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Supplementary Table 1 | Summary of antiviral compounds against human coronaviruses 

Infectious 
diseases Drug targets Antiviral agents Reported mechanism of 

action Status Ref. 

Virus-based treatment strategies 

2019-nCoV; 
Influenza RdRp Favipiravir Inhibits RdRp  

• Approved for influenza in Japan 
• Randomized trial for 2019-nCoV 
(ChiCTR2000029544, 
ChiCTR2000029600) 

[1,2] 

2019-nCoV, 
MERS-CoV, 
SARS-CoV, 
RSV, HCV 

RdRp Ribavirin Inhibits viral RNA synthesis 
and mRNA capping 

• Approved for HCV and RSV 
• Randomized trial for 2019-nCoV in 
combination a  pegylated interferon 
(ChiCTR2000029387). 
• Randomized trial for SARS 
(NCT00578825) 

[2-8] 

2019-nCoV RdRp Penciclovir Inhibits RdRp  Approved for HSV [2] 
2019-nCoV, 
MERS-CoV, 
SARS-CoV 

RdRp Remdesivir 
(GS-5734) 

Terminates the non-obligate 
chain 

• Phase 3 for 2019-nCoV 
(NCT04252664,	NCT04257656) 
• Phase 1 for Ebola (NCT03719586) 

[1,2, 
9-11] 
 

Broad-spectrum 
(e.g. SARS-
CoV, MERS-
CoV, IAV) 

RdRp Galidesivir 
(BCX4430) 

Inhibits viral RNA polymerase 
function by terminating non-
obligate RNA chain 

• Phase 1 for yellow fever 
(NCT03891420) 
• Phase 1 for Marburg virus 
(NCT03800173) 

[12] 

Broad-spectrum 
(e.g. CoV, 
ZIKV, CHIKV) 

RdRp 

6'-Fluorinated- 
aristeromycin 
analogues  
(Compound 2c) 

Inhibits the activity of RdRp 
and host cell S-adenosyl-L-
homocysteine hydrolase 

Preclinical [13] 

HCoV-NL63, 
MERS-CoV RdRp 

Acyclovir fleximer 
analogues  
(Compound 2) 

Doubly flexible nucleoside 
analogues inhibit RdRp Preclinical [14] 

 
MERS-CoV, 
SARS-CoV PLpro Disulfiram Inhibits PLpro Approved for chronic alcohol 

dependence [15] 

MERS-CoV, 
SARS-CoV PLpro 

Thiopurine 
analogues  
(6-mercaptopurine 
and 6-thioguanine) 

Inhibits PLpro Preclinical [16] 

MERS-CoV PLpro Compound 6 Inhibits PLpro Preclinical [17] 
 

2019-nCoV; 
MERS-CoV, 
SARS-CoV; 
HCoV-229E; 
HIV, HPV 

3CLpro Lopinavir Inhibits 3CLpro 

• Approved for HIV  
• Phase 3 for 2019-nCoV 
(NCT04252274, NCT04251871, 
NCT04255017, ChiCTR2000029539) 
• Phase 2/3 for MERS 
(NCT02845843) 

[11, 
18-21] 

2019-nCoV, 
MERS-CoV 3CLpro Ritonavir Inhibits 3CLpro 

• Approved for HIV 
• Phase 3 for 2019-nCoV 
(NCT04251871, NCT04255017, 
NCT04261270) 
• Phase 2/3 for MERS 
(NCT02845843) 

[11,18,
20,21] 

2019-nCoV 3CLpro Darunavir and 
cobicistat Inhibits 3CLpro 

• Approved for HIV 
• Phase 3 for 2019-nCoV 
(NCT04252274) 

- 

2019-nCoV 3CLpro ASC09F (HIV 
protease inhibitor) Inhibits 3CLpro 

Phase 3 for 2019-nCoV in 
combination with oseltamivir 
(NCT04261270) 

- 

MERS-CoV, 
SARS-CoV 3CLpro GC376 Inhibits 3CLpro Preclinical [22] 

MERS-CoV 3CLpro GC813 Inhibits 3CLpro Preclinical [23] 

SARS-CoV 3CLpro Phenylisoserine 
derivatives (SK80) Inhibits 3CLpro Preclinical [24] 

MERS-CoV, 
SARS-CoV 3CLpro 

Peptidomimetic 
inhibitors  
(Compound 6) 

Inhibits 3CLpro Preclinical [25] 

HCoV-229E 3CLpro 1,2,3-triazoles 
(Compound 14d) Inhibits 3CLpro Preclinical [26] 

SARS-CoV, 
MERS-CoV 3CLpro 

Neuraminidase 
inhibitor analogues 
(compound 3k) 

Inhibits 3CLpro Preclinical [27] 

SARS-CoV 3CLpro Unsymmetrical 
aromatic disulfides - Preclinical [28] 
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SARS-CoV 3CLpro Pyrithiobac 
derivatives (6-5) Inhibits SARS-CoV 3CLpro Preclinical [29] 

SARS-Cov, 
HCV Helicase 

Bananins and 5-
hydroxychromone 
derivatives 

Inhibits ATPase and helicase 
activities Preclinical [30] 

SARS-CoV, 
MERS-CoV, 
MHV 

Helicase SSYA10-001 and 
ADKs 

Inhibits helicase without 
affecting ATPase activity Preclinical [31,32] 

MERS-CoV Helicase Triazole derivatives 
(Compound 16) 

Inhibits ATPase and helicase 
activities Preclinical [33] 

 
2019-nCoV, 
MERS-CoV 

Spike 
glycoprotein Nafamostat Inhibits spike-mediated 

membrane fusion 
Approved for anticoagulant therapy in 
Asian countries [2,34] 

SARS-CoV Spike 
glycoprotein Griffithsin 

Griffithsin binds to the SARS-
CoV spike glycoprotein, thus 
inhibiting viral entry 

Phase 1 for the prevention of HIV 
transmission (NCT02875119 and 
NCT04032717) 

[35,36] 

Broad-spectrum 
(SARS-CoV, 
MERS-CoV, 
influenza) 

Spike 
glycoprotein Peptide (P9) Inhibits spike protein-mediated 

cell-cell entry or fusion Preclinical [37] 

MERS-CoV, 
IAV 

Spike 
glycoprotein 

α-Helical 
lipopeptides (e.g. 
LLS, FFS, IIS, IIK) 

Inhibit spike protein-mediated 
cell-cell entry or fusion Preclinical [38] 

MERS-CoV 
S2 subunit of 
the spike 
glycoprotein 

HR1P, HR1M, 
HR1L, HR2L, 
HR2P, HR2L 

Inhibits MERS-CoV replication 
and spike protein-mediated cell-
cell fusion 

Preclinical [39-41] 

MERS-CoV 
S2 subunit of 
the spike 
glycoprotein 

HR2P-M1 
HR2P-M2 

Inhibits MERS-CoV spike 
protein-mediated cell-cell 
fusion and infection 

Preclinical [39,42,
43] 

MERS-CoV Spike 
glycoprotein P21S10 Inhibits spike protein-mediated 

cell−cell fusion Preclinical [44] 

MERS-CoV Spike 
glycoprotein 

Dihydrotanshinone 
E-64-C, and E-64-D 

Blocks the endosomal entry 
pathway Preclinical [45,46] 

HCoV (e.g. 
MERS, SARS) 

Spike 
glycoprotein 

OC43-HR2P (most 
promising EK1) Inhibits pan-CoV fusion Preclinical [47] 

MERS-CoV Spike 
glycoprotein MERS-5HB 

Inhibits pseudo typed MERS-
CoV entry and S protein-
mediated syncytial formation 

Preclinical [48] 

HCoV-229E Spike 
glycoprotein 

229E-HR1P 
229E-HR2P 

Inhibits spike protein-mediated 
cell-cell fusion Preclinical [49] 

 

MERS-CoV 
Nucleocapsid 
protein 
(possible) 

Resveratrol - Clinical stages for several diseases 
(e.g. heart disease) [50] 

HCoV, influenza 
virus 

Fusion 
inhibitors 

1-thia-4-azaspiro 
[4.5] decan-3-one 
derivatives 
(Compound 8n) 

- Preclinical [51] 

MERS-CoV, 
SARS-CoV 

DNA 
metabolism 
inhibitor 

Gemcitabine 
hydrochloride - Approved as chemotherapy [46] 

MERS-CoV, 
SARS-CoV - Amodiaquine - Approved for malaria [46] 

MERS-CoV, 
SARS-CoV - Mefloquine - Approved for malaria [46] 

MERS-CoV, 
SARS-CoV 
HCoV-229E 

- Loperamide - Approved as an antidiarrheal agent [19] 

2019-nCoV; 
Influenza virus; ? Arbidol 

(Umifenovir) ? 

• Approved for influenza in Russia 
and China 
• Phase 4 for 2019-nCoV 
(NCT04260594, NCT04254874,	
NCT04255017) 

- 

2019-nCoV; 
Influenza virus; ? Oseltamivir Oseltamivir is an influenza	

neuraminidase inhibitor. 

• Approved for influenza 
• Phase 4 for 2019-nCoV 
(NCT04255017), Phase 3 for 2019-
nCoV (NCT04261270) 

- 

Host-based treatment strategies  

2019-nCoV; 
SARS-CoV; 
MERS-CoV 

Interferon 
response 

Recombinant 
interferons 
(interferon-a , 
interferon-b, 

Exogenous interferons 

• Approved for metastatic renal cell 
carcinoma (IFN-α2a), melanoma 
(IFN-α2b), multiple sclerosis (IFN-
β1a, 1b), chronic granulomatous 
disease (IFN-γ) 

[3-8, 
21] 
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interferon-g) • Randomized trial for 2019-nCoV 
(NCT04251871, ChiCTR2000029638) 

2019-nCoV 
SARS-CoV 
MERS-CoV 

Endosomal 
acidification Chloroquine 

A lysosomatropic base that 
appears to disrupt intracellular 
trafficking and viral fusion 
events 

• Approved for malaria and certain 
amoeba infections 
• Open-label trial for 2019-nCoV 
(ChiCTR2000029609) 

[2,19, 
52,53] 

Broad-spectrum 
(e.g.  
coronaviruses, 
2019-nCoV) 

Interferon 
response Nitazoxanide 

Induces the host innate immune 
response to produce interferons 
(a and b) by the host’s 
fibroblasts and protein kinase R 
(PKR) activation 

Approved for diarrhea treatment  [2,54] 

SARS-CoV, 
MERS-CoV, 
HIV, HCV 

Cyclophilins Cyclosporine A 

Cyclophilin inhibitor that could 
modulate the interaction of 
cyclophilins with SARS-CoV 
nsp1 and the calcineurin–NFAT 
pathway 

Approved for immunosuppression 
during organ transplantation [55-58] 

SARS-CoV, 
MERS-CoV, 
HIV, HCV 

Cyclophilins Alisporivir 

Modulates the interaction of 
cyclophilins with SARS-CoV 
nsp1 and the calcineurin–NFAT 
pathway 

Phase 3 for HCV (e.g.  
NCT01860326) 

[55-
57,59] 

MERS-CoV 
SARS-CoV 

Abelson 
kinase Imatinib mesylate Blocks events of early 

viral entry and/or post-entry Approved for treating cancers [46,60] 

MERS-CoV, 
SARS-CoV 

Abelson 
kinase Dasatinib - Approved for treating cancers [46] 

MERS-CoV 
SARS-CoV 

Abelson 
kinase Selumetinib 

Inhibits the ERK/MAPK and 
PI3K/AKT/mTOR signaling 
pathways 

Clinical trials for cancers (e.g.  non-
small cell lung cancer, thyroid cancer) [61] 

MERS-CoV, 
SARS-CoV 

Abelson 
kinase Trametinib 

Inhibits the ERK/MAPK and 
PI3K/AKT/mTOR signaling 
pathways 

Approved for treating cancers [61] 

MERS-CoV 
Kinase 
signaling 
pathways 

Rapamycin 

Inhibits the ERK/MAPK and 
PI3K/AKT/mTOR pathways 
significantly inhibited MERS-
CoV replication 

Approved originally as an antifungal 
agent [61] 

MERS-CoV Tyrosine 
kinases Saracatinib - Approved for treating cancers [62] 

SARS-CoV 
MERS-CoV 

Clathrin- 
mediated 
endocytosis 

Chlorpromazine, 
Triflupromazine, 
Fluphenazine, 
Thiethylperazine, 
Promethazine 

Antipsychotic that affects the 
assembly of clathrin-coated pits 
at the plasma membrane 

The former three were approved as 
antipsychotic agents [19,46] 

Broad-spectrum 
(HCoV-229E) 

Interferon 
response 

Cyclophilin 
inhibitors 
(Compound 30) 

Inhibiting the activity of PPIase Preclinical [63] 

SARS-CoV 
MERS-CoV 
HCoV-229E 

Endosomal 
protease K11777, Camostat 

Blocks endosomal protease-
mediated cleavage and the 
endosomal entry pathway 

Preclinical [64] 

SARS-CoV, 
MERS-CoV, 
HCoV-229E 

Host cell 
membrane-
bound 
viral 
replication 
complex 

K22 
Inhibits membrane-bound 
RNA synthesis and double 
membrane vesicle formation 

Preclinical [65,66] 

Broad-spectrum 
(influenza virus, 
HCoV, Ebola, 
HIV, HCV) 

Antibiotics Teicoplanin 
derivatives - Widely used for treating gram-positive 

infections in Europe [67] 

Broad-spectrum 
(e.g. CoV, 
influenza virus, 
RSV) 

- 
Benzo-heterocyclic 
amine derivative 
(N30) 

Depression of IMPDH activity Preclinical [68] 

MERS-CoV, 
HBV, HCV - Mycophenolic acid Inhibits IMPDH and guanine 

monophosphate synthesis 
Approved immunosuppressant during 
organ transplantation [16,69] 

MERS-CoV, 
HCoV-229E, 
EBOV, 
Picornaviridae 

eIF4A Silvestrol 
Inhibits the DEAD-box RNA 
helicase eIF4A to affect virus 
translation 

Potential anticancer rocaglate 
derivative [70] 

Broad-spectrum 
(influenza A and 
B, RSV, HCoV) 

DHODH Pyrimidine 
(FA-613) Inhibits DHODH Preclinical [71] 

SARS-CoV, 
MERS-CoV, 
influenza 

- Convalescent plasma Inhibits virus entry to the target 
cells Phase 2 (NCT02190799 withdrawn) [72-74] 
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Abbreviations 

3CLpro: 3C-like protease, CHIKV: Chikungunya virus, DHODH: dihydroorotate dehydrogenase, HBV: hepatitis B virus, HCoV: 

human coronavirus, HCV: hepatitis C virus, IAV: influenza A virus, IMPDH: inosine-monophosphate dehydrogenase, IMPTH: 

inosine-5’-monophosphate dehydrogenase, JEV: Japanese encephalitis virus, MERS: Middle East respiratory syndrome, MERS-

CoV: Middle East respiratory syndrome coronavirus, PEDV: porcine epidemic diarrhea virus, PLpro: papain-like protease, 

PPIase: peptidyl-prolyl isomerase, RBD: receptor-binding domain, RdRp: RNA-dependent RNA polymerase, RSV: respiratory 

syncytial virus, SARS-CoV: severe acute respiratory syndrome coronavirus, ZIKV: Zika virus. 

 

References 

1. Agostini ML, Andres EL, Sims AC, et al. Coronavirus susceptibility to the antiviral remdesivir (GS-5734) is mediated 

by the viral polymerase and the proofreading exoribonuclease. mBio. 2018 Mar 6;9(2). 

2. Manli W, Ruiyuan C, Leike Z, et al. Remdesivir and chloroquine effectively inhibit the recently emerged novel 

coronavirus (2019-nCoV) in vitro. Cell Res. 2020;0:1-3. 

3. Falzarano D, de Wit E, Rasmussen AL, et al. Treatment with interferon-alpha2b and ribavirin improves outcome in 

MERS-CoV-infected rhesus macaques. Nature Med. 2013 Oct;19(10):1313-7. 

4. Omrani AS, Saad MM, Baig K, et al. Ribavirin and interferon alfa-2a for severe Middle East respiratory syndrome 

coronavirus infection: a retrospective cohort study. Lancet Infect Dis. 2014 Nov;14(11):1090-1095. 

5. Shalhoub S, Farahat F, Al-Jiffri A, et al. IFN-alpha2a or IFN-beta1a in combination with ribavirin to treat Middle East 

respiratory syndrome coronavirus pneumonia: a retrospective study. J Antimicrob Chemother. 2015 Jul;70(7):2129-

32. 

6. Al-Tawfiq JA, Momattin H, Dib J, et al. Ribavirin and interferon therapy in patients infected with the Middle East 

respiratory syndrome coronavirus: an observational study. Int J Infect Dis. 2014 Mar;20:42-6. 

7. Arabi YM, Shalhoub S, Mandourah Y, et al. Ribavirin and interferon therapy for critically ill patients with Middle 

East respiratory syndrome: a multicenter observational study. Clin Infect Dis. 2019 Jun 25. 

8. Chan JF, Chan KH, Kao RY, et al. Broad-spectrum antivirals for the emerging Middle East respiratory syndrome 

coronavirus. J Infect. 2013 Dec;67(6):606-16. 

9. Sheahan TP, Sims AC, Graham RL, et al. Broad-spectrum antiviral GS-5734 inhibits both epidemic and zoonotic 

coronaviruses. Sci Transl Med. 2017 Jun 28;9(396). 

10. Brown AJ, Won JJ, Graham RL, et al. Broad spectrum antiviral remdesivir inhibits human endemic and zoonotic 

deltacoronaviruses with a highly divergent RNA dependent RNA polymerase. Antiviral research. 2019 

Sep;169:104541. 

11. Sheahan TP, Sims AC, Leist SR, et al. Comparative therapeutic efficacy of remdesivir and combination lopinavir, 

ritonavir, and interferon beta against MERS-CoV. Nature Commun. 2020 Jan 10;11(1):222. 

12. Warren TK, Wells J, Panchal RG, et al. Protection against filovirus diseases by a novel broad-spectrum nucleoside 

analogue BCX4430. Nature. 2014 Apr 17;508(7496):402-5. 

13. Yoon JS, Kim G, Jarhad DB, et al. Design, synthesis, and anti-RNA virus activity of 6'-fluorinated-aristeromycin 

analogues. J Med Chem. 2019 Jul 11;62(13):6346-6362. 

14. Peters HL, Jochmans D, de Wilde AH, et al. Design, synthesis and evaluation of a series of acyclic fleximer 

nucleoside analogues with anti-coronavirus activity. Bioorg Med Chem Lett. 2015 Aug 1;25(15):2923-6. 

15. Lin MH, Moses DC, Hsieh CH, et al. Disulfiram can inhibit MERS and SARS coronavirus papain-like proteases via 

different modes. Antiviral Res. 2018 Feb;150:155-163. 

16. Cheng KW, Cheng SC, Chen WY, et al. Thiopurine analogs and mycophenolic acid synergistically inhibit the papain-

like protease of Middle East respiratory syndrome coronavirus. Antiviral Res. 2015 Mar;115:9-16. 

17. Lee H, Ren J, Pesavento RP, et al. Identification and design of novel small molecule inhibitors against MERS-CoV 



6	

papain-like protease via high-throughput screening and molecular modeling. Bioorg Med Chem. 2019 May 

15;27(10):1981-1989. 

18. Arabi YM, Alothman A, Balkhy HH, et al. Treatment of Middle East Respiratory Syndrome with a combination of 

lopinavir-ritonavir and interferon-beta1b (MIRACLE trial): study protocol for a randomized controlled trial. Trials. 

2018 Jan 30;19(1):81. 

19. de Wilde AH, Jochmans D, Posthuma CC, et al. Screening of an FDA-approved compound library identifies four 

small-molecule inhibitors of Middle East respiratory syndrome coronavirus replication in cell culture. Antimicrobial 

agents and chemotherapy. 2014 Aug;58(8):4875-84. 

20. Chan JF, Yao Y, Yeung ML, et al. Treatment with lopinavir/ritonavir or interferon-beta1b improves outcome of 

MERS-CoV infection in a nonhuman primate model of common marmoset. J Infect Dis. 2015 Dec 15;212(12):1904-

13. 

21. Kim UJ, Won EJ, Kee SJ, et al. Combination therapy with lopinavir/ritonavir, ribavirin and interferon-alpha for 

Middle East respiratory syndrome. Antivir Ther. 2016;21(5):455-9. 

22. Kim Y, Liu H, Galasiti Kankanamalage AC, et al. Reversal of the progression of fatal coronavirus infection in cats by 

a broad-spectrum coronavirus protease inhibitor. PLoS Pathog. 2016 Mar;12(3):e1005531. 

23. Galasiti Kankanamalage AC, Kim Y, Damalanka VC, et al. Structure-guided design of potent and permeable 

inhibitors of MERS coronavirus 3CL protease that utilize a piperidine moiety as a novel design element. Eur J Med 

Chem. 2018 Apr 25;150:334-346. 

24. Konno H, Onuma T, Nitanai I, et al. Synthesis and evaluation of phenylisoserine derivatives for the SARS-CoV 3CL 

protease inhibitor. Bioorg Med Chem Lett. 2017 Jun 15;27(12):2746-2751. 

25. Kumar V, Shin JS, Shie JJ, et al. Identification and evaluation of potent Middle East respiratory syndrome coronavirus 

(MERS-CoV) 3CL(Pro) inhibitors. Antiviral Res. 2017 May;141:101-106. 

26. Karypidou K, Ribone SR, Quevedo MA, et al. Synthesis, biological evaluation and molecular modeling of a novel 

series of fused 1,2,3-triazoles as potential anti-coronavirus agents. Bioorg Med Chem Lett. 2018 Nov 15;28(21):3472-

3476. 

27. Kumar V, Tan KP, Wang YM, et al. Identification, synthesis and evaluation of SARS-CoV and MERS-CoV 3C-like 

protease inhibitors. Bioorg Med Chem. 2016 Jul 1;24(13):3035-3042. 

28. Wang L, Bao BB, Song GQ, et al. Discovery of unsymmetrical aromatic disulfides as novel inhibitors of SARS-CoV 

main protease: Chemical synthesis, biological evaluation, molecular docking and 3D-QSAR study. Eur J Med Chem. 

2017 Sep 8;137:450-461. 

29. Wu RJ, Zhou KX, Yang H, et al. Chemical synthesis, crystal structure, versatile evaluation of their biological 

activities and molecular simulations of novel pyrithiobac derivatives. Eur J Med Chem. 2019 Apr 1;167:472-484. 

30. Kim MK, Yu MS, Park HR, et al. 2,6-Bis-arylmethyloxy-5-hydroxychromones with antiviral activity against both 

hepatitis C virus (HCV) and SARS-associated coronavirus (SCV). Eur J Med Chem. 2011 Nov;46(11):5698-704. 

31. Adedeji AO, Singh K, Calcaterra NE, et al. Severe acute respiratory syndrome coronavirus replication inhibitor that 

interferes with the nucleic acid unwinding of the viral helicase. Antimicrob Agents Chemother. 2012 Sep;56(9):4718-

28. 

32. Adedeji AO, Singh K, Kassim A, et al. Evaluation of SSYA10-001 as a replication inhibitor of severe acute 

respiratory syndrome, mouse hepatitis, and Middle East respiratory syndrome coronaviruses. Antimicrob Agents 

Chemother. 2014 Aug;58(8):4894-8. 

33. Zaher NH, Mostafa MI, Altaher AY. Design, synthesis and molecular docking of novel triazole derivatives as potential 

CoV helicase inhibitors. Acta Pharm. 2020 Jun 1;70(2):145-159. 

34. Ito K, Yotsuyanagi H, Sugiyama M, et al. Geographic distribution and characteristics of genotype A hepatitis B virus 

infection in acute and chronic hepatitis B patients in Japan. Journal of gastroenterology and hepatology. 2016 



7	

Jan;31(1):180-9. 

35. O'Keefe BR, Giomarelli B, Barnard DL, et al. Broad-spectrum in vitro activity and in vivo efficacy of the antiviral 

protein griffithsin against emerging viruses of the family Coronaviridae. J Virol. 2010 Mar;84(5):2511-21. 

36. Barton C, Kouokam JC, Lasnik AB, et al. Activity of and effect of subcutaneous treatment with the broad-spectrum 

antiviral lectin griffithsin in two laboratory rodent models. Antimicrob Agents Chemother. 2014;58(1):120-7. 

37. Zhao H, Zhou J, Zhang K, et al. A novel peptide with potent and broad-spectrum antiviral activities against multiple 

respiratory viruses. Sci Rep. 2016 Feb 25;6:22008. 

38. Wang C, Zhao L, Xia S, et al. De novo design of alpha-helical lipopeptides targeting viral fusion proteins: a promising 

strategy for relatively broad-spectrum antiviral drug discovery. J Med Chem. 2018 Oct 11;61(19):8734-8745. 

39. Lu L, Liu Q, Zhu Y, et al. Structure-based discovery of Middle East respiratory syndrome coronavirus fusion 

inhibitor. Nat Commun. 2014;5:3067. 

40. Zhao P, Wang B, Ji CM, et al. Identification of a peptide derived from the heptad repeat 2 region of the porcine 

epidemic diarrhea virus (PEDV) spike glycoprotein that is capable of suppressing PEDV entry and inducing 

neutralizing antibodies. Antiviral Res. 2018 Feb;150:1-8. 

41. Wang L, Xu J, Kong Y, et al. Engineering a novel antibody-peptide bispecific fusion protein against MERS-CoV. 

Antibodies (Basel). 2019 Nov 4;8(4). 

42. Channappanavar R, Lu L, Xia S, et al. Protective effect of intranasal regimens containing peptidic Middle East 

Respiratory Syndrome coronavirus fusion inhibitor against MERS-CoV infection. J Infect Dis. 2015 Dec 

15;212(12):1894-903. 

43. Wang C, Hua C, Xia S, et al. Combining a fusion inhibitory peptide targeting the MERS-CoV S2 protein HR1 domain 

and a neutralizing antibody specific for the S1 protein receptor-binding domain (RBD) showed potent synergism 

against pseudotyped MERS-CoV with or without mutations in RBD. Viruses. 2019 Jan 6;11(1). 

44. Wang C, Xia S, Zhang P, et al. Discovery of hydrocarbon-stapled short alpha-helical peptides as promising Middle 

East Respiratory Syndrome Coronavirus (MERS-CoV) fusion inhibitors. J Med Chem. 2018 Mar 8;61(5):2018-2026. 

45. Kim JY, Kim YI, Park SJ, et al. Safe, high-throughput screening of natural compounds of MERS-CoV entry inhibitors 

using a pseudovirus expressing MERS-CoV spike protein. Int J Antimicrob Agents. 2018 Nov;52(5):730-732. 

46. Dyall J, Coleman CM, Hart BJ, et al. Repurposing of clinically developed drugs for treatment of Middle East 

respiratory syndrome coronavirus infection. Antimicrob Agents Chemother. 2014 Aug;58(8):4885-93. 

47. Xia S, Yan L, Xu W, et al. A pan-coronavirus fusion inhibitor targeting the HR1 domain of human coronavirus spike. 

Sci Adv. 2019 Apr;5(4):eaav4580. 

48. Sun Y, Zhang H, Shi J, et al. Identification of a novel inhibitor against Middle East Respiratory Syndrome 

Coronavirus. Viruses. 2017 Sep 14;9(9). 

49. Xia S, Xu W, Wang Q, et al. Peptide-based membrane fusion inhibitors targeting HCoV-229E Spike Protein HR1 and 

HR2 Domains. Int J Mol Sci. 2018 Feb 6;19(2). 

50. Lin SC, Ho CT, Chuo WH, et al. Effective inhibition of MERS-CoV infection by resveratrol. BMC Infect Dis. 2017 

Feb 13;17(1):144. 

51. Apaydin CB, Cesur N, Stevaert A, et al. Synthesis and anti-coronavirus activity of a series of 1-thia-4-

azaspiro[4.5]decan-3-one derivatives. Arch Pharm (Weinheim). 2019 Jun;352(6):e1800330. 

52. Madrid PB, Chopra S, Manger ID, et al. A systematic screen of FDA-approved drugs for inhibitors of biological threat 

agents. PLoS One. 2013;8(4):e60579. 

53. Barnard DL, Day CW, Bailey K, et al. Evaluation of immunomodulators, interferons and known in vitro SARS-coV 

inhibitors for inhibition of SARS-coV replication in BALB/c mice. Antivir Chem Chemother. 2006;17(5):275-84. 

54. Rossignol JF. Nitazoxanide: a first-in-class broad-spectrum antiviral agent. Antiviral research. 2014 Oct;110:94-103. 

55. Pfefferle S, Schopf J, Kogl M, et al. The SARS-coronavirus-host interactome: identification of cyclophilins as target 



8	

for pan-coronavirus inhibitors. PLoS Pathog. 2011 Oct;7(10):e1002331. 

56. Tanaka Y, Sato Y, Sasaki T. Suppression of coronavirus replication by cyclophilin inhibitors. Viruses. 2013 May 

22;5(5):1250-60. 

57. de Wilde AH, Raj VS, Oudshoorn D, et al. MERS-coronavirus replication induces severe in vitro cytopathology and is 

strongly inhibited by cyclosporin A or interferon-alpha treatment. J Gen Virol. 2013 Aug;94(Pt 8):1749-60. 

58. Li HS, Kuok DIT, Cheung MC, et al. Effect of interferon alpha and cyclosporine treatment separately and in 

combination on Middle East Respiratory Syndrome Coronavirus (MERS-CoV) replication in a human in-vitro and ex-

vivo culture model. Antiviral Res. 2018 Jul;155:89-96. 

59. de Wilde AH, Falzarano D, Zevenhoven-Dobbe JC, et al. Alisporivir inhibits MERS- and SARS-coronavirus 

replication in cell culture, but not SARS-coronavirus infection in a mouse model. Virus Res. 2017 Jan 15;228:7-13. 

60. Coleman CM, Sisk JM, Mingo RM, et al. Abelson kinase inhibitors are potent inhibitors of Severe Acute Respiratory 

Syndrome coronavirus and Middle East Respiratory Syndrome coronavirus fusion. J Virol. 2016 Oct 1;90(19):8924-

33. 

61. Kindrachuk J, Ork B, Hart BJ, et al. Antiviral potential of ERK/MAPK and PI3K/AKT/mTOR signaling modulation 

for Middle East respiratory syndrome coronavirus infection as identified by temporal kinome analysis. Antimicrob 

Agents Chemother. 2015 Feb;59(2):1088-99. 

62. Shin JS, Jung E, Kim M, et al. Saracatinib inhibits Middle East Respiratory Syndrome-Coronavirus replication in 

vitro. Viruses. 2018 May 24;10(6). 

63. Ahmed-Belkacem A, Colliandre L, Ahnou N, et al. Fragment-based discovery of a new family of non-peptidic small-

molecule cyclophilin inhibitors with potent antiviral activities. Nature Commun. 2016 Sep 22;7:12777. 

64. Zhou Y, Vedantham P, Lu K, et al. Protease inhibitors targeting coronavirus and filovirus entry. Antiviral Res. 2015 

Apr;116:76-84. 

65. Lundin A, Dijkman R, Bergstrom T, et al. Targeting membrane-bound viral RNA synthesis reveals potent inhibition of 

diverse coronaviruses including the middle East respiratory syndrome virus. PLoS Pathog. 2014 

May;10(5):e1004166. 

66. Rappe JCF, de Wilde A, Di H, et al. Antiviral activity of K22 against members of the order Nidovirales. Virus Res. 

2018 Feb 15;246:28-34. 

67. Szucs Z, Kelemen V, Le Thai S, et al. Structure-activity relationship studies of lipophilic teicoplanin pseudoaglycon 

derivatives as new anti-influenza virus agents. Eur J Med Chem. 2018 Sep 5;157:1017-1030. 

68. Hu J, Ma L, Wang H, et al. A novel benzo-heterocyclic amine derivative N30 inhibits influenza virus replication by 

depression of inosine-5'-nonophospate dehydrogenase activity. Virol J. 2017 Mar 15;14(1):55. 

69. Hart BJ, Dyall J, Postnikova E, et al. Interferon-beta and mycophenolic acid are potent inhibitors of Middle East 

respiratory syndrome coronavirus in cell-based assays. J Gen Virol. 2014 Mar;95(Pt 3):571-7. 

70. Muller C, Schulte FW, Lange-Grunweller K, et al. Broad-spectrum antiviral activity of the eIF4A inhibitor silvestrol 

against corona- and picornaviruses. Antiviral Res. 2018 Feb;150:123-129. 

71. Cheung NN, Lai KK, Dai J, et al. Broad-spectrum inhibition of common respiratory RNA viruses by a pyrimidine 

synthesis inhibitor with involvement of the host antiviral response. J Gen Virol. 2017 May;98(5):946-954. 

72. Arabi Y, Balkhy H, Hajeer AH, et al. Feasibility, safety, clinical, and laboratory effects of convalescent plasma therapy 

for patients with Middle East respiratory syndrome coronavirus infection: a study protocol. Springerplus. 2015;4:709. 

73. Zhao J, Perera RA, Kayali G, et al. Passive immunotherapy with dromedary immune serum in an experimental animal 

model for Middle East respiratory syndrome coronavirus infection. J Virol. 2015 Jun;89(11):6117-20. 

74. Al-Tawfiq JA, Alfaraj SH, Altuwaijri TA, et al. A cohort-study of patients suspected for MERS-CoV in a referral 

hospital in Saudi Arabia. J Infect. 2017 Oct;75(4):378-379.  


