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M - XI2FLI0F HI0IZA(Chikungunya virus) -

X|Z7L|0FH(Chikungunya Fever)Z} X|ZSLL|OF HIO|ZA(Chikungunya virus)

Xo| AIZFLOF HIO|ZA(Chikungunya virus) ZI0]| ofst 24 gy Zist
RS X35 ZSHEEIS: A92.0)

EJHI0|4A T Tokaviridae)

QU0 |2{AZ(Alphavirus)

X[ZFL{0F HIO|ZA(Chikungunya virus)
(YN TUIIE RNA HIO[2HA)

E1/E2 Trimer

Membrane

Capsid CP

=0 AR Chikungunya structural polyphonies (C, E3, E2, 6k, E1)

HaA #27|F (8= %27, Aedes albopictus = OIZE #27|; Aedes aegypti)
R[Z-ALI0F HIO[ZIAO] ZGE OiVHZY (0l S2 20| Mot (ME-27|-ARIeE
U@a= 7| — M | A, £, F70A, FAP| R S FUS S MO IS £, AU A
==
LY ZiZ 57t 20184 374, 20194 1674, 20201 174, 2022\ 6ZA(EE) Last

196214 OtLe|7 EA(LOt OFEH| IEH0IM & 20| QUL SAI HR1e| SHOIM
AfFFLOF HOIHAS MSC2 Fe[olRICH, 0% Afolet 0 OfEe7|0fAf aist

(1963~2005) QI=0fAf 142F X O[AC| St} LA
(2006~2007'H) Ot=2|7t, OFAIOL, OIF2(0F K| SR} L4
LSS (20091) QIELAO}, Elf=, SAOJAOIM G 211

oY (2013&~) 7H2{H|2t X%, SO[H27t, HOMHE7E XHC= 2hit
(2020) O |AEH Qle, Bopd, F12(S of K0l Ci 210
opixjey | OPE7H 3L OINO XIS F2 BEHOR wdsin, S5 Qe R0 =7t 3l
e g3 ORAOF XS0 XAO=Z Eo[d S
S Ciof ofie] 72 AP H ZMOIRCH Sol, SHOMI0F A2 = A8 AP/
WY o
=71 1~12U8 3~7%)
* UYE BRIO| of 3-28% HTE REY UHOH, S BH2 U 5~102 HEIt St AdE
SHO| F0[510] YHS QWG| RobiLt QiE £ IS
- 72 BHORE FY WY, BHE SO0 1 PiE £5 28F, BY BE Tt 20| U
* (L) 24~48A12t SOt RIAED QBIS BHIE £ UZ
N BN | - (TES) TY0I LEKL 2 UM OFX0) OfStElE FE0| UL TR 25 Al RSiE|n 232 Lo
DA i 2-3Y SO BT ChA| LEKE 4 U8
- (27) 2E TY = LELH SS0 AR(O LIEILXIZE 281, 2ot d=20l= LEILX o5
- MDY, H0IY, 2R B2, =M DM, = WEHETOY, LAAD 34Y, 2ie] 24
N He 5 55 §YES U0 £ U3
X% NYEE 35| HO0 F2 DN st
Ik ZH(EA, HY S)0M 50| REA ZZ(Real-time RT-PCR)
S M HAKOR MEsiE 50| X2H QUZ, SH0| M2 USRI AN
ofat * B MAMCR &K 0 0| GloM, FHXS (Y Al 27(0f| 221X = XO0| 71 S
o

(271 7|1m[H|, 2140 2 )

EX 1 NB5 A[ETLI0FE,

ARSI ZEHERIXIRT, 2023, 20233 HIO[ZAY 27 [0HASY 22lXE, HEeely, 2023, Tty
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1) X|Z5IL{OF HO|ZA uidl I X|=x| 742 Sof

X|ZSILIOF HIO|HA ZIFFO| Wi Hoh

— SR RIZFLI0F SOIE XA X UM ZEXHSIX| LM, LAIRI0] HAIETD U= X[ZFL{OF
A= CHEMOR VIA1553, BBVS7, MV-CHIK-202, PXVX0317, VAL-181388, CHIKOO1,
mRNA-1944 50| Q12D

- g B2 XIZFLI0F HAS0M FDA S010] Rich tiioz THAO| HiA| X2 MEHZSE SIARR

ULHIS| VLA1553 HHAI0| QS

-

(RIZTLIOF HAl 2= Ol 3igl)
Name Technology Virus Strain CHIKV Related Clinical trials
(Platform) Immunogen
NCT03382964,
Live NCT04838444,
VLA1553 attenluate q LR2006 OPY1 AbnsP3 NCT04786444,
NCT04650399,
NCT04546724.
Inactivated ) NCT04603131,
BBV87 whole virus ECSA genotype Whole Virus NCTO4566484.
Measles
MV-CHIK-202 pTM-MVSchw-CE3E26KE1 | C-E3-E2-6K-E1 NCT02861586.
-vectored
NCT03483961,
NCT03028441,
VRC-CHKVLP059 Egg;ggii:i
-00VP VLP West African strain/37997 | E1, E2 and C '
/PXVX0317 NCT03992872,
NCT05065983,
NCT05072080,
NCT05349617.

1) A Review on Chikungunya Virus Epidemiology, Pathogenesis and Current Vaccine Development, viruses, 2022.
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mRNA encoding

VAL-181388 | mRNA-based - CEs e o g | NCTOS325075

CHIK0OT Adenoviral , NCT04440774,

(ChAJOX1-Chik) vector Multiple CEE26CEN L\ eToss00a92
mRNA encoding

mRNA-1944 mL'fEasme:NA - CHKV-24 NCT03829384

IgG(monoclonal)

% Abbreviations: MV measles virus; VLP virus-like particle; AbnsP3 five viruses with deletions in the nsP3 protein region

(ABNsP3 mutants)

ZX : A Review on Chikungunya Virus Epidemiology, Pathogenesis and Current Vaccine Development, viruses, 2022. XH7-A.
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M2k 2M - {12310k HH0I2A(Chikungunya virus) -

HI

X|Z-LIOF HIO[2A ZASC| X|EH| HLIHL

- oM, XIZFUORe| SQ1E XIEH % #AES EXHoHK| 2l X|EHCl ZS SAR440894,
Chloroquine, anti-CHIKV hyperimmune immunoglobulins(XIZ7LI0Z0IN 3|2El SiXo| S47)
S0| XIZFLOF XZHZA AMA-E Solf A= US2)

- XZFUOF XEM= IA 5 78K 7|HE Sofl Xz U U3|ok=0l, XIZ-L{0f Hi0[2AL)
=3 MY 71N Y =X 7Idg Hohol Ao, XIZHLOF X|EA JHE 2 ey Hin

= — OO =x
vitro/in vivo A8 & ESNYEE Or2He| HOf| LIEH

rk

(XIZFLIOF R|ZH| H17HE i)
CHIKV Treatment name Vira _R_elateq DOl number
Target target  Clinical trials
Phase 1
AR440894 - -
S 089 (NCT04441905)
anti-CHIKV hyperimmune ~ Phase 1/2
immunoglobulins (NCT02230163)
Phase 3
i - i 10.1002/jmv.21663.
Chloroguine (NCT00391313) doi: 10.1002/jmv.21663
Obatoclax (R) E1 - doi: 10.1128/AAC.02227-16.
Arbidol E2 - doi: 10.1016/j.antiviral.2011.03.182.

doi: 10.1016/].antiviral.2015.06.013.
Suramin (R) E2 - doi: 10.3390/v12030314.
doi: 10.1016/].antiviral.2016.07.025.

Entry Picolinic acid C - doi: 10.1016/j.virol.2016.08.029.
Agredss Amantadine 6K - doi: 10.1371/journal.pntd.0007548.
Doxycycline (R) - - doi: 10.1371/journal.pone.0126360.
Curcumin - - doi: 10.1016/j.antiviral.2017.03.014.
Niclosamide - - doi: 10.1016/].antiviral.2016.10.003.
Nitazoxanide - - doi: 10.1016/j.antiviral.2016.10.003.

Apigenin - - doi: 10.1371/journal.pone.0028923.

FL3 - - doi: 10.1111/1348-0421.12230.

doi: 10.1021/jm401844c.

replication | MADTP-314 (N) (DA) | nsP1 - doi: 10.1016/j.antiviral.2017.06.003.

doi: 10.1038/srep31819.

2) Small-Molecule Inhibitors of Chikungunya Virus: Mechanisms of Action and Antiviral Drug Resistance, Antimicrob Agents
Chemother, 2020.
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Treatment name Viral _R_elatec_l DOI number
target  Clinical trials
doi: 10.1021/acsmedchemlett.9b00662.
HVB-032 (N) (DA P1 -
CHVB-052 (N) OA) | ns doi: 10.1128/AAC.00649-20.
6’ -B-Fluoro—homoaris P B doi: 10.1016/j.ejmech.2019.111956.
teromyain (N, NA) (0A) | ™ doi: 10.1128/AAC.02532-19.
6’ -Fluoro—homonepla N ~
nocin A (N. NA) (DA) nsP1 doi: 10.1128/AAC.02532-19.
) L doi: 10.1128/JVI.01347-16.
Difl hyl h
! Uogor(r;;t (L%m't " s - doi: 10.1128/JV1.00344-17.
doi: 10.1016/j.chom.2016.06.011.
Mycophenolic acid (R) doi: 10.1016/j.antiviral.2010.10.009.
yeop HT) nsP1 - doi: 10.1016/0042-6822(91)90881-b.
doi: 10.1006/viro.1994.1012.
nsP1/ doi: 10.1016/0042-6822(91)90881-b.
Ribavirin (NA) (HT/DA) "SP4 - doi: 10.1073/pnas.1111650108.
doi: 10.1016/j.antiviral.2003.09.005.
Sofosbuvir (NA) (DA) | nsP4 - doi: 10.1128/AAC.01389-18.
B~d-N4-hydroxycytidi sPa ~ doi: 10.1128/AAC.02395-16.
ne (NA) (DA) doi: 10.1128/JVI.01965-17.
L doi: 10.1093/jac/dku209.
Favipiravir (NA) (DA) - nsP4 doi: 10.1016/.antiviral.2017.09.016.
Digoxin (R) (HT) nsP4 - doi: 10.1128/mBio.00693-16.
HS-10 (HT) nsP4 - doi: 10.1016/j.antiviral.2013.12.010.
SNX-2112 (HT) | nsP4 - doi: 10.1016/j.antiviral.2013.12.010.

6-Azauridine (R) (NA)
(HT/DA)

doi: 10.1016/j.antiviral.2003.09.005.

RYL-634

doi: 10.1021/acs.jmedchem.9b00091.

Atovaquone (R)

doi: 10.1128/JVI.00389-19.

Berberine

doi: 10.1016/].antiviral.2015.12.012.
doi: 10.1128/JVI.01382-16.

Ivermectin (R)

doi: 10.1016/].antiviral.2015.12.012.

Abamectin (R)

doi: 10.1016/].antiviral.2015.12.012.

Harringtonine

doi: 10.1128/AAC.01467-12.

Silymarin

doi: 10.1038/srep11421.

Andrographolide

doi: 10.1038/srep14179.

Micafungin (R)

doi: 10.1016/j.antiviral.2018.10.005.

MBZM-N-IBT

doi: 10.1038/srep20122.

Imipramine (R)

doi: 10.1038/s41598-017-03316-5.
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Tomatidine . doi: 10.1038/s41598-020-63397-7
Silvestrol (HT) - - doi: 10.3390/v10110592.
inhibitor 5-lodotubercidin (NA) | nsP1 - doi: 10.1002/1873-3468.13642.
in lobaric acid nsP1 - doi: 10.1016/].antiviral.2018.03.013.
er;l?j;” Sinsfundin . i doi: 10.1002/1873-3468.13642.
doi: 10.1016/].virusres.2018.06.013.
Compound 25 nsP2 - doi: 10.1016/j.antiviral.2013.01.002.
Compound 7 nsP2 - doi: 10.1016/j.ejmech.2014.10.042.
ii:hisl:i)li;[;)c: Compound 8 nsP2 - doi: 10.1128/aac.01421-16.
approachs Compound 3a nsP2 - doi: 10.1111/cbdd.12621.
Compound 4b nsp2 - doi: 10.1111/cbdd.12621.
Baicalin nsP3 - doi: 10.1016/j.antiviral.2017.12.012.

% For compounds identified using in silico approaches, only those compounds for which the antiviral activity was
demonstrated in cell culture using infectious CHIKV are reported
£X : Small-Molecule Inhibitors of Chikungunya Virus: Mechanisms of Action and Antiviral Drug Resistance, Antimicrob Agents
Chemother, 2020. M4
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2) X|FFLIOf Hio|HA ZHFO| SEHH

AIZHILIOF HIO[HA SESRE2| SR
— X|ZFHLI0F BIO|2AS| b S X|=A| 7HES Plofl I deltiM 8= RN S=2220=
OfRA, 2S0|(SEF)7 USY)

- 22 AFHUOF 24F ZE= Hefot S= 20| JHHELT UM, 0=t S=222 StM= TR
ol

o
T HES Soll AETLI0F HIO[HAS] X H29 RAfe S [ 7t d7H ofd+ AUB

(X[ZLI0F HIO|ZHA SESEHO| HHEHI HE)

X|ZFLI0F Hio|ZHA SSRY Ay Y
« M2 i 3 AHIERZ i AF0|
Ths _
Murine Models H”jﬁf =) =21 91 Ao Jles0| = | TRl 742
. . . oHlC ™o, = . oi =
(Neonate mice, IFNI signaling . sxHs £22 025 AlB 20| E__‘ﬁ ol
deficient-mice, Footpad co HOARE A 2 o JE | Mgt Ao 04
swelling in wild-type mice) =C HIOIRAES M = o Ziaol | =M AIZt0] Hetel 2™
Xl_‘lﬂl' %;g [y | [ [y =
* X[ZTLIOFHO XIHXOIK| %43

- ROl &% oo =
- L, | v SEE ¢iTd U Bx "o
NHP (Rhesus macaques, o HIO[ASES, &7 Y BHZY =i oa|x Hof S
HI  HIO|IBA KIAAM DA X = e A
Cynomolgus macaques) 2, Hio[2A Xi&Y, B2 85 S| ysisim As 2ot B w2
M RZFLORE VRS RARN SR | o o
o= o

=
He BE ks
+ RO AIFHOIR 243

=X : Current Efforts in the Development of Vaccines for the Prevention of Zika and Chikungunya Virus Infections, Front
Immunol, 2020. =14,

- ¢ SEREE2 242 Y-HE0| 2FoH EXolt, IS0 T XIFHLL0F B0 [2AS| FHFT DH=
7} THEAR1 Cynomolgus macaques, Rhesus macaques #5012 225t HIQA AR 7] Al
7IXPL 02 =2

- 1 019 YERTE AR TR RAISH 42 BIEN S42 2017| TRY

3) Current Efforts in the Development of Vaccines for the Prevention of Zika and Chikungunya Virus Infections, Front
Immunol, 2020.
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7t YA TRl S JHUFER

(@ Valneva Austria Gmbh 'I-VCIlneVG

AN D=2 FMEHO|LT BEMtE HAlS Fotkd UZ
O ValnevaQl X|ZFLIOF BHAl 7HEF T2 7O QfA 20181t 202140 22t FDA THAE E24
(Fast Track)Z} S{MHQ1 X|2X|(Breakthrough Therapy)2A XAHEOH, VLA15532 2020E0|
EMAZEE] PRiority MEdicine(PRIME) XI&S g2
O E£5|, ValnevalilA A7kl QL= live—attenuated chikungunya B4 VIATHE53 2 Ci=0| At
AlOA HiA 2 S0 Tet SEAQ1 2 LERHLT U0 ok M55 22| U= X[ZHLI0F 2l
S22 HHE
O VLA1553 Bt 2 XIFFHL{0F HIO[HAS] HIRLE HHHE J SRl nsP32| YR MBS HHoIH =2+
CHIKV LR2006 OPY1 ZEd SEs 7[HCo= oF Hot=a} Wil
O Z|M AA0| M=H, O AF2II=(FDA)O| &il|HI2] XIZFAL{0F BiA SIS 3742 217((113)
220U, =0 Salf 210l BLACYSSERIN| 57H1Y) &2 o OIIZ017|0f] RLHAE
U2 5 US A= HE
O M2tM VLA1553 A2 XIZILI0FE Zel)f Chet HAE E2HOZ S0I5)= X|Z9| ¥ihi0] & A2
Z 7HE 2oT RS
O VLA1553 B2 BiXff Ci=0f R 1, 3 HA AHTVIE Tl & 2t

s 27)

]

r9£
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_'_

F';
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H(NCT04786444 S LSAIE

gon

- Title : Study to Demonstrate Consistency of Three Lots of a Live—attenuated Chikungunya
Virus Vaccine Candidate in Healthy Adults

- Collaborator: Themis Bioscience GmbH
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O Themis Bioscience= fut TIEH0| Lot HALE QS JHUSHT U= RQAEL|0Q] BiA JHE KR
O Themis= QM| T AJAH! HAHLISO| Ciet SEHO= MO A JHE 3 MARETH OfL|2t B
ANAEO| abdat 71T #EE Hulotl Ciet Vs SSiEs 758
O 55|, MAl 2119 F& M HFZ|ERI Institute Pasteurl| 1feIXE0| 7ighet HIEE J[Hio=
Themis= &9 HIO|HA HIE S3ES JHUCIRCOH, LG Al S 3 HAXH O MO|Z2RIS
HRoI UZ. 20200 0= Ao H2AL MerckO Q1= HHE
O Themis BioscienceOilAl 7HLSH X[Z-LI0F HIO[2{A HIAES S HO[2{A(measles virus) HEHE
7|8rO2 St MAg QF=35f HIO[2A HIE MV-CHIKV BIAMOZ | SHE BiA2 CHIKV Schwartz @52
pTM-MVSchw-CE3E26KE1(C-E3-E2-6K-E1)E LUsiok= AHEEH 2 HIO[2A 7|EF XIZFLI0F HEMR
O Themise= MZE 2f=3t HIO[2A HIE MV-CHIKV #A9] M3 o SANHOE UMARS
LIt U=
O MV-CHIKV HHAIS &iXf 20 QUATHTL 2A42(NCT02861586)
- Title : Phase Il Study to Evaluate Safety and Immunogenicity of a Chikungunya Vaccine
(MV-CHIK-202)
— Collaborator: Themis Bioscience GmbH
o .

. ) °
(® Bavarian Nordic SAVARIAN

O Bavarian Nordice Z&A Zet 3l QF HHQME HHAO| 7Haf XX 3 MU SHS F10 U=
Hof39| e ME 7Y

O Hjo|ofl2 =LA JHLSE XZFLIOF HIO[2A HHAR HIO[ZHA RAF LRKVLP) MO HI2|=2ut
FARIL Al aiiE EeloMK| Y= APH 2F £XR9| HHMES et

O Ol=fet H=l2 FAF HHER2 AFG0| gl 371 Q=2 ok= HIEEE V| fiet HARSS

flldn

[o]

O ofig A2 CHIKV West African strain/37997 w32A] X|ZLI0FO] 71X CHHEION B E2, C
CuiEs oick= VLP 7[8t XIZLLOF BdI
O i1 X[ZHLIOF VLP HHA'VRC-CHKVLPO59-00VP/PXVX 0317'2] H&31E 6l Bavarian
Nordic2 Ci2| AUMAIRE Emergent BioSolution, NIAID2E @74 Tlalst? QS
O VRC-CHKVLP059-00VP/PXVX0317 BiA2 SR} Ci4=Qf AEHTE Fid 2 2A2(NCT05072080 &
UM g 1 HIE)
- Title : A Phase 3 Trial of the VLP-Based Chikungunya Vaccine PXVX0317

— Collaborator: Emergent BioSolution
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@ BHARAT BIOTECH BHARAT

BIOTECH

O BHARAT BIOTECH= MAX &2 RRD 3! MESHHC =2 Rt M7X0QI Q0| Ti=X MEZ ot
N

O HIZIE HIO|QER JHU=H=0M 24

TOsle He %O
"6|:|0|'C = S =H=

0%

= ==ol/| ol Aol QHHoIH NEHO| M X|=HZE

o]

o
=
[0

41 O
A

U

O HIZtE HIO|QEIO| ZIH 2 =0 A7t LEZE2|Q0| X[Z-L0F, 2EHI02A, U2t2|0F X SHMRE
A SOl CHek giAl JHH0| HEE 0 US

O Xt 20200 CEPI(Coalition for Epidemic Preparedness Innovations)= HZtE HIO| &It
THHAGTA MR X[ZL0F BiAl THUS T153tol| ffet @S MiZotl Xg2 X

O 00f Kol AMAHE QI HEO| CEPI F=HAIZR! Ind-CEPI Z=0HS Soff 7t SHIE X[
LM, Ol QIO Bt HAFE et GMP MEAIEL] 511 10| ME UMAIFE Ao KIZ0|
AEE oY

O LESH BHAL HIX K| 0|2I0f|< OftH =202 |VI(International Vaccine Institute)?} 2=H|0f, TH-{},
Ef=0IA 8f5ke =4 AR(multi-centre) 24 2/3& AIRl0ll GHIE X|HGH Al SHEHO)

ORI} BIOIRS HBHT YUS

[

0]

|5t

O

FE

O oiil, YAl S0 HIZLE HIO|QEIQ| XIZLIOF BiA2'BBVE7 #AI0|H, oY A2 X|ZHLIO0F
ECSA(East/Central/South African) #%2| inactivated whole virus 81212
O SiXf| XIZFL|0FBBVE7 HiAIe| MESIE 2lol CEPIS| X[E =01 BHARAT BIOTECH, IVIE 2749
YeAlS TlRloll U=
O BBV87 2 oixff 2719] AeE/t 2w & 2Y J
- Title : Clinical Trial to Evaluate the Immunogenicity of Chikungunya Vaccine,
Seamless Controlled Trial To Evaluate Safety And Immuno genicity of Chikun gunya
Vaccine in LatinAmerica and Asia (IVI-CHIK-001) (NCT04603131, NCT04566484 &
LAY g T HI)

— Collaborator: No information provided
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Lt ZQ 8] HUZA

® ModernaTX, Inc m Od erng

(o]

Modernas X[t 20104 RSt IS 712102 M2 52| mRNA(messenger RNA) QI
HUS Mol UZ

mRNA S3ES 8ot it 24T HMSS0| Cieh wiils Jidoll UOH, 55| F YRX
HIO|2A HHAM(MRNA 1278), CHAIREL HIO|ZA BHAM(MRNA 1443), YAERQIH} HIO[2{A EHAI
(mRNA 1195), X HI0[21A BEMMRNA 1893), XIZ-L0F HIO[21A BEAMMRNA-1944, VAL-181388)
s= Mgl /U

DEL0IM i SO XZTLHOFMRNA-1944"81AM2 RIFALIOF ZIZ0H 2ol AedE 2EXI2| B MIEL0i|A
g Zt1gG A Y4Sst mRNAS 2O SAPEQI XRL=QXKLNP, Lipid nanoparticle)2
Elot HiMoz HE Al XZFLOF HEO=2RH =55 298!

E5H DELIOIA 7H SQ1 T2 XIZFLI0F BA'mRNA-1388'2 RIZLLI0F HIO[2{AQ| L& CHHEHA
C-E3-E2-6K-E1 Y23fot= HY mRNAS AEULAIZ S2M FEC| MO HE Al MILHOIA
I8 VLPZ X T HIRY 252 ¢l JHC= A8d

DOELEE mRNA S3E2 288t XIZ-L(0f diAl I Eo6iE SHot T2 SQIC=AM o

TS TS S

kU HT
rot
ro

ron
T

® Institut Pasteur Institut Pasteur

O Institut Pasteur= d=st, Dld=st, 2 3 il S10] HHol X

© 100E0] g= 717t St Ciefet MFH(0|=, CIE|=|of, 23t

U= DZA9] B[] G MEHY
al : A0[0H|, ASFAKX}, &S,

XIZTUOF S)2f U0l thSoh| gt HFE TSI US
MAE|2 Hla= X[ZUOF BO|HAO| Cfet G-t Z2TdS okl U=, 2 S WHE=
A[ZLOF HO[A0] #HE G, TH U, 28 5= 22 e, Ui SEZ 27

=
o
O oA MAEZ A9 MeiX=2 MAg 89 HHE &t XZFLO0F Wil 2 SoiE e

IIAEI2 OIRAQ KPS 29 HE| 221

H|
Et2510] 29 HI0[2fA(measles virus) HIE] 7|2t AT k=3 HIO[2IAQI'MV-CHIKV X

i
r
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|_—| aTl

- XIZLIOF BIO|HA EiA0Y THet 5o 28 s M2 I =L &3 A 7|
|9 S SSE TfefolAL of
- DLl 551 £3 EHE M2 ol o= 109 St S2iE 7120] Rl 7 s AEXaI
sio] ZY-S2 £35), 0|29 TH-S2 S5, 20| TY-S2 S5, Y=ol TY-52 £5
U QRO T7H-S2 S5, PCT 2H-58 S5i2 AM (A= 39S
% 2022.02~2023.07 F1Zt0l= 0171 &8 240] ZeE A= S 126t, ¢7] 030 740
F7t=2 2012.01~2021.129] 104 +710| ZHES 4
(=712 DB ¥ ZM AL)
=27} Alg DB A e oM A
o= Wipson &M-55 5o
o= Wipson 3M-55 5o
=2 Wipson IM-55 S5
2012.01.01. ~ 2023.07.
U= Wipson Y-52 Ep|
=8 Wipson .=2 Ep|
PCT Wipson 24-5¢ E5]
FI9IE U 2
- X[ZFLIOF HIO[2A HHAO| AZEHMO= OtEl E515 TEO1Y| o “XIZTLIOF HIO|HA
9 AT} BRI 7|IC0) IPC HRE SSOIRM, ZHAS HA ZI0IN 2 247t TSt
HASE 4+ UES TYEOIS
- & AF 7|, Fesly, AHE2d S ol REoH| B2 Sols ZAF WM MBS

22



. =LHel Sl S
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il Vi, (((ili‘:rLLIOF RIZHL0F iE“_.r”—F) AND (HIO]24A HIZA)) OR

WAl 91 221 |PC (chikungunya AND (fever virus viral))).TI,AB,CLA,TF. AND
(AG1K-039%) (4] vaccine). DSC,CLA. AND (A6TK-039").IPC. AND

(@AD)=20120101¢=20230731) AND (B e\ & 5= S=01).CSTK

51074 15924

X

]

444y

59 Sol= '¢Y U= HEs| Aot =540 WA SoiE o A2 X2fo

ﬂF

IjZe 288 Meld 15949 5o 2|AES RIZFLIOF HIO|2|A Hil HHAE0| Tt
Ol 7IES EMZ S/A/B/C/D 5822 =25

£5 S8 2R 7B

$ AIZHHOF 20 HFA AHE0| U, XIZAUHOF &E Ao EF S0 S

MO

A A[ZLIOF 0] XY HEO[ ACH, AZFLIO0F SH 2 HE 79240 S50| /US
B X[ZHLOF 0] =] ZHEA 0| QU0 XZFLOF o] S8/H&0| 7158t 71E

RIZTLIOF AT} RIFA SIS Qi1 QG| £ 0 X|ZTLIOf AT} Tt 92,
RZFHOF X=X E= TH Iz S

D A[ZLIOE Faet 7lE, BEHEe il S

X S~ Ay E5], S ~ B FR 561, S ~ C: ¥ 55|, D: & E5i(L01%)
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25 AES NEES
1.1.1. (1.1.1-a) Meir(er=sh
1MITHEEA KEA) (1.1.1-b) Afuir(E=ts))

(1.1.2-a) OFH2HHAl(subunit)
(1.1.2-b) HIO|HARAIURIEHA(VLPS)
11.2. (1.1.2-c) HEO|=EtM(peptide)

1.1 800 SSE | 2MCH(ZIER] YR (1.1.2-d) SA0|=8H4I(toxoid)
(1.1.2-e) CHEFHEA(Polysaccharide)
(1.1.2-f) HEtxIBtE(Conjugate)

(1.1.3-a) DNAEHAI
(1.1.3-b) mRNAEHAI
(1.1.3-C) HIO|ZAHEA]

1.1.3.
SHICH(RIAL HHd)

N
W r>=

(1.2.1-a) ZRF MEH{L(Mammalian cell culture)
(1.2.1-b) 2=MZH{K(Insectcellculture)

(1.2.1-c) EtH|2|OtMIEH ¥ (Bacterialcellculture)
(1.2.1-d) E2MIEHI2K(Yeastcellculture)

(1.2.1-e) ASMZHIKPlantcellculture)

1.2.1.
M Hi(cell culture)

(1.2.2-a) = 2e(Large-scale fermentation)
(1.2.2-b) CHHEIMH|(Proteinpurification)
(1.2.2-c) HIO|HAHA|(Viruspurification)

1.22. ¥s 3 HA

(Fermentation and

HE(Geneediting)

recombination) (1.2.3-d) SFEAFEZGenedelivery)

oot
purification) (1.2.2-d) DS ER|(Microbialpurification)
HHA| _ ox Er=IN| H
1.2 BN RR T 123 QI xS (1.2.3-a) ST E_Eo(Gene clon.mg)
(genetic (1.2.3-b) QTR (Geneexpression)
o (1.2.3-0) A
F

(1.2.4-a) HEIE &(Peptide synthesis)
(1.2.4-b) stiMEH(Nucleicacidsynthesis)
(1.2.4-c) HEHEIZAZI|0|M(Proteinconjugation)
(1.2.4~d) SSHMAAFAHOIS

(Carrierproteinconjugation)

1.2.4. &4 or
ZAFA01M
(synthesis or
conjugation)

1.25. 7|Et MZ7E

(1.3.1-a) D|E3t & XA

131 HAl FEE AJAE] (Microencapsulation and liposomes)

1.3. 840 ME (Vaccine deliver (1.3.1-b) LI=IXKNanoparticles)
o =7t 7| Y (1.3.1-¢c) QEAHLAIAEGeneDeliverySystems)

system) (1.3.1-d) 7IEKEIBE, BlEaSwE)

ex. 37 H A0, AX|0], OH2HS S
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—a) EX HIE 0|2 ;
132, oloie =2t (1.3.2-a) EY HiH Io-(ex. Ac.ienoerS vectors,
7k (immune Adeno-associated virus vectors)
esoonse (1.3.2-b) 2ZH|(Adjuvants)

" hp ) (1.3.2-¢) HIAREATH|(Immunostimulatoryagents)
n
enhanceme (1.3.2-d) 7[Et
1.4. 7[EP|&
2.1, XEX}t oofFE
2.2. A X|=H|
2.3. ME X|ZH|
2. X2 | 2.4. |RTA XA
/IE | 25, BEO|IE X2A
2.6. Xz g
2.7. 28 927|7|
2.8. 7|Et Xg7l&
3.1, Mol T (HYXIEH, EXEH 5)
3. Xk
712 32. G4 2 (x ray, CT & S4717| 0I8)
=
3.3. 7IBt TH (HSN gt o A oier S DE2X|-)
4. 7|t 7IE
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aM = IiZ2| 258 XMelE 159¢19] 5o 2|AES X[ZFL{0F HiO|HA B HALO| Tiet

HHA
S/A/B/C/D 5822 =FoIACH, S/A/B/C S801 didsh=z Sdle Ll 25

S S8 S0l 1571, A S8 501 1974, B 58 541 1271, C 58 541 252122 S/A/B/C 520

(XIZTLIOF HIO|2{A Uil 2tH E35{(S/A/B/C SE)

No. 21 walol g2 sz sWss  swWy ssws  ss=9
1 | KR FIETLIOF BiOPRE ZRIBEIZS Seioh= S | 10-2015-701048 | 2013-09-26 | 10-2077131 | 2020-02-07
RS 291 HOfRiA 2 0lo] AR
2 | US Virus purification S 16/840760 2020-04-06 | 11406700 | 2022-08-9
SHASIE AL} BloRiA 35S
3|KR | S8 ROk BHO1E] S | 10-2014-7000863 | 2012-06-18 | 10-1792684 | 2017-10-26

Isolated and purified strains of
Chikungunya virus and

4 | US polynucleotides and polypeptides S 14/335065 2014-07-18 | 9442114 | 2016-09-13

sequences, diagnostic and

immunogenical uses thereof

Attenuated recombinant alphaviruses
5 | US incapable of replicating in S 15/443364 2017-2-27 | 10633186 | 220-01-14
mosquitoes and uses thereof

Method of producing pharmaceutical
compositions comprising

6 | US ) ) . . S 17/40749 2210820 | 11367846 | 202-06-14

immunogenic chikungunya virus

CHIKV-DeltabNP3

Vector-based attenuated poxvirus

7 | US ) S 16/325539 2017-08-18 | 10006799 | 2021-02-(2
vaccines

8 | US Chikungunya virus RNA vaccines A 16/853973 2000-04-21 | NM23B0B2 | 200-2-01
9 | US CHIKV RNA vaccines A 16/009330 20180615 | 10702597 | 2020-07-07
10 | US CHIKV RNA vaccines A 16/398268 2000-06-10 | 1136422 | 2020621
11 | KR A& Mg Hio[2HA His A | 10-202-70837630 | 2021-03-26

Methods and compositions for

12 | US
pseudoinfectious alphaviruses

A 13/983279 20120201 | 480 | 2016-08-X2
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No. __ w3 3 S8 s Eel] SEfs  S8Y
iti h for i
13| g | Compositions and methods for live, |\ 1o e 1000 | 10m06781 | 2000100
attenuated alphavirus formulations
14 | KR R CHEHR Ol 70| 20 A | 10-2017-0136397 | 2017-10-20 | 10-2007208 | 2019-07-30
15 | KR BIO|HA RAM A 2EE S | 10-2014-7025267 | 2013-02-15 | 10-2181258 | 2020-11-16
16 | US | Alphavirus NSP mutants as vaccines | S 16/484277 2018-2-07 | 1MIA/B | 221-00-28
Infecti DNA i i
17 | US n ect|ous‘ vaccn?es against S 147 0150700 017-07-04
chikungunya virus
18 | US | Chikungunya virus antigen constructs | S 16/631557 2018-07-19 | 116467 | 2023-06-16
POLYNUCLEQTIDES ENCODING
19| EP ANTI-CHIKUNGUNYA VIRUS S 2019-703789 | 2019-01-04
ANTIBODIES
20 | EP | ATTENUATED CHIKUNGUNYA VIRUS | S 2013-773563 | 2013-08-26 | 2000685 | 2017-10-%
Chikungunya virus infectious clone
with capsid protein gene deletion,
21 | CN | construction method thereof and S | 2018-11504486 | 2018-12-10 | 109636464 | 2022-06-10
application of infectious clone in
preparing attenuated vaccine
22 | KR PR R TLOF HHoliA 2 HEHA S | 10-2023-700806 | 2021-07-30
HIOl2A 2 0]9] Bk
METHODS AND COMPOSITIONS
17/264377 1
281U FOR ALPHAVIRUS VACCINE S / DSB2
24| US _ Nanocapsules carrying - A | 15547476 | 2016019 | 1040830 | 20190924
chikungunya-associated peptides
25 | yg | Compositions and methods for | e | oz gra | 110w | 2010891
alphavirus vaccination
Treatment method utilizing
chikungunya virus (CHIKV) virus-like
26 | US A 16/520113 2019-07-23 | 1136%674 | 202-06-28
particles (VLPS) comprising the C, E2 /
and E1 structural proteins
27 | JP DNA &H 7158 ¥ 1 A8 WY A 2022-089687 | 2022-06-01
28 | KR 26 HEixl 9l 70| 2 A | 10-2016-01356%6 | 2016-10-19 | 10-18705086 | 2018-06-29
R|ZFLIOF HIO[HA RA R} diA S
29 | KR oo AbR s A 10-202-7017331 | 2020-10-26
30 | US | 5'~triphosphate oligoribonucleotides | A 16/217735 2018-12-12 | 1028397 | 221-06-(8
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274 . e ) _
No. ol B s2  s®Ms sy ssws  sso
e

LIVE-ATTENUATED RNA HYBRID
ST P VACCINE TECHNOLOGY A 2A21-748R0 | A2THOFL

INACTIVATED VACCINE FOR
32| US CHIKUNGUNYA VIRUS A 17/851813 202-06-28

33| KR T A XIZHLOF HIO|2{A i A | 10-2022-7004010 | 2020-08-10

34 | KR R[ZLOf dA K[ A | 10-2022-7004000 | 2020-08-10

Vaccine compositions comprising a
ter—in—oil Ision,

35| ys |~ ererinol emuision B | 16/079780 | 2019-B-13 | 131249 | 2000-06-07

immunogen-loaded hydrogel

particles, and cationic polymer

Replicati iral
36 | ys | Heplication competent adenoviral | g mese | ong 106 | 11268108 | 2022-03-08

vectors

RNA virus attenuation by alteration of
37 | US | mutational robustness and sequence | B 15/546481 2016-01-28 | 1020094 | 2019-02-19
space

Inactivating pathogens and producing

highly immunogenic inactivated

38| US B 17/497810 221-10-08 | M40 | 2023-04-25

vaccines using a dual oxidation
process

Compositions and methods for
39 | US stabilizing alphaviruses with B 16/083316 2017-03-27 | 10632184 | 200-04-28
improved formulations

Flavivirus and alpha virus virus—like

4
0 Us particles (VLPS)

B 17/013156 200-00-04 | NM3BB2 | 202-07-19

41 | US | Virus-like particles and methods of use | B 16/199671 2018-11-26 | 11008084 | 221-08-4

Method for rapid generation of an

42
us attenuated RNA virus

B 15/315687 015-06-19 | 10619137 | 2020-04-14

ANTIBODY-MEDIATED
43 | EP NEUTRALIZATION OF B 2019-727754 | 2019-01-04
CHIKUNGUNYA VIRUS

44 | KR | Z2(QH02AS Eofok= Zgf i B | 10-2021-7014281 | 2019-10-04

45 | KR OfCllleHiO[HAA HEH B | 10-2019-7002318 | 2017-06-23 | 10-2205008 | 221-01-15

46 | KR HHAl MTHS QJEt MO AL B | 10-2021-7034252 | 2020-0B-20
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EJI' HH = = = O|H= =<010| = S =E20I
No. ac dIHo| HA =] EHHS E4Y SEHS SEY
ANTIBODIES OR
ANTIBODY-FRAGMENTS THEREOF
47 | US | TARGETING ALPHAVIRUSES, AND | C 16/972077 20190606
COMPOSITIONS AND METHODS
COMPRISING SAME
Induce and enhance immune
48 | US responses using recombinant C 16/251928 201901-18 | 1083786 | 221-08-10
replicon systems
HY HANZAMC ST 20| sh
49 | JP | iHE 4 a5y H0l=zyg Rlikd 25| C 2014-560344 | 2013-03-01 | 616618 | 2017-06-30
IEEHO AR
High viel lovirus i Il i
50 | CN 'gh vield bacu_owr_us insect cell fine C | 201410259283 | 2014-06-11 | 104087549 | 20160629
and application thereof
Alphavirus compositions and
51 | US C 14/525820 2014-10-28 | 4259 | 20160823
methods of use
52 | EP NUCLEIC ACID VACCINES C 2021-191353 | 2015-04-23
Method f i i f
53 | yg | Method for rapid generation of an | |y ses | s 19 | 10M07687 | 20190910
infectious RNA virus
Methods of maki d using li
B4 | ys | 0008 OF MAKING and USING Ve 1o T qeamgr | 016-0023 | 10088083 | 2018-10-02
attenuated viruses
h h ificati
55 | yg | Cmometography based purification | ey o603 | 10804070 | 221-01-19
strategies for viruses
icall leic aci
56 | ug | Cenetically attenuated nucleic add || yemen | g oe0n | 1115407 | 201106
vaccine
Ph ically wild-
57 | US enotypically wild~type and C | 161630 | 20180601 | 1117200 | 221-11-16
genetically attenuated viruses
JMAE OFEY, HetEl HARGD UM
58 | KR |EISeEe = HAdd 2M88 2 19| C | 10-2020-70047% | 2018-07-13
& B
Multimerization of recombinant
59 | US | protein by fusion to a sequence from | C 16/143079 20180026 | 1067738 | 2000-03-(3
lamprey
60 | Us DNA antibody co_nstructs and method C 16/142457 0190996 | 11208470 | 201-12-28
of using same
Chikungunya virus E2 protein rabbit
61| CN monoclonal antibody and application C | 2021-10640380 | 2021-06-08 | 1134808 | 2023-06-27

thereof
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EJI' HH = = = O|H= =<010| = S =E20I
No. __ 4iHo| HA sa SHHS £y SEHS s8¢
Chikungunya virus E2 protein rabbit
lonal anti licati
62 | CN monoclonal antibody and application C | i 9 | a1 " XDB-0520

thereof in development of
therapeutic antibody

METHODS FOR ENTEROVIRUS
INACTIVATION, ADJUVANT
63 | US | ADSORPTION AND DOSE REDUCED | C 16/5979%64 2019-10-10
VACCINE COMPOSITIONS
OBTAINED THEREOF

USES OF MODIFIED RNA
64 | US ENCODING RETINALDEHYDE C 17/284212 2019-10-10
DEHYDROGENASE

65 | US Vaccine compositions C 16/812316 2000-03-08 | 1140668 | 2022-08-09

Humanized anti-chikungunya virus
66 | CN NSP1 antibody and application C | 2020-11248233 | 2020-11-10
thereof

COMPOSITIONS AND METHODS

67 | EP FOR INDUCING IMMUNE C 2021-768525 | 2021-3-09
RESPONSES
68 | KR HEd 28 o # C | 10-202-703618 | 2021-04-06

69 | EP | ANTIGEN-ENCODING CASSETTES | C 2021-7983%2 | 2021-04-21

MHC class | associated peptides for
70 | US | prevention and treatment of multiple | C 16/957931 201901-04 | 1Meed | 203-07-4
flavi virus

Compositions and methods

comprising measles virus defective

71| US C 16/311457 017-06-23 | M0473 | 221-06-01

interfering particles for the
prevention of infectious diseases
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20234 MZE ZiEY WA ReD X Sl M= 2A - XI2FLI0F HHOIZHA(Chikungunya virus) -

> =7HE S5l 28 S¥S Wefol| Al S/A/B 582 2 So{0f tiol £ 2XE s
=PSE
= —1a

> TN 24 Ty 5061 4601 & S5 &8 A 6719 SHCIS 25 ZEefots] 243 21, Ol =549
ZE[ =)

ZH0I0] MAHQ| 55%= THY HUCH,

Jal
o
o
0
=2

> 0|2 &VHEE, QL Bh=, 23, W0 SUAM Soi7t E8E H AL 2, 319 =2 HH

S| 20| TG 22 20 It

8ol 35 =9 71+
US 32
FR 1 w5 o e 2
SG 3 ; '
IN 2
KR 2
AU 2
2
1
1
1
1

BE

>S/A/B S8 551 461 & 35 3 U briel g 2F Eeolo 2Mg st 21,
Valneva SE(AT), NSTITUT PASTEUR(FR), ModernaTX, Inc.(US)7} 2tZt 47402 o
E2IoIoM, AGENCY FOR SCIENCE, TECHNOLOGY AND RESEARCH(SG), GLAXOSMITHKLINE
BIOLOGICALS SA(BE), Takeda Vaccines, Inc.(US), The United States of America, as
represented by the Secretary, Department of Health and Human Services(US), UAB
Research Foundation(US), Vanderbilt University(US), SMICHEHT RIZEASISZITKR)O0| ZF 271S
St A= =0IE
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. =LHel Sl S

> Sg0ll sigcle 551 274 £@e £3QI2 Valneva SE(AT), INSTITUT PASTEUR(FR), 1712
E8st 222 ModernaTX, Inc.(US), AGENCY FOR SCIENCE, TECHNOLOGY AND
RESEARCH(SG), GLAXOSMITHKLINE BIOLOGICALS SA(BE), Vanderbilt University(US)

> 32 E92 F INSTITUT PASTEUR (FR), AGENCY FOR SCIENCE, TECHNOLOGY AND
RESEARCH(SG), Vanderbilt University(US) & HiE=20| SI717|[#0|CH, £ 242 Sdf

oelel= XIZFU0F HIO|HA 2 A7t F2 0|R0X|D U= 7|2 Valneva SE(AT),
ModernaTX, Inc.(US)Z &RI=

AGENCY FOR SCIENCE, TECHNOLOGY AND RESEARCH
Vanderbilt University _ ms

A
mB

UAB Research Foundation

M| O S SIZ=AMDFE L

The United States of America, as represented by the Secretary, Department of
Health and Human Services

Takeda Vaccines, Inc.

(XIZLI0F Hio|2A Wil BH S5 ERY/F /Y ¥ &)

4) Iz E57E

> XIZLIOF BOJ2IA AT} R7HY TI0] he S/A/B S3 467101 ol 712 HE A4S 435t 20}
(OI, 5 7H Ofe Mzt 222 3= S5 2742 55 7} S'Z—J 3, MEI(I=aL 1.1.1-0) 2B S5t
HA(1.1.2-0) B S5V 21%, HIORARAIRJK} HAl

25%= /+Y B2 HISS AIX[6IH, OHH?
(1.1.2-b) & E317t 15%E RiK[oh= AQE jtE

> HIZ, S/A S3o| A S5i0f sl Jia 22 HAMS S 2D oA MUA(ISE,

%
1.1.1-a) T S5 20%, OFTHY HAI(1.1.2-a) BB S5{7 18%, HIO[ZARARRL Al
(1.1.2-b) 2 S5t 10%2, L2 HIES AK[GH= 202 Tty



4 ME i WAl RgD Y Eo] M2 2 - XI2LI0F HH0IZA(Chikungunya virus) -

1, 2%

=118, RSB =1.1z-3, OFCHR 4 " 1.1.32-b, HHO| 220 AFZIHEY L
1.1.3-b, mreas 24 = 111-b, APSA S EEH 5 131-b, HA HELE=YEH
w125 HAHET= m1332-b HEHE "1.1 3.3 DN B4 A
=121 dEHYZSR =122, HiO|B{= EH =133 A FHE (O EE B AEH)
(X|ZFLLIOF HIo|2{A uiil A J|&s ERY =2 S

> S X|ZL{Of HIO[2A BiAITE XMZHY 20| QU= S/A/B S5 467101 CHoll = M2 7|
= o == fe) =L
S e A0, OfEi9) HAI(1.1 2-a), AHAOISS] 1.1.1-0) B Sai= Alzot 2 A
A = O | —
Q0| Xi&HoR BT Qs 2102 mord
5
Oj
4 7
=
5
=
3
M
2
0 H ‘ ” “ ‘“
2012 2013 2014 2015 2016 2017 2019 2020 2021 2022
mi11a, S H=EEH =m111-b, AP A EE =11 2.3, OpTHYUWA 1.1.2-b, HHO| 2| 20 AF IR A
m1.13-a, DNa A W 1.13-b, mRnA WA w1z AEHITEZESF) w122 HOlH= EH
mizs B HE S m151-3 MM EHE (O R AR w5 a-p, B FE (LYY m132-p O{FHE

(XIZFLIOF Ho|2A Wil HH ALE/I|s RRE EH I8

ook
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HMEM Oy sy Eg ME ME 7|E
=MSHT
RIZTLOF HIO[2A HAD XY EE PHEEOR RN Q= S5 (S/A/B S
46 2
SMrhA
RIZTLOF HIO[2HA BiMI} XF TEH Qs S6{2A], & = 1 2| 7|20 EX0| A= S3(S/A S2)2! SAI,
Offl 1~59] 7|& MESIH =0f [t aid 24 iy £5] 134 M-
1. EGiE2 24 &Y FH 24 01Y)
2. OoIE 34 (35 0l4)
3. MY 27k (EE=7H 1072 Ol E= 0=/R8/8=/3=/4e 28
4. 2| 2ol (EU2IES 1071 0l4)
5 S8 9
7|E, EEEEY IERAEHATAL Q@ &6 1A FIt
14 7
shx E§ 2M LHE 144 (S& 74, Ag 72)
1 X|ZFL0f HIO|HA ZZ|HEIES Waisl= Mg 29 HOI2{A X 0]9] AFE
- INSTITUT PASTEUR(FR), THEMS BIOSCIENCE GVBH(AT),
2545 | KR 10-2077131 B1 2020.02.07) | = (;;a) CENTRE NATIONAL DE LA RECHERCHE
- SCIENTIFIQUE(FR)
o0 INSTITUT PASTEUR(FR), THEMS BIOSCIENCE GVBH(AT),
ZAH5 | 10-2015-7010848 (2013.09.26) Z;; CENTRE NATIONAL DE LA RECHERCHE
- SCIENTIFIQUE(FR)
AMERIE sz 571 2033.09.26
°e 7 (SRl o
Iz 17 2|27t KR UsS EP JP CN
20t 4 Ps=PlE) | 52 | 52 | 58 | s8 | s=2
coos S 2= 1.1.2-a, 1.1.2-b
£ UE2 XZFLO0F Hi0|2A S2HEIEE 2oick= MAR =9 HI0|ZHA0 26t A0|H, £3| XIZLIO0F
HIO|HAC| AI-MZI 9l ZHA|E HHHHALS HHO| SQok= HIOIRIA QA UAKVLP)O| 28t Z0ICh &7| YXt=
oot £0] 0|20 m:01M SRS &~ Qs AR ZEY YRI0|C 2 HH2 47| IAg 28 YRE Mitek=
- 2, E5] atipt HIE, M 2 HAT AARS HSSIT £t 2 WH2 £5| XIZUO0F Ho[2A0| 25t
A9 Xz E= K2 flst DM HHZ, S 5| B HHOZ, AV| AR Z4EM QRIS A0
St 0|ct.

35



—e

2023 AIF 2 WA RSD U

Jim
<t
ra
I
HI

x

M - XI2FLI0F HI0IZA(Chikungunya virus) -

1. X[ZFELIOF HFO[2{A(Chikungunya virus: CHIKV)Q| C-E3-E2-6K-E1 71X CHHHEIS QITLIGH= Z2)%
E2QEIEE Hélsl= M FREZA, AY| E2FEUEEE Y HI0[ZHA(measles virus: MV)2
TEZ0| ZeM CEIAI=Y (+) RNA 7159 FE2IQEIE MES QI H6k= cDNA A1 2E7Hs5HA|

OidEl 22 SEOZ i, WM 7EE
(% 2 312 SIS U2 “antigenomic S “UEPSAT0fz HoBI0] ABSI)

2. HEol| A0A,
C-E3-E2-6K-E1 7= HHAS QT Tol= o7| EcimSQEIEE 47| cDNA 2A10| 2 2EE X
EZO= oz, A F==E.

3. Aol UKA,

Y| St FRE2 &Y Aol MA6) A MEE As 5Ee=
4. JTO KU,

FER | (@) MV N RS Q1FH0k: E2R3YQEIE;
(b) MVe| P HHHES QIFHol= E2|3YQEE:

(c) CHIKVS| C-E3-E2-6K-E1 & THES OIFYoh= E2/F22|QEIE,

(d) Mvel M HHES QIFHSHE E2|w2QE|E;

(e) MVY| F HHAES QIFHok: E2|w32REIE;

(f) Mvel H HHiES QIFHsl= E2lw32QEs; &

(@ Mve| L HES QIFF0IE S2|R3|RE|S:S 50M 3= Relch= RUAL TAt HRIS ZEloHH,
71 (a) WAl (92 E2|wS2QEIEE HI0[2A SH| & AL 2E M| HOfol0f o7] sttt F=Z20H| 25
Jtsokl gigdE As SYC= ofs, il 71R=.

1. HMEol| ACA,
7| C-E3-E2-6K-E1 7= HHEES MEHS 21, 22, 23, 24, 25, 26 & 282 T9E 20| MEE
MIE 2= AY EFCOR o, it 158

=, st 752,

ol

_l_l
Ir
[ns

+ 2 S5i= RIZFLOF HiO[2A S2IHEIEE Uolcl= MEE 29 HI0[ZA00 st Aoz, &
O]2AL] M2 9l HAE HUES BHO| SRt HIOZA AR LRKVLP)OI 25t
SHXISS X|ZTLLIO0F HIO|HMAL| @3 06-4929| H(native) HEHRIZHE HEIS M0 7|5=5H0]
ZTLIOF HIO|2A &g HAGIZON, 47| ¥ RS MAIS HME(C), 2719 FL Ad=o
EHEET, E2), ¥ 2709 O &2 HMME| BEIE(ES, 6KE THE bIHe & HHE

of 2 YBXE2 XZFLOF HO[2A S QIRHoh: E2|R3 2B =9t MARE AT 24T

EX|(recombinant infectious replicative) 2 HI0[2{AN| 7|2t50] BHAl MAS ZMEIAS

it
ol

un

x
4

Ry
>\l

ro

ta

(Lol 1Y)

« 2 E5{0] A 10| T2H, CHIKVS C-E3-E2-6K-E1 & HHHES QIFH5k= 2|52 QEE=
MVO| cDNA EXHRIEIAIZSl HAZ0| (+) RNA 71EE 2T MsItsom HE= UAS

+ 2 5519 EF 300 MEH, CHIKVY HiEs Q13T ohks S22 QEIEE &9 HI0[HAL
cDNAO| &1=l ATUE7F FAE =HQ]: Additional Transcription Unit) W2 22YE0 US

cDNA E2X{o| N-ZUTt MO AX[GHH, E35| MV P & M QTAE A0[0f| == H 2 L |EXtH Afojof

S

2 £519 e 301 7IME MA6) 7A'2 59 HI0[2AL| Az RNAYH E28CR Ei= z|HO=2

SHECE ofs R2UQEEY & o HHE Q7102 HiM Z0i0 H UM U, 7HH| Y

(+) RNA =2 LEHt = siitof] EXeHALE E= 0f2f5t siits ZEltk= it 1520 26k w222

ElEQ| & 7 69 Hiiz=0{0f SlCt= LIEY

TS 4A0ME MVE| N TR P TRl N bR uE s | HElE CHIKVE] C-E3-

o
E2-6K-E1 & HHES QT Tol= Ecin3dREEs it 1520 HS/tsom| HEE A E82=

-

Z |—0||
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ST QUCHT FTOIT US. A7I MVS) N BN, P B || EHHE F R H S | e
224, MR SERIEN), QIERHTIP), THEZIA TRV, S8 BHFEF), SIDRERE HE(H) %
RNA Z2/0i21%| 7ie SrE)2 03

G2 A0l L)

« 2 E5{9] MAG0M= X HHE C-E3-E2-6K-E1S QHEOZ disioh= MZxEH MV-CHIK HIO[A
HZES E6lf I4Z9| CHIKV HEHES eisin|Z

= 12]

* CD46-IFNAR OFRAE 103 LHX| 105 TCID502] MV-CHIKV HZEEH HIO[HARZ FEAZI 5, &-MV
2 S-CHIKV Zg ZAE SloiRs. 1 21 -MV & J-CHIKV &l Stz 25 THEE MV
EO#'-FOI S7foIRs M S7hIRCH, 2H0| HAst & =2 S8t /Pt RS S6INS. £t 104

=105 TCID502Z HYsHE S22 CHIKV XAt MZIXZEE 25 HSE
TC|D5O)O§ HASLE S229 82 MAIQ 83%/t ESEHE SIGINS

7

(3

]
Le
13
i
L
Ls
L:
L¢
Ls
L¢
L
Li
L
(%)

MV-CHIKY 1

5

vaav v rvreree
—— BAV-CHIKY 1

4 MV-CHIKY 1085

MV 1065

HES)

2 &

1 dddadaaaaa

o 2 a [ 8 10 12 14

B2AX| F AZH)
[= 18]
e IE5E AlleE7A OFH(cynomolgus macaques)E 104 = 105 TCID50 MV-CHIKVE EEAZ!

-|0I|

ZPLOF HIOIAA0I Che! 51 S SIRIHSHE. 1 27} D BG0[S0| CHIKVE BRI 52 oo
HZ YOI oIE, T3t IR 52 SO0IYS O W2 S0IZ0 Hio) O BWOID, (2ol S2S
0N BARS BIXQS OGRS

L
1118

PRNT %7}titer)

AN

104 TCIDsy 105 TCIDsy

« 9 HIO2A0 oot &elE 2let CHIK HO[2A9| &S Rl MV-CHIKV 7152

5UTR

Bt B

1 - MV-CE3E26KE1
2 - MV-sE2

3 - MV-sE2Astem

CHIKV wa
T7hh v pV¥m a " i g Tt
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20234 MZ ZiEY WA ReD U Sl M= 2A - XI2FLI0F HH0IZA(Chikungunya virus)
= E5{0IM= s 7E20] 93 QI TE|= CHIKVE| C-E3-E2-6K-E1 7 Cizl0| 3oz Xz
= 5519 e 110] =M C-E3-E2-6K-E1 7= HHAR MBS 21, 22, 23, 24, 25, 26 & 28=
THE DO NS NES 7HY

oz
rio

0x

[ = o HE o o inlly! ==
OfzHoll= M HS 210+S OA[SHH, LITIX| MBS 22~26 & 282 XX A 2 6] KR 10-2077131
= Rx}pT=
B12| MME FIol| B
SEQ ID No: 21
<210- 21 Val Pro Lys Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val
<211> 1248
<212~ PRT
<213> Artificial Sequence 595 GO0 605
22075228 Synthetic Conmstruct Ile Met Len Leu Tyr Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Ser
<100~ 21
Met Glu Phe Ile Pro Thr Gln Thr Phe Tyr Asn Arg Arg Tyr Gln Pro 610 615 620
1 B 10 15 Met Gly Glu Glu Pro Asn Tyr Gln Glu Glu Trp Val Thr His Lys Lys
Arg Pro Trp Thr Pro Arg Pro Thr lle Gln Val lle Arg Pro Arg Pro 625 s 35 510
25 5
o . o Glu Val Val Lew Thr Val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly
Arg Pro Gin Arg Gin Ala Gly Gin Ten Ala Gin Len Tle Ser Ala Val 645 650 655
= ao a5 Asn Asn Glu Pro Tyr Lys Tyr Trp Pro Gln Leu Ser Ala Asn Gly Thr
Asn Lys Len Thr Met Arg Ala Val Pro Gin Gin Lys Pro Arg Arg Asn
50 55 60
Arg Lys Asn Lys Lys Gln Lys GIn Lvs Gln Gln Ala Pro Gln Asn Asn 660 65 &70
65 70 75 =0 .
Thr Asn Gin Lys Lys Gln Pro Pro Lvs Lvs Lys Pro Ala Gin Lys Lys Ala His Gly His Pro His Glu 1le lle Leu Tyr Tyr Tyr Glu Leu Tyr
675 680 685
85 20 95 Pro Thr Met Thr Val Val Val Val Ser Val Ala Ser Phe Ile Leu Leu
Lvs Lys Pro Gly Ars Ars Glu Arx Mel Cys Met Lys Ile Glu Asn Asp
690 695 700
100 105 110
Cys Ile Phe Glu Val Lvs His Glu Gly Lys Val Tlu Gly Tyr Ala Cys Ser Met Val Gly Met Ala Val Gly Met Cys Met Cys Ala Arg Arg Arg
15 120 125 -
Leu Val Gly Asp Lys Val Met Lys Pro Ala llis Val Lys Gly Thr Ile 705 710 s 720
130 135 140 Cys Ile Thr Pro Tyr Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu
Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 155 160 725 730 735
Asp Leu Glu Cys Ala Gln Ile Pro Val His Met Lys Ser Asp Ala Ser
" ¥ v . Leu Ser Leu Ile Cys Cys Ile Arg Thr Ala Lys Ala Ala Thr Tyr Gln
165 170 175
Lys Phe Thr His Glu Lys Pro Glu Gly Tyr Tyr Asn 740 745 750
150 e Glu Ala Ala Val Tyr Leu Trp Asn Glu Gln Gln Pro Leu Phe Trp Leu
Ala Val GIn Tyr Ser Gly Gly Arg Phe Thr lle Pro
ros 200 755 760 765
Lys Pro Gly Asp Ser Gly Arg Pro Ile Phe Asp Asn Lys Gly Arg Val Gln Ala Len Ile Pro Leu Ala Ala Leu Ile Val Len Cys Asn Cys Len
770 775 780
210 215 220 Arg Leu Leu Pro Cys Cys Cys Lys Thr Leu Ala Phe Leu Ala Val Met
Val Ala Ile Val Leu Gly Gly Ala Asn Glu Gly Ala Arg Thr Ala Leu
225 230 235 240
Ser Val Val Thr Trp Asn Lys Asp Ile Val Thr Lys Ile Thr Pre Glu 785 790 795 800
245 250 255 Ser Ile Gly Ala His Thr Val Ser Ala Tyr Glu His Val Thr Val Ile
Gly Ala Glu Glu Trp Ser Leu Ala Ile Pro Val Met Cys Leu Leu Ala w05 a1 .
5
260 265 270
Aen Thr The Phe Pro Cys Ser Gin Pro Pre Cye 1o Pro Cre Cos Tor Pro Asn Thr Val Gly Val Pro Tyr Lys Thr Leu Val Asn Arg Pro Gly
HB20 825 830
275 280 285 Tyr Ser Pro Met Val Leu Glu Met Glu Leu Leu Ser Val Thr Leu Glu
Glu Lys Glu Pro Glu Glu Thr Leu Arg Met Leu Glu Asp Asn Val Met 835 840 a5
200 205 300
Arg Pro Gly Tvr Tyr Gln Leu Leu Gln Ala Ser Leu Thr Cys Ser Pro Pra Thr Leu Ser Leu Asp Tyr Ile Thr Cys Glu Tyr Lys Thr Val Ile
305 210 315 320
His Arg Gln Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 335 a50 855 860
Thr Arg Pro Tyr Leu Ala His Cys Pro Asp Cys Gly Glu Gly His Se
©ors Tro Tvn Rew Al fis Bvs e Asp s By tiw By His ser Pro Ser Pro Tyr Val Lys Cys Cys Gly Thr Ala Glu Cys Lys Asp Lys
5 75
210 s 250 865 870 875 880
Cys His Ser Pro Val Ala Leu Glu Arg Ile Arg Asn Asn Leu Pro Asp Tyr Ser Cys Lys Val Phe Thr Gly Val Tyr Pro Phe
a55 360 - -
885 890 895
Gly Thr Leu Lys Ile Gln Val Ser Leu Gln Ile Gly Ile Gly Thr Asp
aro a75 280 Met Trp Gly Gly Ala Tyr Cys Phe Cys Asp Ala Glu Asn Thr Gln Leu
Asp Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Asn His Ile Pro 900 905 910
385 as0 395 400
Ala Asp Ala Gly Arg Ala Gly Leu Phe Val Arg Thr Ser Ala Pro Cys Ser Glu Ala His Val Glu Lys Ser Glu Ser Cys Lys Thr Glu Phe Ala
105 410 1415
- 9 .
Thr Ile Thr Gly Thr Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys s 920 925
420 425 430 Ser Ala Tyr Arg Ala His Thr Ala Ser Ala Ser Ala Lys Leun Arg Val
Gly Glu Thr Leu Thr Val Gly Phe Thr Asp Ser Arg Lys Ile Ser His @ 0 a0
5
435 110 445
Ser Cys Thr His Pro Phe His His Asp Pro Pro Val Ile Gly Arg Glu Leu Tyr Gln Gly Asn Asn Ile Thr Val Thr Ala Tyr Ala Asn Gly Asp
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450

Lys Phe His Ser

465
Tyr Val Gln Ser

Fro Pro Asp Thr

500

Val Lys Ile Thr
515

Gly Gly Ser Asn

530
Cys Lys Val Asp
545

Gln Tyr Asn Ser

Lys Gly Lys Ile
580

455

Arg Pro Gln His Gly Lys Glu

470 475
Asn Ala Ala Thr Ala Glu Glu
485 490
Pro Asp Arg Thr Leu Leu Ser

505
Val Asn Gly Arg Thr Val Arg
520

Glu Gly Leu Ile Thr Thr Asp

535
Gln Cys His Ala Ala Val Thr
550 555
Pro Leu Val Pro Arg Asn Ala
563 570
His Ile Pro Phe Pro Leu Ala
585

460

Leu Pro Cys Ser Thr

480
Ile Glu Val His Met
495
Gln Gln Ser Gly Asn
510
Tyr Lys Cys Asn Cys
525

Lys Val Ile Asn Asn

540
Asn His Lys Lys Trp
560
Glu Leu Gly Asp Arg
575
Asn Val Thr Cys Met
590

Phe

Ala

Phe

Thr

Val

Ala

950 955 960

Ala Val Thr Val Lys Asp Ala Lys Fhe Ile Val Gly Pro Met Ser
965 970 a75

Ala Trp Thr Pro Fhe Asp Asn Lys Ile Val Val Tyr Lys Gly Asp

980 985 990
Tyr Asn Met Asp Tyr Pro Pro Phe Gly Ala Gly Arg Pro Gly Gin
995 1000 1005
Gly Asp Lle Gln Ser Arg Thr Pro Glu Ser Lys Asp Val Tyr
1010 1015 1020
Asn Thr Gln Leu Val Leu Gln Arg Pro Ala Ala Gly Thr Val
1025 1030 1035

Val Pro Tyr Ser Gln Ala Pro Ser Gly Phe Lys Tyr Trp Leu

1040 1045 1050

vs Glu Arg Gly Ala Ser Leu Gln His Thr Ala Pro Fhe Gly Cys
1055 1060 1065
Ile Ala Thr Asn Pro Val Arg Ala Met Asn Cys Ala Val Gly
1070 1075 1080
Met Pro Ile Ser Ile Asp [le Pro Asp Ala Ala Phe Thr Arg

1085 1090 1085
Val Asp Ala Pro Ser Leu Thr Asp Met Ser Cys Glu Val Pro

1100 1105 1110
Cys Thr His Ser Ser Asp Phe Gly Gly Val Ala Ile Ile Lys
1115 1120 1125

yr Ala Val Ser Lys Lys Gly Lys Cys Ala Val His Ser Met Thr

1130 1135 1140
Ala Val Thr Ile Arg Gl

Ala Glu Ile Glu Val Glu Gly Asn
1145 1150 1155
Gln Leu Gln Ile Ser Phe Ser Thr Ala Leu Ala Ser Ala G

u

1160 1165 1170
Arg Val Gln Val Cys Ser Thr Gln Val His Cys Ala Ala G

u
1175 1180 1185

His Pro Pro Lys Asp His Ile Val Asn Tyr Pro Ala Ser His
1190 1195 1200

Thr Leu Gly Val Gln Asp Ile Ser Ala Thr Ala Met Ser Trp
1205 1210 1215

Gln Lys Ile Thr Gly Gly Val Gly Leu Val Val Ala Val Ala

1220 1225 1230
Leu Ile Leu Ile Val Val Leu Cys Val Ser Phe Ser Arg His

1235 1240 1245
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HHA R&D X Edl M2 EM - XI23LI0F HHOIZA (Chikungunya virus) -

2 Virus purification
S AR}
=S US 11406700 B2 (2022.08.09) (@x) Valneva SE(FR)
_ _ bl
SIS 16/840760 (2020.04.06) (=x) Valneva SE(FR)
AEEE SE =z 2036.12.23
°c < (IRl o
Iz| 20 22|27t KR us | EP | JP | CN
=t = (PE=7PIE) | Az | 52 |52 | 52| 52
Somr S JIERER 1.1.1-a, 1.2.2-¢
Qot Described herein are processes for purifying infectious virus particles and uses of

protamine in such processes.

1
x0)
oz
-1
o2

1. A method for separating infectious Chikungunya virus particles from non-infectious

Chikungunya virus particles comprising precipitating the non-infectious virus particles

with protamine.
3. A method for purifying infectious Chikungunya virus particles, comprising the steps of

i) providing a crude harvest (a) comprising infectious Chikungunya virus particles,
non-infectious Chikungunya virus particles, and impurities, wherein the impurities
are generated from growing said virus particles on a cell substrate;

i) contacting said crude harvest (a) with an agent comprising protamine to obtain a

Chikungunya virus preparation (b) comprising infectious Chikungunya virus particles,

wherein the enrichment of infectious Chikungunya virus particles in the virus
preparation (b) relative to total Chikungunya virus particles in the crude harvest (a)
is in the range of at least 50% to 95%.

16. A composition for immunization against a Chikungunya virus infection, wherein said

composition comprises a Chikungunya virus comprising a deletion mutation in the
non-structural protein 3 provided by SEQ ID NO: 77 or an immunogenic variant
thereof, wherein said immunogenic variant is defined as having at least 80%
sequence identity to SEQ ID NO: 77; and wherein at least 50% of the Chikungunya
virus particles in the composition are in the size range of 20-40 nm.

17. A composition for immunization against a Chikungunya virus infection, wherein said

composition comprises a Chikungunya virus comprising a deletion mutation in the
non-structural protein 3 provided by SEQ ID NO: 77 or an immunogenic variant
thereof, wherein said immunogenic variant is defined as having at least 80%
sequence identity to SEQ ID NO: 77; and wherein at least 50% of the Chikungunya
virus particles comprised in the composition are infectious Chikungunya virus
particles.

(23| ML)
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+ B Soi0] H73 12 DRERIS 0125 BIZEY ARTLIO HORIA UKIS ST RIC2M, 2%
RIZTLIOF HOJ2A QXIS H2lols Wi &7

+ BTE 32 U XTI HORIA RIS FFIGHS WOl BoH, HTE 120 RAR X242
SF5101 ZIAfOIT US

- i, & S5i0] H78 16 2 17 52 AZTLOF HIORIAS ZFols Ui TYSS TS %S,
OfF U = SSie| B S OILT S5 BANOL U O30 fs it g2l T
HAO gl HE0ID2 Cia OXOR aiE 730t Mg

« BT 169 W TYBL, Hl-TEY T 30| 24 SOH0IS Eelohe NANPHS 77) E
1o QO HORE ZEis HETLOL HORIAS BHGIC) 471 MO A2tta 770 U
80% OOl A MEN2 7HKi= 2102 BolEm, T4 59 XZTLIOF HI0[2IA §X} YK
50% O}0] 20-40nm F7|E 7

- B 179 ] ZUES, BRI M 30 By SOR0IS BEG: MRS 7)) St
19| fioieky BOIHE H3GH= XIZTLIO} HIOIAS EBIoI0), 47| HOIH MeS 770] Chofol

80% Ol&e MY &34E 7HK= Ae= Fol=1, 5* SO X[ZLIOF HIOA UXI2| 50%
O[0| ey XIZTHLOF HIO|2A 2RI

Eof HAMA 7|RH0fl MEH, MBHS 779 CHIKVE| =38t HEi= LR2006-0PY1 ChikV Z4&4
S20Z2H QAUTIUS. of MAEIYUM, CHIKVS 2t=a} SiEi= A5nsP3 E01#10] T= 19|
PN H0[R|2

(F2 AN L)

- 2 S5f0 | SAOIOATS 2 BIOJRA RIS SR3I0 BAGIHS. B 40N, D2ERI HHj0|E
*e| % 12x}o| SEC B (Eil Blol2iA QT2 7ol SUsH RXIsl= wigl, mRERI Ajojs
*2| 5 22xI0| 242 Bloj2iA WA PIS0| T LAGIS. TRER MHOJE X2 F TCIDS0O
S 2 URte] 247t LIEIIX| 919100, 0fi= HRE3l MHOIE H2) Alof HI2ieH, Ohs
EE SHE HORIA U HARD, LY U SEES et

TABLE 4

Overview of the process of A5SnsP3 ChikV purification as described in Example 1. SEC-MALLS
analysis of harvests before and after PS treatment shows the removal of larger virus particles (aggregates),
an effect that is particularly pronounced for day 2 harvests.

MALLS
SEC % correct
Area Total size Infectious particles
[mAU*min] particles/mL (20-40 nm) TCID50 log 10

Harvest 1 (H1) 57 1.17E+11 49% 10.2
H1 + protamine sulphate 53 1.33E+11 81% 10.0
Harvest 2 (H2) 36 4.60E+09 3% 79
H2 + protamine sulphate 2 8.80E+09 59% 79
Combined Harvests (C) 67 2.60E+10 14% 9.9
C + protamine sulphate 24 8.00E+10 72% 10.1

oz
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= 5519 FHe 16 £= 170 7[HE 2E20| Lo eE2, MEHS 770|M MESE= -2y
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g A= ZHOiE HHA al Ea‘.l X2k 2 - |=_|u F I»l-lA( i i )_
20234 |_|o Bao Al R&D U Eof M= 24 - KI2LI0F HH0IHA Chlkungunya Virus,
<210 SEQ 1D NO 77 tattgggacq caagtttaga tegtctagag cgttgasscc accatgtgtc accageasca 1360
<211> LENGTE: 11674
<212> TYPE: DNA et ¢ ¢ agaatte teatg 4020
<213> CRGANISM: Chiturgunya virus
t v 4080
<400> SEQUENCE: 77
togt 4140
60
4200
120
150 cggagtectt taagaacagt geaacaccag tgggaaccge aaaaacagit atgtgeggta 4240
sao cgratccagt aiteeacqet gLguactad acTUCLOLaa LUATLGEAg totgaagegy 4320
accgggaatt gocagetgee tatcgagaag togcasagga agtaactagg ctgggagtas 4380
a0
atagtgtage tatacetete ctetccacag gtgtatact gacaggctga 4440
avaggaagta ceactgegte 360
tre 4500
attatgegag 420
t 4560
agategggya cttacaagea gtaatggocg tgUcagacac ggagacgosa acattetget 480
N tatataccas gacgtctaty 40 tagagctget ggatgageac atetceatag actgegatat tgttcgegtg caccctgaca 4620
crgracacge acecacgtcy CTATACCACC AgUcqatlas 8ggggrecda grogegtact 600 geagettgge ggatacagea atatctag 46480
ggsttgagtt cgacacaace cogrtcatgt acaatgecat ggegggtgec taccceteat 660 t 2 gatacatact 440
£ t 720 goccaatgag caagtetgee tatatgeect attgsatega 4800
¢ Frat 80 2 aaa 4850
840 gectttgeeq ttacgotatg actccagaac gegtcacceg gettogoatg asccacgtca 4320
900
14890
gotgtgatac agtggtttcs tgtgagggct acgtcgtiaa gagaataacg atgageccag 860
gtcasatg ctetaaggea atgetatttg geeategege gtaage s040
gectttatgg & ttectgatgt 1020
totgatt: 5100
geasgactac cgacacqgit Gacggcgasa gaatgtcatt creggtgtge acatacgtge 1080
5160
cggegaccat ttgtgateaa atgaceggea bectigetac agaagicacg coggaggaty 1140
tagagea 5220
tagtggt 1200
totott 5280
3 1260
gtaccgecac ggasccgaat catcegecga tetcettegy ageatcasge gagacgttee 5340
1320
ecattacatt Lgggactic aacgasgyag ABATegazag CLLQLCLLCT gageractaa 5400
1380
¢ tgactty 5460
ctgataccea gteaattoag asggttcagy cogagbtiga cagetitgtg ghacogagte 1440
. tougtatat 5520
£t 1500
aggteattta gteagtgetg 5580
tgecasaaac COACCEALc CCATACAGY JAgACGeCey AJARJECCHg gacgcagads 1560
5640
aageageaga ggasgascga geagcagaac tgactegega egeectacea cotctacagy 1620
Leso actattact catceatgge 5700
caatast . . 100 cgegrasagh agasaacaty asageageaa Leatcoagag actasagaga ggetgtagac 5760
. 1800 tatacttaat gtcagagacc ccaaaagte ctacttaccq gactacatat coggegecty 5820
tgattoacge treggeggag caagigaaga Cgrgoacgea caacggacda geagagagat 1860 tgracteges Locgancaac grocgattgh ceaatccega gtecgeagrg geageagea 5880
atgoggtega agegtacgac ggecgagtce tagtgeectc aggetatgea atctegectg 1920 toteateat. e sed0
1ea0 ALgCatatol SgACATQUTY GacgUgtegd Agagtgeet ggaccgageg acattcaste 6000
acagasaget acaccatatt gogargeacy gaceagecet gaacacegac gaagagtegt 2040 5060
aagtacet ct .- 2100 5120
¢ ragtactggt cast 2160 actgeaacgt cacacagatg aggEadttac Ceactitgga cteagoagta tteaacgtgy 6180
¢ 2220 agtgtttcaa aaaattegea tgeaaccaag aatactggga agaattiget gocageceta 6240
agtottegga tggcasgtc agctattatc aagascctag 2280 ttaggataac aactgagaat ttageaacct atgttactas actamaaggg ccassageag 6300
2380 agegetatt tasterac tgecactaca ggasgta 6360
scgigatgay acagagaggh ctagagatab ctgeacgbac ggtlgacteg cigetcttga 2400 ¢ & 120
¢
atggatgeaa cagaceagt govactotg 2460 £a80
t 6540
getact cttigtggty 2520
ttgacatgte tgocgaggat ttogatgoca teatageege acacttiaag coaggagaca 6600
accegasgea gigeggetic Ctcaatatga bgoagatgss sgtcasctab aatcacasca 2530 gacatgre tgeegagy g3y geeg g coaggag:
aea0 ctgtittgga aacggacata gectectity ataagageea agatgabtca ctbgogetta 6660
cegeatt gee 2700 ctgettigat getgttagag gatttagggg tggateacte cetgetggac ttgatagagg 6720
a a9 v 2780 ctgctttegg agagatttec agetgteace taccgacagg tacgegettc aagtteggeg 6780
actaccgtag 2820
ttectaacte tattegt tegee 840
eee £ 2830
¢ v
2840 €900
2000 6360
2080 ggatgascat ggasgtgasg Atoaragatg cagrtgtato cttgasagos cortacttrt 7020
gttegttggy 3120
7080
t ¢ 2180
3240 tasssagget ttetasactg r « gatgaagata 7140
3300
aacagggcta 7200
1380
7260
ee 3420
3a80 tggecacett tgesagetce agatceasct tegagaaget gteataactt 7320
— 3540
2600
togetat. o 5 3880
3720
1780
Accacgeast gaasactgoaa SLgOTogul GEGACTOAtt gagactgote amacoggmes 3840
2500
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rectasatag ot ta

agtatctass cactaatcag ctacaatgga

rerrgeagaa
gttcatcecs accoaasctt

teat

tttacaatag

ggctcaaaag aaaaagaage Cgggecgeag

agagaggatg tgcatgaaaa

togaaaatga

cageggeaga cogatettog acaacaagag

tastgasggs gocegtacag cectereggt

aatcaccece gagggggecy aagagtggag

acgegtggty gecatageet
gytgacctyy sataasgaca

tettgecate ceagttatgt

taggaggage
ttgteactas

gectgttgge

t

gtgecaragr cccgrageac tagaacgoat

cagaaatgaa gegacagacg

ggacgergaa

gegttatatg 3

ALCAGRACCT TQUACGALTA CLggaAcaar

gggacactie atcerggecs

ttgtaagaac

gatgrecaaa

ctagettgea

agaggtacac atgoccoeag acacooctga

togeacatta atgtcacaas

t totaattgeg

tgaaggacta acaactacag acaaagtgat

egcggteace aatcacasaa agrggoagta

actiggggac cgasaaggaa asaticacat

taataactge aaggtigatc

taacteceet crggrecege

ccegttieeg ctggeasatg

agtcoggeaa
gtggetcaas
aatgtcatge
graargerga

taacatgeag

ggteacgtgg ggeaacaacg ageegtataa

ageccatgye cacecgoaty agataattct
tgtagtagtt gtgtcagtgg ccacgttcat
gatgtgeatg tgtgoacgac goagatgoat

tgett

gtattggeeg cagttatcta

gtattattat gagetgtace
actectgteg atggtgggta
cacacegtat gaactgacac

"

caaacggtac
ceactatgac
tageagegag

caggagetac

agaggetgeg atataccigt ggaacgagea

geaacctitg ttttggctac

aagecettat

7380

7500

7860

7620

7680

7740

7800

7880

7920

7980

2040

8100

3160

2220

8280

2340

8400

2460

8520

8580

2640

8700

2760

8820

2880

8940

9000

2080

9120

9180

9240

2300

9360

9420

2430

9540

9600

9660

9720

geestgatty ttotaty tgtetgag

tettaccat getgetgt

ctacagecee

atggtattgg agatggaact actgteagte

actttggage caacactate

gt acag

egretaceca

LCratgrggy goggegecta crgerterge

agetgtaagg

gacgetgaas acacgeagtt

gaatttgeat

aatteattgt

cgtotataac

ccaaagtege

atggactace cgccctitgg cgoaggaaga

acacctgaga gtaaagacgt ctatgetaat

ggtacggt gtgeeat

ccaggacaat ttggegatat

acacaactgg tactgeagag

ceatetgget Ctaagtatty

geectettta

attattaaat a

gatagaagtt
cgaatteoge
gaaggaceas

egetacggeg

aatctettte

gtcactatt

gracaagrct grLCtacaca agracactgt

atagresact acceggegre acataccace

atgtearggy tgcagaagat £acgggaggt

grageegagt gecaccooce

oregggges aggacatete

grgggactgg ttgrtgetgt

tatatgr gteccctaag

aaacagaaaa
ataagtatag
asaatcatas

tagtaaca:

atacataaat aggratacgt grococtaag

atcaaaggge cgaataacce ctgaatagta

aatagasass ceatasacag aagtagtt

agacacattg tatgragary

acaaaatatg aaaatcaata

tga

aagggetata

aacataasat tsatasasat casatgaata

taattgg

tatrtbgttt

ttastattte

asassassss asassassaa sass

9730

#840

8500

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10860

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11674
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- XI23LI0E HI0I24A(Chikungunya virus) -

3 EEslEl X|ZHIL 0} HIO|HMA #FE Eslol= i TM=
o SXH2Xt | BHARAT BIOTECH INTERNATIONAL
255 | KR 101792684 B1 (2017.10.26
= ( ) (@) LIMITED(N)
o 220 BHARAT BIOTECH INTERNATIONAL
soHs 10-2014-7000963 (2012.06.18
sEEs ( ) (@) LIMITED(N)
AMENR == EET|et
AR == Aol 2032.06.18
{2 " {227} KR usS EP JP CN
=7k % (P5=7PIF) | 55 | 58 | 58 | 58 | 5%
Soes S IRz 1.1.1-b
X[ZLIOF HIO|2{A(Chikungunya virus)2| SXAR HO|X|0f| Chsl HAMNS MEEt 4 U= RIZTFL[0F
HIO|2A Z&o| ot 3 X TS st i XMZZ 71010 BO AMECZ, 2 YWHE2 E5| X|IZFL(0F
oot HIO|2A ZHO| Ciet didl SIROZ A AFRSH= HI0|2A FAIIKIZEA 2iet Q= F22QEIE
. 2 EEDES

2l 1 2
ME 3 0|59 HAE HMAS JISoI0t 2 | ZME2 L5t Aedes albopictus L Aedes
aegyptic REiolz Heto| Melet HiHz MIE £ QU= KIZFLOF HO|ZAS] RTRFE HOXO|
Cifst 20440] QL.

HHO
&

i
oz
1
oo

A 18 (EYTE)

ZINE, E1, B2 EE= E3 X HEHHRIO| Aedes aegyptiOll CHEH HIO|2{AS] HMES ZZstl Aedes
albopictusE ZZE = U= Sit 049 SUHOIE J(K|= £ XIZ+L0F BIO|2A =

AN ZHEEN, 07N RIZFLOF HIO[2A 22fF0| dars 212 MBHS 1 WX MBS
FERIREIE MBI 27t MBHS 15 LHX| MEHS 200] 7&E TS A 7l RNA MES 8Rdk=
TNO01610, TN15110, TN06210, TN06310, TN06410 ! APO109UIAl MEHE[= Z4Q1 BHAl RMF.

e 28
M0 U0, XZLIOF HIO[2A w57t E1 718 FHEHE L{O| E1-K211E0| 480k= 71 CIHEHA LY
H|Z2|(non-synonymous) S10| K1020E2 H=C=2 E= X|ZLIOF HIO|2HAQ| X CHHEHE
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LE =AH0ISL ZE00 =, il =d=.
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K120l o, XIZTLIOFHIO2IAT} S| i (1) LHK| (v) & Ol SILIOY 2l Seridalel 2101, Bkl Aes:

(i) 45 C WX 60 COIA 302 WX 4AI17t SOt & 223t

(ii) 254 nmOilA] 302 LHX| 1202 SO XfIM EAL

(ii) 2 C LHX| 8 COIA 7Y SO = 20 T LHX| 25 T HlQ| FAREMHA 2 SO A0f 1:3000
(E2LULHO[HA)Q| Hig2 Z2E X2,

(iv) 2 °C LHX| 8 COIAM 79 SOt = 20 T K| 25 T BP9 FIRE0M 2 St AL 1:1000
LHX| 1:2500 (BPL:HIO|Z{A)Q] HIZZ H|E} DERLQHE X2|, I

(v) HIO|ZA MZS 60Co LRICZLEL| 10 kGy (Kilo Gray) LIK| 25 kGy2| A0l L5l= ZI0pAM RAY,
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(HI'DIOI 7H9_>

=20
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| 0|RIE

o
[l o
HIO|2{A0| YHHOZ MRIMS6 EE4D7|(Aedes albopictus) X 0IRIE&Z7|(Aedes aegypit)
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20234 AE ZHH WA RED X Sol M2 24 - XI27LI0F HI0IZ{A(Chikungunya virus) -

(FQ A0 LI

- 2 2 HAO0ME MEES 1 2 2(HI0[2A 2213 TN01610 & TN15110)01 siidot= Hio|2iA
220 CHoll S2M3HE HIOI2A 2 SEHSH HWio=M §58 ASINS

« B 7IX| St BV, &, BPL, X222 5)OF S2M5E CHIKV TA| HI2|R SHelo] HAMMS
NEE

- 156 ugQ| £243} HI0|ZHA HIMO SIS 0, 7 & 2199 7= 4-65F Balb/c DIRAOE
sof2N)oll 33| 2SU FALGIH AEotl 25 8 0| & 7m0l A, A ZHS It
PRNTso0ll SJ5t 3t &H|Q| SA7IE Hot

- 2 S50jMs SENEE IZTL0F BOJZIAT} Al $RI0R X3, A Bloj2iA 25}
TNO1610, TN15110, TN06210, TN06310, TN06410 % APO109=2 HA|E

[ HH=
s 01610 0, TN06210, TNO6310, TNO6410 & AP0109= 22 ~60i
A71 TNO1610, TN15110, TN06210, TNO6310, TNO6410 % AP0109= Z12H MBS 1~6
IR w22 QEE MBS REelok=|, MEHS 12t GllAloH teHet 25

717E 1ot REURQEIE MBS EEGH=, MEHS 10 OfAlGH 2T Of2iet 22
<210> 1 tacgtgeaga geacegeege aactaccgag gagatagagg tacacatgee cccagacace 1500
<211> 3747 cctgatcgea cattaatgtc acaacagtcc ggcaacgtaa agatcacagt caatggccag 1560
<212> DNA acggtgeggt acaagtgtaa ttgeggtgge tcaaatgaag gactaacaac tacagacaaa 1620
<213> Chikungunya virus gtgattaata actgcaaggt tgatcaatgt catgcegegg tcaccaatca caaaaagtgg 1680
<400> 1 cagtataact cccctetggt cccgegtaat getgaacttg gggaccgaaa aggaaaaatt 1740
atggagttca teccaaccea aactttttac aataggaggt accagecteg zccetggact 60 cacatccegt ttecgetgge aaatgeaaca tgeagggtge ctaaageaag gaaccceace 1800
cegegeteta ctatccaaat cattaggece agaccgegee cteagaggea zgetgggeaa 120 gtgacgtacg ggaaaaacca agtcatcatg ctactgtatc ctgaccacce aacactcetg 1860
cttgeccage tgatctcage agttaataaa ctgacaatge gegeggtace ccaacagaag 180
tectacegga atatgggaga agaaccaaac tatcaagaag agtgggtgat gcataagaag 1920
ccacgeagga atcggaagaa t aacaggegee 240
gaagtcgtge taaccgtgee gactgaaggg ctcgaggtca cgtggggeaa caacgagecg 1980
acaaatcaaa agaageagee acctaaaaag aaaccggelc aaaagaaaca gaagecgegc 300
tataagtatt ggccgcagtt atctacaaac ggtacagecc atggecacce geatgagata 2040
cgeagagaga ggatgtgeat gaaaatcgaa aatgattgta ttttcgaagt caagcacgaa 360
attctgtatt attatgaget gtaccctact atgactgtag tagttgtgtc agtggecacg 2100
=10 ggtaaggtaa caggttacge gtgectggtg ggggacaaag taatgaaacc egcacacgta 420
<O:)"-EI XélE ttcatactce tgtcgatggt gggtatggea geggggatgt geatgtgtge acgacgcaga 2160
aaggggacca tegataacge ggacctggee aaactggect ttaageggte ztctaagtar 480
tgcatcacac cgtatgaact gacaccagga getacegtec ctttectget tagectaata 2220
gaccttgaat gegegeagat accegtgeac atgaagtecg acgettegaa geic; t 540 tgeigeatea gaacagetaa ageggeeaca taccaagagg ctgcgatata cotgiggaac 2980
gagaaaccgg aggggtacta caactggeac cacggageag tacagtactc aggagecceg 600
gageageaac citgiitig getacaagee citaticege tggeageeet gatigticta 2340
ttcaccatce ctacaggtge tggeaaacca acagcg geagaccgat cttcgacaac 660
et tas esgacager Reagaces # tgeaactgtc tgagactclt accatgctge tgtaasacgl tgectittil agecgtaatg 2400
aagggacgeg tggtggccat agtcttagga ggagetaatg aaggageceg tacageccte 720
agegleggty cocacactgt gagegegtac gaacacglaa CAgtEatcce EAacacEEtg 2460
teggtggtga cctggaataa agacattgtc actaaaatca ccocegaggg gECCRaagag 780
ggagtaccgt atasgactct agtcaataga cotggetaca gecceatggl attggagatg 2520
tggagtcttg ccatcccagt tatgtgectg ctggeaaaca ccacgttcec ctgetcecag 840
gaactactgt caglcactlt ggagecaaca clalcgellg atlacateac glgegaglac 2580
ccecettgea cgecetgetg ctacgaaaag gaaccggage aaaccctacg catgettgag 900
aaaaccglca tcccgletee gtacglgaag tgetgeggta cageagaglg caaggacaaa 2640
gacaacgtca tgagacctgg gtactatcag ctgetacagg catccttaac atgtteteee 960
aacctacctg actacagelg taaggtcttc accggcgtct acceatttat gtggggegec 2700
caccgecage gacgeageac caaggacaac ttcaatgtet atasagecac aagaceatac 1020
tactget tet t 1 gt t 2760
ttagcteact gteecgactg tggagaaggg cattegtgee atagtccegt ageactagaa 1080 sectactect tetgcpaces lzamncacs caglizancs msmacalel peasmastes
2
cgcatcagaa atgaagegac agacgugacg ctgasaatce aggtetoctt geasatcaga 1140 gaatcatgea aaacagaatt tgcatcagea tacagggelc ataccgeate tgeatcaget 2820
ataaagacgg atgacagcca cgatiggacc aageigegtt atatggacaa ccacatgeca 1200 aagetecgeg toctttacca aggaaataac atcactgtaa CHECctatge 2aacggcgac 2880
gcagacgeag agaggecgge getattigta agaacatcag caccgtgtac gattactgga 1260 catgecgtea cagtiasgea cgecaaatic aligigegec caatgictic agectgeaca 2940
acaatgggac acttcatcct ggeccgatgt ccaaaagggg aaactctgac ggtgggattc 1320 cctitcgaca acaaaattgl gglgtacaaa gglgacgict ataacatgga clacccgeee 3000
actgacagta ggaagattag tcattcatgt acgcacccat ttcaccacga cectectgtg 1380 tttggcgcag gaagaccagg acaatligec galalccaaa glogeacace |gagaglgaa 3060
ataggtcgeg aaaaattcca ttccegaceg cageacggta aagagctace ttgeageacg 1440 gacgtctatg ctastacaca actggtactg cagagaccgg CUECEEZLac EELacacgtg 3120
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ccatactete
cageacacag
gecgtagzga
gacgegeect
tttggeegeg
tegatgacta

ctgeaaatet

aggeaccate
caccatttgg
acatgeecat
ctttaacgga
tegeeat tat
acgeegleac

clttctegac

teectttaag

c a

tattggetaa

aagaacgegg

ggcgtcactg

ctecatcgac
catgtegtge
tasatatgea
tattcgggaa

ggecttagee

ataccggaag
gagstaccag
gecageaaga
gctgagatag

agcgccgaat

cgetaagage
cggectteac
cctgeaccea
anggcaagtg
aagt tgaagg

tecgegtaca

gegteacata
aagatcacgs

clatgegtgt

actgtgeage
ccaccctegg
eagetgteee

cgttcageag

t
ggtceaggac
actegttgtt

geactaa

atctecgeta

gctgtigecg

cegcgatgte

cactgattet

tagggtegte
ticcteagac
tgeggtecat
gaattctcag

agtetgttct

caactacceg
atgggtgcag

aatcgtgete

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3747
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4 Isolated and purified strains of Chikungunya virus and polynucleotides and polypeptides
. AR}
=S US 9442114 B2 (2016.09.13) (=x) INSTITUT PASTEUR(FR)
- _ bl
EAHS 14/335065 (2014.07.18) (=) INSTITUT PASTEUR(FR)
MERRE £ 51 2027.03.15
& o (Ofa)ptEy o
2| - 2|27} KR us EP JP CN
=y/EES (IP5=717|%) - |52 |52 |52 | -
ST S JERR 1.1.2-a
QoF The present invention concerns wild-strains of Chikungunya virus isolated from patients.

i
oz
-
%

1. A vector comprising a nucleotide sequence encoding a Chikungunya virus E2 protein
and a heterologous nucleotide sequence regulating expression of the E2 protein,

wherein the E2 protein comprises a threonine at amino acid position 489 of the
Chikungunya virus E2 protein and a _methionine at amino acid position 637 of the
Chikungunya virus E2 protein.

2. The vector of claim 1, further comprising a nucleotide sequence encoding a
Chikungunya E1 protein and a heterologous nucleotide sequence regulating
expression of the E1 protein, wherein the E1 protein comprises a valine at amino
acid position 1078 of the Chikungunya virus E1 protein, a glutamic acid at position
1093 of the Chikungunya virus E1 protein and an alanine at position 1131 of the
Chikungunya virus E1 protein.

3. The vector of claim 1, further comprising a nucleotide sequence encoding a
Chikungunya 6K protein and a heterologous nucleotide sequence regulating
expression of the 6K protein, wherein the 6K protein comprises an isoleucine at
amino acid position 756 of the Chikungunya virus 6K protein and a valine at position
802 of the Chikungunya virus 6K protein.

4. The vector of claim 1, wherein the E2 protein further comprises a lysine at amino
acid position 382, a methionine at amino acid position 399, a glutamic acid at amino
acid position 404, a threonine at amino acid position 485, a methionine at amino acid
position 506, a threonine at amino acid position 536, an asparagine at amino acid

position 624, a threonine at amino acid position 669, a threonine at amino acid
position 700, and an alanine at amino acid position 711 of the Chikungunya virus E2
protein.
5. The vector of claim 4, wherein the vector encodes the amino acid sequence of SEQ ID NO:21.
11. The vector of claim 1, wherein the vector encodes the amino acid sequence of SEQ 1D NO:27.
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FIGURE 51 FIGURE 50
~ . 4 Anti-CHIK HMAF * Anti-CHIK HMAF
£251 Purified CHIKV coated on well X Anti-DEN HMAF Soluble viral antigen coated on well | * Anti-Dengue HMAF
H] o Anti-CHIK E2 Mab 1
z R :n:;g:m :i ma: ; 1 @ Anti-CHIK E2 Mab 2
0n nti- lal E Anti-CHIK E2 Mab 3
220 L 2 W Anti-CHIK E2 Mab 3 5 1.51 LY * =
z 214l | X
G 3
2us| [ ) % 12| y
s | g, | m
= | 2 0]
-l
:g 1.01» ?‘; 0s | 6
2 S
o bl
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X e ) L x X L
CHIK virions Triton X-100 NP-40 denatured CHIK pE2 CHIK sE2 Dengue sE
denatured CHIK virions CHIK virions (purified virions) (S2 system) (S2 system)
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- XI23LI0E HI0I24A(Chikungunya virus) -

TABLE 9

List of biological assays performed to validate the
reactivity of anti-CHIK E2 MAbs
BIOLOGICAL ASSAYS

ELISA on solubilized antigens from CHIK virions

ELISA on purified CHIK virions (La Réunion Isl.)

ELISA on purified CHIK virions (+ TX-100)

ELISA on purified CHIK virions (+ NP-40)

IF assay on CHIKV-infected VERO cells

FACS analysis on cell surface of CHIKV-infected VERO cells

‘Western blot on recombinant CHIK sE2 from S2 cells

IF assay on stable TRIP/CHIK sE2-transduced 293A cell clone
‘Western blot on recombinant CHIK sE2 from TRIP/CHIK.sE2-
transduced 293A cell clone

[ T

o MIZELH
ol opst

FIGURE 52

Anti-CHIK

Anti-CHIK E2
MAD

Intracellular

Cell surface

Intracellular

Cell surface

E= BHE HO[2A SHO

=

E2HA

‘Blue Evans staining |
of infected cells |

: == TriPEFP
+ransduced cells

{eontrol}

Anti-CHIK
E2 MAb

IF assay on |
| infected cells

FIGURE 54

200

160
i

8
* S-CHIK.sE2 MAbZ ZHKIe] HIO|HASZ &olio] CHIK H|2|29
MIo| £7| HOJRA TS JHE 4 IO, HO2A o7 T
FIGURE 55

TRIP/CHIK.SE2
transduced 293A cells

Mock-transduced
293A celis

Blye Evans staining
of transduced celis

MO Z CHIK HI0[2|A 4 VERO M2
OIGIUS( 52-55)

FIGURE 53

GFP detection

Biue Evans staining

af transduced cells

Key __ Name
w—— Anti-dengue HMAF

-~ Anti-CHIK HMAF
== Secondary antibody only
— Anti-CHIK E2 Mab3

B0 7186104 CHIK
S0 ASY = U
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A
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« = 5019 THAE HEO]| ofoh Hd=l= SO U= Fotet 101 7|MHE B2 HeHEQ B2 HEE
RO Y2 HY b0l eigE MEHE 215 5 & US
<210> SEQ ID NO 21 165 170 175
<211> LENGTH: 364 Leu Met Ser Gln Gln Ser Gly Asn Val Lys Ile Thr Val Asn Gly Gln

<212> TYPE: PRT

. 180 185 190
<213> ORGANISM: Chikungunya virus

Thr Val Arg Tyr Lys Cys Asn Cys Gly Gly Ser Asn Glu Gly Leu Thr
<400> SEQUENCE: 21 T T ot 205 T
Asp Asn Phe Asn Val Tyr Lys Ala Thr Arg Pro Tyr Leu Ala His Cys Thr Thr Asp Lys Val Ile Asn Asn Cys Lys Val Asp Gln Cys His Ala
1 5 10 15 210 215 220
Pro Asp Cys Gly Glu Gly His Ser Cys His Ser Pro Val Ala Leu Glu Ala Val Thr Asn His Lys Lys Trp Gln Tyr Asn Ser Pro Leu Val Pro
20 25 30 225 230 235 240
Arg Ile Arg Asn Glu 2la Thr Asp Gly Thr Leu Lys Ile Gln Val Ser Arg Asn Ala Glu Leu Gly Asp Arg Lys Gly Lys Ile His Ile Pro Phe
5 10 15 245 250 255
Leu Gln Ile Gly Ile Lys Thr Asp Asp Ser His Asp Trp Thr Lys Leu Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg asn Pro Thr
260 265 270
50 55 60
Arg Tyr Met Asp Asn His Met Pro Ala Asp Ala Glu Arg Ala Gly Leu Val Thr '2“7; Gly Lys Ren Gln 2;2 Ile Met Leu Leu ZZ; Pro Rsp His

65 70 75 80

P: Thr L¢ Li S Tyr A pt Met Gly Glu Glu P pt /r Gl
Phe Val Arg Thr Ser Ala Pro Cys Thr Ile Thr Gly Thr Met Gly His o Thr Leu Leu Ser Tyr Arg hsn Met Gly Glu Glu Pro Asn Tyr Gln

290 295 300
85 90 95

Glu Glu Trp Val Met His Lys Lys Glu Val Val Leu Thr Val Pro Thr

Phe Tle Leu Ala Arg Cys Pro Lys Gly Glu Thr Leu Thr Val Gly Phe 305 310 315 220
100 105 110

Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr Lys Tyr Trp

Thr Asp Ser Arg Lys Ile Ser His Ser Cys Thr His Pro Phe His His 325 330 335
115 120 125

Pro Gln Leu Ser Thr Asn Gly Thr Ala His Gly His Pro His Glu Ile

340 345 350
Asp Pro Pro Val Ile Gly Arg Glu Lys Phe His Ser Arg Pro Gln His

130 138 140 Tle Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met Thr

355 360
Gly Lys Glu Leu Pro Cys Ser Thr Tyr Val Gln Ser Thr Ala Ala Thr
145 150 155 160

Thr Glu Glu Ile Glu Val His Met Pro Pro Zsp Thr Pro Asp Arg Thr
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5 Attenuated recombinant alphaviruses incapable of replicating in mosquitoes and uses thereof
= SR THE BOARD OF REGENTS OF THE
=olHS US 10533186 B2 (2020.01.14
= ( ‘ =) UNIVERSITY OF TEXAS SYSTEM(US)
_ _ bl THE BOARD OF REGENTS OF THE
S 15/443364 (2017.02.27
sEeE / ( ) =) UNIVERSITY OF TEXAS SYSTEM(US)
AepEs == bl 2029.01.23
- < (OsherE o
Iz 6 a2t KR UsS EP JP CN
=t (P=7PIE) | 4% | S8 | 58 | 49 | 4%
SEmF S =28 1.1.1-a
The present invention discloses an attenuated recombinant alphavirus that is incapable of
replicating in mosquito cells and of transmission by mosquito vectors. These attenuated
oot alphavirus may include but is not limited to Western Equine Encephalitis virus, Eastern

equine encephalitis virus, Venezuelan equine encephalitis virus or Chikungunya virus. The
present invention also discloses the method of generating such alphaviruses and their use
as immunogenic compositions.
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1. An attenuated, recombinant chikungunya virus (CHIK) comprising:

a) a capsid gene positioned downstream from the envelope glycoprotein genes and
upstream from the 3" UTR of a subgenomic RNA in the genome of the CHIK virus;
and

b) an encephalomyocarditis internal ribosomal entry site (EMCV IRES) introduced between
the end of the envelope glycoprotein genes and the downstream positioned capsid
gene, wherein the capsid gene is expressed in a cap—independent manner,
wherein the capsid protein is translated in an IRES-dependent manner, wherein the
envelope glycoprotein genes are translated in a cap—dependent manner, and wherein
the CHIK virus is attenuated.

4. An attenuated, recombinant alphavirus comprising:

a) an alphavirus genome having an inactivated subgenomic promoter, or a non-mutated

subgenomic promoter positioned upstream of a structural protein of the alphavirus; and

b) an encephalomyocarditis internal ribosomal entry site (IRES) that selectively initiates

translation in cells of vertebrate origin positioned upstream of a gene that encodes the
structural protein wherein the alphavirus is attenuated.

(2ol 7H2)
+ £ S5i= 2| MEOA 2H B7K55H0 27| HE ofst M| B7Ks3 OSaHE XX Ut
BIOIZIAS JhAIE
- Of2igt HHIOJRIAL, IFN UIY/HIE] THH Qi IFN LIY/HIEN HEO L3I 4%, E= IFN
A28 BHK-21 MEOJel L2l Ao| 7t5E
(wrgo| 249)
- 2 S5{0| OjS5IE UMHORIAL HEES MRS 2RIE 4 9/, 0 235O= AMEE
O|Y2FICIE|A HIO[ZIAEMCV)S| LIS 2[EE AER| AIO[E(IRES)0| 2&Esk= HIO[2{AY EX0]
of3} 2H0fxl= AR
+ 2 Solol HTY 12 UMH0RA B XZTLO0N| oS3t T HIORIAS T8, BT 19
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A r |

A Y of GEHIY QENBREQ| IRASHN ARIE BAS K, L b) of YHud
QRIS U U CIRAERIN YIRIEH ZAIS QXIS MO EYUE AMLE0ASICEA Lis

=
2|2E QIE2] AIO|E(EMCV IRES)S et 071M, ZAE REAE H-H|QEN Hrloz 2eiy,
TAE HHE2 IRES-2UEH Y402 HARH, of JHME A= U-ATH YAz HAF
© e 4= AIZTUOF HIOHA0 SFYolA| ¢4 ofsalE Mxgt IHto2AS Foe Y+ 4

Al EMCV IRESE 2 74942 &t

F2 Ao L)
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« AAJ0] 1801IA 47| 2&9| f=35} HIO|HAZ La Reunion CHIKV @3 & 0] 70| 746t 181/25

T AN Hws 3 ZADF CHIKV/IRESvT ¥ CHIKV/IRESV27t HlW #30i| H[sH baby CD1
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Method of producing pharmaceutical compositions comprising immunogenic chikungunya

6 virus CHIKV-DeltabNP3

e ARHHZAL
=S US 11357846 B2 (2022.06.14) =x) Valneva SE(FR)
- _ Z30
SHHS 17/407499 (2021.08.20) (=) Valneva SE(FR)
Aeygs s= = 2088.09.19

B Ollehetad o

Iz 2| =27} KR us EP JP CN
29t & 16 (P5=7P1R) | anz | =2 | Az | =2 | 2y
SEor S 2R 1.1.1-a

oot The present invention relates to a process for producing an immunogenic live attenuated

- Chikungunya virus, as well as pharmaceutical compositions comprising the same.

1. A pharmaceutical composition comprising:

(i) CHIKV-45nsP3 particles expressing an E2 structural protein as defined by the
amino acid sequence of SEQ ID NO: 2;

(i) CHIKV-AbnsP3 particles expressing an E2 structural protein having an E168K
and/or G55R mutation in the amino acid sequence of SEQ ID NO: 2; and

(iii) optionally a pharmaceutically acceptable excipient,
wherein 1-50% of the CHIKV-45nsP3 particles present in the composition
express an E2 structural protein having said E168K and/or G55R mutation.

6. The pharmaceutical composition according to claim 1, wherein said CHIKV-A45nsP3

ZFQMSt particles in (i) are defined by the polynucleotide sequence of SEQ ID NO: 1.

10. The pharmaceutical composition according to claim 1, wherein said pharmaceutical
composition is a vaccine.

12. A process for producing the pharmaceutical composition of claim 1 comprising the
step of:
growing CHIKV-45nsP3 particles on host cells in such a way as to minimize the
presence of immunogenicity-reducing mutations of the virus.

13. The process according to claim 12, wherein said CHIKV-A45nsP3 particles are defined
by a polynucleotide sequence of SEQ ID NO: 1 and are passaged on host cells in
culture less than five times.

(dge 7H2)

« 2 Eoj= MM Mok=st XIZLI0F HI0|2iA(live attenuated Chikungunya virus)S AMitsk=

HiHTE ]2 TSisHs ORI RAS0| T Y
. 2ot -_rlxﬂx—*.i = E0i= MoU=st CHIKV-A5nsP3S E&ok= AN 2452 MSE.
CHIKV-45nsP3= H|7tZ HEHE 301 24 SCH0IE efpoh= XIZTLOf HIO[2AZ, &2
E3 Yy E5i9l 22 YA 0|0] OIRA U HIFHZ0M ES HA L
VS

20f5f= 202 BRIZ/0] UUS.
2 Qulol Hiol2ALl £

I'-III
] FLI|0
e 4
rE
2

OpdliRd XIZFLLIOF HI0[2{A9| Bi=H At £ 2
L= Qb OFE3|E QUIBIH= AFAE UTK Q9IS

+ 2 S5{0JAf= CHIKV-A5nsP3 BlO[2iA QIXIS E3a121A SAIM| CHIKV-A5nsP30] Biofeiy
~ZA SOIH0|, So| E2 THEOIN BISIRA-ZIA SAMOIZ ZHs HIO[RIA YRI| HERO)
HASIE OB TYBS RIDE. 00| T2t B0 SRGITA WAt 280] 52 Moisst
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+ 2 So{o FTE 10| JIME OIS EHSL () ATHS 20 OfleAt HH2 HOIEK E2
T TS SBGHs CHIKV-5nsP3 UKL, (i) M 20] 0f0|iAt A0IA E168K /E=
GBER SCHHOIZ 2 E2 T EMHEIS Wolsh= CHIKV-A5nsP3 2R, o (i) QoI2 Riefahst
SigEl= BaRIS Eaole Mot 428 EaE 0] £42 5 CHIKV-A5nsP3 @IXto] 1-50%7t

E168K 3/ GB6R SORHOIS = E2 PX CiMNS wisist
(% BTE 1004 "E168K L/ GE5R SIH0M 2 E168KRH SXHOJE 2, T GE5RE S¢1

SF

0|l A, = E168K2t GB5R7F 25 SXHHOIE 22 oojE

+ 2 Solo] 378 1201k B7E 1 7Ie] OIS X429 X WS Mol 0 e
A

=

= o
HIO|2{AO| DIHUM-ZA ZOH0|O| EMHZ ZASBI= HIAOZ &= NIZOA CHIKV-A
bnsP38 MXAI7|E HHE Z&kE!

H5H 130] D29 A78 129 HIE WS 4% MEOIA 53] 0[Pto At sl 22 T3l

2 A )
« HA0loilAlE, CHIKV-45nsP32| P3:E168KE 3x104 TCID50S EHCZ C57BI/6 OIRAE
TG BN EIY DIPA SHS MBS ME0| DISA BHS 216, HiYe 5 Teipye

=2o0o=2 OO T— 2o= O o=
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ZHolUS
(% O IeiZ= P-MVSB ¥4 CHEZO), PoB-07(E168K) S4 D) 2z
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(d) A B, & COIl A MY Zute] QoF P31} H|WSI 25 HARM(++ YY), B2 HAERY
(+22 49 2 S50
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A R&D U Ed6] M 24 - XI27LI0F HI0IZA(Chikungunya virus) -

Aminc acid sequence of E2 protein from LR22006_OPYl Chikungunya virus strain - amine
acids 339-742 from structural polyprotein GenBank Accession: ABD95938.1 (1-1248 aa)

SEQ ID NO: 2
STKDNFNVYKATRPYLAHCPDCGEGHSCHSPVALERIRNEATDGTLKIQVSLQIGIKTDDSHDWTKLRYMDNHMPADAERAGLFVR
TSAPCTITGTMGHFILARCPKGETLTVGFTDSRKISHSCTHPFHHDPPVIGREKFHSRPQHGKELPCSTYVQSTAATTEEIEVHMPPDT
PDHTLMSQQSGNVKITVNGQTVRYKCNCGGSNEGLT TTDKV INNCKVDQCHAAVTNHKKWQYNS PLVPRNAELGDRKGKIHIPF
PLANVTCRVPKARNPTVTYGKNQVIMLLYPDHPTLLSYRNMGEEPNYQEEWVMHKKEVVLTVPTEGLEV TWGNNEPYKYWPQLS

TNGTAHGHPHEI ILYYYELYPTMTVVVVSVATFILLSMVGMAAGMCMCARRRCITPYELTPGATVPFLLSLICCIRTAKA
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Vector—based attenuated poxvirus vaccines

AR}
US 10905759 B2 (2021.02.02) (=x) SEMENTIS LIMITED(AU)
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16/325539 (2017.08.18) (E;;a) SEMENTIS LIMITED(AU)
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]

2037.08.18

IEIEIEDTT KR | US | EP | JP | CN

19

(IP5=717 %) HE | S5 | tME | AR | 2B

S = 1.1.2-a

The present invention relates to a composition for raising an immune response in animal
which decreases the risk of chikungunya and smallpox infection, Zika virus and smallpox
infection, and/or chikungunya, Zika virus and smallpox infection. The composition
comprises a pharmaceutically acceptable carrier and an attenuated poxvirus, wherein the
poxvirus genome comprises a nucleic acid sequence encoding the 26S subgenomic
polyprotein of chikungunya virus and/or the PrME of Zika virus.
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1. An immunogenic composition comprising a pharmaceutically acceptable carrier and an
attenuated poxvirus, wherein the attenuated poxvirus genome comprises a nucleic acid
sequence encoding the 26S subgenomic polyprotein of chikungunya virus and a nucleic
acid sequence encoding the PrME polyprotein of Zika virus and further comprises
deletion of at least one gene which encodes an endogenous essential assembly or
maturation protein and/or increases immunogenicity of the composition.

4. The immunogenic composition of claim 1, wherein the gene which encodes an endogenous
essential assembly or maturation protein and/or increases immunogenicity of the composition
is a poxvirus D13L gene.

5. The immunogenic composition of claim 1, wherein gene which encodes an endogenous
essential assembly or maturation protein and/or increases immunogenicity of the composition
is a poxvirus K1L gene.

6. The immunogenic composition of claim 1, wherein the gene which encodes an
endogenous essential assembly or maturation protein and/or increases immunogenicity
of the composition is a poxvirus A39R gene.

7. The immunogenic composition of claim 1, wherein the genes which encode an
endogenous essential assembly or maturation protein and/or increases immunogenicity
of the composition are poxvirus B7R-B8R genes.

8. The immunogenic composition of claim 1, wherein the attenuated poxvirus genome
comprises a deletion in the poxvirus D13L gene, the A39R gene and the B37R-B8R genes.

(Lo 7H 2)

+ & £5i= i) XL O0Kchikungunya) ¥ FH=(smallpox) 29, £= i) X[7Hzika) X HMEF 2,
= i) REZFLOE X)7F ¥ MOE 24| s U= U=3 ZEAHI0|2{A(poxvirus) HIE]
7|5 A BHEH Z4Q

LHAES X[ZFLIOF HIO[HAL| 26S MEAIE E2IZ2H|2l(subgenomic polyprotein)

E—MEE X7} HIO[2AS PIMES f’_%,'oh_ S MBS TSIOIES Als0| MEeE A=t ZAHOIBAS

O 20 XIZILIOF & MAT 4F, AP H AT U, E= XZHLOF, X7t & AT 2
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8 Chikungunya virus RNA vaccines
e RN
=S US 11235052 B2 (2022.02.01) (=) ModernaTX, Inc.(US)
- _ el
ekl 16/853973 (2020.04.21) (=) ModernaTX, Inc.(US)
AFERAE == == 2036
o Ho o= (01|Jg)':,'_f§°E' 1115
Iz 2 2|27t KR ) EP JP CN
=7t (Po=7PI®) | MAs | 52 | =2 | 52 | 52
S A =t 1.1.3-b, 1.3.1-b
The disclosure relates to tropical diseases such as viral mosquito borne illnesses and
oot the treatment thereof. The invention includes ribonucleic acid vaccines and combination
- vaccines, as well as methods of using the vaccines and compositions comprising the
vaccines for treating and preventing tropical disease.

1. A composition comprising a messenger ribonucleic acid (MRNA) comprising an open
reading frame encoding a Chikungunya virus (CHIKV) polypeptide and a lipid
nanoparticle, wherein the lipid nanoparticle comprises an ionizable cationic lipid of
Compound 25:

.--"'-\""'-\..-'"'-""'-_o-"'l"‘-::-"-"'\-\...-"-"\-\.__.-"-"'\-\..,_.-'""'-\.\,_.-""'-\.\,_.-"
T T T T 1 [T T T [Compound 25]
2. The composition of claim 1, wherein the CHIKV polypeptide is selected from the
ZOXMAS group consisting of CHIKV E1 proteins, CHIKV E2 proteins, CHIKV E3 proteins,
CHIKV 6K proteins, and CHIKV capsid (C) proteins.

5. The composition of claim 2, wherein the CHIKV polypeptide is a polyprotein
comprising a CHIKV C protein, a CHIKV E3 protein, a CHIKV E2 protein, a CHIKV
6K protein, and a CHIKV E1 protein.

6. The composition of claim 5, wherein the CHIKV polyprotein comprises an amino acid
sequence having at least 90% identity to the sequence of SEQ ID NO: 413.

9. The composition of claim 1, wherein the open reading frame comprises a nucleic acid
sequence having at least 80% identity to the open reading frame sequence of SEQ
ID NO: 401.

(L 71e)

+ B S5(0| BM= il XETL0L B, XL 9| S HI02IA 7] Ol R0| CS 2 St

HiAO| 2ot LIES 1 AS. E5 FTHYU= XZFL00N Stof SEHUS
- 2 50519 dHAS2 DNA A FE0H| ofet ZY AL 243t § SCHO| L 7H50i| Chet
A0 7121510 RNA S22 QEIEE Lalohs diAls T, 2 Eo{0iMe X2+
Sof W& HIOI2IA0 CHEH mRNA #Alg 2|2 H75il U

-

(Yol 1)
« 2 EFo HAS 12 X|ZLL HO[ZA (CHIKWEZ|HEIEE QI1FLGH= Tl TE Tyl
(open reading frame)2 Egioh= HAIK 2|2 siAt (MRNA) 2 XA L QIXtE Téleh=
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Fig. 37 Efficacy: A single 2 g injection affords 100%

protection for at least 112 days (16 weeks)
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CHIKV Polynucleotide Sequences

CHIKV C-E3-E2-6K-E1 / SEQ ID NO: 401 (& 47)

ucaagcuuuu ggacccucgu acagaagcua auacgacuca cuauagggaa auaagagaga
aaagaagagu aagaagaaau auaagagcca ccauggaguu uaucccuacg cagacguucu
auaaucggag guaccagccc aggecuuggg CCccccgece Uacaauccaa gugauaagac
cacgucccag gecgcagaga caagccggee aauuggegea acucaucage gcaguuaaca
aguugaccau gcgagcgguu ccucagcaga agccgaggcg gaaccggaag aauaagaaac
aacgccaaaa gaaacaggcg Ccgcagaacg acccuaaaca gaagaaacaa ccuccccaga
aaaagccagc ucagaagaag aagaagccug gacgecguga aagaauguge augaaaaucg
aaaaugauug caucuuugag gugaagcacg agggcaaagu gaugggguac gcaugecugg
ugggcgauaa ggucaugaag ccagcacaug Ugaaggggac aaucgauaau gcugaucugg
ccaagcuagc Uuuuaaacgu agcuccaaau acgaucuuga gugugeccag auaccuguge
acaugaaauc Ugaugcaagc aaguucacac acgagaagcc ugagggcuau uauaacugge
aucauggugc gguucaguac Uccggcggee gauuuaccau uccuacaggg gcaggaaage
cgggcgauuc ggggagacee auuuucgaca acaaaggecg cgugguageu aucgugeucg
guggggcuaa ugagggugca cguacugcac uuagcguggu uaccuggaau aaggacauug
ucacaaagau Uacaccggag ggagcagagg aauggagccu ggcacugece guucugugec
ugcuggecaa caccacuuuc ccauguaguc aacccccuug cacucccuge ugcuaugaga
aagagccuga gagcacguua cguaugcugg aagauaaugu caugaggecce ggguacuauc
aacugcucaa ggcuagucug acaugcucge cccacaggca gegcagguce acgaaagaua
acuucaacgu uuacaaggcu acuaggccuu auuuggecca cugucccgau ugceggagagg
gacauucuug ucauaguccu auugccuugg agcgaauccg caacgaggec acugauggaa
cccuuaagau Ucaaguaucu uugcagauug gcauuaagac agaugauucc caugacugga
Caaagcuucg guacauggac ucacacacgc cugcagauge ugaaagggca gggeucuugg
ucaggaccuc ggccccuugu acaauuaccg ggaccauggg ccacuucauc cuugeacgeu
gcccuaaggg ggagacgeug acggugggeu uuacugacuc geguaagauc ucacacacau
guacacaccec uuuccaccac gaaccuccag ucauagggag agagagauuu Ccacucucgec
cacagcaugg Caaagagcug ccaugcucca cauaugucca gagcacugcu gcuaccgeug

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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aagaaauuga gguucacaug ccacccgaua caccagaccg uacucugaug acccaacaga
gcggcaacgu gaagauuacc guaaauggac agaccgugag auauaagugc aacuguggug
gcuccaauga gggcuuaaca acaacggaua aggugauuaa caauugcaaa auagaucagu
gccaugeege agugaccaau cacaagaauu ggcaauacaa cucaccccua gugecgagga
acgcagaacu aggcgacagg aaagggaaaa uccauauacc cuucccccua gcaaauguga
ccugecgagu geccaaggec agaaacccca cgguuacuua cggcaagaac caggugacga
ugcuuuugua cccagaccau CCcaccuuge Ucucuuauag aaacauggga caggagecua
acuaucauga ggagugggug acacacaaga aagaagucac ccuuaccgug ccuaccgaag
ggcuugaagu caccugggge aacaacgagc cuuacaagua uuggecacag auguccacaa
acggaacagc ccacggecac ccgcacgaga ucauacugua uuacuaugag cuuuauccca
Caaugacugu cguaauugug agcguugcca gcuucguguu gcuuucaaug guuggeacug
ccguggggau gugegugugu geuaggegec geuguauaac uccuuaugaa cuaacuccag
gcgecaccgu UCCUUUCCUg cucucacuac uguguugugu gegeacaaca aaggeugeca
ccuacuacga agccgecgec Uacuuaugga augaacagca gecucucuuu ugguuacagg
cgcugauuct UCUUgCUgee cugaucguge uaugcaacug ccucaagcug cugcccuguu
guugcaagac ccuagcuuuu cucgccguga ugagcaucgg ggcacauaca guguccgecu
augagcacgu caccguuauc ccgaacaccg Ucggugugec auauaagacg uuagucaauc
gacccggeua cucuccaaug gugcuggaaa uggaacucca gagugugaca cuggagecaa
Ccuuaucccu cgauuauauu accugcgaau acaagaccgu caucccuuca cccuauguca
agugcugugg gaccgcugaa Ugcaaagaca agagcuugec ugauuacagu ugcaaggucu
ucacaggugu guaccccuuc augugggggg gagcuuauug cuuuugugau geugagaaca
cccaacugag cgaggeucac gucgagaaau cugagucuug caagaccgag uuugccucag
cuuacagggc ccacacggcc agcgcauccg ccaaauugag gguacucuac caggguaaua
auaucaccgu ugccgcauau gcaaacggeg aucacgccgu gacugucaag gaugecaagu
ucguuguggg ccccaugucu agegecuugga caccguucga Uaauaagauc gucguguaca
aaggggacgu guauaauaug gacuacccac Cuuucgggge cggecgaccg ggacaguucg
gggauauuca gagccgeaca cccgaaucua aagauguuua cgccaauacu cageucguce
ugcagaggec cgecgeuggu acaguucacg Uuccuuacuc acaggeacec ucuggguuua
aguauuggcu gaaagaacga ggugccageu ugcagcauac agcgcecuuuc ggaugecaga
uugccacuaa ccccguacgg geugucaacu gegeggucgg Caauauucce auuagcauug
auaucccgga cgcagcuuuc accaggguug uggacgecce gagegucace gacaugaguu
gugaggugcc agccugeacg cauagcagug auuucggegg cgucgccauc auuaaauaua
ccgcaagcaa gaaaggcaag UQCQCCguce acucgaugac uaacgecguc acaauucggg
aagecgaugu ugaggucgaa ggeaacucee ageugeagau cagcuucucu acugeucuug
caagcgccga guuucgaguc caggucugea guacgcaggu gcauugugea geugecugec
auccacccaa agaucauauu gugaauuauc cggegucaca uaccacacug gggguccagg
auauuaguac aacggcgaug Uccuggguge agaaaauuac gggaggagug ggcuuaauug
uugccgugge ggeccugauc cugaucguug ugcugugugu uagcuucucu aggcauugau
aauaggcugg agecucggug gecaugeuuc uugecccuug ggecuccece cageceeuce
UCCCCUUCCU gcaccecguac cecccgugguc uuugaauaaa gucugagugg geggc

a2 HE SRl AOIE

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3955

https://seqdata.uspto.gov/?pageRequest=doxDetail&DoclD=US11235052B2#tablelnfo
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9 CHIKV RNA vaccines
s S
cilukel US 10702597 B2 (2020.07.07) @) ModernaTX, Inc.(US)
_ _ Eypul
EHHS 16/009880 (2018.06.15) @) ModernaTX, Inc.(US)
MEEE S =i 2036.07.21
e =7 (PR =
IR g 22|27} KR | US| EP | JP | CN
=7t (IP5=71 %) - ls2 =2 - -
SHm A P 1.1.3-b, 1.3.1-b
Aspects of the disclosure relate to nucleic acid vaccines. The vaccines include one or
oot more RNA polynucleotides having an open reading frame encoding one or more

Chikungunya antigen(s), one or more Zika virus antigens, and one or more Dengue
antigens. Methods for preparing and using such vaccines are also described.

1
x0)
oz
-1
o2

1. A Chikungunya virus (CHIKV) vaccine, comprising: a ribonucleic acid (RNA)
polynucleotide having an open reading frame encoding a CHIKV antigenic polypeptide
comprising CHIKV E2 protein formulated in a lipid nanoparticle in an effective amount
to produce an immune response in a subject administered the CHIKV vaccine,
wherein the lipid nanoparticle comprises a cationic lipid, a PEG-modified lipid, a
sterol, and a non-cationic_lipid.

2. The CHIKV vaccine of claim 1, further comprising a CHIKV structural protein selected
from a CHIKV E1, E3, 6K, and capsid (C) protein.

4. A Chikungunya virus (CHIKV) vaccine, comprising:

a ribonucleic acid (RNA) polynucleotide having an open reading frame encoding a
CHIKV antigenic polypeptide comprising CHIKV E2 protein formulated in a lipid
nanoparticle in an effective amount to produce an immune response in a subject
administered the CHIKV vaccine, wherein the lipid nanoparticle comprises a cationic
lipid, a PEG-modified lipid, a sterol, and a non-cationic lipid, wherein the RNA
polynucleotide is encoded by a nucleotide sequence selected from SEQ ID NO:
1-13.

* 2 55l= XZFUOF HIO]2A Ss QIFF5l= Ty S T2 (open reading frame)S
5Lt 0149l RNA Z2i732<Q 2lBliE St Mol 23t 71EY

- £ Y% DNA A HE0 ot +% SQER 45t S SH0| LA TS0l s 2RO

7 = WAIS JHUEH 2402, CHIKV E1, B2 S Thmloj

Io

£519] 7Y 12 AE U YA (LNP)S 0183l M0 U= XIZTHHOF mRNA #idis

o 20t -?X{Pﬁ.i, e 10 7|ME RIZTHLOF HI0[2HA SiA2 CHIKV E2 HHHAS HIRSH
CHIKV 32 ZajmiE|c2 o|ACish= Jjdt It= Dol JEX|= RNAZ 3kt A7| RNAS

O
OJ0I2 X[E, PEG-513 XIE, AEIS, 3 HI-0I02 XSS Tstol= XIK Lite QUK Liol HiEs!
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AR AYS /Mol RUAZ

(F2 A0 LHE)

2 HAE &

HIKV E1, E2, E1-E2, EC-E3-E2-E2-E1 &949)
ELEL CHIKV T CiEo

* TABLE 9= 10 ug 2 CHIKV E2 mRNA F0f ORAL| M=

* FIG. 9A= 10 ug & CHIKV E2 mRNA F0f OfRAL| M&E =M I& 2,

TABLE 9

CHIKVE] RNAZL SEQ ID NO: 1-130{|Af MEiE= FE2HQEIE MB0| 2ol

| in vitro, in vivo ME XHE

Survival of mice vaccinated with Chikungunya

E2 antigen mRNA - 10 ug dose

E2 E2 E2 E2
davs post IM LNP IM LNP 1D LNP I LKP
infection Day 0 Day 0, 28 Day O Day 0, 28 Vehicle
0,000 100,000 100,000 100,000 100,000 100,000
5,001 40,000 0,000 0.000
6,000 0.000
10,000 100,000 100,000
100 &
2 - EZIMLNF Day 0
§ -8~ E2 M LNP Day 0, 28
% 504 ~ E2 D LNP Day G
8 - E2 1D LNP day 0, 28
3 -+ Yehicle
.
EH ¥ om0 T ¥
g 2 4 8 8 10
days post infection
Fig. 9A

* TABLE 10 ¥ 11& CHIKV C-E3-E2-E2-E2-E1 mRNA 2IZFE MC-3-LNP X&=tH

mRNA 2 ug E£=

10 ug=

HHA| =

== Ho

TABLE 10

Survival of mice vaceinated with Chikungunya

C-E3-E2-6K-E1 antigen mRNA - 2 ug
EL/EY/ EVE2/ EV/EY EUE2/
E3C E3C E3C E3C

days post IM LNP IMLNP IDLNP IDLNP
infection Day 0 Day 0,28  Day0  Day0,28 Vehicle
0.000 100.000 100.000 100,000 100.000  100.000
5,000 80,000 0,000

10.000 100.000 100.000 80.000  100.000

S AG129 OIRAS| & ZE LIEH

64



m. =S S5 S @——

TABLE 11

Survival of mice vaccinated with Chikungunya
C-13-FE2-6K-E1 antigen mRNA - 10 pg

El/E2/ EVE2/  EVEY  EUEY
E3C E3C E3C E3C
dayspost IMLNP  IMLNP IDLNP IDLNP
infection Day 0 Day 0,28  Day 0  Day0, 28  Vehicle

0.000 100.000 100000 100.000 100,000 100.000
5.000 0.000
10.000 100.000 100.000 100,000 100.000

* FIG. 61A= MC-3-LNP HM&atel mRNA QIZHE CHIKV &2| HetE (C-E3-E2-6K-E1)(SEQ
ID NO: 13)2 7RI OjRAQ| HiAl HES CD8+T MIE 8IS BAGHE IHEE LIEHH

1.1 o
1.0

gg- © 10 ug mRNA vaccine

071 o PBS
0.6-
0.5~ o
0.4- —
0.3

0.2- oo
0.1 P o

U_B...%.—Qw ........... *.w-o.

0.1 7 T 1

% of CD8+

Fig. 61A

CHIKV E2 RNA polynucleotides
ChiK.secE2 HS3UPCRfree (CHIKV secreted E2 antigen, SEQ ID NO: 5)

ChikK. secE2 ATGEAGACCCCAGCTCAGC TTCTETTTCTTCTCCTTCTATEGCTGOCTGA 5
HS31UPCRfree CACGRCTGGACAT CACCACCATCATCATASTACRRRRAGRCARTTTCAATG
{CHIKV TGTACAAGGCCACCCGCCCTTATTTAGCACACTETCCAGAT TEGCGGTGAG
gecrated E2 GEECACTCCTGTCACTCTCCTATCGCCT TGGAGCGEGATCCGRAATGAGGC
antigen) : GACCEATGGARACACTGARARARTCCAGGTARGCTTGCAGATTGGCATCALGA

CTGACGATAGCCATGAT TGGACCAARCTACGGTATATGGATAGCCATACA
CCTECCGATEGCTGAACGGECCGETCTGCTTGTGAGAACTAGCECTCCATG
CACCATCACGGEEACAATGEEACATTTTATCCTGEC TAGATGCCCARAGSE
GCGRRACCCTCACCGTCGEATTCACCOACTCARGGARRATTTCTCACACA
TETACCCATCCOCTTCCACCATGAGCCACCGETGATCGEECGOGAACGCTT
CCACAGCAGGCCT CAGCATGEARAAGARCTGCCATGCTCGACCTATGTAC
AGTCCACCGCOCCTACCGCCEARGAGAT COAAGTCCATATGCCTCCCOGAL
ACACCCGACCEARCCCTAATGACACAACAATC TGGEAATGTGARAGATTAC
AGTCARATGEACAGACTETGAGETATAARGTETARCTEGCCETEECTCARATG
AGGGCCTCACCACAACGGATARAGGTGAT CAATAACTGCAARATTGACCAG
TETCACGCGECCETGACCARCCATAAGRACTGGCAGTACARCTCACCCTT
AGTGCCTAGGRACGCTGAGCTGEGAGAT COCARGEEGARAGATACACATTC
CCTTCOCCGTTGGCGAATGTGRACCTGCCGTGTGCCARRAGCGAGRARATCCT
ACCGTARCATATGGCARRRATCAGGTGACCATGTTGCTCTACCOGGATCA
CCCARCTCTGCTGAGCTAT CGGAATATGGEACARAGRAACCCARTTACCACS
AGGARATGGGET TACGCACARGAARGAGETGACCCTTACAGTCCCTACTGAR
GGTCTGEAAGTGACCTGGEECAATARCGAGCCTTATARGTACTGGCCOCCA
GATGAGTACARARCGECACCGOCCATGGACATCCACACGAGATCATTCOTGT
ATTACTACGAACTATATCCCACAATGACTGGCAAGCCTATACCAARCCCR
CTTCTCGGECCTTEATAGCACATGATAATAGEC TGGAGCCTCGETGGOCAT
GCTTCTTECCCCTTEGEECCTCCCCCCAGCCCCTCCTCCCCTTOCTGOACT
CETACCOCCETGETCTTTGAATARAGTCTGAGTGGECGGET
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CHIKV RNA polynucleotide C-E3-E2-6K-E1 (SEQ ID NO: 13)

TCARGCTT TTGEACCC TS TACAGAAGC TAATACGRACT CAC TATASEEAR
ATARGAGRGRRSAGARGAGTARGAAGAARTATAAGRGTCACCATGEAGTT
TATCCCTACGUAGRCGT TCTATAAT CGGRAGGTACCAGTCCAGHCCTTGHGE
o OGO TACAATC CARG TGATAARGARCCACG TCCCAGECCECAGRER
CRARGCCGECCARTTGGC ECARCTCATCAGCECAGTTARCAARGT TGRCCAT
GUGAGCGETTOC TCAGC AGRAGC CGAGHECHGARCCHGARGARTARGAREC
ARCEOCARAMGAARRC AGECECCECAGAACGACCC TRAACAGARGA AR CAR
CCTCOCCAGRASARGCCAGCTCAGARAGARGARGARGCC TGEACGOOETGEA
ARG AT T AT AR TOGARL AT GAT TG CATC TT TGAEE TEALRGUACE
AGGGCARAGTEATGEGGTACHCATGCCTGETGEECGATAAGET CATEAAG
CCAGCACA TG TEGARGGGGACARTCGATART G TGATCTEGEC CARGTTAGT
TTTTAARCGTAGCTCCRAAATACGAT CTTGAGTETGCCCAGATACCTETGC
ACATGARATCTGATICAAGCARGTTCACAC ACHAGRRGCCTURGGGCTAT
TATAARCTEGCATCATGCTECEETTCAGTAC T CGGCEECOEATTTACCAT
TCCTACAGGGECAGEAR AGCUGGERCGATTOGEEEAGACCCATTTTOGACE
AR A O GO T TAGC TATC TG T COGTEEGECTAATGAGOETGCA
COTACTECACTTAGCGTGETTACCTGEART AAGEACAT TETCACAAAGAT
TARCACCGEAGEEAECAGAGEARTEEAGCCTEECACTSCCOETTCTETGOC
TOCTGECCARCACCACTTTCCCATGTAGTCARCCOCCT TGCACT OO TGS
TGCTATOAGAAAGRACC TGAUAGCACHTTACG TATGCTGEARGATAATET
CATGARGECCCEEETACTAT CARCTECTCAAGECTRAGTCTGACATGCTCGC
A AGE A G AGG T ARG AR AGATAAC TTCARCGTT TACARGGCT
ACTAGECCTTATTTGGCOCCACTGTCCOGAT TEOGGREAGEEACATTCTTG
TCATAGSTCCTATTGCCT TEEAGCEAATCCGCARCGAGECCAC T SATEEAR
T AN AT T ARG TATC TT TG CAGAT TGRCAT TAAGACAGATGATTCC
CATGAC TGGACARRGCT TCGETACATGEEACTCACACACEOC TGCAGATEC
TEARAAGEECAGEECTCTTEETCAGEACCTCEECCCCTTGTACARTTACCG
GEARCCATEEECCACTTCATCCTTGCACGCTEO OO TRAGEEEGAGARDECTG
ACGGTGGACTTTAC TGACTCUCGTARGATC TCACACACATETACACACCC
TT T CACCACGRACCTCCAGTCATAGEERGACGAGRGATTTCACTCTOGCC
CACAGCATGGCARRGAGCTGUCATGCTCCACATATETCCASAGCACTGOT
GUTACCGCTGARGAR AT TEAGGTTCACATOCCACCCGATACRCCRAGACTG
TACTCTOATGAC CCARC AGAGCGECAACGTEAAGAT TACOS TARATGEEAC
ARG TEAGATATARGTECARC TETEE TGEC TCCAATGAGGECT TARCHR
ACARRCGOATARGGTOAT TARCAATTACARAATAGAT CAGTGCCATGOOGT
AGTGACCAARTCACARGRAT TUGCAATACARRCT CACCCC TAG THCCGEAGHR
ACECAGARCTRAGECEACAGEARMGEEAARATCCATATACCCTTCCOOCC TR
GoARATOTGACC TGO CGAGTOCCCARGEUCAGARRCCCCACGETTACTTA
COGCARGARRCCAGATGACGATGCTT TTETACC CAGRCCATCCCACOTTGE
TCTCTTATAGARAACATGEEACAGEAGCCTAAC TATCATGAGEAGTEEETG
ACEC AR T CACCCTTACCG TGO C TACCGRARGEGC TTEANGT
CRACCTEGEGCARACARCGAGCCTTACARGTATTGECCACAGATETCCACAR
ACGGARCAGCOCACEGC CACCCGCACGAGATCATACTGTAT TACTATGAG
CTTTATCCCACARTEACTETCGTAATTGETEGAGOGSTTECCAGSCTTOGETGTT
GQeTTTCAATGET TG CACTOCCOTGREAATGTECAT GTETEC TAGRCECC
GCTETATAARCTCCTTATGARC TAAC TCCAGECECCACCESTTCCTTTCOCTS
CTCT CACTAC TG TG T TG TG TECGCACARCAAAGECTECCACCTACTACGR
A CG e TAC T TAT FEAR TGARCAGCAGCCTCTCT TTTGO T TACRGS
CECTEATTCC T TTGC TGO OO TGAT CETGC TATGCARACTGCCTCRAAGCTG
T T T T T TGO ARGACCC TAGCTTTTC T OGCCETGATEGAGTAT G
GGOCACATACAGTGTCCGOCTATGAGCACGTCACCGTTATOCCGARCACCG
e TE TG CCATATARGACET TAGT CAATCGACCCAGITACTCTCOCARATG
GTECTEEARRTEEARCT CCAGAGTETEACACTEERECCARCCTTATCCCT
COATTATATTACCTECGARTACAAGACCOTCATCCCTTCACCCTATETCA
AGTGCTOTGGEACCHCT GARTGC ARRGRCARGRACT TGO TOATTACRGT
TECARGETCTTCACAGG TG TETACCCCTTCATETGEEEEEEREGCTTATTG
T TT TG TeAT GO TEAGRACACCC AR CTEAGOGAGGCTCADE TCGRGARAT
CTGRGTCTTGCARGACCEAGTTTGCCTCRAGCT TACAGGGEOC CACACGHCC
AGCGCATCCGOCARA T TGRGEGTACTCTACCAGEGGTAATARTATCACCET
TGCCECATATGCARRCGEOEATCACECCGTGACTAGT CARGEAT GCCARGT
T T TG TG CCCATG T TAGC SO TTGGACACCGT TOGATAATARGATC
GTCG TG TAC AR AGGEGACE TG TATAATATGGACTACCCACCTTTCOSEGET
CGGCOEACCEEEACAGT TOGEGEATATT CAGAGC CGCACACCCGAATCTRA
AAGATGETTTACGCCAATACTCAGCTOGTCCTGCAGAGGCCCGOOGCTGET
ACARGTTCACGTICCTTACT CACAGEGCACCCTC TGGGTTI TARGTATTGGCT
GARRGARACGAGGTOCCAGC TTGCAGCATACAGOGCCTT TOGGATOCCAGRE
TTGCCACTARACCCOGTACGGEGCTGTCAACTGOGOGETCGECAATATTCCC
ATTAGCATTGATATCCCGGACGCAGCTTTCACCAGGGT TGTGEACGCCCC
GAGCGTCACCGACATGAGT TGTGAGGTGCCAGOC TGCACGCATAGCAGTG
ATTTOGGCOGOGTOGCCATCATT AAATATACOGC ARGC ARNGAMNGGCANG
TG oG CCGTCCAC TOGATGACTARCGCOGTCATAATT COGGEAMGCCGATGT
TEAGET CEAAGFCARCT OO CAGC TGCAGAT CAGCTTCTCTACTRCTCTTG
CAAGCGECCGAST TTCGAGT CCAGGTCTOCAGTACGCAGGTGCATTGTGCR
GO ToOCC TECCATCCACC CAAAGATCATATTGTGAAT TATCCGEOGTCACA
TACCACACTGREGGTOCAGGATATTAGTACAADGGC GATETCCTGRRETGT
AGARAATTACGGAAGGAGTGUGCTTAATTGTTGC CATGRRCGGCCCTEATC
CTGATCGTTGTGCTGTGTGTTAGC T TCTCTAGEGCAT TGATAATAGEC TGS
AGCCTCGETGECCATGCTTCTTGOCCCTTGRECC TCOCCOCAGOCOCTOC
T T TCC T GO ACC O TACCCCOG TG TCTT TEAATAAAGTC TGAGTGS
GCGGT
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Aspects of the disclosure relate to nucleic acid vaccines. The vaccines include one or
oot more RNA polynucleotides having an open reading frame encoding one or more

Chikungunya antigen(s), one or more Zika virus antigens, and one or more Dengue
antigens. Methods for preparing and using such vaccines are also described.

i
oz
-
o2

1. A method of inducing an immune response in a subject, the method comprising
administering to the subject a Chikungunya virus (CHIKV) vaccine, comprising a
ribonucleic_acid (RNA) polynucleotide having an open reading frame encoding a
CHIKV antigenic polypeptide comprising CHIKV E2 protein formulated in a lipid
nanoparticle, in an amount effective to produce an antigen—specific immune
response in the subject, wherein the lipid nanoparticle comprises a cationic lipid, a

non-cationic lipid, a sterol, and a PEG-modified lipid.

2. The method of claim 1, wherein the antigen specific immune response comprises
a T cell response or a B cell response.

6. The method of claim 1, wherein an anti-CHIKV antigenic polypeptide antibody titer
produced in the subject is increased by at least 1 log relative to a control.

7. The method of claim 1, wherein the anti—CHIKV antigenic polypeptide antibody titer
produced in the subject is increased at least 2 times relative to a control.

9. The method of claim 1, wherein the CHIKV antigenic polypeptide further comprises
a CHIKV structural protein selected from a CHIKV E1, E3, 6K, and capsid (C) protein.

Am

of L&

(HI'DIOI 7H9_>
= L2 X[ZFLOF HO[HA0 EHS_ HY HISE REY + QUs, HIOA SEY SEEE0IEE
Ercle}

USsiols RNA B2rSRIREIES Haole AFULIIRILNPIR A HAo) 2t 7o) 243!
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. E Eo-l RNA HHA
FEUREIEE

Ao Akgot7| el CHIKV E1, E2, E1-E2, C-E3-E2-6K-E1 RNA =2

QITEol=H M8E 4 QU= MAEY MB(1-13)2 HMAISHL 2l

CHIKV E2 RNA polynucleotides
ChiK.secE2 HS3UPCRfree (CHIKV secreted E2 antigen, SEQ ID NO: 5)

ChikK. secE2
HS3IUPCREree
{CHT KW
secreted E2
antigen) :

ATOGACACCCCAGCTCAGC TTCTETTTC TTCTCCTTCTATGEC TGCCTEA =
CACGACTGGACAT CACCACCATCATCATAGTACALARGACAATTTCAATG
TOTACARAGSGCCACCCOCCC TTAT T TAGCACAC TETCCAGAT TECGETSAG
GEECACTCCTETCAC TCTCCTATCGOC T TGEAGCGEEATCCEEGARAATGAGET
GACCGATGGAACACTGAARATCCACGSTAASCT TECAGAT TGGCATCARMGR
CTGRACGATAGCCATGAT TGEACCARACTACEETATATEEATAGCCATACH
COTGCOGATECTGAACGEOOCGETCTGC TTETGAGAACTAGCESCTCOCATS
CACCATCACGGOGACAATGGCGACATTTTATCC TEGGC TAGATGC CCAAMGS
GOGAAACCCTCOACCGTCGGAT TCACCGRACTCARAGGARLATTTCTCACACH
TGTACCCATCCCTTCCACCATGAGCCACCGETGATCGEEGCGCGARCGCTT
CoACAGCAGECCTCAGCATGEAARAGAACTEC CATGCTCEACCTATGTAC
ACGTCCACCGOCGOC TACCGCOGARGAGATCGAAGTGCATATGCCTCCCGAC
ACACCCGACCGARACCCTAATGACACAACAATC TGGGAATGTGAAGAT TAC
ACTCAATCGCGACAGAC TG TGACCTATAACTCGTAACTECEETGEGCTCAAATG
AGCGCC TCACCACARCGGATARGCTGATCAATAACTGCARAAT TGRCCRG
TGTCACGCGECCGTGRCCAALCCATRAAGR ACTGECAGTACALCTCACCCTT
ACTGSCC TAGCAACSC TEAGCCTCOGACGATCCCAAGGEGARGATACACATTC
CCTTCCCGTTIGGCGAATGTGACCTGCCGTG TGCCARRAAGCGAGARATCCT
ACCSTAARCATATGECARAARAT CACCTGACCATGTTEGCTC TACCCGGATCR
CCCARCTCTGCTGAGC TATCGGAATATGGGACAMGAACCCARTTACCACS
ACGCGAATGCCT TACSCACARGAARCGACGCTGACCC T TACACTCCCTACTGAR
GoTCTEGAAGSTCGACC TEGGGOCAATARACCGAGCC TTATARG TACTGECCCCA
GATGAGTACAAACGGCACCGCCCATGGACATCCACACGAGATCATTCTGT
ATTACTACGAACTATATCCCACAATGACTCGGCARMGCCTATACCARRCCCR
CTITCTCGGCCTTIGATAGCACATGATAATAGGC TGGAGCCTCGETGGCCAT
CCTTCTTECCCOCTTCOOCCTCCCOCCCACCCCCTCCTCCCCOTTOCTOCACC
COTACCCOCOGTEETCTTTGAATARARAGTC TEAG TEREECEET

CHIKV RNA polynucleotide C-E3-E2-6K-E1 (SEQ ID NO: 13)

CHIKV C-E3-
Ez-skK-E1L

TOARGO T T TTEEATC OT O TACAGAAGT TRAAT ACGRCT CAG THA T RSEEAR
AT PR T ASG AR CGARAT AT ARGA ST CATCATEEAETT
TATCCOC TACGCAGRCGT TO TATAAT OGGHAGGTAC CR GO CCAGHCC T TGOS
OO OGO OO TACAARA TS CAAS TEAT AR AC CACES TC OO ASE OO GO AES RS R

LA T T A T O T T T s T B A C A C G
ACGGGCARAGT GA TEEGE TACGECATHECC TGO TGEECAAT ARGE T CATGRARG
CORGCACATE TEARSGEEACART OSATART SC TEAT CTEEC CRARSCTRAST
TT T AAACG T ACGC TC CAAA TACGAT CTTGAS TS TGO CCAGATACC TG TSSO
R A TGRSR R T TG A TG OB PG A R G T T A A P A A PG O O T GRGIEE C TET
TATAAC TEECAT CATEETESOSCGT TOASTAC TCOOSGC GECOEAT TTAC CAT
T T AT A GG T A AS A C GG U SAT TOGSEEAS AT CCAT T T T OGEAC S
ACRER AGGOCGOETEE TAGO TATC GTGOT COG T GGG O T AR T GRGEET GO R
COTACTGCAC T TAGCGT GETTAC CTGEART ARGEAC AT TET CRCHRARGAT
TACARCCOGERGEEASCAGREGAART SEASCCTSESCACT SCCOSTTCTETECC
TOCTGECCARCACCACT TTOCCATGTAG TCARCCCCOCT TGOCAC TOOC TGO
TGO TATHEAGRARAAGAGCC TEAGAGCACET TACG TA TG CT GEARGEAT AR TSGT
CATGASGCCCEESETACT AT CARC TEC TOARSESCTAG TC TEACATESCT OGC
O A A A OO A GO T CCACG AR AGA TARC T TOCARCOETT TACARGOECT
ACTAGECCTTAT TTSGC CCAC TG TCCOSAT TEOSGAGRASEEACATTC TTG
TOATASTCCOTAT TECCT TEGAGT GAATC COCARCGRAGESCCACT G TGEAR.
T T A s T T O AN T A T O T T TG CASAT TGS CAT TAAGACAGATGAT TCC
CATGRAC TEGRACARRG CT TOGGE TACA TGRS TCACAC ACGOC TG CRAGA TGO
ToARAEGECAGEECTCT TEESTOCAGEACC TOGECCCC TTSTACRRTTACCS
CoRCCATSGECCACT TCATCCTT SCACSCTESCCC TARSESESEGASARCSCTS
ACGGTEOGGCT TTACTGACT OGCO TAAGA TCTCACAC ACATGE TACRCACCC
T T R I T R SRR T RS T P TR S P FuGE FuE G A T T T A T TS O o
ARG A T G ARG ARG C TGO CA TGO T CACATATS TOCASASCACTECT
COCTACCOCTGARCGAM LT TCEACET TCACATCCCACCOCGATACACCAGRCCG

G TGAC CART CACRAGREAT TGGC AR TAC AR CT CRCC OO TG T OO GaR GIoi Ry
OGO AER AT T AEGCERAC ACSEARRMESEEARRARTCCATA TACCCTTCCCC CT R
CCAR ATOGTGACC TEC OGRS TOCC TR ASGCCRACGARARCOCCRCOOTTACTTA
COGCARGARCCAGHET GRACEATCS TT TG TACCCAGR CCATCCCRACCT TGO
T T T TR T PG R R AT R T GRS A RGHER UGS O TR TR T C AT GRS G RE TEGE T G
AT R ACARMGER RAGAAGST CACCCT TACOS TEOC TACT GRASEGC TTEARSET
CACCTEGGGC AR CAACGAGCCTTACAAG TAT TGECC ACAGEA TG T CCACAR
ACGGAACAGC CCOACG GO CACCCGCACGAGATCATAC TGTAT TACTATEAG
T T TATCCCACAATEAC TETCGT ARATTE TEASCSTTSCCRASCTTOSTSTT
BOTTTCARTGETT BOTGOOG BT ST TSTETGCT <
ECTGTATAA{:T‘{:CTTATMTMCTCCAEG:GECAWCCT'r'rr:l:'rG
CTCTCACTACTESTET TETE THE O G R C AR C R A RESE O T GO C R CT RO TR SR
A T S T AC T T AT AR T AR CACSCAGCCTCTCT TTTOOT T ACHSS
CGCTGEAT TCC T TTSCT GC OO TGAT OGTGC TATGOARAC TGO CTCRAGS COTG
CTGCCC TETTGT TEOCARGACOCT AGOTT TT O TG00 GTERATGERGOAT CEG
CoCACATACASTGTC O CC TATGASCACGTCACCGT TATCOCCSARCACCTG
TCGGTETOCCATATAMRGACOGT TAGT CARTCGACCCOCOGGC TACTCTCCARTG

BOTOOTG COQOTGRATGO MRS AR TOOCCOCTOATTACEST
TOCARGEGTCT TCACAGG TE TS TACC CCOT TCATGTGGOEEEEAGCT TATTG
CT T T TETEAT GO TEAGE ST A OO Sa O T ACE T G ER A n T

TGRS CE RS
CTGAGTCTTGCAAGARCCGERSETTT GOCTOAGOT TACAGRSGCCCACROGECCT
AGCECAT COGOCAARLT TEAGESGET ACTCTACCAGSGET AR TAATATCAC CET
TGCCGCATATGCARACGGOCEATC ACGCCGTGACTGT CAAGEAT GOCANGT
TOGT TG TGGECC CCATG TC TAGOGC TTEGACACCGT TOGAT AR TARAGATC
T O TG TACARAGEOEACETETATAATATGGACTACCCADC TT TOREGEC
CoOGCOERACOCGEEACAGT TCGGGEAT AT T CAGARGCCOCACAC CCOAATCT A
ARGATGET T TACG COAAT ACTCAGC T OGTOC TGCAGAGGCCOCGC OGO TGE T
ACAGT T CACG T T OO T TAC T CACAGECACCC TCTEGSTT TAAGT AT TSGECT

ATTTOGOGCGOGOSG TOGOCAT CAT T AN TA T ACCGO ARG ASCG ARG RN G
TGOGOOGT OCAC TOGAT GAC TAACGOOG TCACAAT TOGGGAAG CCEATGT
T AT CGARGE CAACT OO CAGC TG CASAT CAGCTTOCT CTACTGCTCOTTG
cmccmrrrcmccmcrcmmacccmcn.'r'rmcn
TOCCAT COACO CARAAGA TCATATT GTEAAT TATCCGGOGTC
TACC.FL(‘ACTMTCCMTHTTMTACMMGCGAWCCTGOGTGC
FGRR AR T T ACGGEARGGAGTGGGC TTAAT TG TTGOC COTGROSEC CCTGEAT C
CTGATCGT TETCGCTA TG TET TAGCT TOCTCT AGOSCAT TGATAAT AGEC TG
AT TOGG TG EC CATGC TTCT TEOC OO T TGEEOCTC COCRAGCCOCTCOC
TCCOCCT TCCTGOCACCCGTACCCOOGTGATCTT TGAATAARMIG TC TGAG TGS
GOCGGT
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20234 ME ZEY WA ReD X S0l M2 24 - XIZFLI0F HHOIHA(Chikungunya virus) -
1 Z2 2R IO Alis
2SS | KR 10-2023-0005191 A (2023.01.09) e
=L . a ) : -
=)
Eahill 10-2022-7037630 (2021.03.26) (Ei‘;*) INSTITUT PASTEUR(FR)
AN =0 E&7I
SHE = )RR -
2| 0 if=IEl==s KR us EP JP CN
=t = (PSR | s | AME | B | BB | B
SEL A s 125
oot 2 YFL2, Z0| U= M HolZHA A=(DVG), DVGE Egioh= 20| QU= 7Hd 2R & 1 4y
T | e g0 Est ol
1. Z8l0] QU= 7HY HIO[2A As(DVE)S WSk YHO=A,
=2 4% UEEMONZ 71E ZEd Blo[RA ZEE M & X XRHE Zefoks Mo 3719
SH AU ME HEE2| M1 MEE MSoks HA|
=2 2% USE(MONZ 7I1E ZFd BIo[2A0 2 M 2 IH XXHE Zeloks U= 3749
SH| AU ME BiF=S M2 MES MSoks BHA
7| SR AR M HHIE0| K1 R KR MES SXH0| L 2 S10Af X0i= 53] A HifSh=
=
S71 A =X MZE B2l M1 H M2 MES| HiX|=RE =42 DVG 28 +&otk= HA!
A7 == DVG 2EE &5 AEYol= HA;
7] 249 DVG FH2LE DVGE NMESk= TALE Hé&lkok=s Wi
3. Mg = M2l UMM,
=29 DVG 2228 DVGE MHok= EAE=:
DVG 229 MES 7|Z dEd HI0[2A9] =9 MEL Hluok= EA|
ZH EE= MEER! M= SHte] AS2H01Y 0IfIE(splicing event)E E&oh= 7is2 2= H0E
otte] DVG 2E2E =Rk H;
FoETe AEEE DVG 2E Azol HE S0 Hoix ofte] AZ2H0|Y OMIES = Ass H= Hok

otte] DVG 29| ot =S Z2%ok= AL &

MO0 ofte] DVGE MHfot= THAHZA,

a) M0 oo AZ2H0lY OIEE H2 MOIQ| BIYSOIMEL &2 MOI2| BHIYZ0IM T S0t
S/E=

b) MU= otte] AZ201d OfIEE= MOE 2, 3, 4, 5, 6, 7, 8 = 971 MZ CIE MEROIM
LEHL: S/

c) HOi SHte] AZ201 OMIE= HOT b, 10, 15 E= 2039 Al 201, MU= 12, 24 E=
36719l =X FHlg & MO JHoA =RIED; S/E=

d) 0= SiLe] AZ2t01d OMIEE Z4 OMIEO| Y 1 ZH9| R3QE|E F7|= MO 40, 42,
50, 100, 150, 200, 400, 600 E= 1000712 F22QE|=0]1; W/E=

e) DVGY RF 2|3 ZY0| RAIEL H/E=

f) HOI2A SH0| Bt 72X iRl I 752 DVGOIM |XI=L; H/E=

g DVGE 7IE H&d Hio[AL Xt =X 52 HaA7|E Xk SiLtel SAH0IS 2ok,
DVGE MHiok= TA!

g
g =3P, 9y
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m. el Sol S

13. N #3: 1 (DG1 - EV71 DVG 293-390), A& ¥&: 2 (DG2 - : EV71 DVG 294-404), NE
#5: 3 (DG3 : EV71 DVG 1746-2895), .... [B=] ... MG ¥i&! 34 (CHIKV DVG-IV1), MY
5. 35 (CHIKV _DVG-IV2), M H&: 36 (CHIKV DVG-IV3), ME 5. 37 (CHIKV
DVG-I1V4), ME HS: 38 (CHIKV DVG-IH1), Mg HS: 39 (CHIKV DVG-IU1T), ME HS: 40
(CHIKV DVG-CV1), MY ES: 41 (CHIKV DVG-CV2), MY H#HS: 42 (CHIKV DVG-CV3), A&
5. 43 (CHIKV_DVG-CV4), ME 5. 44 (CHIKV DVG-CH1), ME #5: 45 (CHIKV
DVG-CH2), MY #3: 46 (CHIKV DVG-CH3), M #S: 47 (CHIKV DVG-CM1), NE H3S:
48 (CHIKV DVG-CU1), AME #S: 49 (CHIKV DVG-CU2), & 5. 50 (CHIKV DVG-CA1),
MY HS: 51 (CHIKV DVG-CA2), M H5: 52 (CHIKV DVG-CA3), M& H5: 53 (CHIKV

DVG-CA4), ME H&: 55 (RV DVG A01a-TIP-01) ... [BE]] ... AIE #S: 112 (SARS-CoV-2
DVG_2) & MY #S: 113 (SARS-CoV-2 DVG_3)Z 0|20X|= HZO2EH MEiL= F22|QF|
S Mg, T OBt M 2 St HOIE 70% SUA, O HitElspl= SOIE 80% SUA: o

BRIZIoPYs MOIE 90% S4, O BIAaPE MOlE 91% S24, O BiXsPE Hole
92% SU4, O HIZXoPYE SOIT 93% S, O HRHKIspY= HolE 94% S, O Hipx|
SPl= ZOIE 95% S, Cf HI2Elopl HOIT 96% S, Cf BRIEOPY= HOIE 97% S,
Cf HIRISGP= SOIT 98% SK, T O HR{Klspl= HOlE 09% SANS IR HEQEE
MNES malshiLt T 02 020Xl DVG,

38. M[122h = M1320 M2 MOi= ofLte] DVG, H 2fetHO= 5i27tstt FHIE Eelols, ofetA,
DOI9IN E= XX XM
40. M38Y L= M39YY| ME Zd=S ZEeohs il

2 S5l 7 HEM0| HE0| 2 o+ ATHME OpdlY HIO[ZHA LA ZHGHHLE 0|1 Yalldk=
ZA80] U= HIO|HA H=(DVG;  defective interfering viral genome) S2E A5 MAGH=
B0 2t Y

* RNA Al=2 7HK[D Q= HIORIAE &2 RRES Ze SREAE 7K US. 00 M2, SH| 2+ge|
Zitz My Ho2A As E= $—E— SAHOPL U= s o= 20| U= 2is (defective
genome)S MM ZE0| QU= /s FICEE, FH, MY, 24, 2X0|3 E= MHEE A=

o
I:I|0

é

L= &
o o

(=)

il

| —
2 7HI]8(copyback)/AHE(snapback)g ZEl5h= |
DVGE 7l E= =0l ofsl QIFFE 7152 LRIt BE51| TR0, T B[220 ol 2iSsts

EISFES 018007| P HEE 1o 24 MORIA 71 85 UHAPIOl . O TR} DV
2IAAS ST ORE BIOI2IASL ZUoI0] ZA| HIOIZAS| oS £2i8 4 YIS, TF, B2 DVGE
282 9 aa S DEON 2R P XS HAES TR US

x5 3t
+ PCR B2(3lLt = FIHO| DVGRIS Aetol 71 1Lt 71 B3t DVGE Maig)a 22 nxxel
_<'>_ VGL opucg Hf |H{AS} ZAREE £ Q= 20| =m0y

=
ML- O™ —
E.

|_

E
HI
OH
_>[1_
rlo
Z
odk
2
IIH

HIAS E5) HIO|HA TN RE 7RSS DVGE AlMsID.
2) ;mE §M% 5H A|$q/\ [1|o EI22E FHE A7 FItemporal frequencies)E ARSI

s |
2K YRR TP B Mol DVGE OIFE, Ol2i3t SaiE BIWAS S5 A
-

HTJ

=

O
= =

3 BIOJRIADY CiSt 49| $2 S22 MAHOD, 1 5 AL 90%7} 0P
3

Rl ZH BIOJZIA AS(DVG)S AASHs w0l thsh A7ska i,

=02 UFY HI0|2A0 P M R 1M XXNE Eefoks SH AR M2
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M - XI27LI0F HFOIZA(Chikungunya virus) -

- 22 MOIE 7|2C= Zgd HIO[HAN ABE M 3 1A XXHE Lok SH| A2 M
HIZY=C| M2 MEE HMiSot= HA|

- A1 3 A2 MEE S¢HO| | = 5f01|*1 53| A|tH Hisk= HA;

- M1 R M2 MEQ HIXZRH =40 DVG 2E SEok= HA|;

— AI—7| AIIE| DVG DEE AIX A|i)é|8|._ ['7:”

- M7| 59| DVG SH=2H DVGE MEick= HA|
E5{9| MA0fof =M DVGE HIO|HAZE &2 MOI(Multiplicity of Infection; 48 UEL)2

71|EH5|i 20| M, =2 MOl E= SAHO| L £ i(versus) F2 MOl ZZH0IM O &2

Blc= 9rlolh= DVGIt ORI HIO|ARL At V50| O =2

= 50{9 F7E 132 ME HS 1~1132=% 0|F0X|= 0 M= F22REE ME E= 0[2F

70% 0142 M=88 e R2UREIE MES ZalotiLt E= 0|2 0|R0X= DVGE ¥+otl /U
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SEQ ID No: 34

<210> 34
<211> 9163
<212> DNA
<213> Artificial Sequence

<220><223> Synthetic sequence

<400> 34

atggetgegt gagacacacg tageetacea gittettact getetaetet

agattaataa cccatcatgg atcctgigia cglggacata gacgetgaca

gaaggcectg caacglgegt acccealgtl tgagst

tgaccatget aatgetagag egttetcgea tetagetata asactaatag

tgacccegac tcaaccatec tggatatcgg cagtgcgeca geasgEagea

caggaagtac cactgegtet geccgatgeg cagtgeggaa gatcccgaga
ttatgegaga aagetageat cigocgeagg aaaagtcctg gacagaaaca
gatcggggac

ttacgagett ggteectate ctegasacag cggggataaa

aggcagtggt ctcagataat caagectic aaagaagaca aageatactc
gecctgaatg asatatgtac gegeatgtal gggglggate tagacagegs
aaaccgttge tgtctgtgta ttacgegeat aaccactgge ataataggec
atgttcggat [taacccega ggeageatee atictagaaa gaaagtatce
gegaagigea acatcaacaa geagatctge gigactacca ggageataga
cctaccacca acatcatace ggecaacagg agactaccac acteattagt

cgeccagtaa aageggasag aatgeaatge ctggttaaca agatasacgg

ctectggtca grggetataa cettgeactg cctactaaga gagicactig
ttaggtgtee gtggagegga ctacacatac aacctagagt tgegtctgec

gEtaggtatg acctagtggt eataaacate cacacacett ttegeataca

cagtgegteg accacgcaal gasactgcaa atgeleggeg gigacteatt

aaaccgggcg gotcictatt gatcagagea tatggtiacg cagatagaac

gleatctgeg tattgggacg caagtttaga tegictagag cgligaaace

accageaaca ctgagatgtt tttcetattc ageaactttg acaatggcag

acaactcatg tcatgaacaa teaactgaat geagecticg taggacaggt

tgtgeac cgtegtaceg mgt

atggacat cg

gtagtcaacg cogetaacce tegogggtta cegggtgacg grgtttgeaa

aasaaatgge cggagtcelt taagaacagl geaacaccag (g2gaaccge

atgtgcggta cgtatccagt aatccacget gtiggaccaa acttctetaa

tctgaagege accgggaatt ggcagetgec tatcgagasg tcgeasagga

ctgggagtaa atagigtage tatacctcte ctetceacag gtatatacte

geggtatact caggtacga agigcagegt atalcagtig igglaatgtc catggecacc
tttgeanget ccagatecaa cttcgagasg Ceagaggac ccgteataac trtgtacgge
getcetaaat aggtacgeac tacagetace tatitigeag asgeegacag caagtatcta
aacactaatc agetacaatg gagticatcc caacccaaac ttittacaat aggaggtacc
agectegace ctggactceg cgecctacta tocaagtcat caggeccaga cegegeecte
agaggeaage tgggcaactt geccagetga tetcagcagt taatadactg acastgegeg
cgglacccea acagaageca cgeaggaalc ggaagaataa gaageaaaag caasaacaac
geaaageaag 60
seseetiitt 120 asacaacaca aatcasaaga t ccggeteana
teacace: 180 agaaaaagaa gecgggccec agagagagea tgtgcatgaa aatcgaaaat gattgtattt
ageaggasat 240 tegaagtcaa geacgaaggt aaggtaacag gLtacgcgtg cctggtgdgg gacaaagaa
tgatgtegga 300 tgaaaccage acacgtaasg Egeaccatcg ataacgegga cotggccasa ctggecttta
gactcgeeaa 360 ageggteate tasgtatgac ciigaatgeg cgeagatace cgtgeacatg aagtcegacg
tetetggaaa 420 clicgaagti cacccaigag asaccggage geglactacaa ciggeaccac ggagcagiac
actasatgat 480
agtactcage aggccggtic accatcecta caggigelge caaaccageg gacagegeca
accigaagta 540
gaccgatctt teeccatagt
getattttet 600
gageccgtac agecctcteg gtggigacct ggaataaaga cattgtcact aaaatcacee
tegagegaaa 660
ccgaggegec cgaagagtes agicttgeca teccagttat stgcctettg geasacacca
atteacaaaa 720
cgttccccty cteccageee cottgeacge cotgetgeta cgaaaaggaa ccggageaaa
agact ttaac 780
cectacgeat gettgaggac ascgteatga gacctggata ctatcagetg ctacasgeat
geccgaacac 840
ccttaacatg tictecccac cgecagegac geageaccaa ggacaacttc aatgictata
ccaceacgtg 900
aagecacasg accatactta gotcactgte cogactgtgg sgasggacac tegtgecata
ggtagegees 960 gtocegtage J—
cancge 9
ageaacgett 1020 tctectigea aatcggaata aagacggatg acagecacga ttggaccaag cigegttata
ceattaceaa 1080 catgecagea atttgtaaga
gagactgete 1140 cgtgtacgat tactggaaca atgggacact tcatcctgge ccgatgicca aaaggggaaa
cagtgaacga 1200 ctctgacggt gegattcact gacagtaggs agattagtea cteatgtacg eacecattte
accatgtgte 1260 accacgacce tectgtgata ggicgggaas aattccatic cogaccgcag cacggtaaag
asggaatiic 1320 agetacettg eageacgtac gtgeagages t atagaggtac
cacecgagea 1380 Zategeacat acagtecgge
t " 1440 tcacagtcaa tggccagacg gtecgetaca agigtaatie cggtggctca aatgaaggac
tascasetac agaeasaglg attaataact geasggtiga teastgteat gecgeggtea
gecagtatac 1500 “ we geansgtie £ R
- ccaatcacaa aaagtegeag tataactece ctctggiece gegtaatget gaacttgeeg
anaaacagtt 1560
accgasangg assaatteac atecegttic cgetggeasa tgtaacatge agggtgecta
ttaticegag 1620
aageaaggaa ceccaccgte acgtacgega anaaccaagt catcatgeta cigtatcctg
agtaactage 1680
accaccease aetectgtec taccggasts tgggagasga accaaactal casgasgagt
aggagegasa 1710

4740
4800
4860
4920
4980

5040

5100

6000

6060
6120
6180
6240
6300
6360

6420

6480

6600

6660
6720

6780

73



gacaggetga cccagteact gaaccaccte titacageea
gtgeteatet actgeegega canagaatgg gagaagaaaa

cggacccaag tagagetgct geatgageac atctecatag

actcgac
tatctgagee

actgegatat

geagettgge
teatatctag aagggacceg tittcatcag acggetgtgg
atgtggecaa ageaaacaga geceaatgag caagictgee

attgaatcga tcaggcagaa atgeccggtg gatgatgeag

actgteccgt gocttigeeg ttacgotatg actccagaac
aaccacgtca caageataat tgtgtgttct tegtitccec
g2aggcaaa aagtcaaatg ctotaaggta atgctatttg
gtangtccaa gagaatatag atcttcecag gagtetgeac
teactgacge atagteaatt cgacctasge gitgatggeg

gacctggatg clgacgecce ageceiagaa coageacta

atatggegga
tatatgeeet

acgeateate

gegteaceeg
tcccasagta
accacaacgt
aggagzceag

agatactgee

ggatgeagac
catacagatg
tgttegegte
cgeactgtac
gatacatact

gegggaangt

teceeccaan

gcttegeatg
caaaatagaa
gecatcgege
tacaatcacg

cgteecgtea

ctgecatcea caaccggaaa cotigeggec grgtetgatt

gtegegecge ceagaagang gCgagggaga aacctgactg
gEgaatataa cacccatgge tagegtecga ttetttagag
caagaaacag cggagacgeg tgacacagea atgtetette

acggaaccga atcatecgee gatcteette geageatcaa

act tcaacgaagg agaaatcgaa agetigtctt

gacttcttac

tgacatgtga

cagagetgty
aggcaccace
gegagacgtt

ctgagetact

caccgtacct

cgagagagaa
teeggtegta
gagtaccgee
ccceat taca

aactttcega

geatgacttg

cgacg agttatgact agacagggea ggtgggtata

ccaggtcatt tacaacagaa gtcagtacge cagteagtge

gaagtecacg aggagasgtg ttacccacct aagetggatg
cttaagaaac tecaggagag tgcatceatg gecaacagaa
gtagaasaca tgaaageage aatcatccag agact azaga
atgteagaga ccccaaaagt coctacttac cggactacat
cctecgatea acgteegatt gtecaatcec gagtecgeag

ttagctagaa actatccaac tgtetcatca taccasatta

ctagacatgg tggacggetc geagagtige ctggaccgag

cteaggaget accegaaaca geacgettac cacgegecet

teeccattee

actggteeac

tattetegte

tgecggtgaa
angeaaagga
geagetatea
gaggctatag

atceggcgee

cageatg

ccgacgagta

cgacattcaa

ccatcagaag

acagaatgta
gteacacaga tgagggaatt acceactttg gactcageag
aaaasattcg catgcaacca agaatactgg gaagaatttg
acaactgaga atttageaac ctatgttact asactaaaag

ttegeaaaaa cccataatct actgecacta caggaagtac

gatatgaaaa gggacgtasa ggtgactcet getacaaage
gtgcaggtta tacaggcgge tgaacccttg gegacageat
gagetgetia ggagectgaa cgecgtecte ctacceaatg
tetgecgag atttegatge catcatagee geacacttta
gaaacggaca tagecteett tgataagage caagatgatt
atgetgtiag aggattiagg getggatcac tecctgetgg

ggagagattt ccagetgtea ectaccgaca getacgeget

aaatcaggta tgttectaac tetgttegte aacacattgt
cgagtgetgg aagatcgtet gacaaaatce gegtgegegg
ataatacatg gagtcgtete cgatgaattg atgecageca

atggasgtga agatcataga tgeagttgta tectigagag

ggacaccegt

caccetggag
geaactatta
gtegegeaaa
actatactta
tgtgtacteg
caatgagtte

tgatgeatat

teegtcanaa
cgetgtaceg

aaact geaac

tattcaacgt ggagtettte

ctgecageee

ggccaaaage

tattaggata

ageagegeta

caatggatag gttcacagta

atacagagga

aagacctaag

acctatgtgg gattcacaga

tacatacact

agecaggaga

cacttgeget

atttgacatg
cactgtttig

tactgetttg

acttgataga gectgettte

tcaagttegg

tazacatcac
cctteategg
gatgtgecac

cecettactt

cgecatgatg

categeeage
cgacgacaac
ttggatgaac

tlgtegagee

tttatactge acgatactgt gettgeagag
ctttttasac tgggeaaace getageggea getgacgaae

gegetggetg acgaagtgat cagatggeaa cgaacaggge

tggeagal

angatgaaga

tagaagacga

taattgatga getggagaaa

3480

3540

3600

gegtgaigea taagaaggan gieglgetaa ceglgecgac tgaagegctc gaggteacgt

geggcaacaa cgagecglal aagiatigge cgeagtiate tacasacggt acageccatg
gecacecgea cgagataati cigtattatt atgageigta ceccactatg acigtagiag
ttgtgteagt pgecacgtic atactceigt cgalpgigeg tatggeageg gegatgigea
tgtgtgeacg acgcagatge atcacaccgt atgaactgac accaggaget accgtoectt

tectgettag cctaatatge tgeatcagaa cagetaaage ggecacatac caagaggetg
cgatatacct gtggaacgag cageaacctt tgttttgget acaageectt attcogetgg
cageeetgat tgttctatge aactgiciga gactettace atgetgeigt aaaacgtigg
ctttittage cgtaatgagc glcggtgcce acactgtgag cgogtacgaa cacgtaacag
tgatcccgaa cacggtggga gtaccgtata agactctagt caatagacct ggctacagee
ccatggtatt ggagatggaa ctactgtcag tcactttgga gecaacacta tegettgatt
acatcacgtg cgagiacaaa accgtcatec cgiciecgta cgtgaagige tgeggtacag
cagagtgcaa ggacaaaaac ctacctgact acagetgtaa ggtcttcace ggegtetace

catttatgty gggeggcgec tactgettet gegacgetga asacacgeag ttgagegaag

cacacgtgga gaagiccgaa teatgeaaaa cagaattige atcagealac agggctcata
ccgeatctge atcagetaag ctccgegtcc titaccaagg aaataacatc actgtaactg

cctatgeaaa cggegaceat gecgtcacag ttaaggacge caaatteatt g

tgtetteage ctggacacet ticgacaaca aaatigtggt gtacasaggt gacgtctata
acatggacta cccgeccttt ggcgeaggaa gaccaggaca atttggegat atccaaagte
gcacacctga gagtaaagac gictatgcta atacacaact ggtactgcag agaccgectg

tgEgtacggt acacgtgeca tactctcagg caccatctgg ctttaagtat tggctaaaag

gtegetgeag catttggetg ccanatagea acaaacccge

taagagcggt gaactgcgec glagggaaca tgeccatete catcgacata coggaagceg
ccttcactag ggtegtcgac gogecctctt taacggacat gtegtgegag graccagect
geacceatte cteagacttl gegggcgteg ceatlattaa atatgeagee agcaagaaag
gcaagtgtge ggtgcaticg atgactaacg ccgtcactat tcgggaaget gagatagaag
ttgaagggaa ttcteagetg caaatctctt tetcgacgge cttageeage gecgaattee

gegtacaagt ctgttctaca caagtacact gtgcagecga gtgecaccee cogasggace

acatagtcaa ctacccggeg tcacatacea cccteoggggt ccaggacate tocgetacgg
cgatgtcatg pgtgcagasg atcacgggag gtEtgggact ggttgttget gttgecgeac
tgattetaat cgtggtgeta tgegtgtegt teageageca ctaacttgac aattaagtat
gaaggtatat gtgtccceta agagacacac tgtacatage asataatcta tagatcaaag
ggctacgeaa cccctgaata gtaacaaaat ataaaatcac taaaaattat aasaacagaa
aaatacataa ataggtatac gtgtccccta agagacacat tgtatgtagg tgataagtat

agatcaange gecgaatasc ccctgaatag taacasaata tganaatcaa tasanatcat

aanatagasa aaccalanac agasgtaglt caaagggeta taaaaccect gaatagtaac
aaaacataaa attaataaaa atcaaatgaa taccataatt ggcaaacgga agagatgtag
gtacttaage ttcctasaag cagecgaact cactiigaga agiaggcata geataccgaa
cicttecacg attctecgaa cocacaggga cgtaggagal gitattilgt ttttaatatt

t asa

7320
7380
7440
7500
7560

7620

7680

7740

7800

7860

7920
7980

8040
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8640
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Methods and compositions for pseudoinfectious alphaviruses
SARHFEHZIRY
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A JlERR 1.1.2-b

The present invention provides pseudoinfectious alphavirus particles and methods of making
them and using them to produce an immune response to an alphavirus in a subject.
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1. A pseudoinfectious alphavirus genome encoding: a) alphavirus nonstructural proteins
nsP1-4
b) alphavirus structural proteins E2 and E1, and
¢) a Venezuelan equine encephalitis virus (VEEV) capsid protein comprising the amino

acid sequence of SEQ ID NO:2 in which two or more amino acids are substituted,
resulting in a phenotype of diminished or eliminated packaging of viral genetic
material into an alphavirus particle comprising said alphavirus capsid protein, and
wherein the amino acid substitutions change two or more positively charged amino
acids selected from R16; R23; R24: R29; Rb3; R54; K64, K6b; K67, K68: K73; K75;
K81; K82; K83: K84: K88: K89: K90; K92: K99: K105: K106; K107; K110; and/or
K111, in any combination, to neutral or negatively charged amino acids.

2. A pseudoinfectious alphavirus particle comprising the pseudoinfectious alphavirus
genome of claim 1.

6. A method of eliciting or enhancing an immune response to an alphavirus in a subject,
comprising administering to the subject an effective amount of the pseudoinfectious
alphavirus particle of claim 2, thereby eliciting or enhancing an immune response to
an alphavirus in the subject.
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MH[0|24A HIEE CHHE nsP1-4,

b) UMHIO|ZA L& CHHE E2 9l E1, 2
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HIO|ZHA(VEEV) ZHA|E CHuHE
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- XI23LI0E HI0I24A(Chikungunya virus) -

K81; K82; K83: K84: K88: K89: K90; K92: K99: K105: K106; K107; K110; Z/E=
K11125E MEHE] 27 0|AQ] QEMBIE W O |LAS SA F= SMBIE M Of0|AloZ
AI5" (YmH0[2A YUXIZO| BIO|2HA RX SF 7 1H0| UAEHL HAHE HHY
=o619| oF ZHOIA= RNA 28 ZHQl S SiLf 0142] AHGIE T OO AtoflAf
tO[A ZHA|E HHEHEIS TBIGL 0|2 QISH THAIS HHHEHEION CHet RNAS] ZRI0]
AL HAEN |8 20| 20 HIZSY MEH0I2A X ME0] 7HsoliE
ol0MQ of=3tE HE |Y RNA+ HIO[ZAS| &7 3 JHYol M2 CHEl 23,
OfAl= 24Xl LHOIlAl =Xloh= S2F HIO|2IA s RNAE BIO[HA A2 IH7 |&ok=

0| =3, B) A2 CIXQIE LTHI0[2A= =2 £72 RNA SX| & 72X HH

158, C) HOZHA iz I71-2 of=st A3 B2 HI7I9XY, D) SCIH0|

IS4 HIO[HA XIE TR TH7[ESt0] MA| LY M2 MESE7| IS Al L AIAE

EE@
{O] BANOl= LTHi0[HAN VEEV, WEEV, EEEV, Chikungunya virus, o'nyong-nyong
virus, Ross River virus, Barmah Forest virus, Everglades, Mucambo, Pixuna, Semliki
Forest virus, Middelburg, Getah, Bebaru, Mayaro, Una, Sindbis, Okelbo, Babanki, Fort
Morgan, Ndumu % ol¢l 180| 2N, 0|5 HIO|ZHAVL RAIRZSYE XS M| AZE
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SEQ ID No: 2

Met Fhe Pro Phe Gln Pro Met Tyr Pro Met Gln Pro Met Pro Tyr Arg
1 5 10 15

Aen Pro Phe Rla Ala Pro Arg Avg Pro Trp Phe Pre Arg Thr Asp Pro
25 k[ 1}

Fhe Leu Ala Mat Gln Val dln Glu Leu Thr Arg Ser Met Ala Asn Leu
i5 4a 45

Thr Phe Lys Gln Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Lye
50 55 (3

Lye Pro Lys Lye Glu Ala Ser &ln Lye Gla Lya Gly Gly Gly Glm Gly
5 70 5 40
Lys Lys Lys Lys Aen 6ln Gly Lys Lys Lys Ala Lys Thr 6ly Pro Fro
a5 S0 -1

Aen Pro Lys Ala Gln Ren Gly Asn Lya Lys Lya Thr Ren Lya Lys Fro
100 105 110

Bly Lys Arg 6ln Arg Met Val Net Lys Leu Glu Ser hep Lys Thr Phe
118 120 128

Fro Ile Met Leu Glu Gly Lys Ile Asn Gly
130 135

Tyr Ala Cys Val Val Gly

140

Gly Lys Leu Phe Arg Pro Met Hie Val Glu Gly Lye Ile Rep Asn Rsp
145 150 155 160

Val Leu Ala Ala Leu Lys The Lys Lys Ala Ser Lys Tyr Asp Ln gl
168 170

Tyr Bla Asp Val Pro Gln Asn Met Arg Ala Asp Thr Fhe Lya Tyr Thr
130 138 150
Hie Glu Lye Pre Gln Gly Tyr Tyr Ser Trp His Hie Gly Ala Val Gln
185 200 205

Tys Glu fen Gly Arg Phe Thr Val Pro Lys Gly Val c1} Ala Lys Gly
210 215 23

Asp Ser Gly
335

Arg Fro Ile Leu Asp &sn Gln Gly Arg Val Val Ala 1le
230 235 240

Val Leu Gly Gly Val Ren Glu Gly Ser Arg Thr Ala Leu Ser Val Val
245 255

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asa Cys
280 285 ana
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Compositions and methods for live, attenuated alphavirus formulations
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A A= 1.1.1-a

fo
[

Embodiments herein relate to compositions of and methods for live attenuated
alphaviruses. In certain embodiments, a live, attenuated virus composition includes, but
is not limited to, one or more live, attenuated alphaviruses and compositions to reduce
inactivation and/or degradation of the live, attenuated alphavirus. In other embodiments,
the live, attenuated virus composition may be a vaccine composition. In yet other
compositions, a live, attenuated alphavirus composition may include HEPES buffer. In
other embodiments, the HEPES buffer may further include a carbohydrate and gelatin
and/or a salt.

1. A live attenuated alphavirus virus composition comprising:
one or more live, attenuated alphaviruses selected from the group consisting of
chikungunya (CHIK) virus, o'nyong'nyong virus, Eastern equine encephalitis, Western
equine encephalitis, and Venezuelan equine encephalitis;
10.0 to 20.0 mM HEPES buffer;
one or more carbohydrate agents having a concentration from 1.0% to 15% (w/v)
selected from the group consisting of: trehalose, sucrose, mannitol, sorbitol, and
galactose; and 0.1% to 1.0% (w/v) gelatin, wherein the composition stabilizes live
attenuated alphavirus compositions.

9. A method for decreasing inactivation of a live, attenuated alphavirus composition
comprising, combining one or more live attenuated alphaviruses selected from the
group consisting of chikungunya (CHIK) virus, o'nyong'nyong virus, Eastern equine
encephalitis, Western equine encephalitis, and Venezuelan equine encephalitis with a
composition comprising: 10 mM to 20 mM HEPES buffer; one or more carbohydrate
agents at a concentration of 1.0% to 15% (w/v) selected from the group consisting
of. trehalose, sucrose, mannitol, sorbitol, and galactose; and gelatin having a

concentration of 0.1% to 1.0% (w/v), wherein the composition decreases inactivation
of the live, attenuated alphavirus compositions.

+ 2 S5z M=s Umbio|A RHE9| Hi(deterioration) F= EYHINE LUAAT|HLE

gl
* BO[2A EIO] EXRI VIS B Sipt TS 2fRiE = A=2lE HIORIA("Ye=2] Hiol2IA) 2
HAS7|= AQUH|, HH=E 0|F HO[HA =Xz Miot=7| W20l 2E2 LYol Xt

| | CHoto] EAHAO0| L Q2 X&El= HY 2H30[ Lo{d. 03 iS22 BE 2=0
sz X2 GESHMAVE 278, d2U M2 FSHAE |AlGE A2 WE=d=0ME
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+ 2 S5i= Mof=st AMI0[2AL| CFEEE T A7 = 2&l(excipients)Q| g0 2ot
0|0 F2 207, $Y E= ds 2ENof O BRys £0k= oM, a4(aqueous) %/
= Mg Mot=st AmHi0[HAL ME fHS AL = US

« 7 12, XZFLOF HO|HALL Z2 Mot=alE AMBI0|2{A, 10.0 LX| 20 mM HEPES
2USH, EERA fT2A ASH|IE I ZHEANNM MEHEE= 1.0% K| 16%(w/\)2 EatE,
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UB
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e SR UNIVERSITY INDUSTRY FOUNDATION,
ZelHs KR 10-2007203 B1 (2019.07.30

= ( ) =) YONSEI UNIVERSITY WONJU CAMPUS(KR)
 oie E-yebl UNIVERSITY INDUSTRY FOUNDATION,
SHHS 10-2017-01 7 (2017.10.2
=Ees 0-2017-0136397 (2017.10.20 =) YONSEI UNIVERSITY WONJU CAMPUS(KR)
= =572t

JHYE S= OphaEe 2037.10.20
IHz) ) Ij22|=27t KR ) EP JP CN
=7t = (IPE=7P I =) - - -
SsEEF A JIEER 1.3.2-b, 1.1.2-a

= 9o XIZLI0F HIO|HA SiY CHHEl 2l E-A237| 5(Toll like receptor 5) At= CHEHEIOl
=3 ST 2 , 2 B0l IE XZFL0F Ht0[2A(chikungunya
virus) QI o THHE| S-RAEA 5 A= HUHRl SepEeo] ZetE
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SICE = 4 UCE ESL 47| 88 HHAR XZTLI0F HI0|2A SR T H=oR

HEE 40| 510, sils S5t MY R Al SIXfsH AlHX] SRS L 4 UL
1. MBS 12 BAE= XIZ5L{0F HI0[2{A(chikungunya virus) 2| &H HEHE 3 E-QAF 84|
5(Toll-like receptor b) A= HHEHEIOI Z2H2I(flagellinyS EEI5II, Al7| S2FZIS Z2pH2l DO
SR 2 D1 EHQICR 0|201F FOZHE MEHE O SiLt OlyO] EHRIS Heich=, 88 HHHtE
3. M0 UCA, 47| Sapdizie Modliat & T HABA & Ol ZapHzI0l 401, 85t HEtxl
4. M3l QA0IM, 47| SRR MPdR HET(salmonella dublin) E= HRAZA A2|2A

=
=T (Bacillus cereus) 2| S2FRZQI I, & HHUZE
6. A0 AOIN, A7| EPHRS MEHS 302 HA|E= A0, 88 HHtE
7. H1E0) QOIM, A7| 85 HhEEIo| U0 SIAE|T-HX|(Histidine—tag)7t ZEEIN U= 201, 8t
e
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FE Al @S AU 27t YolES ERI6IE
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2 et HRAE Q=40 6l FAE2 LY AZY0| 302 585 S0[WA ol A7t
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(Lo 18)
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M - HXI0| MEIQIAI=2/|(Pattern Recognition Receptor)2A] H24x0]
N [o] E’ﬂ%_ﬂflf t*am f:rl}_% QASk= £8H & St SFMEY M BH S2 MZE
H 14 = 85 HY USg RrE
« 2 S5{0IM “%Efxaa._ % MI;LI 5"% 1|43-3I'— mO(flagella)s TAGIE 2 HEiEz moy
Mizoll 71 225 X HOF‘ CHEIO] iR &7 S22 YUROR 2~49] ZHIRICE FE5(0]
UE = Aon, &7| =Hel2 HEN HI?OH H9| Z Tl DO 2 D13t 20| ¥ 21 RF7t
Cifst Chst Tl D2 2 DSE 42 > QS

+ 58], 47| BA2iA 92 B2pdRI2 DO Y DT SHIRItOR TS0 Q| HHR0) 47| 83 Ei
HE 5 St A0l YBole ZP B2U0) A3t MY PSS KO ST,
x| o=

MIZOIN SXok= HHES = 1| JHIﬂgar - '% It OfL2t

(FQ HAofl L)
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¥MS FIFOR QEES IGIFS

BCFlic-ChiK E2343

TLRS activation
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—m- BCFlic-Chik E2343

Abeorption 2 406Mm
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.0+ T T T T T 1
102 10+ 103 107 10 100 101t
ligand concentration

TSI & 19GO| 44 HE U IgGE RH[SHs TIGHIES SRIGIAS.
= S22 47| QI HEE| AlumS IR ALZSt R0t
XI#LIOF W'EI %E.’ HHES AL Z2 HY H30| dXfop SUIHE AS =RGIds

a Ig G titers (ELISA)

- SDFiic+ChiK E2B7 (20ug)
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© Aum

SFU/Sx10°cells

196 (0D Agsy

Immunized Group

& &

Antigen

80



. =LHel Sl S

e 19 88t

TR0 2l o S Sl= FYQAE MBS 12 BAlH= XIZH0F Blo[24A

S| CHHHXRIO
E2 Qm] gf HEy
SEQ ID No: 1
< 1 Thr Pro Asp Arg Thr Leu Met Ser Gln Gln Ser Gly Asn Val Lys [le
<211> 343 180 185 190
<2125 PRT Thr Val Asn Ser Gln Thr Val Arg Tyr Lys Cys Asn Cys Gly Asp Ser

<400> 1
Gly Ser Ser Thr
1

Tyr Leu Ala His

20
Pro Val Ala Leu
35
Lys Ile Gln Val
50

Asp Trp Thr Lys

Glu Arg Ala Gly

Gly Thr Met Gly
100
Leu Thr Val Gly
115
His Pro Phe His
130

Ser Arg Pro Gln

Ser Thr Ala Ala

Lys
5

Cys

Glu

Ser

Leu

Leu

85

His

Fhe

His

His

Thr

<213>  Chikungunya virus

Asp Asn Phe Asn Val Tyr Lys Ala Thr Arg Pro

10 15

Pro Asp Cys Gly Glu Gly His Ser Cys His Ser

25 30

Arg lle Arg Asn Glu Ala Thr Asp Gly Thr Leu

40 45

Leu Gln Ile Gly Ile Lys Thr Asp Asp Ser His

55

60

Arg Tyr Met Asp Asn His Met Pro Ala Asp Ala

70

75 80

Phe Val Arg Thr Ser Ala Pro Cys Thr Ile Thr

90 a5

Phe Ile Leu Ala Arg Cys Pro Lys Gly Glu Thr

105 110

Thr Asp Gly Arg Lys Ile Ser His Ser Cys Thr

120 125

Asp Pro Pro Val lle Gly Arg Glu Lys Phe His

135

140

Gly Arg Glu Leu Pro Cys Ser Thr Tyr Ala Gln

150

155 160

Ala Glu Glu Tle Glu Val His Met Pro Pro Asp

170 175

195 200 205

Ser Glu Gly Leu Thr Thr Thr Asp Lys Val Ile Asn Asn Cys Lys Val

210 215 220

Asp Gln Cys His Ala Ala Val Thr Asn His Lys Lys Trp Gln Tyr Asn

230 235 240

Ser Pro Leu Val Pro Arg Asn Ala Glu Ser Gly Asp Arg Lys Gly Lys

-
5
=
w

245 250 255
Ile Pro Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys
260 265 270

Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val Ile Met Leu

275 280 285

Leu Tyr Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Glu

290 205 300

Glu Pro Asn Tyr Gla Glu Glu Trp Val Thr His Lys Lys Glu Ile Arg

310 315 320

Leu Thr Val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu

325 330 335

Pro Tyr Lys Tyr Trp Pro Gla

340

SEQ ID No: 3

<210» 3
<211> 273
<212»  PRT

<400> 3
Met Arg Ile Asn

1

Arg Gln Asn Gln
20

Gly Lys Ser Ile

35
Ala Thr Arg Met
50
Asn Thr Gln Asp
65

Gly Ser Ile Ser

100
Glu Tyr Val Ala

115

<213>  Bacillus cereus

Thr Asn Ile Asn Ser Met Arg Thr Gln Glu Tyr Met

5

10 15

Asp Lys Met Asn Thr Ala Met Asn Arg Leu Ser Ser

25 30

Asn Ser Ala Ala Asp Asp Ala Ala Gly Leu Ala Ile

40 45

Arg Ala Lys Glu Gly Gly Leu Asn Val Gly Ala Arg

55

60

Ala Met Ser Ala Leu Arg Thr Gly Asp Ala Ala Leu

70

75 80

Asn Ile Leu Leu Arg Met Arg Asp Leu Ala Thr Gln

85

90 95

Ala Ala Asn Gly Thr Asn Asn Ala Glu Asp Thr Ala Ser Leu Asp Lys

105 110

Leu Lys Asp Glu Ile Asp His Ile Ala Gly Lys Thr

120 125

Asn

Lys

145

Leu

Leu

Ala

Asn

Met

225

Met

Met

Phe Asn Gly Asn Ser Phe Leu Asp Thr Thr Ala Thr Pro Pro Gly
130 135 140
Asp Ile Glu Ile Gln Leu Ser Asp Ala Ser Gly Asp Thr Met Thr

150 155 160

Lys Ala Ile Asp Thr Lys Ser Leu Thr Thr Gly Thr Leu Thr Asn

165 170 175
Lys Asp Arg Ala Thr Ala Glu Thr Glu [le Thr Lys Leu Asp Thr
180 185 190
Ile Gln Lys Ile Ala Asp Glu Arg Ala Thr Phe Gly Ser Gln Leu
195 200 205
Arg Leu Asp His Asn Leu Asn Asn Val Thr Ser Gln Ala Thr Asn
210 215 220

Ala Ala Ala Ala Ser Gln Ile Glu Asp Ala Asp Met Ala Lys Glu

230 235 240

Ser Glu Met Thr Lys Phe Lys Ile Leu Asn Glu Ala Gly Ile Ser
245 250 255

Leu Ser Gln Ala Asn Gln Thr Pro Gln Met Val Ser Lys Leu Leu

260 265 270

81
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3 MS ZigH WAl RED U Sl M 24 - XI2L0F HH0I2{2(Chikungunya virus) -

£5] 3¢t 242 AIZFUOF Ho[HA #in XF HAeH J|EE Oflet PACOZ 3dd

o —
U= 7IEE SHC=E =MoI%E (S/A/B S8)

S T 712K2012.01.01. ~ 2023.07.) S9F XEZALIOF HOJ24A HiAl 221 5] S22 XE{OZ
Z9I=[1 QIOL} o7t S9 47} IY2| 7ECR 102 O|UZ EQI=IDE, REZALIOF HI02{A BAlo)
et AIBSE OITE H MAEOR Djjst £Z02kn TErE

RIZLOF BO[2|AR} X-7H9MO 2 HHE LES Helol= Sof 232 SHQE =45 dl= 21,

O =& S3R19| HIZ0| MKC| 55%S XIX[ol Et =7} | B2 Sois &

r9£
N
i
lob
ro
il

A E51Q1 S/A 58 Eol 5 71292 ot 2 £ ERQI2 Valneva SE(AT), NSTITUT
PASTEUR(FR), ModernaTX, Inc.(US)Z, 0|%= Valneva SE(AT)= S A S8 Eol5 2+ 24,
INSTITUT PASTEUR(FR)I2 S £2 Ed| 27, A% B £ Eoi2 Zt 14, ModernaTX,

6
Inc.(US)= S S8 171, A S5 Soi5 32 ERoldl As A2z 20IF

Q| 201 200fl AGENCY FOR SCIENCE, TECHNOLOGY AND RESEARCH(SG), GLAXOSMITHKLINE
BIOLOGICALS SA(BE), Vanderbilt University(US) SA| 2+ S5 1710t A TE= B S8 171419
E5iE BRI UM FQ FHCICZ Mofs =  US

0| =]

L

SHH 2 HTIAMO| JHEX| S0 AZE Themis Bioscience GmbH2| £5{ S5 1710]
(Institut Pasteur Sut 2585t 1 £5 (KR 10-2077131 B1))

o

ZQ 591 S/A/B 53 5312 7IECR §t V& 25 24 A, MUAMASEL, 1.1.1-a) T
S571 25%2 71 B2 HIZS RIRIBIH, OFTHe] #AI(1.1.2-a) B S517t 21%, HIO[ZARA}
QUR} E41(1.1.2-b) HE 517t 15%S XIK|ots ZC2 IjetE
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2) 3N BN )

= EJM0AE XIZLOF HiO|2{A &Y

S1/IUR| 714/ 234/5S Soll SiZots S 53 Sol 74 L A 53 Sai 7240
W8S MMI2A MEE RBe &, Sy 24 Uy S5(0) YR QO AZTLOF
APEEI GIRI0| Q1LY 010 SB/HE TKsst 71&(S/A/BSE) S5l 327401 T X2 H7E
H92 RiZE
So| T BAS Sof U5t E= SENSHE AETLOF HI0RIA XX, £= AZPL0R| 1X
CHIT(SS| E28 E3lol 20| Ml PO X2 0|85/T IS0| Szt 4+ U9IoN, S 53
S50 BHR0| OfE CHUEITH PIRIEIO] QXIS Off HO| H2oH LIEH
# EHHS SEHS -yl HHE A

1 |KR10-2015-7010848

KR10-2077131 B1

INSTITUT PASTEUR, THEMIS
BIOSCIENCE GMBH,
CENTRE NATIONAL DE LA
RECHERCHE SCIENTIFIQUE

CHIKV C-E3-E2-6K-E1
protein
(B9 HIO[2{A0] RHZEEHE)

2 US16/840760

US11406700 B2

Valneva SE

9f=5t CHIKV (45nsP3
SUHO| E= 0]9f HOIH)

3 |KR10-2014-7000963

KR10-1792684 B1

BHARAT BIOTECH
INTERNATIONAL LIMITED

s;LI-A
=

M3t CHIKV

4 US14/335065

US9442114 B2

INSTITUT PASTEUR

CHIKV E2 protein

5 US15/443364

US10533186 B2

THE BOARD OF REGENTS OF
THE UNIVERSITY OF TEXAS
SYSTEM

=3t MERF CHIKV

6 US17/407499

US11357846 B2

Valneva SE

Qf=3st CHIKV
(A5nsP3 EXEH0|)

7 US16/325539

US10905759 B2

SEMENTIS LIMITED

CHIKV 26S subgenomic
polyprotein
(ZABJOJ2IA0) RYE3HE

=T

0j2f3t 24 Y22 HRGI0! AFALOF HAS ARG FL) HTAIS0| XZFLIOF Al 22
FQ S5{2 £¢71 X0 G0 #8510 £ ¢7 WX U Sof Fo) A0 HHIF 4 s
212 7iE 4 Y2 HO2 |t
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2k 2M - XI272LI0F HI0I24A (Chikungunya virus) -

=
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- S/A/B 3 =2 58 2%

qusRz ot
SHAl 25 pak=d Q|5 05 = X
0|BA AT XE Cl ZbExo2 lidl 261 14712 MQlet LHA| 281 & XIZ-LOF
B | slol2iA #A EE X270} BlOJRIA HAOR 88
CH

Jtsst 2B(S/AB )2 tEC=Z 9o
46 21 32
S& 551 2% 8%

HIO[ZHA RAF ARt XY=

e SiRfRIt
e k) KR 10-2181258 B1 (2020.11.16) (=x) VLP THERAPEUTICS, INC.(US)
s 2200
EHS 10-2014-7025267 (2013.02.15) (=x) VLP THERAPEUTICS, INC.(US)

== Pl 2033.02.15
= ey o
. RN KR | US | EP | JP CN
PID | 22 | 52 52 | 55 | ans
s Tl 112

= UY2 SHEE 3 ot 0ly9l e Zeoke YA, H 0| Zeols 2d=S MSeIt

* BlO[2A 7120| ZHEIE H oft O[S| SHE Helot= HIO[2HA RARAIZA, &7 HfOIE% o
E2[HE|S= XIETHLOF HIO[HA(CHIKY) = WA Z2F D/ HIO|ZIA(VEEY) 22E [0,
olLt Ol M| 1 F2F £9IS Zefolt, of7| ofLt Oke| Y2 St 012 M| 2 F2} —t"-$l Hafofd,
7| HIO|2HA 20| ZHEIE & o7| SH2 7] ot 019 Ml 1 H 7] it Ofyef Al 2

AL

M|
B Hols E5) oiZEle, H0[2A QA Y
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2 Alphavirus NSP mutants as vaccines
ST} AGENCY FOR SCIENCE, TECHNOLOGY AND
=S US 11130786 B2 (2021.09.28) - (:‘;X*) RESEARCH(SG),
- UNIVERSITY OF TARTU(EE)
2000 AGENCY FOR SCIENCE, TECHNOLOGY AND
EaMs 16/484277 (2018.02.07) Z}; RESEARCH(SG).
- UNIVERSITY OF TARTU(EE)
Mepge < s 2038.02.07
e = (CSEE o
KR us EP JP CN
IR 4 2=t
=7t (IP5=717 %) _ =2 | ANE _ _
cage S A= 1.1.1-a
The present invention generally relates to polypeptides, polynucleotides, expression
vectors, infectious clones, virus particles and immunogenic compositions of recombinant
Qof alphaviruses which can be used as vaccines. The present disclosure also relates to
methods for eliciting an immune response against alphavirus infection using the
immunogenic composition comprising the alphavirus mutants described herein.
1. A recombinant polypeptide comprising the amino acid sequence set forth in SEQ ID NO:
1 or a variant thereof comprising at least 80% identity to the amino acid sequence set
forth in SEQ ID NO: 1, wherein said polypeptide comprises one or more mutations
ZFQHSE selected from the group consisting of: a substitution of R with H at a position equivalent

to amino acid position 532 of SEQ ID NO: 1, anda substitution of E with V at a position
equivalent to amino acid position 1050 of SEQ ID NO: 1,wherein the mutations are
attenuating mutations.
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20234 AF ZiHYE WM R&D U A - XI2-LI0F HI0IZA(Chikungunya virus) -

3 Infectious DNA vaccines against chikungunya virus

e RN
=S US 9694065 B2 (2017.07.04) =x) MEDIGEN, INC.(US)
oe E-pebdl
EH/HS 14/790960 (2015.07.02) =x) MEDIGEN, INC.(US)
AN =2 5710 2031.01.0
mz) . 2|27t KR US EP JP CN
=/t & (IP5=717|%) - sz | == - -
SEER S JEER 1.1.1-a

Described herein are i-DNA™ vectors and vaccines and methods for using the same.
The i-DNA™ generates live attenuated vaccines in eukaryotic cells in vitro or in vivo for
pathogenic RNA viruses, particularly chikungunya virus (CHIKV). When iDNA is injected
Q0F into the vaccine recipient, RNA of live attenuated virus is generated by in vivo
transcription in the recipient'ss tissues. This initiates production of progeny attenuated
viruses in the tissues of the vaccine recipient, as well as elicitation of an effective
immune response protecting against wild—type, non-attenuated virus.

1. A vaccine for chikungunya virus (CHIKV) comprising an attenuated CHIKV produced by
isolating said CHIKV from cells transfected by a vector comprising: (a) DNA encoding
an infectious RNA molecule; and(b) a eukaryotic RNA polymerase promoter;

Foy7s
wherein:(i) the DNA encoding the infectious RNA molecule is operably linked to the
eukaryotic RNA polymerase promoter; and(ii) the infectious RNA molecule encodes a
CHIKV.
4 Chikungunya virus antigen constructs
e ATHB2(AL
oS US 11649467 B2 (2023.05.16) =x) GLAXOSMITHKLINE BIOLOGICALS SA(BE)
200!
EHHS 16/631557 (2018.07.19) (EEW GLAXOSMITHKLINE BIOLOGICALS SA(BE)
AEfEE S=E ==l 2039.12.22
o Ho o= (O:Il’g)':.'_ﬁ% 391 .
2z ; a2t KR usS EP JP CN
e (IP5=717|%) - =2 | MAE _ _
cagez S A 1.1.2-a
The invention provides adenoviral vectors comprising transgenes encoding Chikungunya
2 virus antigens. The vectors can be used to produce vaccines for the prophylaxis,
amelioration and treatment of diseases caused by Chikungunya virus infections.
=0Tt 1. A recombinant adenovirus comprising a polynucleotide having a sequence at least 90%
Teere identical over its entire length identical to SEQ ID NO: 25.
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5 ARENAVIRUS MONOCLONAL ANTIBODIES AND USES
S AR}
=iz EP 3735270 A1 (2020.11.11) =5 -
_ _ S¢ol Modernatx, Inc.(US)
SHHS 2019-703789 (2019.01.04 . .
= ( ) (2H) Vanderbilt University(US)
AENRE AAE Z=&7|2¢ ~
°c - ClaeEy
KR us EP JP CN
U 4 2=}
e (IP5=7171&) B ANE | ANE B B
SETT S JE2S 1.1.3-b
This disclosure relates to compositions and methods for treating and preventing
chikungunya virus infection by delivering polynucleotides encoding anti—chikungunya virus
antibodies to a subject. Compositions and treatments provided herein include one or more
QOF polynucleotides having an open reading frame encoding an anti—chikungunya virus
antibody heavy chain or fragment thereof and/or an anti—chikungunya virus antibody light
chain or fragment thereof. Methods for preparing and using such treatments are also
provided.
1. A polynucleotide comprising an mRNA comprising:() a 5's UTR;:(ii) an open reading
frame (ORF) encoding a polypeptide comprising the heavy chain variable region of the
FQHMASE heavy chain antibody sequence of SEQ ID NO: 1, wherein the ORF comprises a nucleic

acid sequence that is at least 80% identical to nucleotides 61-426 of SEQ ID NO: 2;(iii)
a stop codon; and(iv) a 3's UTR.
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20234 ME ZEY WA ReD X S0l M2 24 - XIZFLI0F HHOIHA(Chikungunya virus) -
6 ATTENUATED CHIKUNGUNYA VIRUS
FolHS EP 2900685 B1 (2017.10.25) BAEER
=L 10, -
(=)
- _ =32 .
EHHS 2013-773563 (2013.09.26) (=x) Research Development Foundation (US)
ALE| X-IE ==} _7|_F_)—'|\_7||7_|-
o Ho o= (WI’S)'F_E%'
KR us EP JP CN
R 5 2=}
=/t & (IP5=7171%) _ = == _ _
ST S JERS 1.1.1-a
Novel attenuating deletions of Chikungunya virus E2 polypeptides are provided as are
attenuated viruses comprising the deletions. Also provided are immunogenic
o0 compositions comprising the attenuated viruses and methods of producing such viruses
- in cells (such as insect cells). Viruses of the embodiments can be used for immunization
of animals to provide protection from the pathogenic effects of Chikungunya virus
infection.
* A recombinant polypeptide wherein the polypeptide comprises an amino acid sequence
at least 90% identical to full-length SEQ ID NO:1 and comprises a deletion of 8-11
FQHTSt amino acids only in the transmembrane domain (TMD) corresponding to amino acid

positions 365-390 of SEQ ID NO:1, and wherein the polypeptide can be efficiently
expressed on insect cell membranes.
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Chikungunya virus infectious clone with capsid protein gene deletion, construction

7 .
method thereof and application of infectious clone in preparing attenuated vaccine
. IR (R} Wuhan Institute of Virology, Chinese
=olHs CN 109636464 B (2022.06.1Q )
= ( ) (2H) Academy of Sciences (CN)

o E32 Wuhan Institute of Virology, Chinese
SHHS 2018-11504486 (2018.12.10 .
=EEE ( ) (=5) Academy of Sciences (CN)
AR S5 = 2038.12.10
(=] HoE o= (O:llg)?_rﬂoel . .

Iz 1 EIEIEDIE KR us EP JP CN
=7t %= (IP5=7171%) - - - - =
SETT S SRR 1.1.1-a

The invention belongs to the field of biotechnology, and specifically discloses a
Chikungunya virus infectious clone with capsid protein gene deletion, a construction
method thereof and application ofinfectious clone in preparing an attenuated vaccine. A
CHIKV—-delta C virus rescued by the clone can be used as an attenuated vaccine; the
rescued virus has similar morphological and growth trends with a wild type CHIKV virus,
QOF and has high genetic stability. The attenuated vaccine is confirmed to be sufficiently
attenuated in an A129 and C57BL/6 mouse model, has high safety, and produces
immunoprotection against the CHIKV virus. The virus can be used as a safe and effective
attenuated vaccine to prevent Chikungunya virus infection, and the virus can also be used
as an expression vector for theexpression of foreign genes, and has a good application
prospect.
xoxTst 1. A chikungunya virus infectious clone with a deleted capsid protein gene has a sequence
Tere shown in SEQ ID NO. 1.
8 MODIFIED CHIKUNGUNYA VIRUSES AND SINDBIS VIRUSES AND USES THEREOF
s D
=S KR 10-2023-0076812 A (2023.05.31) -
=)

_ _ el . o

kil 10~-2023-7006805 (2021.07.30) @) Replicate Bioscience, Inc.(US)

AFE] I-IE =9 2:'_5_)—'\T7||7_|-

S == OrerEy

mjalz) s a2t KR | US| EP | JP | CN
=/t & (IP5=71 %) gd | - | BE| - -

SETr S =t 1.1.2-a

2 HALES HYE H0|2A Ais E= 2E2122 Edloks it X} 015 &Rohs e 2-E,

- 2 MIZE HIE = MA| LHOIA 2oks MAS2| dds st Ol2fat ittt 2At 3 ZMEE9 8BS
o LIoiok= AL HIO|2ASH FZOF0]| £Fet 20|t S MY 8t REE HQZ ok= HEH0IA HY
BISS Rot7| Sfch B 20t OfL|2t LIt 712 HENE oY Y/Ex XIE51| s WHO| MZECt.

HRAE XIZLIOF HEO|ZA(Chikungunya virus)(CHIKV) 7= E= 2iZ212 RNA(replicon RNA)S

FQHY QIAHSk= et MES HEGl= sttt MRSEAM, 47| HIE CHIKV A5 E= 22212 RNAE
SiLt O[&9] HIO|2A & THHES QITHSk= ot MEQ| MO USIt HOE, it XHIE.
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1 METHODS AND COMPOSITIONS FOR ALPHAVIRUS VACCINE

o515 US 2021-0268098 A1 N NS _
mes (2021.09.02) (=)
A Z2001 ‘
E8Hs 17/264377 (2019.08.02) =x) UAB Research Foundation(US)
AR AlARE 571 -
°e - O)EY

R EP p N
) : yezmyp | KROUS P
=2t & (IP52717|%) B ANE | AN ~ B
SE=F A JeRs 1.1.2-a

The present invention provides an attenuated Old World alphavirus particle and methods of
QOF making same and using same as a vaccine and in gene therapy and immunotherapy
methods.

1. An alphavirus nsP2 protein comprising one or more amino acid substitutions that disrupts
the ability of nsP2 to induce RPB1 degradation and inhibition of cellular transcription,
comprising at least a substitution at: a) amino acid 674 in chikungunya virus (CHIKV);b)
amino acid 675 in CHIKV;c) amino acid 676 in CHIKV; and/ord) amino acid 677 in
CHIKV,or at the corresponding amino acid positions in Sindbis virus (SINV, amino acid

ENep SISy residues 683, 684 and/or 685), Aura virus (AURV, amino acid residues 682, 683 and/or

684), Mayaro virus (MAYV, amino acid residues 673, 674, 675 and/or 676), Ross River

virus (RRV, amino acid residues 673, 674, 675 and/or 676), Semliki Forest virus (SFV,

amino acid residues 674, 675, 676 and/or 677), Getah virus (GETV, amino acid residues

673, 674, 675 and/or 676), O's Nyong Nyong virus (ONNV, amino acid residues 674,

675, 676 and/or 677), or any new emerging Old World alphaviruses.
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Nanocapsules carrying chikungunya-associated peptides
AGENCY FOR SCIENCE, TECHNOLOGY
AND RESEARCH(SG). NANYANG

2
s ARHHZAL
=S US 10420830 B2 (2019.09.24) =x)
o TECHNOLOGICAL UNIVERSITY(SG)
so00] AGENCY FOR SCIENCE, TECHNOLOGY
EAHS 15/547476 (2016.01.29) Z;; AND RESEARCH(SG). NANYANG
o TECHNOLOGICAL UNIVERSITY(SG)
AHENA =4} 571
MEREE S5 (a2 2036.01.29
KR US EP JP CN
LR 5 H2|=7}
2t 4 PP | | oo | am | - | oz
o= T T
ST A JERR 1.1.2-a
The present invention refers to a composition comprising a viral protein or fragment
thereof, wherein the viral protein or fragment thereof is enclosed within a self-assembling
protein nanocapsule, preferably ferritin, and wherein the viral protein, or fragment thereof
is selected from a virus of the Togaviridae family. The viral protein or fragment thereof may

also further be selected from a virus of the alphavirus subfamily.

-
g

M
oz

1. A composition comprising a viral protein or fragment thereof, wherein the viral protein,
or fragment thereof is enclosed within a nanocapsule, and wherein the viral protein, or
fragment thereof is selected from a virus of the Togaviridae family, wherein the

nanocapsule is formed by a scaffold protein, wherein the scaffold protein is a mutated

ferritin protein encoded by SEQ ID NO. 13 or SEQ ID NO. 14.
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3 Compositions and methods for alphavirus vaccination
= ARHHZAL . 4
oIS US 11104916 B2 (2021.08.31) (28) Etubics Corporation(US)
_ _ bl . .
SHHS 16/317747 (2017.07.14) (=) Etubics Corporation(US)
AMENR =2 571 2037.07.14
°c < (=] o
KR uS EP JP CN
If22) A EEE
28 AVES
27t 4 (PSP | oy | 2o | - | 2 | 7m
SR A e 1.1.2-3
Compositions of a recombinant adenovirus based vector vaccine containing one or more
alphavirus antigen genes are disclosed herein. Methods for constructing and producing
QO such vaccines and methods of using these vaccines to generate broad based immune
responses against alphaviruses are also described. Compositions described herein allow
for vaccinations in individuals with preexisting immunity to adenovirus.
1. A composition comprising a replication defective adenovirus 5 (Adb) vector wherein the
=oxst Adb vector comprises an E1 gene region deletion and E2b gene region deletion, and

wherein the Adb vector further comprises a sequence encoding an antigen, wherein
the antigen has at least 85% sequence identity to SEQ ID NO:2 or SEQ ID NO:5.
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The United States of America, as represented

Treatment method utilizing chikungunya virus (CHIKV) virus-like particles (VLPS) comprising
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US 11369674 B2 (2022.06.28)

SAEIA}
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2029.11.24

by the Secretary, Department of Health and
Human Services(US)

The United States of America, as represented
by the Secretary, Department of Health and
Human Services(US)
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1.1.2-b
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b

The invention features compositions and methods for the prevention or treatment of one or
more strains of Chikungunya virus, as well as other alphavirus—mediated diseases.

1. A method for treating or preventing a Chikungunya virus (CHIKV) infection in a subject,

comprising administering to the subject a virus-like particle (VLP) comprising CHIKV strain
37997 structural proteins, wherein the CHIKV strain 37997 structural proteins comprise at
least CHIKV capsid (C) protein, CHIKV E2 protein, and CHIKV E1 protein, and wherein the

VLP does not carry genetic information encoding the VLP proteins.
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5 DNA 8| 152 U 1 A2 4
2HS JP 2022-121440 A (2022.08.19) gl
=Tl - . 3 -
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DAVID B WEINER(US), KARUPPIAH
20/0] MUTHUMANI(US), SELEEKE FLINGAI(US),
SAHS 2022-089687 (2022.06.01) Z—X'I'; NIRANJAN SARDESAI(US), SARAH
o ELLIOTT(US), YAN JIAN(US), AMI
PATEL(US)
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LS S OheEY
Iz 3 2|27} KR UsS EP JP CN
=/t = (IPo=7IE) | AAE | E2 | 2561 | AAE | AME
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6 S SHE 9 79| B
. UNIVERSITY INDUSTRY FOUNDATION,
il KR 10-1875055 B1 SARHHE|RE
=S (2018.06.29) (@) YONSEI UNIVERSITY WONJU
R o CAMPUS(KR)
_ UNIVERSITY INDUSTRY FOUNDATION,
orn 10-2016-0135596 2001
Eyahil (2016.10.19) @x) YONSEI UNIVERSITY WONJU
o K CAMPUS(KR)
AR SE 571 2036.10.19
T 1 e KR | us | EP | UP | CN
=7t (IP5=7PIE) | s=2 - - - -
cSag= A =R 1.3.2-b
= 9O X|ZTLI0F HIO[2A SHp TRl 9l E-QARRK| 5(Toll like receptor HAIS TR0l Zapuz]
Q0F BT HUHH0| TS5t Aoz, B UHO| M2 AV| 8T HUAR XIZSILI0f Hi0|HA & HulE HEo=
HESE Z<20] Hlot, wils ot HY & IH0A SIXet A4 SHE Yolg & QU
* NEHS 12 BA|E= XIZ7LO0F HI0[2{A(chikungunya virus) I 2@ HEE 3 MBS 2 T
xoxTst NEHE 302 BA|EE HRAHA A2|RABacillus cereus) = AREEL HEZI(salmonella
TN L dublin9) Z2rEi(flagellin)e EEGHs 83 HHES Q54202 HBIsH=, XIFALI0F HIO[HAR
AL
7 X|Z7LIOF HIO|2{A FAL UK} WAL 51 0]2] AL Hit
o SRR
=S KR 10-2022-0097422 A (2022.07.07) =x) -
_ _ Eyaid
E8HS 10-2022-7017331 (2020.10.26) =x) Emergent Travel Health Inc.(US)
AENRE =9 =572k
e = (PGRIEET
T y Mz | KR | US| EP | P | CN
= PN (IPS=7PIE) | 29 | MAE | AAE | 29 | AAE
cSag= A A 1.1.2-b
= UH2 OIE S0, AN Z8E E= Ao HY S F0st = 7 Y 0L CHIKVO Cist
Q0F S5t S| HISE REECEM, THEAOIAl XIZFELIOF HIO[2{A (CHIKV) Zg0| LSt Y 8IS 3l/E=
HS HAS QTot= O A | I8 JHAE HIO[2IA QA XL (VLP) M2 L diMOoj 25 20|,
« [}2S TEl6l= AMS F= AL (3) XIZALI0F HIO[2{A (Chikungunya virus, CHIKV)Z25E Q2HE
=Qximsl A= (capsid) HEZE 2 2|T|(envelope) HHEHZLS HStok= HIO[2{A QA At (virus-like particle,
T o o

VLP); (b) Y205 ol0|E2A0|E EXK|(aluminum hydroxide adjuvant); (¢) &; (d) &=H| L/E=
pH ZHEA, & () EAl.
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8 5’ ~triphosphate oligoribonucleotides

o SAXHHE|K} . .
=oIHS US 11028397 B2 (2021.06.08) (=) Oregon Health & Science University(US)
_ _ E302I . .
EHHS 16/217735 (2018.12.12) (=) Oregon Health & Science University(US)
SEEE = &1 2035.07.17
7 o (P LI o

KR us EP JP CN

GRS 3 IH2|=7t
SBT A IERS 1.1.3-b

Disclosed herein are synthetic oligoribonucleotides that form hairpin loop structures. The
Q0F oligoribonucleotides can be used in the treatment of viral infection including prophylactic
treatments. The oligoribonucleotides can also be used as adjuvants.

1. A synthetic oligoribonucleotide at least 41 nucleotides in length that can form a hairpin
structure comprising at least 17 base pairs, the synthetic oligoribonucleotide comprising
a b’ end triphosphate group, wherein the synthetic oligoribonucleotide comprises SEQ 1D
NO: 17.
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9 LIVE-ATTENUATED RNA HYBRID VACCINE TECHNOLOGY
=oIHS EP 4208195 A1 (2023.07.12) BAEER
Tt . . -
(=)
e Eehd .
ikt 2021-748730 (2021.07.04) (=) Access to Advanced Health Institute(US)
Jra. oy 477t
SHEE S Ry -
ez . e KR us EP JP CN
=/t & (IP5=717|%) _ _ AAE _ _
SHT A IERS 1.1.3-b
This disclosure provides ribonucleic acid (RNA) polynucleotides encoding replication-competent
viral genomes that, when introduced to a subject, induce an active viral replication. The
RNA may be provided naked or with an artificial RNA delivery system. The viral genome
may be a full-length genome of an attenuated viral strain. For example, the RNA may
encode an attenuated Chikungunya or yellow fever virus. The artificial RNA delivery system
oot may be a lipid particle such as a lipid nanoparticle (LNP), a nanostructure lipid carrier (NLC),
- or a cationic nanoemulsion (CNE). This disclosure also provides methods of inducing an
immune response, including protective immunity, by administering to a subject an RNA
polynucleotide that encodes a replication—competent viral genome in an amount sufficient
to cause viral replication in the subject. The immune response may include inducing the
production of neutralizing antibodies at a level comparable to inoculation with a live-attenuated
virus.
1. A composition for causing viral infection in a subject, the composition comprising: a. a
=ozst ribonucleic acid (RNA) polynucleotide encoding a replication-competent viral genome;

and b. an artificial RNA delivery system, wherein the RNA is present in an amount
sufficient to cause to viral replication in the subject.
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10 INACTIVATED VACCINE FOR CHIKUNGUNYA VIRUS
SSEHS | US 2022-0347286 A1 (2022.11.03) SR
Tt L -
(=)
o =32 The Government of the United States, as
Fyiis =] 17/851813 (2022.06.28
= / ( ) (=) Represented by the Secretary of the Army(US)
AFERR S AR S5
e S ey
It 2 (IP5=717|%) - AAE - - -
SEoF A A 1.1.1-b
The disclosure generally provides a purified inactivated chikungunya virus (CHIKV), methods
oot for producing the purified inactivated CHIKV, immunogenic compositions and vaccines
- comprising the purified inactivated CHIKV and methods for the prevention and/or treatment
of infection by CHIKV.
1. A method for immunizing a mammal against a CHIKV, wherein the method comprises
FQMAS administering to the mammal an effective amount of the a composition comprising a
purified inactivated chikungunya virus (CHIKV).
1 S A X[ZSILIOF HIO|2{A HHA
e S
=S KR 10-2022-0044734 A (2022.04.11) -
=)
= = bl
EHHS 10-2022-7004010 (2020.08.10) (=x) VALNEVA SE(FR)
AN AR &I
e S (=]
=27t 4 (IPo=7PIE) | AAE | AR | ARE | - -
SETE A A= 1.1.1-b
oot = UH2 LHAH0| =10 421 Q17 AN @2 X&ol= 22 HHE Roh= AIZTLOF HIO[HAN|
o CifSh TI-4¢ OF=st UMl BEH Z0IC,
i) =3 RIFFLOF Hi0|24A(attenuated chikungunya virus): & i) St 0142l OfFEXCZ I8
7155t BSMIE TElohs QRIS T R0 A S(pharmaceutical unit dosage composition)2Ad,
FOETEY | 4| OB TNBS T S0 S ORI XIZTLIOF HIORIAN TSt RAXO! BS Biof ¥ISS
QL £ QOH, AV| T E0Z ZHZ2 2 103 K| 5x104 TCID50/E%, HiEZEoH =, &
103 LHX| 2x104 TCID50/8HS Eélol= S EXNOZ of= UHM[EHE ZMHE.
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S KR 10-2022-0045154 A SRR )
e (2022.04.12) (==
_ _ 10-2022-7004009 E30I
SHEHS VALNEV,
= (2020.08.10) (2= A SEFR)
gEHX'IE AIA% z:__ik'_jllj_l- _
© - OphEY
KR us EP JP CN
ez 9 z|=7}
o= A s 1.2.5
oot 2 22 Mio2 A Q&6 XIZTLI0F HI0[ZAQ| Alrist x| U SHAXE K&, L 0[] HIZ 2|
- a5t Z0|o.
A WEE L= SHATE MXZFL0F A H&(live chikungunya vaccine formulation)22A],
a) REYQ| MAZFLOF Ho[2{A & MOT BiLte| @& b) &F 1 LHX| 50%(w/v) & o) & TmM
xoxTst LHX| 2F 20mM EAHO|E; d) & 1TmM WX 2F 560mMe| K0T 5tLte| 7H=2AZ0|E A=K,
T4 o o

e) ME{MO=2 oF TmM LHX| 2 10mM MgCI2; f) MEHEOR OF 0.1% LHX| 2F 5%(w/v) D-AZHIE;
Q) ME{MO=2 of 1mM LHX| 20mM L-HE|QH; & h) ME#XOZ, oF 0.001% LHX| F 0.1%(w/v)
017t S UHD|IS TEGH= OfF| WEE F= SZAKXE MX|IZALI0F BAl K&,

|_
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Vaccine compositions comprising a water—in—oil emulsion, immunogen—loaded hydrogel

1
particles, and cationic polymer
s SARHH2|AL
=S US 11351249 B2 (2022.06.07) (=5 CAPSULAR TECHNOLOGIES PTY LTD(AU)
200!
EH/HS 16/979780 (2019.03.13) ZI*) CAPSULAR TECHNOLOGIES PTY LTD(AU)
AEINE SE 2871 2038.03.13
°c < ey o
KR us EP JP CN
U 5 2=t
37|' %\_ (l P5:’_:|L7|'7|%_S) _ == )‘lA% _ )‘lk%
SHm B JERS 1.1.2-b
The invention relates generally to vaccine compositions that are capable of eliciting and
—_— sustaining an immune response in a subject. The vaccine composition comprises a
- water—in—oil emulsion and a plurality of immunogen loaded hydrogel particles surrounded
with a cationic polymer shell dispersed in the aqueous phase of the emulsion.

1. A vaccine composition comprising: a water-in—oil emulsion;a plurality of hydrogel
particles loaded with an immunogen dispersed in the aqueous phase of the water—in—oil
emulsion, anda biocompatible cationic polymer attached to the hydrogel particles;

FQHSt wherein a portion of the immunogen is partitioned within the hydrogel particles to

provide for a persistent dose and a portion of the immunogen is partitioned within the
biocompatible cationic polymer attached to the hydrogel particles to provide for an initial
priming dose.
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2 Replication competent adenoviral vectors
e AR}
=S US 11268108 B2 (2022.03.08) (@=) GLAXOSMITHKLINE BIOLOGICALS SA(BE)
S0I
ZHHS 16/756376 (2018.10.16) ZI*) GLAXOSMITHKLINE BIOLOGICALS SA(BE)
AMEEE S 2571 2038.10.16
°c < ClaeEy o
KR US EP JP CN
U 15 2=}
SHTw B JE2S 1.1.2-a
Replication competent simian adenoviral vectors are provided for the delivery of exogenous
oot immunogens. Vectors of the invention demonstrate superior replication and expression of
- exogenous immunogens. They are useful as prophylactic and therapeutic vaccines as well
as in gene therapy.
1. A replication competent simian adenoviral vector comprising an expression cassette which
=ozast comprises a promoter and a transgene, wherein the expression cassette is inserted in the

E3 region, the HE1 site or the HE2 site of the vector and wherein the simian is a
chimpanzee or a bonobo.
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3 RNA virus attenuation by alteration of mutational robustness and sequence space
. AR}
=S US 10206994 B2 (2019.02.19) (=x) INSTITUT PASTEUR(FR)
_ _ bl
EHHS 15/545481 (2016.01.28) =x) INSTITUT PASTEUR(FR)
e c= =/l 2036.01.28
e = CREEE o
KR usS EP JP CN
IR 4 {2|=7t
=/t & (IP5=717 1) _ = c= _ _
SHT B JERR 1.1.1-a
The application generally relates to the attenuation of a RNA virus or of a clone thereof and
involves the alteration of sequence space, more particularly the reduction, of mutational
robustness of said RNA virus or clone. The means of the application are more particularly
oot dedicated to the attenuation of an infectious RNA virus or clone, for the production of
- immunogenic composition or vaccine. More particularly, the means of the application
involve the replacement of codon(s) by different codon(s), which is(are) selected to differ
by only one nucleotide from a codon STOP, more particularly by different but synonymous
codon(s), which is(are) selected to differ by only one nucleotide from a codon STOP.
1. A process for producing an attenuated RNA virus or a cDNA clone thereof comprising
a RNA-dependent RNA polymerase or a RNA-dependent DNA polymerase, the process
comprising: providing an infectious RNA virus or a cDNA clone thereof comprising the
retrotranscript of the CDS of the genome of the RNA virus; andmodifying the RNA
FQHMTSE genome of the infectious RNA virus or the retrotranscript of the CDS of the genome of

the RNA virus, respectively:wherein the modification comprises changing at least one
codon that codes for an amino acid selected from Leu, Ser, Arg and Gly in the infectious
RNA virus or cDNA clone thereof to a different but synonymous codon,wherein said
different but synonymous codon differs by only one nucleotide from a STOP codon.
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Inactivating pathogens and producing highly immunogenic inactivated vaccines using a dual

4 .
oxidation process

e SR ; .
cilukel US 11633470 B2 (2023.04.25) (=) Najit Technologies, Inc.(US)
_ _ Z30 ) .
kit 17/497810 (2021.10.08) (=) Najit Technologies, Inc.(US)
AN = EL712t
AEREE S5 (OpparR 2037.05.10
ez . THoszi=7} KR us EP JP CN
=7t (IP5=717 1) _ c2 | =2 | = _

o o= o=

Som B A=t 1.1.1-b

Provided are surprisingly effective methods for inactivating pathogens, and for producing

highly immunogenic vaccine compositions containing an inactivated pathogen rendered

noninfectious by exposure to a Fenton reagent, or by exposure to a Fenton reagent or a

component thereof in combination with a methisazone reagent selected from the group

consisting of methisazone, methisazone analogs, functional group(s)/substructure(s) of

oot methisazone, and combinations thereof. The methods efficiently inactivate pathogens, while
substantially retaining pathogen antigenicity and/or immunogenicity, and are suitable for
inactivating pathogens, or for the preparation of vaccines for a wide variety of pathogens
with genomes comprising RNA or DNA, including viruses and bacteria. Also provided are
highly immunogenic inactivated vaccine compositions prepared by using any of the
disclosed methods, and methods for eliciting an immune response in a subject by
administering such vaccine compositions.

1. A method for inactivating a pathogen, the method comprising contacting a pathogen
having an RNA or DNA genome with hydrogen peroxide, or with a Fenton reagent
containing hydrogen peroxide in combination with at least one transition metal selected

=ozst from the group consisting of Cu and Fe, and in either case with a methisazone reagent,

in an amount and for a time—period sufficient to render the pathogen noninfectious,
wherein inactivation of the pathogen proceeds at an increased rate relative to that
produced by contacting the pathogen with either the hydrogen peroxide or the Fenton
reagent alone.
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5 Compositions and methods for stabilizing alphaviruses with improved formulations
e SARHH2| K}
=S US 10632184 B2 (2020.04.28) (=x) TAKEDA VACCINES, INC.(US)
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EHHS 16/088816 (2017.03.27) =x) TAKEDA VACCINES, INC.(US)
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MEREE = (a2 2037.03.27
) . e KR US EP JP CN
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SHT B ERR 1.1.1-a

Embodiments herein relate to compositions and methods for stabilizing live alphaviruses.

Other embodiments relate to compositions and methods for reducing degradation of live,

attenuated alphaviruses. Certain embodiments relate to providing a stabilizing composition

Q0F while reducing immune reaction in a subject to excipients that stabilize the live alphaviruses
by providing improved formulations. Yet other embodiments relate to uses of compositions
disclosed herein in kits for portable applications and methods wherein the compositions
reduce degradation of the live alphaviruses.

1. A live attenuated alphavirus composition comprising: one or more live alphaviruses;one
=0zt or more amino acids that include histidine;two or more carbohydrate agents; andwherein
Teere the composition does not include serum or gelatin and wherein the composition

stabilizes live alphaviruses.
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6 Flavivirus and alpha virus virus-like particles (VLPS)
= SARH2| K}
=S US 11389522 B2 (2022.07.19) (=x) TECHNOVAX, INC.(US)
_ _ 20l
EHHS 17/013156 (2020.09.04) (@x) TECHNOVAX, INC.(US)
MEEE S= =L 2036.06.23
(=) Ho o= (01|§)':.'_f§°e' . .
KR us EP JP CN
IR 5 U2 =7t
==y IES (IP5=717|%) I _ _ _
SHT B s 1.1.2-b
Flavivirus virus-like particles (VLPs) are provided that display on their surfaces antigenic
flavivirus proteins. The VLPs include at least one flavivirus structural protein and at least
one non-structural flavivirus protein. A DNA construct that includes sequences encoding
Q0F flavivirus viral proteins used to assemble the flavivirus VLP is also provided. A method of
producing flavivirus VLPs by introducing one or more the DNA constructs into a host cell
is also provided. An immunogenic composition that includes the flavivirus VLP is also
provided.
1. A virus-like particle (VLP) comprising at least one flavivirus structural protein; and at
=ozast least one non-structural flavivirus protein, wherein the at least one non-structural

flavivirus protein comprises a truncated NS3 protein co—expressed with a truncated
NS2B protein.
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1.1.2-b

B
invention provides methods, compositions, and kits featuring the modified VLPs. The
invention also features methods for enhancing production of modified VLPs for use in the

2t 4
The invention features modified alphavirus or flavivirus virus-like particles (VLPs). The

prevention or treatment of alphavirus and flavivirus-mediated diseases. The invention also

provides methods for delivering agents to a cell using the modified VLPs.

QoF
0=

1. An immunogenic composition comprising a virus-like particle (VLP) comprising at least
one altered viral protein selected from the group consisting of: a. an alphavirus E2 protein
comprising one or more alterations, relative to the wild-type amino acid sequence, at one

or more amino acid locations corresponding to one or more amino acid locations selected
from the group consisting of amino acid 170, amino acid 200, amino acid 233, amino acid
234, amino acid 251, and amino acid 256 of Chikungunya virus (CHIKV) E2 protein; andb.
an alphavirus capsid protein comprising one or more alterations, relative to the wild-type
amino acid sequence, at a charged amino acid residue in the Nuclear Localization Signal
(NLS);wherein the at least one altered viral protein is capable of self-assembling into a

1
x0)
oz

-1
o2

VLP; and, wherein the one or more alterations enhance VLP production.
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8 Method for rapid generation of an attenuated RNA virus
s AR} o
23S | US 10619137 B2 (2020.04.14) =5 UNIVERSITE DAIX-MARSEILLE(FR), INSERM(FR)
S0I -
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KR us EP JP CN
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SETE B JE2S 1.1.1-a
The present invention harnesses the power of mutagenesis to produce an attenuated RNA
QO virus in a very short period, i.e. as soon as the complete sequence of the target virus is
known and an infectious genome can be produced.

1. A method for generating an attenuated RNA virus comprising: A) re-encoding the viral
genome of an infectious RNA virus by randomly substituting a part of the nucleotide
codons of the entire viral genome of said infectious RNA virus by another nucleotide codon
encoding for the same amino acid,with the proviso that: i) the number and position of rare
nucleotide codons present in said viral genome are not modified, said rare nucleotide
codons being CGU, CGC, CGA, CGG, UCG, CCG, GCG and ACG; andii) the regions of said
viral genome which are involved with RNA secondary structure are not modified;B)

FQHTst generating an attenuated RNA virus by: i) introducing a promoter of DNA-dependent RNA

polymerase in position 5" and optionally a terminator and a RNA polyadenylation sequence
in position 3" of the re—encoded viral genome as obtained in step A;ii) amplifying the
re—encoded viral genome as prepared in sub-step B) i) including said promoter and
optionally said terminator and RNA polyadenylation sequence, in at least 2 overlapping
cDNA fragments;iii) transfecting said ¢cDNA fragments into a host cell;iv) incubating said
host cell of sub-step B) iii); andv) recovering the attenuated RNA virus from said incubated
host cell.
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9 ANTIBODY-MEDIATED NEUTRALIZATION OF CHIKUNGUNYA VIRUS
FolHs EP 3735589 A2 (2020.11.11) BN
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S 2019-727754 (2019.01.04) (=) Vanderbilt University (US)
AFERR AN AR
S e (CRRES )
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=7t (IP5=2717|%) - AAE | ANE | - _
S B =t 1.2.1-a
oot The present disclosure is directed to antibodies binding to and neutralizing Chikungunya
= virus (CHIKV) and methods for use thereof.

1. A method of detecting a Chikungunya virus infection in a subject comprising: (a)
contacting a sample from said subject with an antibody or antibody fragment having
clone—paired heavy and light chain CDR sequences from Tables 3 and 4, respectively;
and (b) detecting Chikungunya virus in said sample by binding of said antibody or
antibody fragment to a Chikungunya virus antigen in said sample.

TABLE 3 - CDR HEAVY CHAIN SEQUENCES

Antibody CDRH1 CDRH2 CDRH3

(SEQID NO: ) | (SEQIDNO:) | (SEQIDNO:)
ChikV-1_VH ESTFSGYA (75) TSYDGSSN (76} VREYYGLDV (77)
ChikV-4_VH GYTLTDLS {78} FDPEDSET {79) ATENFDTLIGHYKFDF (80)
ChikV-8_WH GFTFDDYA (81) ISWKSGSI (82) TKDAIPSYCDSISCYRANGNYDFFGMDA (83)
ChikV-9_WH GVTFSGFR (84) INQDGSET (85) ARVVGLVAFDV (86)

. ChikV-12_VH | GFMFDDCA (87) | INWDSARI (88} VKASDRGYTGYDTSFDY (89)
T8 ChikV-13_VH | GFSFSNFA (90) | ISGSGSST (91) TKDAENQLLYWFDP (92)

ChikV-19_VH | GGSISSYDW (93) | IYHSGST (94) ARGNLORPGVYFGLDV (95)
ChikV- GGSISSYDW (96) | IYHSGST (97) ARGMNLORPGVYFGLDV (98)
228 VH
ChikV-23_VH | GGSISSSSW (99) | IYWSGRT (100} AKTPDTAMGEDVFDI (101)
ChikV-24 VH | GFTFRNYG (102) | ISYDGTHK (103) | AKELATSGVVEPLDS (104)
CHKV-27_VH GYNFIDYA (105) | INAANDNR (106) | ARDRGTMYRGVGGWFDP (107)
CHKV-29_VH | GFNFDDYT (108) | ITWDGLST (109) | VRDMGPGAVHFYFYGMDV (110)
CHKW-31_VH GFTFSNYA (111) | ISGSGRTT (112) VKDRAGWFGNYFDY (113)
CHKV-32_VH GYTFTTFA (114) INTANGYT (115) ARVODFGHYEGGYGY (116)
CHKV-35_VH GFTLRSYV (117) ISGDGDHT (118) VKDWGIRGIYYPSGMDV (119)
CHKV-48_VH GGSISSGGYS IYYSGST {121) ATDYCSSTSCNTGAPVN (122}

(120)
CHKV-50_VH GFTFDDYA (123) | ISWNSGFI {124) AKDLGRAYSSGWYLFDY (125)
CHKWV-53 _VH GGSISSTSHY IYYSGST (127) ARVVWVGGYYDNRGYYRGPPTPLYYFDY

(126) (128)
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TABLE 4 - CDR LIGHT CHAIN SEQUENCES

Antibidy CDRLI1 (SEQ IDNO: ) [ CDRL2  (SEQ ID | CDRL3(SEQ ID NO: |
Chikv-1_vL QGISRY {129) 3:15 ;1303 OHLNGYPYS [131)
Chikv-4_WL QDISNY {132) DAs {133) QOYDMLPRT (134)
ChikV-8_VL-1 QISMY (135) DAS (136) QOYDMLPRT (137}
ChikV-8_VL-2 KLGDKY (138) aps {133) CAWDSSVY (140}
Chikv-a_vL TIGSKT [141) DDS (142) OVWISYSDHAY {143
Chiky-12_vL SSNIGRNT (144} SMN {145 ARWDDSLSGYV [146)
Chiky-13_vL RSISMY {147) AAS (148) QOTYTNPT (149}
Chikv-19_VL SSOVGGYRY (150 EVT {151) SSYAANMNLL (152)
Chikv-22B_VL SENIENNY [153) HND (154) ATWDDSLSGWY (155)
Chikv-23_VL MSNLGSNY [156) RMN (157) ATWDDSLSGRY [158)
ChikV-24_VL QSLVSSY (159) AAS (160 QOYGNTPFT (161)
CHEV-27_VL MIGSKS [162) DDS (163) OVWDSSSNHPY [164)
CHEV-29_VL SSOVGNYNL [165) EVS [166) CSYAGSSGY (167)
CHKV-31_VL QGISMY {168) AAS (169) QOYNTYPPT (170)
CHEV-32_VL SSMIGAGYD [171) GNS (172 QSHOSSLMOFNY [173)
CHEV-35_WL GLPOAY [174) KDT (175) OSADSIGTIVI [176)
CHEV-48_VL QGISSY (177 AAS [178) QOFMAYPYT (179)
CHEV-50_VL MIGSKS [180]) DOS (181) QVWDSTSDHACY (182)
CHEW-53 WL PGISTW {183} A5 (184) QOANSLSWT (185)
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AFEH Al i
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) ” e KR us EP JP CN
SEET B P 1.1.1-a
2 HALES SR/HANO| TE2 Zolths 2T A HARM TMHF0| st A0IC HARY THES
29 U2 Hotof Uist HSE 204517 ffoll £|XQ Yo atal/HAYME HBIC) Y= JME HAYRY
3 OPYME LIEMHC), A RMSO| M SH-HO0| ESE THAIEI0] QUL
(i) CIZEZI0F EA0|= (D); (i) IS SA0|= (T); (iii) S243 THE HEAA (WP) = FHIE THEA|
A (@P)() BE 71 BI0I2A HPH 821 (HBsAQ): (v) SIRL=A QIZROARKHaemophilus influenzae) $2
FETY & (Hib)(vi) S2dst 22|12 Ho[ZA & (IPV) (67I1M, 0.5 ml & 1 - 50 DU Y9 IPV 98

20 0.5 ml g 1 - 50 DU 42| IPV 3 3) & (vi) 2-THsAOIE2 o Z0l= aite) T2
B mBlol= o O CE-8T Bolely ZNE.
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=/t = (IPo=7PIE) | 52 | 52 | 52 | 52 | M4
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£5|, 2 LY AdHUB2t AdY25 2/9] OfH|.cHI0|2AL| Hims et OfHleHI0|2A HIEZA, 47|
Qof HIE{7} OFH|HI0[HAS] 1R09|(native) E4 ARIE ZAWGID AJY252FEQ HIMZSA E40rf1,

E4Orf2 3 E4AOr3 2Sst FAS HEG6ITS 47| Of|ieHI0 AL STXP L HE A2, OFH|'eHI0|24A

HIEE XNSTHt.

* OICIleHIO A CB82] li=(genome)e Z&eh OFHleHIO[2A HIEZA, A7| OtH|cHIO|2A=
xoxT) AdHu5 ¥ AdY2522E] Q2ldt 242 OfL|1, A7| HE7} A7| OfH|.eHI0[2 AL 1R 9|(hative) E4
e IQIZ ZEsID AdY2525E9| E40rf1, EAOrT2 U E40rf3 Y53t YOS HBIGIE2 A7| Off|ie
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2 JHANLES HO|ZE(0IE S0, &Y, OFFUIE L/ B AEA) 2/E= HESH DO0|0EIE Zlok=
oot M| AZHI(EV), OIE 01 AAZO t@ Aot 2R0fl= st EV(01|E S0, UAZ)E HE5k= e
- 2 Zet = Hof, 02 0 &, 0|4 Of &3 HB(GvHD), X e, gy dE = dR3
S X|=Zotal/sHALE ooty | flsh EV(GIE £ O—*!i—’.%)e 5 b= 20| HS=C
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