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TZLH9 HIO[2{A(2019-nCoV, SARS-CoV-2; COVID-192 | ESI= HIO|ZA)= sFMZY U= 8
HE Sdf MZW=ZE S07t X7 =HE ool =H7F ZdEl= Setoles sFM=ZEe dEEY J|s8
sty HALE A|ZDHCE AALE vionsE2 A= MIE SeE WEE0 HIHZS YorIch A
HE2 AMTAE EH HAEZO0| HE H5tALWE2 d9l), A4St (=9) X[AMZ0| =1 H&E9 HY

SEfQ 20t9] FR= XAE0| 55 EQlCh

FZLH99| YIIANES Ui UX|DH CHHA JRE= HotEl HAA LedX UCH X2 FELE 19
2} SARS-CoVe Y7[AZ0| 80% HE YX|St, SARS-Cove| THHME JAXE CHEE S5
of RZLE199| 3Xt2l LXE SARS-CoVE Ed8 SFE £ AUCHRef 1).

F2LHM9 HIO|ZAE plus strand enveloped RNA virusO|Ct. R 2L} BRO|ZADTMO| £H8t= A HEO|
20| ZMAM highly conserved® Polyprotein® AAE HEHE[0f 16702 nonstructural THEES
Ct. J2|3 Structural THHAZE= Spike (S) T A, Envelope (E) EHEE, Membrane (M) EHE#
Nucleocapsid (N)O| QUCt.
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Figure 1. Z2LH9 ©A| X[zt O CHEE EAME(Ref 1)

(A) SARS-CoV-29| x| ZAIE
(B) Hth 8t replicase polyprotein PP1ab

7096742l ofal:=A2Z O|ROIF PPlab THHFES HapA AZEOEZ EAIB WK AZHES Plpool ol
MolslE 290|T w2 MZEE 3CLprool ols| MEtElE ®R. m2M AZY Lol Ys RAE Y
EHSimo|LL $9I7 BLbE ofoliAtel 9IXQ. MY SN wE 29| Lol Us XM AZIHS 3FY PV
BEE Aol HAIE.

o=
)

FZL} diol AT} TRl 471X| F=x= chAol mAE S gpike; E, envelope; M, membrane; N,

nucleocapsid.
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) HO[2{A SHo| E4+HQ 2400 8510 1 gt SME XMolidts XIZMZ (a) Protease EfZl

)

O 2 Papain Like protease (PLpro), Main protease (Nsp5 S+ 3CLpro) F7HX|7t (b) Saa
EtZlS 2= RNA-dependent RNA Polymerase (Nsp12 EE= RdRp)7t QUCH

HO|2{ATF SFMZO| =&KXo Zedts HAE Esliste XEME (@) HOlZA Fx A E}

HNoZ2 &= Spike THMAEOl AL, (b) SFMZE S0|X XLt 220 Z&3H0] HO[2{ATF SFA
ZOtoZ ZIYstE AS GhE EtHWOZ = human ACE22t type-ll transmembrane serine protease
(TMPRSS2)7} QUCH

virulence factor®l Zf&3%t0] =Fo| MMUAZ EAl7|l= AEE 1 EFH2EE Nspl, Nsp3c
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o 7Hg B2t EfNER %5 /eSS HEHEIX; S}

1) HO[2 A SHIE 2= 7|H

3 S0M 7t el ZEL XEME §212 &2 7ts480| U= Repurposing Drug Pipeline2 Of2{ 2t
Z0| Fe2[E £ UCt o mo|Z2telE2 0|0 SEYUAL =22 YHAT ZtE 747 FHO|ZA K|
EME repurposing St0] A 48 UMK M ALE oY = Us =22 F2lRUCH(Table 1, Ref

2).

d B0M 71 FEZ 20 s HESEs HOAHIEZE UCEH HOAHE2= @2 Ebola HEO[Z{A
KNENZ 7HEZO 2018 Y242 TAHst At gH XEX CHH =50 =X LOtM 7ol Bt
C|}E FHEO|CH AZLt 19 HEO|Z 71 gt 80% 2 F7IME FAHEO| U= SARS-CoVe|
CHMRl IxZ &2 7| AHsIsHE o | (23 RdRp, TMPRSS20] SA[0 ZEsHA HO[2{A

A215HME AMSHALE Hol Ao QMUY HEYS e & Us 71580 Ue A2 LN AUCHRef
1).

RARpS E}ZSHE CHE 2FE2Q Favipiravir(OtH|Zh2 &= 17|82 22|o| ZEO| 2 340HO| Xt}
Eosh AYAIHOAM 3EAQ ADE 2QICH IZEL Ho|HA ZgX & HEYZM= MM S
do2 3EE|=0 Z2le AlZto] 1Yol HtshM FAFoME B 4200 S SEQUACE Ol HY
MEfE dAMoZ 2Qlot ALt HFEAFOM H HEf STt 61%0] 2% BtHO| favipiravirs £
22 SXIME 91%7F SHERQACE SHX[D favipiravirE &3 A0 F4e A0= &7 X U
Cto 2= E|UCHRef 3)

Table10l= ZEE|O UAX| UX|Zt OF ProteaseS EfZIst= ZEct AAZAD IA| LEEQUCH B2
Li190f ZtSEl 199FHO| FZTEAE ETKZZ 1008, ZHE2 FO 99HOZ LIF0] UAMAHS
A=, BEXzs SUNFA, A5 52 ALERULCL SX|T BEX =1 ZYE: Fo2
Atolof ¥&E JiME EO|= A|ZHO|LE X|AEQ| XO|= SIRACHRef 4). AlAt=tst™ Docking 220 ot
EW LY EZWZIOUH E+2|ELHHIE)s AZEL} HO[ZA X=X HEolM Z23t ERZL 3CLpro,
PLpro, RARpOll 25 ZATSHX| = Ao2 EAMEQUCHRef 1).

Latolof A & Leizl 222 FQl Moot AEI|HM2 OFAMX| LE{M UX| UX|TH ZHiO|ZHA X ZH|

SOlZ| QUL S22 F 2 Azithromycin?t EEE0A| FH =1t} —’g—g HOoE UMM Qo
Lf, SAI0 =2F AZo| cist 28 27t E0E Hp QUCH 0|Qb &S0 =Lt 19HIO|ZAE in
5ty 2 ZZ Z(chloroquine)2t HHIA|H|Z(remdesvir), 12|11 ItH|I|2tH| 2 (favipiravir) 2
EC502 &It ZAnprt LaE|ACt HOAH20|A EC502 0.77uM, E2ZZ0|A EC502 1.13uM, IHH|
O|2HH|2 EC50E 61.88uMEZ ZH I AUCHRef 5).

<
=
=
(@]
=
_>.'_
I'IJZ
0|' oot

EC50 End
Type Target = (uM) ECS gt%Tpar rSponso Phase dat Trial ID

* % e

Interventi

on




M= ] EC50 End
d=  nterventl qype Target «  (uM)  §C°  SOMPAT SPONSO ppage gat  Trial ID
?._E_ * % e
3
uM
Dy e |
gen aria) Renm_m
Hydroxyc | Antim ﬁgem‘)k' 2.13 0.7 gfos'o'ta' 2;2 ChiCTR
hloroquin | alaria Chloro | 2 ~ Placebo Ph IV | 9/2 | 200002
receptor( . Wuhan
e | ACKRT) quine) lM13 Universi 020 | 9559
modulato (Co ty
r rona
19)
N HIV . .
1 (a) Ebalstlne;,_ Mqop protease I__oplnawr Wuhan 3/3 | ChiCTR
p Lopinavir, | Iytics | fo-iior : Red Ph IV | 0/2 | 200003
Mo Interferon | Antivi (Lopinavi Interfero | Cross 020 | 0535
=& a ral ) P na Hospital
Lopinavir
_/ritonavir The
L Ninth
Eegasys Hospital
HIV 1 of
1 (a) D_anoprev .. | protease N_ovafero Nancha 3/3
;404 IFrk,i'[onavir' /rAr:lrImVI inhibitor g,hinese ng: Ph IV | 1/2 511071—20512
_,I'—c_é Interferon (Ritonavir Ascletis 020
medicin Pharma
eS+ .
interfero geutlcal
n (4
arms)
Capital
Medical
Universi
ty;
Chinese
RNA-dep Acade
endent 12 my of 4/1 c
Remdesiv | Antivi | RNA nM NCT042
1.(b) | ral | polymera | %77 | (Epo | P1acebo | yiagica | PN 8/2% 52664
se la) Science
(RdRp) S
ina—
apan
Friends
hip
Hospital




EC50 End
Type Target *  (uM) (E)C5 gt%rr"par rSDO”SO Phase dat Trial ID

* % e

Interventi
on

—LIoX 0=
H Hu i

Favipiravi
r

(T-705)
is a
novel
viral RNA

polymera
se
inhibitor,
it is
phosphor
ibosylate
d by
cellular Beijing
enzymes 39 Chaoya

to its . ng

. uM High, .
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Table 1. T=LF190] CfSFO] Repurposed = TIATH &F

SEERD

AFHAIS4F EFEEr@ (Ref 1%, 2, 5** in vitro

i

2) HioJg| Ao MZ=LY THS 2= 7I1H

CHZo =, Ho|Ao] MZELUZo FYS U= JHE TS HHEAL
FZLH9= M7t SESHH ZE 203 (Spike, S) HHHME S Sl =FMz=2 TRt S CHEE
trimer2 ZEXstH (Fig 2) 1 & STHMAQ| yp &l RBD (Receptor Binding Domain)g &dll ST A|Z2)

)
TEH 0 ZE Ll (Ref 6)



Viral membrane

Fig 2. Z2L} 19 S CHHEQ| prefusion AEHS| T+ (Ref 6)

(A) Maoz He|H J|23x7t BAS E Z2LH9 S CHE . oA whsi constructoll Al M 2l = A LE A2t}
7] ojzie BE2 SIori. SS, Alad MY; S2, 527 chuA Mot 29l FP, fusion EEFO|E; HR1, heptad
repeat 1; CH, ME™ "&lA; CD, H49E TH2l; HR2, heptad repeat 2; TM, &2t £2; CT, cytoplasmic
tail. st EE CHEA MobRe|

(B) ¢l RBD upXMEf(=4 z2[&)el Z2LH9 S A FHEo|™ (prefusion) AEfel ZHEl WHE, FIHe
RBD downZ protomer= cryo-EM ZLUE=Z EMo|L} Moz FA|E 2 RBD up protomer= (A)oll k2t

Mao =z EAIE.

AZLt 199| RBDE 7|EQ| SARS?t S&&= F&214F XH0[7} L= F20| QUCH Mo 2 HA|E XH0|7t
Lt= 28, 59 ACE2 22827l Satt AS7HE EINRE AL8E £ AU (Fig 3). 53], R=ELH92
Enveloped| ZZE/0f UA&s AmMoj3  CHEME(Spike protein: S ZFMES] F=EKXQ ACE-2
(Angiotension converting enzyme 2)0 A5 MZE otz TYUBICE ACE2 2X0| U= Serine
protease®! TMPRSS27} SEHMAS HETHA|Z] ZHEStAIZICH ACE2 EE= TMPRSS22t SEHMAO| Agts XA

siots 2Ol OB o422 AHE & ULk



ACE2 binding site

,

2019-nCoV residues

RBD hinge region

Fig 3. SARS?} REL92| RBD £% & s&8kl= & (&Mt Xo|7t L= 22 (M) (Ref 6)

T2 ARXEC| AMSIEE docking modeldi| 23 Spike@t ACE29| Z% QIE{HO|A0 RLUSHAH ZA
goteE 222 d2 (bitter orange, Citrus aurantium)O Z3HE|0| U= hesperidinO|Ct. (Fig 4)

ot LENA FHY XZHZ Ya 5012 TMPRSS2 MM @l CamostatO] HEO|Z{A TS X olst
= AYZNI SELJEG O] YAl AS/HE HMEF 2 b) G2E M2 X Z2X Y 7tHsHE AIASHCL

ACE2L} TMPRSS2£= HIO[2{AQ9 QXL MRS AN
=]

e Fo Efoz HE Y o AlTSANt
x| AREE AZO| 27|E ST B3 * |

%
EfAC 2 T35t
Ch. HLE HAS Sof HOlZ A X=X
o Eete XA 18 0|d2 22F 50 SN e S0 JHES Z7I5k= Arf|7b L ofEt
FZL HO[ZH A AZY RAYR HY ZR0 = WUOILE &M X=H WEHEE JA| g Ao

HOl2{A e 1 LR subunite THE = O[F HEde = Ues Aol HE Z 2K

= ojgt 3 X|ZRo|Ct O YHOZ= DNA, RNA, TheH
Al . CHEdE EEA t Al 2tE = UK
OF HYES JfLst=0 AlZH0] 22522 O] CHAOIAM A3t

CureVacg EsHAM YAMA|IEO| A|ZE|UCHRef 8).



A= gk2 ZZlo| E0{7} Atk (B) Spike RBD2| ZZlof|l hesperidino|l ZA&st At

o

SARS-CoV-2 Spike RBD EHMof

M. (C) Hesperidin O] ACE2 and Spike RBD A& ¢QIE{HO|AE Z=CHSupporting PDB file SARS_CoV-2
_Spike_RBD_homo_Hesperidin.pdb) (Ref 1).

Figure 4 2X} dockingdll 2|3l A==l hesperidinOl Spike RDBO|l Z &8t Low—energy binding conformation. (A)
|



Company/group

Heat Biologics

Technology

Cell-based

Organization type
Biotech

Anges; Osaka University

DNA vaccine

Biotech; Academic

Applied DNA Sciences; Takis

Biotech DNA vaccine Biotech
Zydus Cadila \I/Dal\(lém\gacome; Live attenuated Biotech
Codagenix; Serum Institute of India | Live attenuated vaccine Biotech
Institut Pasteur Live attenuated vaccine Academic
AIM Vaccine Not disclosed Biotech
(BseiyligghaE?irgl)ogical Products Institute Not disclosed Biotech
Beijing Sanroad Biological Products | Not disclosed Biotech
Changchun Zhuoyi Biological Not disclosed Biotech
E:S%noaphar[?lna)ﬂonal Biotech  Group Not disclosed Biotech
(F;rhoodnugcct{isng Zhifei Biological Not disclosed Biotech
EpiVax; University of Georgia Not disclosed Biotech; Academic
GC Pharma Not disclosed Biotech
Hualan Biological Engineering Not disclosed Biotech
ImmunoPrecise Antibodies; EVQLV Not disclosed Biotech
Liaoning Chengda Biotechnology Not disclosed Biotech
Minhai Biotechnology Not disclosed Biotech
Royal (Wuxi) Bio—pharmaceutical Not disclosed Biotech
gpoegjgtesn Kangtai Biological Not disclosed Biotech
Sinovac Biotech Not disclosed Biotech
Walvax Biotechnology Not disclosed Biotech
ZhongKe Biopharm Not disclosed Biotech
Zhongyi Anke Biotechnology Not disclosed Biotech
Institute of Medical Biology,

Chinese  Academy of Medical | Not disclosed Academic
Sciences

University of Pittsburgh Not disclosed Academic

Sanofi

Protein—based

Pharma/big biotech

AJ Vaccines

Protein—based

Biotech

Dynavax; University of Queensland

Protein—based

Biotech; Academic

ExpreS2ion Biotech Holding Protein—based Biotech
Generex Biotechnology; EpiVax Protein—based Biotech
G+FLAS Life Sciences Protein—based Biotech
iBio; Beijing CC—Pharming Protein—based Biotech
Novavax;, Emergent BioSolutions Protein—based Biotech




Company/group Technology Organization type
Sichuan Clover Biopharmaceuticals | Protein-based Biotech
Sichuan University State Key
Laboratory of Biotherapy; Zhejiang
Teruisi Pharmaceutical;, Chengdu
National GLP  Center; Sichuan | Protein—based Biotech; Academic
Provincial People's Hospital;
Chengdu Institute of Biological
Products (Sinopharm)
Vaxil Bio Protein—based Biotech
Baylor College of Medicine;
University of Texas Medical Branch; . ;
New York Blood Center; Fudan Protein-based Academic
University
University of Saskatchewan Protein—based Academic

Pfizer; BioNTech

RNA vaccine

Pharma/big biotech

Arcturus Therapeutics; Duke—-NUS

Medical School RNA vaccine Biotech; Academic
BioNTech; Fosun Pharma RNA vaccine Biotech

CureVac RNA vaccine Biotech

Moderna RNA vaccine Biotech

Stri\r/rgrléﬂi Therapeutics; Tongii RNA vaccine Biotech; Academic
Imperial College London RNA vaccine Academic

MIGAL Galilee Research Institute Vector—based Academic

Johnson & Johnson Viral vector Pharma/big biotech
Altimmune Viral vector Biotech

CanSino Biologics Viral vector Biotech

GeoVax Labs; BravoVax Viral vector Biotech

Greffex Viral vector Biotech

Sumagen Viral vector Biotech
ggggarcﬁqﬁ;wtifsmioals; Southern Viral vector Biotech; Academic
Vaxart Viral vector Biotech

University of Oxford Viral vector Academic

Table 2. &I7F COVID-19 Al 7t Z8F (Ref 9)

ChE2 B0l XZA M, SHel df:s 2
RNA X|2H|e| B2= HOlZHA X|s& EHAY = QUL SHA|ZE o|2{st Et
2f2 Repurposingg & & A= 50[HQ A=0| M= AN i =

18 Ol o ¢=Ct

2L} HIo|2{A9| Spikelt 1 #=8K|Q ACE2E EFZSID

1

AS SESts X=zH HEH
PY0 Q5= AZHO] =



Organization

Company/group Technology type
. L . Pharma/big
AbCellera Biologics; Eli Lilly Antibody biotech
. . Pharma/big
Takeda Pharmaceutical Antibody biotech
Celltrion Antibody Biotech
Emergent BioSolutions Antibody Biotech
Eutilex Antibody Biotech
GC Pharma Antibody Biotech
. . o . Biotech;
Harbour BioMed; Mount Sinai Antibody Academic
ImmunoPrecise Antibodies; EVQLV Antibody Biotech
Regeneron Pharmaceuticals Antibody Biotech
Vir Biotechnology; WuXi Biologics Antibody Biotech
Flanders Institute for Biotechnology (VIB); Ghent University Antibody Academic
National Institutes of Health Antibody Academic
Sorrento Therapeutics; Celularity Cell therapy Biotech
NanoViricides Nanoparticle | Biotech
CEL-SCI Corporation Peptide Biotech
Sirnaomics siRNA Biotech
Vir Biotechnology; Alnylam Pharmaceuticals SiRNA Biotech
. Small .
Enanta Pharmaceuticals molecule Biotech
. . Small ;
Insilico Medicine molecule Biotech
. Small
RA Capital molecule Investor

Table 3. 471 COVID-19X|2H| 7H2 5%k (Ref 9)

3) delslm 7| U HAx

AZLH97t HAE 3u|stE F2E HHEXL Nspl2 32| 40S ribosomal subunitdt BHS3t0) =3
E0|HQ2 mRNA 23HE FEStD type 1 QAHLE H4Z XSHBHCE Nsp3ce =F2| ADP-ribosed| 2
oot [ELH97L 3ol MEBEHY N = JXZE BHCE Bone marrow matrix antigen 2 (BST-2)
= STMZOM MEA HEdE ZZLL Ho|HAY WEER= HAE Mg = UCL ORF7as AF

BST-20f ZBtst0] BST-29| glycosylationS 2dfisto]
I

o —
3 g8e XNofipict o] CHMEEE FHEo=Z A
oft=2| EtA0| E %= RUCL SHX|Z Repurposing &l=

oM dYot HolZA EX oMol HAz|m #ot oLzt Hio|Z A0 CHSt HIAXA S| =HE2 &
Q5ICtH FHOIHANE HAS LS NtAHL SSEX0AN LUS= cytokine storme L|StAX HAA
M7t 235t [AZL Ho[3A X 2ME o7 | Repurposing 4=2| =52 EH HAXZHEH QI
QIEMZE ntet AEHA S7tHE HAAX A /S AR IL-601 CHEF mAbQl Actemra (Tocilizumab)=
UCH (Table 4, Ref 10). Actemra= ZT=0A 0O|0] Z=ZL} 19 X|zH=Z S ACL GenentechS

OF Ogé
of
ro
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Actemra2 =&

Drug or cocktail

F2LE9 2HAtof| Cfit

Originator

company

Status and mechanisms

M SEALCHRe 11).

Clinical trials
(trial posting date)

ASC09 is an experimental

r

see above

ASCO09/ritonavir, HIV=1 protease inhibitor;
lopinavir/ritonavi Ascletis. AbbVie ritonavir and lopinavir/ritonavir At least three trials (e.g.,
r, with or Pharmsiandard | @€ approved protease inhibitors | ChiCTR2000029603,
without for HIV/AIDS; umifenovir is an 2/6/20)
umifenovir approved entry inhibitor against
influenza

ASCO09/oseltami ) A
vir, Ascletis, S.e‘ﬁd ab?’r:’ﬁb.?sre'tamr"’” S8 | One trial (NCT04261270,
ritonavir/oseltam | Gilead, AbbVie S anoe InNIbIOr approved 1or | 5/7/20)
ivir, oseltamivir

Zhengzhou Experimental reverse One trial
Azvudine Granlen transcriptase inhibitor drug (ChiCTR2000029853,

PharmaTech against HIV-1/AIDS 2/15/20)
Various Baloxavir marboxil is a
combinations of Cap—dependent endonuclease Two trials
baloxavir Shionogi inhibitor and favipiravir is a (ChiCTR2000029544,
marboxil/favipira To amg Chemical guanine analog RNA-dependent | 2/3/20;
vir and Y RNA polymerase inhibitor ChiCTR2000029548,
lopinavir/ritonavi approved for influenza A and B; | 2/4/20)

Various
combinations of
darunavir/cobici
stat alone or
with
lopinavir/ritonavi
r and thymosin
al

Janssen, Gilead

Darunavir  and cobicistat are,
respectively, an HIV-1 protease
inhibitor and inhibitor  of
cytochrome P450 (CYP)3A
enzyme, approved as a
combination against
HIV=1/AIDS. Thymosin ol is an
immune response boosting
agent

Two trials (NCT04252274,
2/5/20;
ChiCTR2000029541,
2/3/20)

Remdesivir

Gilead

Phosphoramidate prodrug of an
adenine analog used for Ebola
and Marburg virus outbreaks
(similar structure to approved
HIV reverse transcriptase
inhibitors)

Two trials (NCT04252664,
2/5/20; NCT04257656,
2/6/20)

Chloroguine or
hydroxychloroqui
ne

Shanghai Zhongxi
Pharmaceutical,
Shanghai Ziyuan
Pharmaceutical,
Wuhan Wuyao
Pharmaceutical

Endosomal acidification fusion
inhibitor

At least ten trials (e.g.,
ChiCTR2000029826,
2/2/20; NCT04261517,
2/14/20)

Methylprednisolo

Synthetic corticosteroid that
binds to nuclear receptors to

One trial (NCT04263402,

and thymosin

Shanghai Hengrui
Pharmaceutical

monoclonal antibody (mAb)
targeting PD—1

ne Generic dampen proinflammatory 2/10/20)
cytokines
Interferon
glrfaitr;Qb alone Interferon alfa—2b is a T\//vo/ trials (NCT04254874,
o , recombinant cytokine with 2/5/20;

combination Biogen, Merck antiviral properties; ribavirin is a | ChiCTR2000029308,
lopinavir/ritonavi guanine derivative; as above 1/23/20)
r and ribavirin

. . . Two trials
Camrelizumab Incyte, Camrelizumab is a humanized (ChiCTR2000029806,

2/14/20; NCT04268537,
2/14/20)




Originator " Clinical trials
company Status and mechanisms (trial posting date)

Chugai
Pharmaceutical,

Drug or cocktail

Tocilizumab %Egjrir?wnagceiitsiggl, mttg‘lgﬂﬁﬁ%m% targeting ?grﬁc§$3|2000029765,
Jiangsu Qyun 2/13/20)

Bio—Pharmaceutic
al

Table 4. COVID-19 X 2E sl YH/WLZQl Repurposed &l X|Z2H|E (Ref 10)
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