaban, 

Dabigatran, Betrixaban, Amprenavir 



12 

Publication Target Candidate drugs 

Mhatre et al., 

2021[52] 

3CLpro, S, PLpro, RdRp, 

ACE2 

Favipiravir 

 

Joshi et al., 

2020[53] 

SARS-CoV-2 MPro, RdRp 

and hACE-2 

δ-viniferin, Myricitrin, Taiwanhomoflavone 

A, Lactucopicrin 15-oxalate, Nympholide-A, 

Saquinavir, Biorobin, Phyllaemblicin B, -(-

)asperlicin, Cassameridin, Chrysanthemin, 

Scalarane,  Baicalin, Hesperidin, Afzelin 

Shi et al., 2021[54] ACE2, Mpro, RdRp 

Val-Ser-Gly-Ala-Gly-Arg-Tyr, Val-Met-

Asp-Lys-Pro-Gln-Gly, Val-Ile-Glu-Lys-Tyr-

Pro, Lys-Asp-Tyr-Arg-Leu, Asp-GluAsn-

Ser-Lys-Phe, Asn-Asn-Asn-Pro-Phe-Lys-Phe 

Panda et al., 

2020[55] 

SARS-CoV-2 Mpro, S, 

RBD, ACE2 

Lopinavir, ritonavir, zanamivir,  Remdesivir, 

PC786, JNJ 

Jena et al., 

2021[56] 
ACE2, Mpro 

Alkaloid 1e, Steroids 3a, Terpenoids 4b, 

Terpenoids 4n, Octacosanol 5b and 

Heptacosanol 5c 

Duverger et al., 

2021[57] 
ACE-2 Azithromycin, hydroxychloroquine 

Xiang et al., 

2021[58] 
ACE2 puerarin 

de Oliveira et al., 

2021[59] 
ACE2 

Theaflavin digallate, suramin sodium,  5-

hydroxytrytophan, solamargine, beta-

solamargine, taraxanthin, anthranil acid, 

evomonoside, dihydroergocristine mesylate, 

smilacin, withaphysalin, erysimosol, 

quinupristin, tigogenin, sarsasapogenin, 

Nilotinib, nilotinib hydrochloride 

monohydrate, deacetylo-leandrin, 

dexamethasone-21-sulfobenzoate, 

dauricinoline, tirilazad, swertifrancheside, 

digitoxin, Digitoxin, selamectin, 

acetyldigitoxin, gitaloxin, doramectin 

 

Bardaweel et al., 

2021[60] 
DPP4, ACE2 sitagliptin 

Kabir et al., 

2021[61] 
ACE2, TMPRSS2 

10-gingerdione, campesterol, cilastazol, 

dapagliflozin, danoprevir, dithymoquinone, 

doxycycline, edoxaban, empaflozin, 

englitazone, erythromycin, 

ezetimibe,fluvastatin, fucosterol, glimepiride, 

gemigliptin, glyburide, methyl prednisolone, 
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Publication Target Candidate drugs 

mevastatin, pacritinib, pitavastatin, 

prasugrel, rosiglitazone, shikonin, tideglusib, 

ticagrelor and warfarin. 

Bojkova et al., 

2020[62] 
ACE2, RdRp 

Cycloheximide, 2-deoxy-d-glucose, 

ribavirin, NMS-873 

Aftab et al., 

2020[63] 
RdRp, ASP760, ASP761, CID123624208, CID11687749, 

Elfiky, 2021[64] RdRp 

Sofosbuvir, Ribavirin, Galidesivir, 

Remdesivir, Favipiravir, Cefuroxime, 

Tenofovir, Hydroxychloroquine, Setrobuvir, 

YAK, and IDX-184 

Pirzada et al., 

2021[65] 
RdRp Remdesivir, Ledipasvir 

Agrawal et al., 

2021[66] 
S, RdRp 

Indinavir, Nelfinavir, Fosamprenavir, 

Rintatolimod, Loviride, Nevirapine, 

Nitazoxanide, Imiquimod, Inosine, 

Cobicistat, Vancomycin, Gliclazide, 

Azithromycin, Sulfamethoxazole, 

Meropenem, Tenofovir, Disoproxil, 

Trimethoprim, Ciprofloxacin, Gentamicin, 

Levofloxacin, Ivermectin B1a, Ivermectin 

B1b, Hydroxychloroquine, 

Beclabuvir, Galidesivir, Ribavirin, 

Favipiravir, Sofosbuvir, Tenofovir, 

Remdesivir 

Ruan et al., 

2021[67] 
NSP12‐NSP7‐NSP8 

Nilotinib, Saquinavir, Tipranavir, 

Lonafarnib, Tegobuvir, Olysio, Filibuvir, and 

Cepharanthine 

Y. J. Sun et al., 

2021[68] 
TMPRSS2 avoralstat 

Cho et al., 

2021[69] 
TMPRSS2 glycyrrhizin 

Gao et al., 

2021[70] 
PLpro GRL0617 

Zhao et al., 

2021[71] 

 

PLpro 
YM155, Cryptotanshinone, Tanshinone I, 

GRL0617 

Weglarz-Tomczak 

et al., 2021[72] 
PLpro Ebselen 

Sinha et al., 

2021[73] 
NSP15, S Saikosaponins U and V 

Yang et al., 

2021[74] 
SARS-CoV-2 S protein Clemastine, Amiodarone, 
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Trimeprazine, Bosutinib, Toremifene, 

Flupenthixol, Azelastine 

Jeon et al., 

2020[75] 
N protein niclosamide, ciclesonide 

Kumar et al., 

2021[76] 
Noscapines protease Noscapine 

C. Liu et al., 

2021[77] 
NSP14 

Saquinavir, Hypericin, 

Baicalein, Bromocriptine 

El Hassab et al., 

2021[78] 
nsp16 

AP-20, 

Sinefungin, 

G. Li et al., 

2021[79] 
TNF 

Etanercept, Baclofen, adalimumab, 

tocilizumab, rituximab,  glucocorticoids 

F. Sun et al., 

2021[80] 
AKT1, AKT2 and AKT3 Capivasertib 

Dittmar et al., 

2021[81] 
Cyclophilin 

Salinomycin, Y-320, AZD8055, 

Bemcentinib, Dacomitinib, WYE-125132, 

Ebastine, Dp44mT, Cyclosporine 

Han et al., 

2021[82] 
NFKBIA, IKBKB, 

CYP450 
Sulfasalazine 

Y. Li et al., 

2021[83] 
SRC, HDAC, MEK Atorvastatin, Ibuprofen, Ketoconazole 

Sauvat et al., 

2020[84] 
SARS-CoV-2 

cephararanthine, chloroquine, 

hydroxychloroquine chloroquine, 

chlorpromazine, emetine, mefloquine 

Krafcikova et al., 

2020[85] 

2′-O-RNA 

methyltransferase 

(MTase), nsp10-nsp16, 

RdRp, RNA cap 

Sinefungin 

Francis Borgio et 

al., 2020[86] 
SARS-CoV-2 helicase, Vapreotide, atazanavir 

 Díaz, 2020[87] orf8, M, Nsp7, orf1b 

Rapamycin, FK-506, Bafilomycin A1 

Entacapone, Indomethacin, Metformin, 

Remdesivir 

Gordon et al., 

2020[88] 
SIGMAR1 L-cloperastine, clemastine 

Auwul et al., 

2021[89] 

PLK1, AURKB, 

AURKA, CDK1, CDC20, 

KIF11, CCNB1, KIF2C, 

DTL, CDC6 

amsacrine, BRD-K68548958, naproxol, 

palbociclib, teniposide 

Belyaeva et al., 

2021[90] 

HEK293T, ACAT1, 

ADK,AGA 

Afatinib, axitinib, bosutinib, dasatinib, 

sorafenib, formoterol, docetaxel 

Lee et al., 

2021[91] 

SLC3A2, SLC2A3, 

FOLR2 
fluorodeoxyglucose 

Desvaux et al., ST2, Dexamethasone, Canakinumab, Siltuximab, 
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2021[92] RAGE Sarilumab, Tocilizumab, Infliximab, 

Adalimumab, Hydrocortisone, Prednisolone, 

Baricitinib, Ruxolitinib, progesterone, 

Secukinumab, Eculizumab, Anakinra, 

Romiplostim 

O’Donovan et al., 

2021[93] 
MEK inhibitor 

Trametinib, Withaferin A, Parthenolide, 

Lapatinib, Sorafenib, Auranofn, Selumetinib 

 

Yee et al., 

2021[94] 

OATP2B1, OCT1, OCT2, 

OAT1,OAT3, MATE1, 

and MATE2 

Azithromycin, Baricitinib, Camostat, 

Chloroquine, Colchicine, Darunavir, 

Favipiravir, Fingolimod, 

Hydroxychloroquine, Leflunomide, 

Lopinavir, Losartan, Oseltamivir, 

Piclidenoson, Prazosin, Remdesivir, 

Ribavirin, Ritonavir, Ruxolitinib, Sildenafil, 

,Tetrandrine, Thalidomide, Tofacitinib, 

Triazavirin, Umifenovir 

 

Zhou et al., 

2020[95] 

ORF1ab, ACE2,JUN, 

XPO1, 

NPM1,  HNRNPA1 

Sirolimus, dactinomycin, mercaptopurine, 

melatonin, toremifene, emodin 

Alam et al., 

2021[96] 

hsa-miR-1307-3p, hsa-

miR-1912-5p, hsa-miR-

766-3p, hsa-miR-1910-

5p, hsa-miR-1304-5p 

Miravirsen 

Alanazi, Farah, 

and Hor 2022 [97] 

NSP1, PLpro, Mpro, 

NSP9, RdRp, NSP13, 

NSP15, ORF3a, S, E, M, 

ORF6, ORF7a, N 

Rutin, NADH, Ginsenoside Rg1, 

protopanaxatriol 

Jose et al. 

2022[98] 
S 

Astragalin, 4-p-Coumaroylquinic Acid, 3-p-

Coumaroylquinic Acid, Sinapoyl-D-

Glucoside, 1-Sinapoyl-D- Glucose  

Nine genes that 

are common at 

least 6 articles 

(the rest of them 

are common at 

most 5 articles) 

ACE2 (common in 20 articles), RdRp (common in 30 articles), 

3CLpro (common in 22 articles), S (common in 18 articles), 

TMPRSS2 (common in 7 articles), Plpro (common in 18 articles), IL6 

(common in 6 articles), TNF (common in 9 articles), N (common in 6 

articles) 
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Table S5: Binding affinity score of two FDA-Approved drug corresponding to our proposed 

and published reviewed targets. 

 

Protein Name Molnupiravir Nirmatrelvir 

Proposed Protein 

hldD -7.8 -7.1 

mlaA -6.8 -7.9 

lptD -8.1 -5.7 

accB -5.3 -5.7 

ftsB -5.4 -6.2 

glyQ -6.9 -5.4 

lpxC -6.3 -7.2 

ppc -8.3 -6.5 

ppsA -6.8 -6.6 

tamB -6.0 -6.6 

Published Protein (taken by reviewing published articles) 

3CLpro -6.5 -6.5 

ACE2 -6.6 -7.3 

IL6 -5.7 -6.2 

N -5.6 -6.4 

PLpro -6.6 -7.4 

RdRp -7.4 -7.9 

S -6.0 -6.0 

TMPRSS2 -7.2 -6.9 

TNF -5.8 -6.2 

 

 

 

 

Table S6. Non-bond interactions between top-ordered three receptors and ligand compounds 

based on their binding affinity. 

PubChem 

CID 

Drug com-

pounds 

Recep-

tors/Tar

gets 

Binding 

affinity 

(kcal/mol) 

Interact-

ing 

Amio Ac-

id 

Interaction Type 
Distance 

in Å 

46215462 Bemcentinib hldD -11.8 

ARG213 

PHE200 

HIS186 

TYR292 

VAL168 

Pi-Donor Hydrogen 

Pi-Sigma 

Pi-Pi T-shaped 

Pi-Pi T-shaped 

Alkyl 

3.926 

3.720 

5.217 

5.177 

5.147 
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Table S6. Non-bond interactions between top-ordered three receptors and ligand compounds 

based on their binding affinity. 

PubChem 

CID 

Drug com-

pounds 

Recep-

tors/Tar

gets 

Binding 

affinity 

(kcal/mol) 

Interact-

ing 

Amio Ac-

id 

Interaction Type 
Distance 

in Å 

LYS198 Pi-Alkyl 5.334 

67505836 Ledipasvir mlaA -11.7 

THR152 

TRP169 

GLY138 

PRO135 

GLY136 

TYR137 

LEU180 

LEU157 

VAL197 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Carbon Hydrogen 

Carbon Hydrogen 

Carbon Hydrogen 

Pi-Pi Stacked 

Alkyl 

Alkyl 

Pi-Alkyl 

2.067 

2.602 

3.658 

3.582 

3.464 

5.728 

5.314 

4.616 

5.163 

67683363 Velpatasvir lptD -11.4 

LYS239 

HIS265 

THR160 

PHE161 

PHE192 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Carbon Hydrogen 

Pi-Pi T-shaped 

Pi-Pi T-shaped 

2.727 

2.333 

3.482 

4.768 

5.135 

14599661

0 
Molnupiravir lptD -8.3 

LYS234 

ASN345 

LYS735 

GLY753 

ASN341 

PHE343 

GLU733 

LYS234 

ASP344 

ALA751 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Pi-Cation 

Pi-Anion 

Pi-Alkyl 

1.935 

2.112 

2.725 

2.800 

1.947 

2.886 

1.919 

4.117 

4.920 

4.871 

15590325

9 
Nirmatrelvir mlaA -8.1 

SER139 

GLU145 

ASP144 

ASP148 

HIS205 

Conventional Hy-

drogen 

Conventional Hy-

drogen 

Halogen (Fluorine) 

Halogen (Fluorine) 

2.550 

2.659 

3.475 

3.533 

5.081 
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Table S6. Non-bond interactions between top-ordered three receptors and ligand compounds 

based on their binding affinity. 

PubChem 

CID 

Drug com-

pounds 

Recep-

tors/Tar

gets 

Binding 

affinity 

(kcal/mol) 

Interact-

ing 

Amio Ac-

id 

Interaction Type 
Distance 

in Å 

Pi-Alkyl 

 

 

 

 

Figure S1. A workflow of exploring potential functional genes and their metabolic 

pathways from differentially abundant bacterial genus between SARS-CoV-2 infection 

and control samples. 
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