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Coronaviruses (CoVs) are the largest positive-sense RNA viruses with a wide
range of natural hosts. To date, seven types of coronaviruses (HCoV-NL63; Human
coronavirus NL63, HCoV-229E; Human coronavirus 229E, HCoV-OC43; Human
coronavirus OC43, HCoV-HKU1; Human coronavirus HKU1, SARS-CoV; Severe acute
respiratory syndrome-related coronavirus, MERS-Co; Middle East respiratory
syndrome coronavirus, and SARS-CoV-2; Severe acute respiratory syndrome-related
coronavirus) are known to cause disease in humans, and three of the CoVs
(SARS-CoV, MERS-CoV, and SARS-CoV-2) cause severe, occasionally fatal,
respiratory infections in humans. In November 2002, the case of severe acute
respiratory syndrome (SARS), a new respiratory illness caused by SARS-CoV, was
first reported in Guangdong Province, China. For the next several months, the
SARS outbreak resulted in more than 8,000 cases of infection and 800 deaths. In
June 2012, Middle East respiratory syndrome coronavirus (MERS-CoV) was first
identified in Saudi Arabia with 2,373 reported viral infections and 823 associated
deaths until February 2019. The outbreak of the MERS-CoV pandemic also
occurred in South Korea in May 2015. In late December 2019, another novel
coronavirus called SARS-CoV-2, genetically linked to SARS-CoV, emerged in
Wuhan, Hubei Province of China that has spread worldwide. Outbreaks of
coronavirus-infections are occurring frequently in the 21st century; therefore, it
seems very likely that another pandemic of coronavirus can emerge anytime in the
future. In this review, we outlined the biological characteristics of coronaviruses
and summarized the status of vaccine development against SARS-CoV-2,
SARS-CoV, and MERS-CoV in preparation for the unpredictable emergence of
coronavirus pandemic.
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INTRODUCTION

DE2LHL0|{A(Coronavirus)= Z2LtHI0|2{ A3 Coronaviridae)oll £ot= HIEZE ¥4
7+t RNA BO|2iA (non-segmented positive-sense RNA virus)Z2 RNA-2|&4 RNA-=

st2 A (RNA-dependent RNA polymerase)S 7t2| 11 QICH1). Z2L} HIO|2HAE A=
(genome) A Eof| w2t 2op 2L} HEO|2{A (Alpha coronavirus), H|EF 22LH}0| 24
2 (Beta coronavirus), Z0F 22 LHIO|2{ A (Gamma coronavirus), @Et 2L} HHO|Y
A(Delta coronavirus) 52| 4| 74| & (J#)22 LIEICH LTH= CHA| 1a82t 1bE 22 L}
Y10 HIE}= 23, 2b, 2¢, 2d@ O 2 LY A| EICt YT} H|E}F 22U} HIO|2{A = 22 BQ
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A ZEE7| = Gt 2ot HEt A2LIHI0[H AL AR AMOAHIME 557| 2ES, SS0|M
2efA 2, A8 (mucous membrane) 2 2 H|Z MMEZ ZHEIC D EAE[ACHT).
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A| o’ MIE{Ql CDC (Center for Disease Control and Prevention)2| 2fH0]| 9|5tH, 2|2 EHliSt SARS-CoV-2E& £&
75 | IZL BIO[H AT} AL A ZeEl= A2 9o, 73 720 232 Lo 1bAH0|1 LIHZ| 532 HIEIZ
F 22(0C43, HKU1), 2b7t 2&(SARS-CoV, SARS-CoV-2), 2c7t 1&2(MERS-CoV)Ql Ao 2 Y| ZCH?2) (Fig. 1).
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20199 12288 22 35H0jA SARS-CoVe| 0FZQl SARS-CoV-20{ o5t A2 I=ZUHio[2A 2t %(COVID-19' Coronavirus
disease 2019)0| A|RE|QUCE 2|HE2 247 MERSLE SARSOl| H|5H0] L2 HO|Z| B, ZHH2{0| D42 &0t M AR S45HH Eite|™
M 2020 52 UMR| YA IS ZHAR 4= 214 7= 5002HHO|| 0|20 AFYZH= 320H0{HS H0{7t1 QUCK(S, 6) (Table 1). flet g2
D202 A2 E A QMO OFRI7HA| SARS-CoV, SARS-CoV-2 L MERS-CoVO| CHEH ZnjZ{0l BiAl Ol 2|22 JHetz|of
UAZ| tom, SHE A7 |= TS 2202t 2|25t QU= AE0[CH7, 8). DE2LIHI0[2{A0] 2|5t LR AHAE2| o1 glo] &
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Fig. 1. The genomes, genes and proteins of different coronaviruses (8).

Coronaviruses have a positive-sense, single-stranded RNA (ssRNA) genome of 27~32 kb in size. The 5'-terminal two-thirds of the
genome encodes a polyprotein, pplab, which is further cleaved into 16 non-structural proteins that are involved in genome
transcription and replication. The 3' terminus encodes structural proteins, including envelope glycoproteins spike (S), envelope (E),
membrane (M) and nucleocapsid (N). Here, we summarize prototypical and representative strains of four coronavirus genera: feline
infectious peritonitis virus (FIPV), Rhinolophus bat coronavirus HKU2, severe acute respiratory syndrome coronavirus (SARS-CoV),
Middle East respiratory syndrome coronavirus (MERS-CoV), mouse hepatitis virus (MHV), infectious bronchitis virus (IBV) and bulbul
coronavirus HKU11 (Adapted from Ref. 8).
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Table1. Epidemiology and biological characteristics of SARS-CoV, MERS-CoV, and SARS-CoV-2 (6, 7)

SARS-CoV MERS-CoV SARS-CoV-2
Date/Place first detected November 2002 June 2012 December 2019
/China, Guangdong /Saudi Arabia, Jeddah /China, Wuhan
Age (range) 39.9 (1~91) 56 (14~94) <1~ >80
Confirmed cases 8,096 2,494 5,151,490*
Mortality rate (%) 744 (9.19%) 858 (34.4%) 334,057 (6.7%)*
Host-Pathogen Interaction
Possible natural reservoir Bat Bat Bat
Possible intermediated host Palm civets Camel Pangolin **
Predominant cellular ACE2 DPP4 (CD26) ACE2
receptor
Emerging characteristic
Number of affected country 29 27 29
Reproductive number, R, 1.4 ~55 <1 2.2~26
Epidemic doubling time 4.6 ~ 14.2 days 90 day 6.4 day
Cell line susceptibility Respiratory track, Respiratory track, Respiratory track,
Kidney, Liver Gastrointestinal track , Heart etc.

Kidney, Liver etc.

MEt 4 Qlony, S K3 S92 COVID-19 (Coronavirus disease 2019)2 H|R510] o2 BHHEH 4 Ql= A2 LIHIO0[HAL| CHRH
Ofl CHBISH7| 2/t WAl LU X2 RHO| JHUO0| AlgstH BRSICh 2 =2 MR UHIUE, SARS, MERSS| HiATNUS ELH2 2|
2l ZQ1 COVID-190]| Chot 2| =24 L Al JHY A SS AF=Z 2|, LASIAC)
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I MERS-CoVe| &QlZ(Pathology)

ot F2LEHIO[ZAQ| B Z7|Qt HISTH F 0| SAD 7t2]= BHH, SARS-CoV U MERS-CoVE 3t7| =0 MZist ZE g 2270
=2 2YES 2OICtH LAt HIME EAS E5 SARS-CoV-2+= SARS-CoVel RAUZHOZ 79% U2|5tH MERS-CoVets 51.8%
9| RAPO| U= A2 o HLH(10). A SHO|M F BIO|2 A= RASE A2 HO|Z|CH SARSE MERS= 82, HIO| A5,
Qetetd 2ROl 2H0|HS 2|L|1 QUTE. SARS2E MERSOI| CHEE Q4keta, A5t 2|1 =520l SASS H(Table 1)01 H2l5HULCH.
SARS-CoV-2ZEo 2 0I5t £2 At 42 &, DIE 7|13, 288, T2, 50|10 ¥2 SAS0HM =5 22t L T 44Z0| &
ST 25t HAHO0| U= SARSS| FR, 1 7|12 2ESHA| LA 2| 2| UL, SARS-CoVoll ZHE Stzto] ZHLISH I &42
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27|19 &2 Hiol2{A Ut U S, CHAME L SF7o S7t0l| Qs 2oz BIS{FCH10). CXCL10, IL-2, IL-62] e &
IL-10222 I &40 24245 o2 110 7|0j5H= ZHo2 H0|0, Type 1-IFNQ| 2|8 831 SlA| HEO|2{A Q| 2A!n} A2te|0f
UACD LHA ATH10). MERSS| H2 +=&4|2! DPPA (Dipeptidyl Peptidase)7t 412 AT|M|E, &, 2t L d3tE 2T SO0M
S| UO| DR ZRHLASH E(2| &4 7HH2Ct MERS GA| 24 ALO|E7HQ! 2 A 27IRI(TNF-a, IL-6, CXCL10, IL-8) S0] 2t
Ot Z3=|of A2, 317| =0l M AMZHet HAM 2ol 2IF0| HREICH10).

SARS-CoVel Uzt 24 EFZl MEE Hof 2AShE 7| = ATME, TE ATAME, St LHIMZ L CHAIMZZO|D O|F MERTHO| &
A45t= angiotensin-converting enzyme 2 (ACE2)E E5t0] ZHECHT1). ACE2E T R &4 HE5H= 7|150] Qled),
SARS-CoV7F ACE2E Sot0] HMEZ 2 =T ACE27 ME BHOIM SO =0 I &4 23 7|50| S 2A =TH11). &
St ACE2& renin-angiotensin system2 O|83510] €8 2&st=0|, Bl0|2{A 4o Z2 ME BEHOZEE| ACE27t E0{EA &P
YAZHO| AoH= =|2| A ECh Ol R 22 J[AAss 71 At ES 24 o271 o ot Ol®7t & &= AUTH11). L3t
ACE27F X GAIA| Lol E2fist2, COVID-190] HEHE 712 CHERYAIE X SAA| 4o 22 7Hs40] AT OfAHRICHT1).
SARS-CoV-27t T| M[Z20f| ZH= T MZE= pyroptosis(ME AHafe| St712| HEHZ B ZFH| Z4Ho| 2ls =2 2dl)7t o]
LIHA Cist A= ALO|EFIRIZ RE5H| EICH12). 5t HIO|2{A RNARF Z+2 pathogen-associated patternzt DH2|El | A|ZZOfA
Lt2 ATP, DNA, ASC oligomersZ2 damage-associated molecular pattern£S HE MZ2} I CHA! MZE7} pattern-recognition
receptorg O|85t0] QIAISH CHS IL-6, IFN-g, MCP1, IP-10 22 CIYst A3 F= AIO|E71018 24|5tH| EICt. 0|2 Qls| "ol &
DOt HROI AT ZEE I 2202 TS =0 EH Lo Ax £7t B0 EEs I ZaS(lymphopenia) $140| LO{LEA|
EICt 0|20l BIO|2{A A7 0] 20 YN LYo FZF R2E AAAZ £ Ot T 229 248 RESt= CHE 7|1
OS2 MOIEFIR £30|2k= S1d0] /2, O|uf TNF-a &F Z2 ES'd AOIE7II0| SASHA S715HA =2 Ol HEd &3
712 &48 RESHH EICH SARS-CoV-2 ZF L= Qlslf LIO|7F BALE 7|12 A2t0| e AFEE0| O ALEO| =

s 014 MZ0|H £35] =0 Y 7|HAUSZZ2| T D|MISH| Het2 2|4 MES| & L I ZRZ O =29
2 QISH T MIZ7F 24 S 7HR[R| 25t =0 YOo{HTtr o 4= ACH11).
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IZLHO2{A = FUHZAM F 27~32kb Z0[Q] Y 715 RNAS 71R|0{ BIO[2{A FHAQ1 RNA AHA7F MAHZ 2-83ste 24 et
RNA R2210f sHE8HCH13). SARS-CoV, MERS-CoV, SARS-CoV-2 Als(genome) R YRt o=2 g 220 5-methylguanosine
cap0| A BEEZ2 3-poly A tail O] 2A5t0f 1 AtO|of| 6~87H2] RMRF7F ZATICH R 2LIHIO[2{ A2 Al (genome)2 w222
ZHAI=(Nucleocapsid, N) el OjE2IA (Matrix, M) T2 9|TI|(Small envelope, E) tHEi2l HH =7|(Spike, S) & ¢t
TZ TS AESED UCHFig. 2). FEULYAIS THEHRAZ HO|2{A RMA| RNALL Z2Eot0] RUAIE Hastetn 2
2 BiCt. 2|T[(Envelope)oil 2aote EHE7|(Spike, S)2| & HHEHAE SN ZO| £84 2T0| Za20|H, Z
Ct, M230[E 2 A| #H S7| HHEEZI0] 7| 20| gt 22 R2LE 2 (crown-like corona)E &8
ZLHHo[2{ A2 HHE|ACTH(14).
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S A2 =3 MZQ| Z2H|OtA|(protease)0ll 2Jah =3 MIE +=8A|0f| QAE £ UEF A2 ==Cl, AFel M2l Z2E|okA|
(serine protease) TMPRSS2+= SARS-CoV 2! SARS-CoV-29| S tHEH2IS mato| U (priming)3t0d, angiotensin converting enzyme 2
(ACE2) =E8A(0] Z&E 4= U2 Bt MERS-CoV= & CH2 842! dipeptidyl peptidase 4 (DPP4)0l| £0|Xd 2= ZE5HCH(14).
B Z7|(S) T2 51 E0QIS Salf SFMIEL| +=8X|2F 2Tt S2 =0212] fusion peptide (FP)E S3ll 20| E&6IHA BO[2

, HIO[Z{A RNA Zl=(genome) 0| SMIZE2| MIZZZI0f A HiO|2{A S0 Hst s ghdsict |
A|o| HAMHof| Hest 24 30| S ARESID HIO|2A J4| S84 (Viral Replication Complex) 7t &4 =™
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2 2

=2 HIO|HA S4| S

= MY 2471 (negative strand) RNAS sttt S8 S47152 L4715 mRNAES &3] 28t & (template) 22 2125t

Ct. S471= genomic RNAE leader transcriptional regulatory sequence (TRS)2t body TRSE 0] &5+ discontinuous transcription
| S5t AAES Saf oHL2| S47HE RNAZEE 7702| 22 €l sub-genomic mRNAE BHS0{ L1 O|S0| ChFH HiO|2{A CheH
| A

o
ASS SEsiUCt(14). MEZZ(Cytosol)ol M w22 LYAIS(N) THHA0| R RNAL B4|5HH, LI Ho| mE32QLBAIEE &Y
SICH O] sHARZ = AXH|(Endoplasmic reticulum, ER)2F =2 4|(Golgi apparatus)& H2|HAM 2H(M), II|(E), BEH =7|(S) &
Y S0 YT =, HIO[2AYAH(Virion) & BRote 2ES Ygstal(Vesicle) MEO| &S0 A EA|A(Exocytosis) HEE &
off 3 MIE Ste 2 L7 & hFig. 3) (6).
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Fig. 2. Schematic representation of genome organization for SARS-CoV and MERS-CoV (14).

The single-stranded RNA genomes of SARS-CoV and MERS-CoV encode two large genes, the ORF1a and ORF1b genes, which encode
16 non-structural proteins (nsp1-nsp16) that are highly conserved throughout coronaviruses. The structural genes encode the
structural proteins, spike (S), envelope (E), membrane (M), and nucleocapsid (N), which are common features of all coronaviruses.
The S protein contains the S1 and S2 subunits. The residue numbers in each region represent their positions in the S protein of SARS
and MERS, respectively. The S1/S2 cleavage sites are indicated by dotted lines. SARS-CoV, severe acute respiratory syndrome
coronavirus; MERS-CoV, Middle East respiratory syndrome coronavirus; CP, cytoplasm domain; FP, fusion peptide; HR, heptad repeat;
RBD, receptor-binding domain; RBM, receptor-binding motif; SP, signal peptide; TM, transmembrane domain. FP, fusion peptide; HR,
heptad repeat; RBD, receptor-binding domain; RBM, receptor-binding motif; (adapted from Ref. 14).

SARS & MERS Z|=A

SR D2 LHRO[ A0 2f5t SHEFEIISETH(SARS)0 AYP A2z AEst= 2| 2Al= HLE|R| AURUATE 2002E LESHEH AtA
(SARS)Q| A2, 2|HIH|ZI(Ribavirin), QIE{HE cgﬂk(lnten‘eron-a) 1l 212{| E2t(Kaletra, 2I|LIH|2 Lopinavir +2|ELHH|2 RitonavirQ|
a3l S2)E 2| BH|Z ALESIRACHTable 2) (15). 2[HH|2IR FE2|2A0|E FAH|(nucleoside analogue) 2 Z 22| RNA 2! DNAHLO]
HAE /n vitrooll M AAISHCH D LA AUTH16). SARS 2l 27|0] 2|dH|2iE FOSt F2 SAS0| E2 %lf— HO| 2o 23 2
FHLICIS BIRE 2 LI2FSO0IAM 2[BI8|2E AZ2A|2 ALZSIRACE it &Y BIE (hemolytic anemia), 4| Z& S (hypocalcaemia),
A Op14|EE S (hypomagnesaemia)th 22 £2H820| B &[0 22O 2= SARS 2| 20| 2HE| 2] QIRUTH16). QEHEE He AT
Eo| F Ho|2 2K 2, BY & CH 2tFO| X2 A2 A2 Tt E2E0|M 2IlE SARS-CoV ZY SH2E tiM o= ot ¢4 ¢4t
OllM, QIEI|E2 Z=E|ZAE|20|=(corticosteroid)2t ERlx|2 Al 2Vt Q= A2 BAEUCK17). E THE 2|=4|Ql Z2lEats
Z2O|LtH|2e} 2|ELH|Z2 F4E 0f0]= BIO|2A =2 A2 HIV BIO|HAS| SAIE A= T 2ai=4a AX|A0|TH 152 He| At

2|

2

>~ll_\

(SARS-CoV) B2tE tiAMe 2 3t 20| AROM ZeEate 27| & RO Z AIZE|CD, 2/HiH|2l U DE|R AHZ0|E2 71
2 HEQHYO| 2IIE|0] AR E|QUCH AR}, ZR|Eet £ojEl 152 =20 H|sH 45522t
syndrome, ARDS) = AFUE(28.8% vs 2.4%)0| HOIR|= 218 EQISHACH18).

SZ(Acute respiratory distress

SES2E7|Z2UHBI0[Z{A(MERS) HA| =2 XY E0M= =75t A SUE ABAE Sl JEI= Trfet 2=2Y 71L0| 2l F0]
Ct & % H50|(Rhesus macaque) 2RO A HO|2{A 2|21 2|BiH| 212t 2Tt QIE|HES YEFO0 Al, Blo|2{A9] RAA SX
O a1 o 220 JF 2HS0| Zax(0f Fo| 20| Astel AS HASIACE S5HA|2 A A 22 OjH|e =S E0FUC. 0/

g |2f 70| O] 012 2 QUCt

O|= MERSQ| S CHe#2lo| RBD (receptor binding domain) E0[Q10]| Z2EeH= 2515t L THY 22 3t
IgM Fab libraryE 0|25t0] 7=l m336 &= RBD2F DPP4 £~24|o| ZEHS 2
Bt21o| B MIEZZEE SSSHE g5 o171 L0 LCAG0 E20| =2 2850 US0| &l UCt 54|t f’””f | dAH

of Soizt e 2

HEHOITH(T).
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Fig. 3. The life cycle of coronaviruses (8).

The process of coronaviruses entering into the host cell begins through the attachment of the S glycoprotein to the receptor in host
cells. The envelope glycoprotein spike (S) forms a layer of glycoproteins that protrude from the envelope. Two additional
transmembrane glycoproteins are incorporated in the virion: envelope (E) and membrane (M). Inside the viral envelope resides the
helical nucleocapsid, which consists of the viral positive-sense RNA ((+)RNA) genome encapsulated by protein nucleocapsid (N).
Following entry of the virus into the host cell, the viral RNA is uncoated in the cytoplasm of host cells. ORF1a and ORF1ab are
translated to produce ppla and pplab, which are cleaved by the proteases that are encoded by ORF1a to yield 16 non-structural
protein that form the RNA replicase-transcriptase complex. This complex localizes to modified intracellular membranes that are
derived from the rough endoplasmic reticulum (ER) in the perinuclear region, and it drives the production of negative-sense RNA ((-)
RNA)s through both replication and transcription. During replication, full-length (-) RNA copies of the genome are produced and used
as templates for full-length (+)RNA genomes.

During transcription, a subset of 7~9 subgenomic RNAs, including those encoding all structural proteins, is produced by
discontinuous transcription. In this process, subgenomic (—)RNAs are synthesized by combining varying lengths of the 3" end of the
genome with the 5 leader sequence necessary for translation. These subgenomic (—)RNAs are then transcribed into subgenomic
(+JmRNAs. Although the different subgenomic mRNAs may contain several ORFs, only the first ORF (that closest to the 5’ end) is
translated. The resulting structural proteins are assembled into the nucleocapsid and viral envelope at the ER-Golgi intermediate
compartment (ERGIC), followed by release of the virion from the infected cell. (adapted from Ref.8).

COVID-19 2|=2A

20194 2HdSH COVID-192] F2, 2 ZHEd 2l MR Qls M2 A2 I Est7| BChe 7|20 Laizl & Hio|2{A HHIE 7|
BIO 2 oF 9FS z{2tE A2 AR QUCH 5 AR7IR| ClinicalTrials.govdl| Al S2E COVID-19 2|2 2 s AL T2
2 43001 7Hof| S5t UCH19).

24 COVID-199| 2| BAH2 FZED QU= 2 Of0|=R | 2A|Ql ZEetet o 22t 2|24 AHAHI2(Remdesivir), AZEF A&
A|Ql ot 2td| 2 (Favilavir), 22t2|0F 2| 24|21 2222 (Choloroquine) S0| UL} Z|E2k= COVID-19 27| E0AHZA 2| 7t5M

O MAEIeLt, 24| sha2| FUAZUE M 28 O|C|&(New England Journal of Medicine)0f| SHEE QAAMA|E o] Zlof| T2 H
ST0|M L ERE T &2 ZF COVID-19 22} 99HO| 2t HEX|RE U2 o2t 100YEL SAHL=Z Rolgt +&29|
O gle A2 2 LEIRTH20). R4 X ZAHZ AFEE|L Q= HHAHIZO| 2 BIO|2 A0 SEEAE WEA|7| 1 BIO|2A A4 mF
g Aoz AHA o, Z|:h 12 0|0 LSt 24 COVID-19 20| A Foist 2t

oo = 27| S4 2S00 A= Q0| U= Z27HY

o

OA|(exonuclease) EAL| M-S B3l 5}
2ol 40| EHE A= LIEHGTH21).

L=

—

2

SHO| Y28t SaSolA= 2ot glof, &
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Table 2. Potential therapeutics for SARS and MERS (8)

Treatment Stage of Development and Effective
SARS-CoV MERS-CoV
Host protease inhibitors Effective in mouse models In vitro inhibition
Viral protease inhibitor In vitro inhibition In vitro inhibition
Monoclonal and polyclonal Effective in mouse, ferrets, golden syrian hamster and non- Effective in mouse, rabbit and non-human
antibodies human primate models primate models
Convalescent plasma Off-label use in patients Effective in a mouse model
; Clinical trial approved

Interferons Off-label use in patients Effective in non-human primate;

(often in combination with immunoglobulins or thymosins) Off-label use in patients

(often in combination with a broad-spectrum
antibiotic and oxygen)

Ribavirin Off-label use in patients Effective in non-human primate model;
(often in combination with corticosteroid) Off-label use in patients
(often in combination with a broad-spectrum
antibiotic and oxygen)

Lopinavir and Ritonavir Off-label use in patients Effective in non-human primate model;
(improved the outcome in combination with ribavirin) Off-label use in patients

Common Feature None of these therapeutic agents are approved for commercial use in humans
22222 H0[2{A0} MZ2o| 80| T3t H=£9| pH (endosomal pH)E S7HAIH ME £24|(receptor)2| &322 (glycosylation)
2 {510} Bl0|2{A0| S B HOR BDEO] UCH23). BRRA| HNj0| ChEHAE OFY =240] YT, TYA eingle 32
LH19 8zt 2 6”401|71| 2227 600mgS Foet = 6Y F 22t2| 422| 304|AH|AM BIO[2{AT T 0|4 HEEA| UUSH, FAFHR| &
2 St 16H2 10% Y= HIO|H AT HEE[R| UCH D SHSIUCH24). 4L 0|2k CiEH 22 300 F2| COVID-19 SHAL0)|A
SHo|=E4A %Eiﬂa Foi5t =0 YAl 20N = i=2=20f H|5H0 F£048t 2F0|CT (computed tomography) 274 Z3tof|
21017} AL, A 20| FH2Z SO0LRI|MA|9] A|ZtE H©HEAIZ|A] Rte AE HAUSIATH25).
AE 2 x|24| oft|ZHIteatd|2) HA| 2oVt BNE|RE, 340HE AR §t S0 UMAIH0A 4 THol| BHO[2{AT} ZhA
Sh= B2HE SRlstIct. deiLt Z4F 2710 2 23t YD ST SAL 28 S20f|Al= 200 AL 23 £[JCH26).

HAIMNA| 2| 0”'?741}% S = M, COVID-19 TSt 2|24 22 225 3 27t &5t e A2 gl 0
3l MAIZAZ|TH(WHO)E 0f2] =717t Z0l5tes Uit 2 2BA| YA A=lS LEIUC. 242 29| YLAIHE B0
Cht2 A0l ?.i':f S;-’—“E'J ZES UE & 7| W20ICt 0| Safl, ACAlH|= ZE

2222 59| 2=2AH oI -OITH27).

i J
£
[>
[m
ot

ANIMAL MODELS

SARS-CoVe| 24 |(replication)= OtRA, AE], 10|, YAR0|A 22, HAERACH E3F LHO|E S2(aged animals)of|Af Aztst
SH0| ZZERACH MERSS| HR0= ORA, M2, 7|L{otm|, $AE] 50| MERS-CoVe| 842 7|58 R5t= homologous
DPP4E 712|112 /0] HiOJ2{A e AT0]| 0|82 5Tt | 258 52 552 MERS-CoVE 3A3S Mo Hioj2{A9| &
A|(viral replication)7t LO{LEZ| QEQITE W2t MERSS| 2 T2 58 ZHE JHesH= 20| LRSIRACHS, 14).

0F2A B2E(Mouse model)
SARS-CoVe| ZAR0|= OI2A 22 AlS DE2 BALB/c, C57BL/6, 129SvEV AE9] Dt%’—MrOI%EI“Eh £35| SARS OrfA A4 82

S 2! |
oM E F2 OFF200AM 20| B 2 Lok, =2 AHYEnt GHO| 1*"‘*EIO*H U T 2~3% T SZ7[R0||A BO[2HL FA|
7t 71 = LIRS Aot Z4Y S22 20|2] ke, Y = 5~7Y = o2 A= T 22{0|AM AAHZ|AC SARS-Covel F20
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= OFRATL AL Ol 5 HO[2{A SI720] T2 AElst RE2 AefA QUCt J2{Lt SiA7tR| 2| A Aol 2™ 0| SARS-CoV-29| &
2 ORAO|M= A = HIO[HAL| 2|7} Z2IE| 2] QUCH 2|2 ¢ 20t T2 H A} TSI, 0], FZHF0IA SARS-CoV-2
HFO|2A 2|7} O|2O|A|= Z{o2 2aix QICH E3F SARSSt OF2E7FZ|2 human ACE2-transgenic OFRAE 0|83 REIT 0|2g]|
1 ACKS. 14).

MERSS| H20l= SARSSt &h2| O & (wild type) OtRAE= MERS-CoV ZHHREZ M EH5t| QICt 0|2 QIsH 02 #o
O|20{ZCt. 20143 human DPP4 (hDPP4) Omr FS0{7F AR B Ot . HIO| 21 A (rAd5-hDPP4) £ B|ZHS E5f
H=24 ZE=2 0| 85tRUCH28). O] 0L 2 | < hDPP42| It E&0| HLHZ ZHO| =2 Qe T

H M=22 hDPP4 Y& A& ORAT BHSOA | 20{= homologous hDPP4 Y243 O A hDPP

R4 S Z0] MERS-CoV 2+ Of E1HaQI £~84| ZEE & = Q= ORAS0| WYE[ACKS, 14).

=
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J>
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r
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E*

r

nx
H0|I

SHAE BE(Hamster model)

SARS-CoV & CoV-2 &Y REZ2= =& Al2[et & 2{0[LA HAE] SO| ENE|ACHS, 14). SARS-CoV-20| ZFE =& Al2[eh &
AE2 2L oM 10° ~ 107 TCIDso/g H &0 HHO|2{A EA|7t £|QU0 BE MAE = S3IEA7F R A 3|SE|QUCH Bo[2{ 20

W

UYE BAEIS B2 SET HF 24, 57 U HoM 23 gRi0| B2 =

= o
DE[ATHS, 14).

;_sz

CH29). MERS?| B2 HAE = Z-=2 §5ta| QiCt

o
a

M2l 22 (Ferret model)

SARS-CoV 2 SARS-CoV-22| 2 HU0| et 4 S=2E2 LA Tt Blo|2A ZY = A =20] 455t /A7 20 1 =

2|0l M BtO|2{A0| ZFO| A ALY, |, 4F & STt AYES 2EE|A| QATH MERSS| 0= T2

01|*1 HEO[2{ A0 ZA|7H LIEILIR| F=CHS, 14). 212 SSCHSM 2|Y7| e T210] SARS-CoV-2 29 L &I} (transmission)
= 222 XM 7tssta 0|2 BT Wil & 24| 7HEo| 28 4~ AUSS B2 S5HACH30).

A= 2 (Non-Human Primate model)

S SARS ¥&ta REI0|l= rhesus macaque, cynomolgus macaque, african green monkeys, 12|10 AlM|A| &2 common
marmoset, squirrel monkey, mustached tamarinO|, MERS2| A0 YLBIH O 2 rhesus macague, common marmoset0| &2
O|8&|1 QAT J2jLt FYFO| 22 AetE MSO| ot itdo| £ U B2 24 S22 Q5 e =22 0|85t= 40| gA|
Q4CHS8, 14). 2|2 rhesus macaqueE E8310] I SAME Cfstul A HPA0A B &8 2SS EIAESH 20| 2nE|QUCH
SARS-CoV-2 32 &&of thaliM rhesus macaque 20| AFYSHR |‘.: OARUSLL 7| 22| MU0 M HFO| A7) 22| A0 T Z2]0f
M ERHO| LEHLEE 222 H0t sA7A| = Q1Zhol| 7t 23St 248t Z&loj2tn & 4= AUTH31).

VACCINE DEVELOPMENT

ol

e MEH(Antigen selection)

0

HMZ g2 (whole cell antigens, WCA)
HMIZ olet Chdl 2|3, ot R, it 55 Zatst
whole-cell killed) & 2=35}(live-attenuated) 2441 7Hed 2t 2

HHO| 2Lt o[ AL BE FHLAE Elst QY| 20 S ae L Yy WIS HOM T2 £20| /20, HYHO|
AL A9l gl= straing 7| $I§F Aot AF2|d HAE B2 tCH(32). B+LL SARS-CoV-2 &2 BSL3 HIO|HA S CHEF
5t7| et itde| ol Ci 23kt &

T

fojg{Ao RE QAE UAH=C HME SRS E2/dSHinactivated,
Hholl AFRE[0f STt Z*AﬂE 2 LA Bio|HALQL RAMSE &S HAISHCH=

= [uld

i
r
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HHE7| ChH2l(Spike protein, S-protein)

S B (S-protein) 2 B12f SARS-CoV-2 H{AI ol 90} 71 RYBH SHAOICE S EHHZIS Broj2{A HBi0] tm2s]0f 470 Kol
£SO HHHOR QAlEls H20|0, SFMES| ACE2 £8H0| 28t 3 SFME o2 SOVt BANS RS o B4aoR
A2 BIC} 0]2{3H 0|2 SARS-CoV U MERS-CoVOl CheH SAIHOIA S THHZO| AR EISICHE2).

SARS-CoV-2 2t MERS-CoVel S IO furin-like cleavage siteS 7t2| 1 Q=G| Bl SARS-CoVeE 7t QUA| §CH33). 0|2{5t
S32 SARS-CoV-27t SARS-CoVEL O &2 AFES 7HA= 0lfY A2 YD QUC L3t cellular serine protease
TMPRSS2= SARS-CoV-2 S TS M AT T5I0 53 MEZ HIO|2A7F S0{7k= A =4ECH

Uy S MUl length S protein)2 THHE 29| FEHE A 7t580] £20, Tt 2 WAAYS 71 oIER
(epitope)E AISE 7t580| =Lt Pallesen S2| AFZUOIM AH=F MERS-CoV S AR HAF BALB/c ORAE =2 H7t2
CHH 2R 2 2" A

Z3I5H|2 MR CH34). 5 HFE2HI0[21A (Baculovirus)Ofl ZHHEl D2 MO A MALEl S CHEZIS L 12t @EH
_AR20, 0O Lt Ut alum adjuvant® HAE ORAE &2 70| SSISHHIE 44
MERS-CoVe| S CHHZS 25 5t5= DNA B412 OtRA, LE Al rhesus H&O0[0f|A] HA

SARS-CoV-2 S THEHZIo| chkx|(monomer)& 2 140kDal| 2AEg Ze 1273 72| Ot0| LAt 2 0|20 AU T, ZHHA QI 247}
£ &t (class | viral fusion protein)at fARSH HEHS| SF &2A|(homo-trimer)2 2 ECH36).
22 27H°| ME fU(S1 & S2)S Zatst U=, S1 ME U2 N-Zct =021(N-terminal domain, NTD) & C-2&h =0
Ol(C-terminal domain, CTD)22 CA| L}H O] 2! 4= QICH =R M ZEo| 42|12t ATHst= =02l (receptor binding domain: RBD)2
C-YUct =010 =|stCt S2 ME fUle LY of 88 HEIO|=(internal membrane fusion protein, FP), 2 7§2| 7-HIEIO| = BHZ
A|(two-7 peptide repeats, HR), 2 22| 2/2E Y (membrane proximal external region, MPER) 2! 8 &t (transmembrane,
™) =02l S8 Eofot /e, 2 88 1ol Best 7|2e4a58 EEITH36).

2|2 SARS-CoV-29| S A2k L RBD =0j[Qlnt ACE22t2] A &8HAHEH (pre-fusion state)ol| Cigt 12 240] 2= E|RACH37). Ol S
CHHZIS 0|85 HADHLO| S5t FEE AHSY A2 Z O SECH AZVHA| WAVHHOIM FL 2 ARE 71s40| U= FE24 S
2 ™St 0|0l =, 84| Z2E =0121(RBD), S1 ME R, NTD 2 FP 50| I},
83 A% =02l (Receptor-binding domain, RBD)

CHHZIO| RBDE ST MIEL| ACE2 #8412t YA 22 Helst= £Z0|Ct T2tA RBD THHA B & WHE e 842k

2 CHSHo] Hio|2{A0 QS Entxoz of|ys Ziez J|thElch SARS-CoV RBD'- 193 el oto|At(orn| =it M
318-510)22 FH4E|0f U2D, SARS-CoV-2 RBDEF Ot0|:=bt MR 72%2| FAIEE 7HA| 2 UCH38). SARS-CoV-2 RBDE
SARS-CoV RBDEC} ACE20|| Cf Z5tH 2eshe 222 EN%(ACH39). S /Y S SARS-CoV-2 ME FI Hi4lo] A2 = RBD
£ goz AtEst A2, SARS-CoV L MERS-CoV Al JHE Aol &2 2 O] &[Tt SARS-CoV WA S E5Y, Ct42
QA £3} o I EX (Multiple conformational neutralizing epitopes)E2 7 &l 2128 RBD= SARS-CoVO| st &2 9719 £35}
£ R&oh= 20| HEFCH40).

N Zch =0QI(NTD)
RBDS} ORE7IR|2, 0f2] Z2L 80220 S T Ao N-YT SHQI(NTD)2 S5 =842 Yut ?ad@%ff Ao 2 BamUCt of
£0f, £1b 2 H0|2{A(Transmissible gastroenteritis virus)2| S EHEH2I0| NTD& H(sialic acid)ofl 25t
Aoz BNE|ACHAT). Tt NTD HA| D2 L eHAITHEr 9|5t =2 FRI0|Ct, Ojof 21 ERS-Cove| S chaizl
AMZEY NTDZ HIYE ORAE MEHAULS U ot S0|HQ SSEA7t FEE A2 HIO[ZAZ SHL2RE BHSE(QCH42).

5]
2

101 m

il
re

-4

2

=]
|ru
I’E no
1=

S1 MERY(S1 subunit)

QoM Y5 RBDR NTD & 25 Z&tets S1 ME RUR &5 284 |2ke| ZEof 205t 2 QUCE ¢itof &
512, MF59 adjuvant 2t MERS-CoV S122 HASt hDPP4-transgenic OFRA0| AL, £3t 4|12 MAH5IF oM Hio|HAL| S22
LOStACH43). £5t S12 LoiSt= O =8I0 A2 MOt SHES| AL 2ot &y B3-S RE=otRALH44).
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HO[ UCE SARS SR M= 20| BO|2{ A2 2t0f ZAl5t= 87K2
E 2/0f, 4 72| C+E ORF(3a, 6, 7a ¥ 3
CHHZI0| Of2] 7H S of0IEtCt S 2-9Stel SARS-CoV A0l & 2
ACHS8). 2Lt dath WY St HWil2 it Al Y=Y 3 (biosafety level 3) 4=
Ch= T30 A20], 2E oA SSH22 SEYSIe|A| g2 IFG0| SAECt. Tho

I

O[BH CH o] CiSh 4|7t 22t YoM =6 S, M 2

2 RIZAUCH57). Ol= TA|9| EfZO| &= oI EX &

= CHof CHAOf it &S 495t
2 ofo| A

YU E Yitofjor ot
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~
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X fol
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o s Ak | MSHAOM formaldehyde, UV light
&= B-propiolactoneSE Sall 2243}t El SARS-CoV BiAIE LSRN, O] APES Salf O|F WM4I0| SARS-CoVof Tt 23t
AHE Fotbte A8 ERAAUCHE9). O2iLt AA| SARS-CoV 4 & BiLI9| E50| YSE d9= ES0 S8/d3 WAl2 BALB/C
DA Q| H0j M SARS-CoV BAH|E Aot A2 HE|oLt, HABLZO| Cist SH2 LHE|Z| EUCHS9). B-propiolactone2
2 84351471 inactivated SARS-CoV (Tor-2 strain) 84410} S L= N CHHZAIS UH5{SHE OO H0|2{A Q| ZEH} HYAH AU &=
S 024 DM B WS 2o, 2243t A2 alum adjuvant| 22 FF0| 2A Q0| =2 29| SSIHA|E fLstn S57|&

Ol SARS-CoV ZHAE EFCH60).

3, BIOZ 2| 910] E2URI0 2 HIBABHEl BEAS} SARS-CoV HIAIS ZA|H|0] BIofEt 21} B2 S Q&5 Hioj2A 2
% vo|aiA0| 27| HHE SESAUCH D2iLt B2 AIHOIME H0[3H S ETS BACHE1). ppropiolactoneS 2 SEAEHEl U4l
o) 5 |

EZ25510H63). 22A5HEl SARS-CoV HiAlS
| =]

RES 4 9 2O YL, 1 0j% 24l
)

oF=3t A2 HA| 24D FAFS 7] 20l 7+ 2pH QI BiAlL = SHLIO|CH of=3} BiAR2 HAY [T AAZ
HAUS 2 Lo 2 oL FH2 REotR| Y=Ch YPHHo2 of=3t MR ¢ 3| HYRte 2 275 Ho{s2 7IA0, g2 ©
SIME R QUCHE4). IO 87511, HAM strain2 29| 3|7 (reversion) € /83t vaccine cold chain0| AL 2 T
SiCh= TS 7HA1 22 QUCt L5t ROF, HAZAO| A{otEl AtE, =QIS0A= HESHR| g2 Aoz YA UATHE4). MERSS| 0=
TR QUL E Q| ChHR QXIS H0| AlZ! propagation-defective live virusE 023101 MERS-CoV 32222 E atofLiE &
A =2 20| oist AHE +HotATHE3

HEO[2{A HE] el #410] F2, THEEA Ofil = S2YS) HIO[2{A AL} S| STM|Z0M HARYE 222 4+ U= SAYUE
OS5t ¥, e SEO| FUALS CHAfSt B2 A HE{O] F0] M LHojIM LA FHS 0185H= A0t T2t Ay HALS
EOLLI2E MY B BHE7HA| 25 2dst AlZ 4= Utts FH S 7t AUCH?28).

HiO[2{A ®E Ref Mo Me LB o= A2 B OFE| .= 0|2 A (rAd52F rAd4 1) 2t A28 #IA|L|OF HIO| 212 (recombinant MVA),
£ LR HEO|2{A (vesicular stomatitis virus, VSV), &4 HIO|2{A (Rhabdovirus), adeno-associated virus =2 0| 23tCt
MERS2| &< rAd5-MERS S1& HAZS [ S THKA M E 25T rAdS HAECHE O 52 SSHEA7IE g8 = ANUCH28). &
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A5t 200 Blsl Th1 EH82 Th2 B BHE0| 25 RE&l= A8 &QISIUCH31, 65). &2 MERS S #A2HE ZY5H= MVA B10|2
A HHAIE MERS-CoVe| S K22 Y 5H= ChAJOX1 (Chimpanzee adenovirus) S2| BiAI0| Phase | QA2 2131 20 /CH(28,
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FGotes Ot lcHO|A B2 HASH AR, Soi| Cist S3EHE HAHtHU2H N
Ofl CHEt THIE BFHS-S RE3HRUCHE6). BO| A SSHES O AHS| 7Hs S 7HR| 1 QoL £ BiO[2{A HIE{0]| CHEt 2
80| 0]0] 22H& 7t540| U1, 0|2 Qs HALO| ZAE[01A 4 UCH W2kM 0]2f5t RAHISS 27| Y4 AlEDHHoIA ZH5HoF 5
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201 13| Yo RE 28Y F0| ZEEHIIIF AbY OlA Z7Hs % HE 0| T2} 50-75% HES HOIRUL0 T cell Y SO
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Table 3. Vaccine strategies of SARS-CoV and MERS-CoV (8)
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Vaccine
strategy

Process of production

Target antigen

SARS-CoV

MERS-CoV

Advantage

Disadvantage

Inactivated
virus
vaccines

Virus particles are
inactivated by heat,
chemicals, or radiation

Whole virus,
with or without
Adjuvant

Whole virus,
with or without
Adjuvant

Maintained virus particles structure;
rapid develop,; easy to prepare;
safety; high —titer neutralizing
antibodies; protection with
adjuvant

Potential inappropriate for
highly immunosuppressed
individuals; possible Th2 cell-
distortive immune response

Live-
attenuated
virus
vaccines

Attenuated the
virulence, but still
keeping it viable by
mutagenesis or
targeted deletions

Envelope protein
deletion, non-
structural 14(nsp14)2}t
exonuclease (ExoN)
inactivation

Full-length Infectious
c DNA clone and
mutant Viruses

Inexpensive; quick immunity’ less
adverse effect; activates all phases
of the immune system; more
durable immunity; more targeted

Phenotypic and genotypic
reversion possible; need
sufficient viral replication

Viral
vector
vaccines

Genetically engineered
unrelated viral genome
with deficient
packaging elements for
encoding targed gene

Spike,
nucleocapsid proteins

Spike,
nucleocapsid proteins

Safety; stronger and specific
cellular and humoral immune
responses

Varies inoculation routes may
produce different immune
responses; possibly
incomplete protection; may
fail in aged vaccines; possible
Th2 cell-distortive immune
response

Subunit
vaccines

Antigenic components
inducing the immune
system without
introducing viral
particles, whole or
otherwise.

Spike,
nucleocapsid proteins

Spike,
nucleocapsid proteins

High safety; consistent production;
can induce cellular and humoral
immune responses; high-titer
neutralizing antibodies

Uncertain cost-effectiveness;
relatively lower
immunogenicity; need
appropriate adjuvants

DNA
vaccines

Genetically engineered
DNA for directly
producing an antigen

Spike,
nucleocapsid proteins

Spike,
nucleocapsid proteins

Easier to design; high-safety; high-
titer neutralizing antibodies

Lower immune responses;
potential Th2 cell-distortive
immune response results;

potential ineffective; possibly
delayed-type hypersensitivity

Table 4. Completed vaccine trials of SARS-CoV and MERS-CoV (75)

S/N QOrganisation;

Candidate

Country of Study; Trial
Type: Study Design;
Study Details

Population

Qutcome (Safety)

Outcome (Efficacy)

SARS-CoV

1 Sinovac Biotech
Co. Ltd.
Inactivated SARS-
CoV (ISCV)

China(Beijing);
Phase | clinical trial;
Randomised, double-
blind and placebo
controlled;

2 doses of 16 SARS-CoV
units(SU) or 32 SU ISCV
or placebo control
vaccine, intramuscular
injection of vaccines in
deltoid muscle,
doses were 28 days apart

36 healthy adults (21-40 years
old), free of chronic disease,
immunosuppression SARS-CoV,
HCV, HIV;

12 subjects were included in each
intervention arm

No severe adverse
reaction (Grade 3) was
reported.

All local adverse events
were mild and resolved
47~72h, while systemic
adverse events were
reported sporadically
form all 3 groups and
resolved within 24h,

Seroconversion reached 100% for both vaccine
groups on day 42, persisted at 100% in group
receiving 16 SU but decreased to 91.1% for the
group receiving 32 SU on day 56.

Geometric mean titers(GMT) of specific SARS-CoV
neutralising antibody peaked 2 weeks after the
second dose, but stared to drop 4 weeks later
(values not reported). Seroconversion and GMT of
neutralising antibody levels were lower in subjects
between 21-30 years old compared to those in the
elder group, but without significant differences on
days 35 and 42,

2 NIH, National
Institute of
Allergy and
Infectious Disease,
Vaccine Research
Center;
VRC-SRSDNAOQ15-
00-VP

United states(Maryland);
Phase | clinical trial;
open-label study;

3 doses of
vaccine(dmg/dose),
intramuscular injection of
vaccines in lateral deltoid
muscle via the
Biojector2000 needle-free
injection management
system on study days 0,
38, 56

21-29 years old (mean age 35.5)
with mean BMI 24.6 (19.7-33.9)
and were 90% Caucasians, 10%
Asian;

Only 9 subjects completed all 3
doses.

No severe adverse
reaction (Grade 3), but at
least 50% subjects
reported at least on mild
systemic symptom
following vaccination.

SARS-CoV specific antibody was detected by ELISA
in 80% of subjects at one or more time points. The
neutralising antibody response was detected in all
subjects who received 3 doses of vaccine and
peaked between week 8 and12, with 6 subjects
remaining positive at week 32. SARS-CoV-specific
CD4+ T cell responses were detected in all vaccines
between week 2 and 32, and CD8+ T cell responses
in ~20% of individuals by ICS. The peak T cell
response occurred between week 8 and 12 and
when present, was sustained throughout the 32
week trial.

MERS-CoV

1 GeneOne Life
Science and
Inovio
Pharmaceuticals;
GLS-5300

United states(Maryland);
Phase | clinical trial
;open-label study, single-
arm,
dose-escalation study;
3 doses of 0.67mg, 2 mg,

6mg GLS-5300

followed immediately by
co-localised
intramuscular
electroporation with
CELECTRA-5P device at
week 0, 4, 12 with
follow-up through to 48
weeks after dose 3.

18-504M years old (mean 32.2),
with normal screening
electrocardiogram, screening
laboratory findings within normal
limits or be grade 0-1 findings,
and have no history of clinically
significant immunosuppressive or
autoimmune disease, HIV,
Hepatitis B, C virus infection; 25
subjects were randomised into
each dose group and 65 subjects
were randomised into each dose
group and 65 subjects completed
the study, and per protocol
analysis was used.

No vaccine-associated
serious adverse events.
97% participants
reported at lease one
solicited adverse event,
but most solicited
symptoms were reported
as mild and were self-
limiting (76% with
0.67mg, 80% with 2mg,
68% with 6mg); injection
site reactions were the
most common adverse
event (92%)

Seroconversion measured by S1-ELISA occurred in
86% and 94% participants after 2 and 3 doses,
respectively, and was maintained in 79%
participants up to study end at week 60.
Neutralising antibodies were detected in 50%
participants at one or more time points during the
study, but only 3% maintained neutralisation
activity to end of study.

T-cell responses were detected in 71% and 76%
participants after 2 and 3 doses, respectively, There
were no differences in immune responses between
dose groups after 6 weeks and vaccine-induced
humoral and cellular responses were respectively
detected in 77% and 64$ participants at week 60.
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