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Coronavirus & Their Hosts, Before 2019-nCoV
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2019-nCoV

Cui J, et al. Nat Rev Microbiol. 2018

單股正股RNA病毒



A 61-Year-Old Man with Fever and Cough
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Day 8 Day 11

• Subsequent ARDS and mortality on Day 20.

• Which pathogens?

• Subsequent ARDS and mortality on Day 20.

• Which pathogens? Zhu N, et al. N Engl J Med. 2020



2019新型冠狀病毒
2019 Novel Coronavirus (2019-nCoV) 
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2019-nCoV

Zhu N, et al. N Engl J Med. 2020



CoV Replication Cycle
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de Wit E, et al. Nat Rev Microb. 2016



Potential 
Drug Targets
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Zumla A, et al. Nat Rev Drug Discov. 2016

3CLpro Inh. 
Lopinavir

RdRp Inh. 
Ribavirin

Remdesivir
Favipiravir

Recombinant 
INF-α, INF-β

Endosomal 
Acidification Inh.

Chloroquine



Genomic Organizations of CoV

7de Wit E, et al. Nat Rev Microb. 2016; Chan J, et al. Lancet. 2020

Non-structure proteins Structure & accessory proteins

3CLpro: 3C-like protase

RdRp: RNA-dependent RNA polymersase



Genetic Sequences of RNA-dependent RNA 
Polymerase (RdRp) are Conserved.
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Chan J, et al. Lancet. 2020
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Li G, et al. Nat Rev Drug Discov. 2020



Rationale to Choose Potential 
Therapeutics at the Current Stage

• Currently available

• Antiviral activities against CoV

• PK/PD

• Clinical studies

• Tolerable safety profile

• Convenient administration

10



Repurposing & Developing Therapeutics for CoV
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Zumla A, et al. Nat Rev Drug Discov. 2016; Mo Y, et al. J Antimicrob Chemother. 2016; Dyall J et al. Drugs. 2017

1. Mycophenolic acid

2. Kinase inhibitors

3. Cyclosporin

4. Estrogen modulating 
drugs

1. Chloroquine

1. RNA-dependent RNA 
polymerase (RdRp) inhibitors

Ribavirin, favipiravir, remdesivir*, 
galidesivir*

2. Protease inhibitors

Lopinavir/ritonavir

3. Interferons



Summary of Potential Therapeutics
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Medication Mechanism of Action Status

In Vitro 
studies

Animal 
experiments

Human 
studies

Interferon Exogenous interferon ☺ ☺ ☺ ☺ ☺ ☺

Lopinavir Inhibitors of 3CLpro activity ☺ ☺ ☺ ☺ ☺

Ribavirin
Guanosine analogue that 
inhibits viral RNA synthesis and 
mRNA capping

☺ ☺ ☺ ☺ ☺ ☺ ☺

Remdesivir

Nucleotide prodrug, 
transforming to adenosine 
triphosphate analog, inhibiting 
viral polymerase

☺ ☺ ☺ ☺ ☺ ☺

Favipiravir
Purine nucleoside analog, 
inhibiting viral polymerase

Chloroquine
Sequestering protons in 
lysosomes to increase the 
intracellular pH

☺ ☺ ☺ ☺

Marketed;        Phase III;        SARS-CoV;       MERS-CoV;        2019-nCoV;         No data.



Antiviral Activities Against 2019-nCoV
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Wang M, et al. Cell Res. 2020



Time-of-addition Experiments Reflect 
Drug Mechanisms: 2019-nCoV

14Wang M, et al. Cell Res. 2020



Antiviral Activities Against MERS-CoV

15
Sheahan TP, et al. Nat Comm. 2020



Remdesivir Against Human & Zoonotic CoVs

16
Sheahan TP, et al. Sci Transl Med. 2017



In Vitro Efficacies (EC50)
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SARS-CoV MERS-CoV 2019-nCoV Plasma Conc.

Interferon-α 4950-6500 21.4-6709 - -

Interferon-β 95-105 1.4-5073 - -

Lopinavir 24.4 8-11.6 - 9.4-19.1

Ribavirin 50 9.99-41.4 109.5 98.4

Remdesivir 0.07 0.07-0.3 0.77 4.9-5.6

Favipiravir - - 61.88 165.0

Chloroquine 4.4-8.8 3.0-6.3 1.13 1.38-10

Chan J, et al. Clin Microbiol Rev. 2015; Zumla A, et al. Nat Rev Drug Discov. 2016; Dyall J et al. Drugs. 2017
Sheahan TP, et al. Sci Transl Med. 2017; Sheahan TP, et al. Nat Comm. 2020

HIV protease: aspartic family 
with C2 symmetry in the 

catalytic site
2019-nCoV protease: cysteine 
family without C2 symmetry



IFN-α2b + RBV vs. Placebo
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OXYGENATION

PATHOLOGY (T. vs U.T.)VIRAL LOAD

Falzarano D, et al. Nat Med. 2013

MERS-CoV infected  rhesus macaques

RADIOLOGY (T. vs U.T.)



IFN-β low/high + LPVr vs. RDV
MERS-CoV infected  mice
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VIRAL LOAD PATHOLOGY SCORE

AIRWAY RESISTANCE

Sheahan TP, et al. Nat Comm. 2020



Summary of Animal Experiments

20Chan J, et al. Clin Microbiol Rev. 2015; Zumla A, et al. Nat Rev Drug Discov. 2016; Dyall J et al. Drugs. 2017
Sheahan TP, et al. Sci Transl Med. 2017; Sheahan TP, et al. Nat Comm. 2020

Medication SARS-CoV MERS-CoV

Interferon
INFα reduced viral titres in lungs of SARS-CoV

infected mice & cynomolgus macaques.

• Intranasal INFβ administered before or 

after MERS-CoV challenge reduced viral 

titres in the lungs of Ad5hDPP4 C57BL/6 

and Rag1–/– mice by 10–100 fold.

• Subcutaneous INFβ1 improved outcomes 

of MERS-CoV infected common marmosets.

Lopinavir -
Improved outcome of MERS-CoV infected 
common marmosets

Ribavirin RBV monotherapy showed mixed results in 
mice models for SARS-CoV

Subcutaneous INFα2b and RBV combination 
improved outcomes of MERS-CoV infected 
rhesus macaques

Remdesivir
RDV more effective than placebo in 
prophylactic and therapeutic SARS infected 
mice model.

LPV/RTV+low or high INFβ less effective than 
RDV in prophylactic and therapeutic MERS 
infected mice model.

Chloroquine Not active against SARS-CoV infected mice. -



21
Zumla A, et al. Nat Rev Drug Discov. 2016

Combinations

No Steroid



Remdesivir as Potential Therapeutics 
for 2019-nCoV
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Remdesivir

Nasopharyngeal swab                            +(18-20, Ct)                +(23-24, Ct)                              +(33-34, Ct)  +(37-40, Ct)

Oropharyngeal swab                              +(21-22, Ct)                +(32-33, Ct)                              +(36-40, Ct)   -ve

Holshue ML, et al. N Engl J Med. 2020
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Patients of 
any age

ZMapp Remdesivir MAb114 REGN-EB3

Remdesivir
LOADING: 200 mg (10mg/kg) on 
Day 1
MAINTENANCE: 100 mg (5mg/kg) 
on Day 2-14

N = 169 N = 175 N = 155 N = 154

SAE 7 (4.1%)                          9 (5.1%)                           10 (6.5%)                         3 (1.9%) 



SAE of Patients with EVD in RDV Group
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CNS 
events 

(n=3)

Infection 
(n=3)

Hypotension 
(n=1)

Hyperglycemic 
crisis  

(n=2)

Mulangu S, et al. N Engl J Med. 2019



Elevated Amlyase and Lactate After 
Prolonged Use of RDV in an EVD Patient

25Remdesivir (150mg x2, 225mg x 12)

Jacobs M, et al. Lancet. 2016



Ongoing Trials, At least 90*
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RDV 200 mg loading dose on day 1 is given, followed by 100 mg iv once-daily 
maintenance doses for 9 days.

*ICRT (International clinical trials registry platform) Search Portal by WHO



Drug Adverse Events

27Chan J, et al. Clin Microbiol Rev. 2015; Zumla A, et al. Nat Rev Drug Discov. 2016; Dyall J et al. Drugs. 2017
Sheahan TP, et al. Sci Transl Med. 2017; Sheahan TP, et al. Nat Comm. 2020

Medication Common Occasional Rare

Interferon

Flu-like syndrome, GI 

intolerance, Neuropsychiatric 

toxicity, Hepatitis, Rash

Marrow suppression

Suicidal ideation or 

behavior, thyroiditis, 

ITP/TTP, retinopathy 

Lopinavir Diarrhea Hepaitis, N/V Rash, prolonged OTc

Ribavirin Hemolytic anemia
Fatigue, Dyspepsia, 

Anorexia
Lactic acidosis, 

Decreased vision

Remdesivir Elevated transaminases ? ?

Favipiravir
Elevated transaminases, 

leukopenia, hyperuricemia
N/V, Diarrhea Elevated CPK

Chloroquine -
Visual disturbance, 

Hemolysis with G6PD 
deficiency

Retinopathy, peripheral 
neuropathy, Rash



Other Potential Therapeutics for CoV

• Convalescent plasma and immunoglobulins

• Monoclonal/Polyclonal antibodies

• Vaccines

• Steroid

28

Zumla A, et al. Nat Rev Drug Discov. 2016 
Mo Y, et al. J Antimicrob Chemother. 2016 
Dyall J et al. Drugs. 2017
Russell CD, et al. Lancet. 2020



Clinical evidence does not support corticosteroid 
treatment for 2019-nCoV lung injury

29Russell CD, et al. Lancet. 2020



At the Bottom Line
• No therapeutics for CoVs are approved at present.

• Remdesivir is a reasonable choice for compassionate 
use.

• Combination of interferon and lopinavir/ritonavir 
with or without ribavirin is an alternative.

• Steroid is strongly recommended against use in 
COVID-19 patients.
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Thanks! Any Comments?

Biei, Japan, 2017

勿恃敵之不來，恃吾有以待之



Cheng VC, et al. Clin Microbiol Rev 2012

NA inhibitor

M2 inhibitor

32
Favipiravir
Ribavirin

RNA polymerase inhibitor

Baloxavir
Arbidol


