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DESCRI PTI ON SECRETORY | gA AND | gG ANTI BODY | NDUCER 5
TECHNI CAL FI ELD [ 0001] The present invention
relates to a nmethod for inducing the production of
flavivirus-specific secretory IgA and 1gG anti bodi es
by nasal adm nistration of an inactivated flavivirus
vacci ne and an 10 adjuvant. The present invention also
relates to a nmethod for dﬁ@ﬁﬁéfﬁgQ%rotection agai nst
infection with flaviviruses by nasal adm nistration of
an anti body i nducer that induces the production of
secretory | gAEQRATIRYG Taht A0 A &s ANGdB@RY | INEICGERe
anti body i nducer for inducing secretory IgA and |IgG
anti bodi es. 15 BACKGROUND ART [0002] Infectious
TEQHNEZSed I€alused by fl avi viruses have becone an
[Obgggrtant concern in recent years. O different
ers of the 20 fam |y Flaviviridae, viruses such as
VéstThblpfesemmsindem@MwlvbﬂasesJapameseh@md@phahHUCSng the
Vi, I us, ever Vvirus ep
o R o T T o b L S S e S A e iy o B Lb g bodtes
byt ha:tajpmlsemmtsmmr Olﬁl enrsinortidutde. f]lanflardduislmt;c1ne and an
i.nfectio di seases .caused by .-hant rus,
i Pidiud rBe REO e 46 EB0NH 4 oF b R oAcar ReCH for
prdapdinhg tdretbabi@vidgasnkof ectdaanohi wsth can®itorpidd s nasal

attention during the 1970' s en a nunber. of rat .
adﬁé%ﬁ’%%r??ﬁ% aﬁltllg]egi’ AEbGEat Pyt éﬂ@ﬂ]&?sfﬁ%ﬁ?lﬁﬁq tion of
seWeEBoFepent efd tydavie iFeNss ,0fa sURKNOWYE ahegbAt iHME, inducer

t hen- unknown di sease continued to energe until 1984: A

£OF ot VDR I36°IFt Fas 82 h & bk 2REPBYEEtF wi t h one

deat h. [0003] An out break of the di sease

occurred before the Second Wrld War in the basin of
BAEReRGAMH ARfver, which forns the border between China

rod8ps the former Soviet Union. Also, Japan's now defunct

arny 35 encount ered unknown fever during their

occupafori s Aopehesstcaraethbna (eVREghr Mg Mavicapeaeree an
inpBPOLIELNE i SPase Ae SRIACM Br &) REILLNACGIEVR tne

ater, as many as 3, ases of unknown fever were
faneporieyianongat heriuNsssl slidr sisdiesngNitllve vKoneandafgrue virus,
Ja@ggeé% tern%%#aﬁ fﬂglvfllr Qnt lto%n%legg \;r hr% Calﬂﬁ?ﬁ'ﬁ’oﬁ:me
us was i SO ate ee and’ eagues

enoépm&ﬁxﬂisUnum&$sHKyHeKatE%usﬂ10mrﬂ@0dﬂnmslnfeetnaughhseases
thaE o&aen%§g1c re H%%s I thlrus was named as Hant aan

vIr after “the” Hant aan verdFIomnng t hrough the

reglmn a@mmuadnhelnfemtﬂmmsedmaeqﬁﬁs Je0664| bl A tetrirus, a
flturned ou t hese epi dem c events meﬁ &ausedth

By YHe'%a V%g%]rﬁq Fartash SHTeESperoriging t8 (He the
hagemiﬁrdé avirgtt usn flinstheardl®82 eont ex &[t(t%nhebd - ilapane mid-

arding this disease, the Wrld alth cr zatio
Lop Gy hebt FeRtRAel I T Sewg" LG SFedOgt bupbE oy

anshil | RciVi Fuseswas hapbased WJ Usire Ofexfé'te o@eﬂﬂﬁnown origin.
hantavirus, 15 the new fifth genus of the fan1|%4
BuHVﬁ%FPﬁHQ@n Feagaocarsy? it@e@me T hame 1L nt 2t séadetal of

1ohespsshaghcrEsy erepiirtBaRenal oBendegne, (HFRS). [0005]
The hantavirus infection is a zoonotic infection
[0B885ed by 20 hantavirus that utilizes rodents as

natugﬁl oSk SENEEe tNQUEEUSChS-RUCHEESE Ithel 8668nd World
and urine of rodents, nbst infection cases are caused

Wapyip e oAglehet Vviheudnilp Riesh ohiehikaimeshs lprder between
ch¥hi d @%%@fmeé%%lgésﬁlé}ﬁveﬂ@@” 5 er’tsego@%nct army
peopl e who were bitten by rodents. The disease is al so
encowstdmcedntoobe favansAit el 28 irheoughtiasabl myethsestern
I t [ c [ that _h
Ch?%gcotﬁ}%glctﬁgémc 1ha %{'18 Eég?ﬂé’gt&gttﬁ'% c?isseas{%sfast %%fde%%e
causati ve agent of HERS is preval ent throughout the
Eurasi an continent and includes as a nmjor species 30
hantaan virus whose primary hosts are Apodenus
agrarlus rodents found I n Korean penlnsula hbrthern

~ o o — . -~ " — 1 N
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[0007] 5In 1993, several deaths caused by acute
respiratory distress syndrone acconpani ed by pul nonary
edenma were reported anong Navajo Indians in the South
Western United States. Unlike HFRS, the di sease was
not associated with renal synptons, but instead led to
acute respiratory synptons, resulting in a nortality
of about 50% 10 Neverthel ess, the causative virus of
heﬁt@?rkgégsi%asfgve‘@s qg%ttt%ﬁ:m Q§qnatr9y %% Qaf'@@vdasleé of hlﬁqknown fever
di sease, named Hantavirus Pul nonary Syndronme (HPS),
wehesrertep@reﬂedmhm toel YNi po Nbras Aﬁ‘ém@d:hebﬁpreaedtam and
8] T :
] ane Shsn s TERR AnT HAEr Searted ntie e
isahdt@b&nhDAneheeameteOhbea@@mspdeKeaatdkbeetsah$nﬂtﬂed, from
[ 0,
S S R
Hahbaam vmmyedeﬁtsraﬁﬁeHasta@xewwakoﬁgowundttbroh@@rduaseglon
Wh ad contac}ed th%tpatlents but never 20 visited
?h% ?egloﬁ e ﬁ%?tallty reached 50'. The fact that
[onome of the patients had a chance to be exposed to

rode ts s ested uman tr.ansm ss of the
i oobei® JIRgRbCEPorn: bY PR e BRI Sl sohvet € cansed by
thar @ebiﬁsedagfealtl, otu@ntcamcemus tbkllcm@@ngptcﬁieiﬂec 98008 £easedrus. In

as n ree ed since. 9 . .
thfiloﬂ%%1 §re%erejp}ﬁgndeé? BEsE Fﬁ ?ﬁgl‘%'n%ﬁthal\?i fiygease, the World
Hehmﬂecztﬁge@ﬁzta‘aa@n am@ioh r apsnaditied1thhangh that nbeTteSisolated
such as HFRS and HPS, still exists: A new outbreak may
gr@@EUFEéﬁﬂ%h?rtY%ﬁyﬁﬂﬁeﬁsb@%ﬂﬁ?qpaﬁér%hd Gt FEe Fodehtentavirus,

thal SaPrE\ahl 5BGud B O¥hel EXhIY, @RMEEONPRM. t NTQEGRaYt 130
the worid. I'n fact, new cases are reported every year

dephd%§n3$anapartmﬁnglsﬁé§§lﬁﬁmﬂﬁfhﬂéﬁeafe¥ﬁ¥ fraEi Bererll Syndrome
(g#Reye. Thus, there is a great need for the devel opnent

of vacci nes agai nst hantavirus infection. The
[OgPBVi si on of such vaccines agai nst the infectious

di se ur gent

Eact Pse A ana Kof ba 48 iher e & panber of Caser Grored bv
haneportusd tbathuyeldrzes] 00do}ts 4sl hafgrkhdwstshat Since the virus
1sSBECdi LaAaL] ol g9, secreted fromine MIBOSA Al Saces are

highly effec in pro écting agarnst 1nfluenza an
caosheﬂxaﬁmbeﬁm@gr@epnuaﬂarynLmkﬁbtDon$mukbﬁeaa$|®mdhese
HfRELE 0okl AMANG INCRSA, A& RTLIELALY, RR0SI €.ch@ biteen

PRETr 085" pro?ectl ag 2l WEE G FErehtS of
byl nddererza WheLmﬂsddSel$Sb&l$dﬂdamsthared§p® aettb@mbmxtted

are |nduc d in humans. who have been, cted with
PR iRy U na trecOTE R FRbm ITEERrUP iy Fitle that
hape ot@ed i11@n cageadstwiithf ecdidts W t h vari ant =uses of the

aﬁgﬁ subtype. [0011] 100ne way to provide an

fected individual with protection against

i nf egbhodv W) Yhe UsRsaandeotfeit pat hogensid pridalent

i nocul ate the individual wth a vaccjine, an
thr HaghtGWat-e %ht?%%ﬁlSPHQtQ%§e§D€rl%?Hé#*béFh%d@h§> gpecies
haflebiberiatgl ¥nbsdysananyantdRodye Exanmhes a.otasbed) rodents

vacci nes include influenza vaccine, chol era vacci ne,
foﬂyﬁhﬁt&“4?30aE%ﬁ%ﬂ§U1§naN@{ﬁB@ﬁ@aé€¢n%e%ﬁﬁle@EFW%dﬁﬁhéér East
rub9912] rach year! @ bECUAlsank8SBE 10N tdl §88S@Sorted in

such as influenza and severe acute respiratory
ChipadrenvereSARS)usANslsc alsRies By iehflege Vo lohupdspily atioKyrea.
RaEE%t &%@1@5? té?)%’ttg)gtlyt e, ekl B%Meéa)‘cspf gvent S PYior1dwide

I nduci ng nucosal 1nmune responses in

andeem rCRALGRPL e r@fctSel@ylla@tmmﬁ st rﬁétthehgtofnwmedﬁlesc Sjemge have
begHrf t‘é@CE N3 e 8&‘3&1333’19%‘%8#{@}‘@%%“%591 E&L gﬂace in

are capabl e o u0|ng mucosal 1 mune reéespon

there |s a need for the devel opnent of new, nore

ef fective vacci nes that can provide cross-protection.

One approach 25 to induce secretory IgA antibodies in

the resplratory nucosa |s nasal adntnlstratlon

o oy Y
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Ceram fied powders of surf clamshells have al so been
reported to act as a natural adjuvant (Patent Docunent
1). Pat ent Docunent 1: Japanese Patent
Application No. 2004-133268 ZL5Non- Patent Docunent 1:
J. dinical Investigation, 110(8), 1175-1184 (2002)

[0015] The present inventors have denonstrated
meflhad ! | rkerpvar e rrafeil géasl bt fsay Fe rirdes 1nPakl udihgarbors
th?@ &Mtr %ﬁ@scom ls¥1%9 ?&@1‘?1' ?E%éﬁglﬂ tc%r‘:ﬁ@rs of the virus.

arorenmenti oned specific adjuvants effectively induce
Thgecri&ttive @merw%pufb@@t@ﬁaw e pricosefandy sertiahed.

[0 ggaantlbody responses, thus providing protection

against infection with fatal doses of flaviviruses,

i ncl ddi hePhaseaeralsésthifhicsustdidy aktteatedpiragdryodistress

=vERlENR 107 BE SO VEB B e FRVENTTN (GOTe[ - oD havado

InAtwmfdknghy,Semthakameobj@mﬂtaﬁEthee@regbﬂﬁkemW@ﬁLi¢he

. rovi de_ a nas vac I ne that uses po (1: an
15280 e PRl 267 Yk sHT R o bl e o
acand Jremjiicrasomaspm@met [ mstdftla@cteta)mwrttgAlapobﬂ gBout 50%.
N_antlb di es Eg ctfor fIaV|v%r ge i ncl udi n " 4t
*HEhtaviTises e ?autsﬁ anot her*obje ?l%ﬁ?@ept‘@%e%t ermined to
bel nalettttvlcmsas anotdiekaas pem:atmetcp HQhQ&VﬂJﬁ,tsa Pmtemb@alry" @yndrome

EFOVIdIn E(gtectlo ainst flaviviru b%ﬁﬁl
(HPRGUTaTy T8BEF eT0mPH AL ANt & tant P Hofides ! ut6a N§ South
AmEOR-SGVI NGs THE PROBLENS [0017] 5To achieve the

foregoi ng objects, the present invention in one aspect
[0 i des a nasal vaccine that conprises an inactivated

anti gee ©intdviihavi vifis iaRd pebY (s GFROTaifd GeIaRkbbeEd in the
powder of surf clamshells as an adjuvant and

NOéF?e%RQ\ﬂ@Pyhlémﬁkﬁﬁ§ déere?l civnsfderad dimt Psolr @3St teFe from
nuRasalo megsa and S@'p%@h\ﬁéf ongY, $ELEMR L 9Gs10ases of HPS were
anti bodi es. [0018] The present i nventi‘on in anot her
repgped gy 6vitdesrma ARSERbENE crudngdhefal residents and visitors,
atleaﬁlv JYEH Ys-speci 4L <! gh andy 'c%ﬁtQBtécﬁ’oc?t L9t COMPL R tNdever
nistering an i nactivated ant| a F|aVIVIFUS,
vial ey thiet medbopol yibk: @@rtalaaceeanhédeﬂkpomﬂEe bictsihet none
C I ,
ot SRR B el STl a0 (R R S LRy e stea
human+m@egmadntrmeMﬂasmgnt@é'Mﬁﬂ@hﬁvat@dEHntmgem1xﬂlQQlcal
ev1|o'teaV<|:V| rusfhand etnhtt ar, géd sgrl%rusacceéearmf g oWdee 1d%]1cmic soon
SUF Tl "am shef 1S PHe nucosa of "t he résplra ory 2
cetpadtanROaEFFECTIS lerGEE ¢ MENTI ON [ 0019] The nasa
[Ogﬁgﬁine of the present invention, which conprises an
tivated antigen of a flavivirus, including
hant awhétisgsssanth ScH@day( bfcalmoralecaaamxfize@ pavderions that
of surf clagtshell , i nduces the groduction
p A

Arf| BRANTTHISSS pei I S8kr et diy YA amt i'Bodi §8|%P§'hestlll

exMHEOS A Ofewt beties mat0byclr agt aas wehd vasn brown rats and
flavivirus-specific 1gG anti bodi es, Secretory
OTHAE | PUthres ahd R%ﬁﬁ%&%ﬂpﬁoﬂté%ﬂa#évheﬁcﬁﬂW%%BEP?%% gﬁ;oughout

thealhogen- speek ft C dmupegd oy |r@ﬁoi‘f@<§ dleBY, dear in China, Far
signi ficant role in protecting the surface of the

Eaphcysss ifr ontli Wi 6 WeRh Prchegens: The'Se AReTdodi esgreat
ne@fer@bundantvi o gV €@éﬁiné%'é?Qﬁﬁéﬁehé%%%@?f&é”E%fectlon
from gastrointestinal and respiratory tracts and
col o$De UMOVISaYnapt B0 Vpreseed d9ni8ef uhe Thdectious disease
AU SAALLOR QfoddienyBLe] N6, ehihlle #5 PEEEeRlssia and Korea
i nvention effectively I nduces the production of these
whigA andbgG ahtddsedi ese rérey tedoeihdi ngeaar-ot ect i on
[0 jnst infection with flaviviruses. BEST MODE FOR
YI NG OUT THE | NVENTI ON [ 0020] 5Pol y(1:C) used as a
vacci ne adjuvant in the secretory IgA or 1gG anti body
i nducer provided by the present invention is a
doubl e-stranded RNA that serves as a |ligand for
toII-Ilke receptors (TLRS) and stlnulates the |nnate

o s o, . - L,
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10 m croorgani sns. When doubl e-stranded RNAs
that serve as ligands for TLRs, such as poly(l:C, are
adm nistered with a vacci ne as an adjuvant, they
enhance protection against infection w th pathogens
not by enhancing the effects of the vaccine, but
rat her by enhancing the protective 15 i munity agai nst
bact éFi & KidliséBaantPstiieée pat ogeRedien %ﬁﬁﬁﬁt@alﬁrom the
mut%sé %'hn%hlg%@@dt%g' &3 ﬁ%ekgﬁt?n&\%ﬂ%@te§n§ﬂf‘éﬂ d Gnd
for the viruses and bacteria Ile pol O,
othhe @iﬂdimreesw%md@dropmmmcume& n tdre azrrlbpeseﬁtsecreted from
0 f I
b er or bate e r e B fohad ben S thar”
agpohy IdiCfemest haws afnohBoudrae gires of 1300sbpebreved that Igh
0 t f ' '
R e C e L S i R
1naWeemzﬁﬂmarﬁsoamd]nempvbnd@sindnestlnpro@ﬁﬂumgzgtotectlon against
1n¥he ceranr ed Iﬂ:ea gf sur Ianrshell one of the
3%% Fe aajuvan $udegtin fﬁ Sc?é? Evitaﬁ and 1gG
[oamtj body i nducer provided by the present i nvention, is
a porous fine powder obtaine a ni ng sur.f._ clam
Sher Py 0o BREPEe o Bhmarerted R iRt Mgy fect ton
aghazvet sitréfleick i zih NG tOr vhactes iaidlakhaetpatidogenasivetd i@sculate
an.ability to. renove toxic substances esent in ér ace
thg it st Vsl L HE & dFahat paééthéFHé%at%@ﬁtégr%rﬁ Vgquses or
otBF foalraenbel to RRUMBESaBE B, aviaubabhe As ieeANer Gixdinples of
products. [0023] 35Wen observed by el ectron
ﬁ?cY%%E%ﬁ? PRI e lahilPPett sicClefarsHe? potveere udeghold
vaB8idd, agdiuvaht Jdrdihe present i.pvention appears to be
orous fine powder that is conposed of 10 to 10011m
[0 ég luni form structures. The porous material acts as a
carrigry Qtltcrth@LaYacf;éiﬁrtat&%E:%S&ié@ﬁs%tse&lch as influenza and
antigen-presenting cel 024] 5The vaccine for use
sevare cuec ket satogA émdlrcg@ dﬁﬁREbd@ra rauced py ovifgegion of

| 0
re T Bt e e Pan Fra0” Bowder of Surt el 4 ShaT1 & P
indgcany anfjcovant iirgiren ranpeigesd cnsubpernsiroradrryottadtoly
: | 0 n fe t -
B ER B ofnt S IRe% natiofio B PR e The e RN ov
Subn@t&menuedlnme@tldmeabedyot1d&pa@ﬂeigérundddlagnmwmoaai immune

regoéﬁgéet:h%t constltutgs thej¥a00|neona é. more
croorganlsnror a natural produ |e
efﬁectnmrgancsneisﬂnh:aanvprmnmﬂe amdsﬁ&pﬁaﬂ@cﬁ)pnor @ne approach

hetic or di fi.ed_protein, peptide :
cop LTy SRS PP bt ABr B URRCS. thSLOOParetoy Hioggets
naspecidnitiexaaplen ofinbhelbt M@ )onfi pactdarat.edHyasedme the
. for_use in the resent invention_is |live vaccines for
IPPPAA ViFUS Ti A BdSToAs O | BIHEEd Sher&f Uit ERY mrmne
respd@edd vaheddamdrgeno befns tiemahe 20qinisgenéddd hase
lost its ability to infect new hosts. The tem i ncl udes
adWF?tQﬁﬁ¥€@06ﬁ%?ER%¥\n ral particles), inconplete viral
[opasticles, virion conponents and post-translationa
nodificationfproducts t hereof, non-virion proteins and
post +Pr & &b 6H8If%ﬁﬂﬁﬁpéatrbﬁaﬁﬁﬁaﬁéﬁéath@ﬁ@@ﬁlrus
1n@é8%§ﬁk§V%n@ﬂu&ﬂﬁﬁ%an%991ﬂﬁyhm%bb%ﬁgngﬁﬂﬁﬁﬁ59@%%&;and HPS,
These antigens may be inactivated physically (for
capxpssenbya Xy sgprisfidgdedt i sipiraeary o iseniieasi on) or
ChemTﬁ@él ys@c%%s??f?@c@mct@%n ?f r%dr%fto@rﬁj‘ﬂ %nt@bggﬂ—% in the
or chlorine treatnent) secretory I gA
reBgG@WnYom@ty@moﬁnﬁemg@@mb@ﬁ S@yumhég@@rmleeemresponses

r
S R Do Y e B e it B Tha R rus
organs that communicate with the external environnent,
such as digestive organs, respiratory organs,

excretory organs and reproductive organs. The nucosa'
adnrnlstratlon the preferred adnrnlstratlon route of

' ~r Y -
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10 and 1gG anti bodies is induced according to the
present invention to provide i nmune protection are
m croorgani sms that cause di seases or disorders in the
hosts. Specifically, these pathogens are flaviviruses
including West Nile virus, hantavirus, dengue virus,
~Japanese encephalitis virus, yellow fever virus,
infpeklidsr Red18tic dphRarviTes vinfestapes Hepatitis C
ro¥hiys. [0028] Wil e the dose of the secretory
I gA and 1 gG antibody inducer provided by the present
i nveAt tpngraypegaeyode pardiengllordidse cagebaniddnsieghin ofhe
P HBeE 0 or AN AdurE & o Al 1 h The s BRga of Doens €0
thabowutosk) tlo BAOL imylior bh%unaamh:mus®$@u|UMQ iThet daitlepl viral
dul 1 n |o '
o R P B LR ER ST TRy g go avament
theangectofviaboas ackitesl0 ng and preferably in the

range_of about EXAVPLE 0029
The B8k AP hola b RS T HeCk: Pigh RiPPRoed thus far.
Onéeéﬁﬂﬂﬂﬁﬁof0r§¢éﬂﬂﬂy @ep@ﬁnaieﬁbuﬂabGQSQJpEXgmphe da

at |

t of . | G pr.oducti.on by etic
o JB & araciF BRA ol yirs s soa T IR (Gigy ovon-
Pa@bnt Maghineated) antigen (an inactivated virus or a

subunit an en 0 |nduce eutrali zi anti baodi es

and, Fﬁ%%l% é% HH%%:%%S pﬂfotséé W%&éﬁeﬁgig Pt hGgeRsPhgls reported

rodgterad @eﬂatﬁréh%ogmeaﬁﬂcepaaien&ynbbﬁﬁérgz 1)
doubl e- stranded RNA poly(I:C as an adjuvant
( Vat EﬁF%ﬁl%)DOl@luEléntB%LBT/a@a%?%u %?@W@@Rllqwneﬁo 2004-133268

Vi ugon HBIHAM BYSudA@IN (0bEat AR if rapeLAf £GLIBYUS110(8) ,
Di sease Surveillance Center (Tokyo)) 5 Vaccl ne:

Tlant &4 ri@8§9strain (I nfectious Disease Surveillance
[ofepter); ether-inactivated vaccine Adjuvants: CTB* as
positive control (CTB (Cholera toxin subunit B)
cont ﬁhﬁlm@%@mr CTveTivsise have oINS taadePof gl igpctivated

e Sdaah LG Foyo Sier 6" G T Aga PR groase or e
adanih hetteredeac hh glfoup fnasnémoculeat ede¢hf tthedpasaht s afifegtively
I i nj . tayvir
SR Iarang W (o g tp g B AR By Hiun 1o
anpobydy ngﬁpadpewanﬂm£ApteV33HWB@kstedﬁhﬂae@agnsupHWHstion with
{L_an c&gsaetse%fl glt hevf}%ss%ls Cav'lt 1¥1V| t hartl@aev r%ms anDH’llS %tud
e vacci ne, "W or Wi t hout &7a adjuvan APt er Y
ul&dﬁa&i@n&bdZtmﬂﬂkspréhénﬁhﬂﬂ&h&imﬁre |nfected Mﬁth
hant avi rus by inoculating a 1.2pl solution containing
100pfu hantavirus in each nasal cavity. G oups
DIEEC®EMQFlOupgromENTIpy of pol y(1: C) al one, vacci ne 20
alone, or no treatnent served as controls. 3 days
PROPHEE (e BEnfedfionh’ RS atl FaSHMnd serum were
[000k] ected. IgA in the nasal wash and 1gGin the serum

wer e assa ed by ELISA. The virus_ titer of the nasa
was h/4@ WnlhEd“%ﬁﬂhOBPgﬁﬁéi%égﬁypﬁé$$ﬁf vBerntion to

pr@@ldie,s -a %%Lkg@mccnle that“@s’*@é"@ he, (M©e Mer g BasaliMed powder

i mmuni zed in the sane fashi on and |noculated wth a

of2epaf sdiamt FBAl ko MSaichi Ag @ardt Rar dudecsst thanpavdudison of
sebfOLELT 1 A0knd B 3nkABREOXs sHR000; Lifms A1hei arDwHs  of

virus that can infect 50% enbryonated chi cken eggs)).
inThed 5y ViehaRviatees30 of thearmiheul SoIRE woniherrgesent
1n{7% 38 as anotheTP a%@@kngo tﬂ}%v%@feeéym@ého%olf}%lpgv IAng
e central nervous system 0.25j1g, 2.5 pg and 25 pg
profeplloy kyginsh Q@Mlﬂ%&\ém lpducm@t@@reﬁpbytlﬁé’& and IgG
anpggéaqulng a two-step needle. The wei ght and 35
survival rate of the animals follow ng the inocul ation
were nonitored. 11 G oups inoculated in the
brain with 2.5 pg, 10 jig and 25 pg of CIB* (CTB
containing 0.1)., CT) in 25L PBS served as controls.
[0034] (Results)
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5(1) Antibody induction and protection agai nst
i nfection by inoculation of nasal hantavirus vaccine
with poly(l:C adjuvant The nucosa' adjuvant activity
of poly(l:C was evaluated. Igpg vaccine and 0.1pg to
10pg poly(l1:C) were nasally inocul ated 6 weeks
previ ous. The sane dose of vaccine, with or wthout
the adjuvant, 10 was nasally inocul ated 2 weeks
previous. The IgA anti body responses in the nasal
mucosa and serum | gG responses were assayed and
ME%NWR 2OUVING TdB] &ROBLEIOD35] (Tabl e 1) Vacci ne | gA
H body response (nasal wash) Mean (ng/m) 19gG
product| on (serum Mean (pg/nmL) Primary inmmunization
Secofidaaghianeuhe afdavoinyack] ¢t PhePorggdntCingengjon in one

AoYBCRI NS KELE) . PRI D c (1l Bhae Ao A0 268,030 ok
antigen of a flavivirus and poly(I:C) or a ceramified powder of surf
clam shells as an adjuvant and effectively induces secretion of IgA
antibodies in the nasal mucosa and production of serum IgG
antibodies.

[0018]

The present invention in another aspect provides a method for
inducing flavivirus-specific IgA and IgG antibodies, comprising
administering an inactivated antigen of a flavivirus, along with
poly(I:C) or a ceramified powder of surf clam shells as an adjuvant.
Specifically, the method for inducing the secretory IgA and IgG
antibodies includes administering the inactivated antigen of a
flavivirus and the poly(I:C) or a ceramified powder of surf clam

shells to the mucosa of the respiratory tract.

EFFECTS OF THE INVENTION
[0019]

The nasal vaccine of the present invention, which comprises an
inactivated antigen of a flavivirus, including hantaviruses, and
poly(I:C) or a ceramified powder of surf clam shells, induces the
production of flavivirus-specific secretory IgA antibodies in the
mucosa of the respiratory tract as well as flavivirus-specific IgG
antibodies.

Secretory IgA antibodies and IgG antibodies are major exocrine
pathogen-specific immunoglobulins that play a significant role in
protecting the surface of the mucosa from infection with pathogens.
These antibodies are abundant in saliva, nasal discharge, secretions
from gastrointestinal and respiratory tracts and colostrum. They
are also present in serum. The administration of the vaccine of the
present invention effectively induces the production of these IgA

and IgG antibodies, thus providing protection against infection with
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92.52.79131362.31.58131 121.8 2.56 1111
121.91.58 111 0.50.4110.110.114.41.0010.1
1 9.60.381 1

flaviviruses.

BEST MODE FOR CARRYING CUT THE INVENTION
[0020]

Poly(I:C) used as a vaccine adjuvant in the secretory IgA or
IgG antibody inducer provided by the present invention is a double-
stranded RNA that serves as a ligand for toll-like receptors (TLRs)
and stimulates the innate immune system to provide protective
immunity against bacteria, viruses and other pathogenic
microorganisms.

When double-stranded RNAs that serve as ligands for TLRs, such
as poly(I:C), are administered with a vaccine as an adjuvant, they
enhance protection against infection with pathogens not by enhancing
the effects of the vaccine, but rather by enhancing the protective
immunity against bacteria, viruses and other pathogens, in
particular by inducing IgA antibodies and IgG antibodies specific
for the viruses and bacteria.

[0021]

While poly(I:C), the double-stranded RNA for use in the
present invention, may differ in molecular size as measured in the
number of base pairs (bp), it has been shown that poly(I:C) must
have a molecular size of 300 bp or greater in order to effectively
stimulate immune responses. Poly(I:C) that is 100 to 1000 bp in
size is available from Toray Industries Inc.

[0022]

The ceramified powder of surf clam shells, one of the vaccine
adjuvants used in the secretory IgA and IgG antibody inducer
provided by the present invention, is a porous fine powder obtained
by calcining surf clam shells. Solutions of this material are known
to have sterilizing or bactericidal activity, as well as an ability
to remove toxic substances present in trace amounts, such as
residual pesticides. Such ceramified surf clam shell powders are
available as commercial products.

[0023]
When observed by electron microscopy, the ceramified surf clam

shell powder used as an adjuvant in the present invention appears to
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0 0.60 1 Denatured 1 1 Denatured 1 20.4 0.69 00

15[ 0036] To detelLntine if the adjuvant activity of

poly(l:C) increases in a dose-dependent manner, the

dose of poly(l:C) was increaged stepwise fromO.1 pg

to 10 pg. As can be seen fromthe results of Table 1,

the 1 gA anti body 20 responses were induced in the
benasePrnsc 638 wheraw. 1pgt ofs msieopefyqd 16 tRas00um non-uniform
stkﬁ@@&%ég:edTﬁé éé%%dsnbﬁt@£léfngéy Zgé'énbaﬂf%g§7$fTEH% vaccine

results indicate that the anmount of |1gA induced in the
thahsafimmlessa swrisiatependesntiow chéldose of poly(l:0):
[OE‘J-E% adj uvant 12 activity increased as the dose of

y(I:C was increased. When poly(1:C was
usedThﬁ wachinef fToheusawgni hanseatdtony, 1aB0mMY! MgGoantibody

- | te h . .

BB S R Bt O DR R 1858 i

theipsty Mnozath&)merﬁmi@ﬁ‘@/pmder uﬁr@nsfpedaml shél@/s as an
anti bodi es were. | nduced wt

3p po
ad?rH‘éa%te i oS proatict F%ﬁ%asm %o %% a%lr%ld gg}{ér  containing
anslnmmr:ttl@ubeag@mtr elratedramidntt he hglesedhetricon: aﬂ'd!\ﬂnduc1ng

TSI g v e ne (S o v
fr@@mén@ﬂﬁfﬂbléﬁYUﬂkkgﬁbnéﬂﬂﬁﬁkﬁ the vacdﬁ@mnhpebéﬂiﬁals

were i nfected wi th hant avi fter the
Mg BRI RURT ZAt oA Rt AE¢ tsQHElf nfla LpRe poficroorganism

(sGeRdid RS sebYandotldati AY, arla2bysohdticoBrcgatad andy
100pfu hantavirus in each 15 nasal cavity, the nasal

mo%g%ﬁ%fprpﬁélﬁorp%é@?naP%WWﬁéF %r%ﬁtﬁ% BreuEss -
(0065102 pfu/ L or higher. In contrast, the

viral growth was conpl et el uppressed in the gr oups

r ecePRF nTPIGHS LRaSAT v @lfngh Ve &éh larebhfdscedapyine for

us@oiﬂ(ﬂhégbreggﬁ%\ﬁﬂV@ntg59mﬁ§‘1%%% Qg&cfﬂéyaﬁ%§sgga$5¥ﬂ}usn
the group 20 receiving two vaccinations each with 1 pg

lnéﬁcm@ -of the vaccine alone and in the group

recehglng%{ggﬁﬁ§50'ﬁﬁglﬂ% ? 3%%%?%R%¥eah§n%§%§ﬁ @B€ers to an

given wit nore o The viral
angiow Hhadshsb ghiSti dant Byisuppressefetio ey pbatsl 2Be term

in?ﬂgd%é)éErloB£U/égmpl%t%h91 jpggétég%ggl qn%gh%lé{geviral
vaccl natl on"was acconp
paotipds)( Vi€ion respecentel gnd 'ﬁ@@tvtrarhslqrtowtlhlv\m@ilﬁbmatlon
pm%ﬁ{sesc%%‘%eb? tn% 1B S Vl'ngg t%ﬁfposacc%' Qﬁﬂé’%‘fonal

conpri si h € vaccl one. ese results are
mosmﬁnﬁﬁUZﬁﬂprodﬂéﬂﬁ &h%re@ﬁ[@ﬁﬁﬂkmtlve antigens, and neutralized
epitopes. These antigens may be inactivated physically (for example,
by X-ray irradiation, heat or sonication) or chemically (for example,
by formalin, mercury, alcohol or chlorine treatment).
[0026]

The secretory IgA and IgG antibody inducer provided by the
present invention is preferably administered to the mucosa. The
mucosa in vertebrates lines the lumen of hollow organs that
communicate with the external environment, such as digestive organs,
respiratory organs, excretory organs and reproductive organs. The
mucosal administration, the preferred administration route of the

present invention, therefore includes administration to nasal cavity,

oral cavity, vagina, upper respiratory tract and pulmonary alveoli.
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13 (Table 2) Vaccine Virus titer in nasal wash (Mean)
(PF1J/ mL: 10) Primary inmmunization Secondary

i mruni zation Vaccine (Pg) Poly(l:C (Pg) Vaccine (Pg)
Poly(l:C (jig) 1101 10 <p* 1 101 «<1* 1 31 3 <1*
131 <1* 1111 <1*

Administration to the nasal mucosa is particularly preferred. Since
the nasal cavity serves as a gateway to respiratory infection by
flaviviruses, including hantaviruses, the mucosal administration of
the antibody inducer of the present invention provides effective
protection against respiratory infections by inducing the epithelial
cells of the mucosa to secrete IgA antibodies and inducing the
production of serum IgG antibodies.

[0027]

The pathogens against which the production of secretory IgA
and IgG antibodies is induced according to the present invention to
provide immune protection are microorganisms that cause diseases or
disorders in the hosts. Specifically, these pathogens are
flaviviruses including West Nile virus, hantavirus, dengue virus,
Japanese encephalitis virus, yellow fever virus, tick-borne
encephalitis virus and Hepatitis C virus.

[0028]

While the dose of the secretory IgA and IgG antibody inducer
provided by the present invention may vary depending on the age and
weight of the subject and the administration route, the daily dose
for an adult is typically in the range of about 10 to 500 mg for
oral administration. The daily dose for an adult for mucosal
administration, in particular nasal administration, is typically in
the range of about 0.1 to 10 mg and preferably in the range of about
0.1 to 1 mg.

EXAMPLES
[0029]
The present invention will now be described with reference to
specific examples.
[0030]
Example 1: Stimulation of IgA and IgG production by synthetic

double-stranded RNA poly(I:C)

The ability of an inactivated antigen (an inactivated virus or
a subunit antigen) to induce neutralizing antibodies and, thus,
induce protection against pathogens was determined in the presence

of synthetic double-stranded RNA poly(I:C) as an adjuvant.
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111 0.8 10.12120.11.2*10.11 1.6*1 1 ).0

1 Denatured 1 1 Denatured 1 2.9 3.1 *: p <0.001

[0041] (2) Protection agai nst pneunoni a caused by

| et hal dose of hantavirus 5 Ry inocul ati on of nasal

vaccine with poly(l:C) 1pg vacci ne was nasal ly

i nocul ated with 10pg, 3pg or Ipg poly(l:C 6 weeks
(MpFegi®is. A booster with vaccine al one was given 2

ui BeSksplRvLeUs:, The akmats,iene then chal | enged with
a 40LD50 dose of hantavirus in a 20pL solution and

Viges e Erarivagds forralhe (20t prstedrponlaigaitistsphetenss a.
Suébéiiﬂﬁxgnbgﬁ{grdﬁ%@yg?{5) within one week in the

non-vacci nated group. |In this group, the virus titer
Vappainde Haphgvieathddalo pinfartibughtisstapsraét brandseCenter) ;

etﬁ€§¢%%QQEVa£quﬂg&f%%t’ all animals survived in each

of the Vvaccli nate f groups recel ving t he vacci ne
Adabomg-awni ICHBLY §$ goasrd tiwe ecatitnpd! CTB C)Cholllkesetoesuldudunit B)
co%%giﬁq%ama.HQ J@bkﬁmﬁéra toxin)) and poly(I:C)

[0031]

(Method)

6-week-o0ld BAIB/c mice (Japan SLC, Tokyo) were divided into
groups of 5 animals. Each group was inoculated in the nasal cavity
with a byl solution containing 1 ug of hantavirus vaccine along with
0.1 pg, 1 ug, 3 pg or 10 ug of poly(I:C) adjuvant. After 3 weeks,
each group was inoculated in the nasal cavity with the same amount
of the vaccine, with or without the adjuvant. After additional 2
weeks, the animals were infected with hantavirus by inoculating a
1.2uL solution containing 100pfu hantavirus in each nasal cavity.

Groups receiving 10 ug or 1 ug of poly(I:C) alone, vaccine
alone, or no treatment served as controls.

3 days after the infection, nasal wash and serum were
collected. IgA in the nasal wash and IgG in the serum were assayed
by ELISA. The virus titer of the nasal wash was determined by a
plaque assay using MDCK cells.

[0032]

Meanwhile, mice were nasally immunized in the same fashion and
inoculated with a 20pL solution containing a lethal dose of
hantavirus (40LDsy, 10*'EIO° (Approx. 10000 times the amount of virus
that can infect 50% embryonated chicken eggs)). The survival rate
of the animals was monitored.

[0033]

To examine the safety of poly(I:C) in the central nervous
system, 0.25 ug, 2.5 ug and 25 ug of poly(I:C) in 2b5uL PRBRS were
inoculated into the brain using a two-step needle. The weight and
survival rate of the animals following the inoculation were

monitored.



10

15

20

[0042] 14 (Table 3) Vaccine Challenge (4CLD, ) Lung
virus titer (pfu/nL:10) survived /Total Primary
i mruni zati on Secondary i nmmuni zation Vacci ne (I ag)

Poly(l:C) (lag) Vaccine (biggiPoly(l:C (Iag) 110

1 10 Virus <0 5/51 101 Virus N D.

Groups inoculated in the brain with 2.5 ug, 10 ug and 25 ug of

CTB* (CTB containing 0.1% CT) in 25uL PBS served as controls.
[0034]
(Results)

(1) Antibody induction and protection against infection by
inoculation of nasal hantavirus vaccine with poly(I:C) adjuvant
The mucosal adjuvant activity of poly(I:C) was evaluated. 1ug
vaccine and 0.lug to 10ug poly(I:C) were nasally inoculated 6 weeks
previous. The same dose of vaccine, with or without the adjuvant,
was nasally inoculated 2 weeks previous. The IgA antibody responses
in the nasal mucosa and serum IgG responses were assayed and

summarized in Table 1.

[0035]
(Table 1)
Vaccine IgA antibody IgG
Primary Secondary response production
immunization immunization (nasal wash) (serum)
Vaccine Poly (I:C) Vaccine Poly (I:C) Mean Mean
(19) (ug) (ug) (ug) (ng/mL) (ng/mL)
1 10 1 10 255.6 4.36
1 10 1 - 92.5 2.79
1 3 1 3 62.3 1.58
1 3 1 - 121.8 2.56
1 1 1 1 121.9 1.58
1 1 1 - 0.5 0.41
1 0.1 1 0.1 14.4 1.00
1 0.1 1 - 9.6 0.38
1 - 1 - 0 0.60
1 Denatured 1 1 Denatured 1 20.4 0.69
- - - - 0 0
[0036]
To determine if the adjuvant activity of poly(I:C) increases

in a dose-dependent manner,

stepwise from 0.1 ug to 10 ug.

As can be seen from the results of Table 1,

the dose of poly(I:C)

was increased

the TIgA antibody

responses were induced in the nasal mucosa when 0.1lug or more

poly(I:C)
[0037]

was inoculated at the initial immunization.

The results indicate that the amount of IgA induced in the

nasal mucosa was dependent on the dose of poly(I:C): The adjuvant
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55131 Virus ND. 55111 Virus ND. 5/5 1 CTB*

1 CTB* Virus <0 5/5 Virus 6.15.3 0/5 [0043]

The foregoi ng observations denonstrate that poly(l:C

i nduces mucosal | gA anti body jpesponses by inducing the

production of 5 secretory IgA antibodies sufficient

for protection against infection. [0044] Exanple 2:
acpiptlectinsreproviafedhpydnas d1f PRAYAVI Flus'aradBrheased.

consiyati NG 18f (1l pachivaled vihral pasd ikgles,@ndmunizations,
pol y(1:C) Materi al s) 10 Vaccine: Ether-treated

10RaetieyiqrusioHA e siase setpaltech-dinnabe i vetadd wakbl wlth 1ug dose of
jcle i .M ce: rai 6 \ s - -

PP el €) ° MErHoa A inbal ~hantaviTit acin ComprTarAg riom

100ng/1% gprofiof er sredd it c15gR negtiioedi ed wéial éngarced cfihNGug dose

h irys vaccine and 0.1 pg of poly(l1:C (100 to
Oflg%?\gfp;d’lw*or ay Industries Inc.) was adm nistered

The serum IgG production was also examined and was shown to be
correlated with the IgA secretion: Two immunizations with 1ug
vaccine and poly(I:C) delivered at the 4-week interval resulted in
the production of 1.6ug/mL serum IgG.

[0038]

When the animals were infected with hantavirus 2 weeks, after
the second immunization with the same immunization conditions, by
inoculating a 1.2ulL solution containing 100pfu hantavirus in each
nasal cavity, the nasal wash of the non-vaccinated control group had
a titer of 10° pfu/mL or higher.

In contrast, the viral growth was completely suppressed in the
groups receiving two nasal vaccinations each accompanied by
poly(I:C). The viral growth was not suppressed both in the group
receiving two vaccinations each with 1 pg or more of the vaccine
alone and in the group receiving two vaccinations with only the
first one given with 3 ug or more of poly(I:C).

[0039]

The viral growth was significantly suppressed to 107 pfu/mL
and 107° pfu/mL in the groups in which only the first vaccination
was accompanied by 1 ug and 0.1 ug of poly(I:C), respectively. The
viral growth was not suppressed in the group receiving two
vaccinations each comprising the vaccine alone.

These results are summarized in Table 2.

[0040]
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15

to BALB/c mice (6 week, female). After 3 weeks, the
sane vacci ne was adm ni stered again. After another
week, antibody responses in the nasal wash and 20
serum of mce were determ nedszas indices of nucosal
and system c protective inmunity, respectively. [0045]
(Results) The results are shown in Table 4. 15 (Table
(Tahplerd)mary vaccination (Week 0) Secondary vacci nation

(Week 3) Anti-HA NAJgA<(Mean) (2n) Anti-HA[ser umd@Atiter
PVERIYy GHhn a6 CT € sklod®)y (HmtiRY2 aNorV4CCl B8 nasal wash
\}\‘R%'c He) [(Vph § :C)':“e‘v'at;cfﬂé“ By [T:'cg“ ated Hiyean)

ole vijrus p &cheV\hoeersparll 4 An
Yt rloat ed MOA Pol |- B9) Dnlurﬁp9$ CTB* (PFU/mL:107)
Et Her -t rleat ed 19A Et her-treéat ed| HA  vilfus <1*

1 10 1 - <1*

1 3 1 3 <1*

1 3 1 - <1*

1 1 1 1 <1*

1 1 1 - 0.8*

1 0.1 1 0.1 1.2*

1 0.1 1 - 1.6%*

1 - 1 - 3.0

1 Denatured 1 1 Denatured 1 2.9

- - - - 3.1

*: p < 0.001

[0041]

(2) Protection against pneumonia caused by lethal dose of hantavirus
by inoculation of nasal vaccine with poly(I:C)

lug vaccine was nasally inoculated with 10ug, 3ug or 1lug
poly(I:C) 6 weeks previous. A booster with vaccine alone was given
2 weeks previous. The animals were then challenged with a 40LDsg
dose of hantavirus in a 20uL solution and were examined for the
protection against pneumonia.

All the animals died (5/5) within one week in the non-
vaccinated group. In this group, the virus titer in the lung
reached 10° pfu or higher 3 days after the challenge.

In contrast, all animals survived in each of the vaccinated
groups receiving the vaccine along with 1 ug or more of poly(I:C).
These results are shown in Table 3.

[0042]




10

15

20

25

particle Wole virus particle Ether-treated HA _
1.41.95.07.87.13.14.2
5.3 6.2 6.9 Primary vacci nation (Wek 0) Secondary
vacci nation (Week 3) Anti-NANWIgA (Mean) (2n)

Poly(1:C) CTB* Poly(l:Q

Anti-NA serum | gA (Mean) (4fl
(0. 1p39)) NC vaccine (0. 1pg) (0.1pg)
r<treated HA Whole virus particle Wole virus

(Tebhe

NC vacci ne (0. 1pg)

Et her-treated HA

particle Etherzdgigated HA - Poly(1} O
imézgfgzggon igﬁiifgiﬁ?gn Challenge LuﬁiQSEUS survived
Vaccine | Poly(I:C) | Vaccine | Poly(I:C) (40LDs0) (pfu/mL:10") /Toral
(ng) (ng) (ng) (ng)
1 10 1 10 Virus <0 5/5
1 10 1 — Virus N.D. 5/5
1 3 1 — Virus N.D. 5/5
1 1 1 — Virus N.D. 5/5
1 CTB* 1 CTB* Virus <0 5/5
- - - - Virus 6.1%+5.3 0/5
[0043]
The foregoing observations demonstrate that poly(I:C) induces

mucosal IgA antibody responses by inducing the production of

secretory IgA antibodies sufficient for protection against infection.

[0044]

Example 2: Protection provided by nasal hantavirus vaccine

consisting of inactivated viral particles and poly(I:C)

(Materials)

Vaccine: Ether-treated hantavirus HA vaccine;

whole particle NC vaccine

Mice: BALB/c strain

(Method)

(6 week, female)

formalin-inactivated

A nasal hantavirus vaccine comprising 0.1 ug of formalin-
inactivated whole particle NC hantavirus vaccine and 0.1 ug of
poly(I:C) (100 to 1000 bp; Toray Industries Inc.) was administered
to BAILB/c mice (6 week, female). After 3 weeks, the same vaccine
was administered again.

After another week, antibody responses in the nasal wash and
serum of mice were determined as indices of mucosal and systemic
protective immunity, respectively.

[0045]
(Results)
The results are shown in Table 4.

[0046]
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_ Poly(1:0

crB* -

Et her-treated HA Ether-treated HA

virus particle Wwole virus particle Ether-treated HA -
Poly(l1:C _ Poly(l1:C) 1.1 1.5 3.55.46.20.9 2.9 3.7

5.4 6.2
t he nucosal

(Twhet etlvi ral

[0047] The results qfs the table indicate that

and system c protective inmunity was al so
enhanced by the hantavirus 5 vaccine using inactivated
particles in conjunction with poly(l:0Q).

| brivasvalseifdenmAst r at eccdcbadary. g ivacicnne [usedti-an Anti-HA
conj ungtsemo)wi t h 0. 1pg pol y( I (%ekeBj cited respomsesa serum-IgA
comMpdaht e fo those I[n thaevpeshel ve control |gr owpan) (Mean)
regeilMgng a|spbituxgpr oduct (dAQpyacci ne @nduSTHY, a2 (4")
EtiQDidaatd @A |t hat—achi|eves-hrgheadpyvant —act 1V ty1 140 3.1
e OV e SR C Ve BT OEeRd IO AGAIFAS sl I Blc) Tinfectisomn: 1.2
ThESELTBSPONSES are evernnhi gher st han the Tesponses
obserived witlh the spllit-preduat vadci ne conbi ned®With 2.3
i@y, T ThESE obser Vahbonsitndidat e that [t he nasal
%ﬁir&eeéom)rﬁoﬁﬁgclb spldateprieduct| VA&¢TiTe jor of fer €.2
Etharpesabéd VAGCI mas+ ar @ rshdén-kaddtyd elflectanse 1] used.aw t h 6.9
POk Midry Gacci BMi8h EXANpl&cdnddWl e£ddiaktisinZze 0T anti-NA Anti-NA
pol y( I ek ()Material §) 20 Vir ugekHant avi r us NW-TgA serum-TgA
NC vaccine NC vaccine (Mean) (Mean)
(0.1ug) (0.1ug) (0.1ug) (0.1ug) (2% (4%)
Ether-treated HA — Ether-treated HA — 1.1 0.9
Ether-treated HA | Poly (I:C) | Ether-treated HA | Poly(I:C) 1.5 2.9
Whole yirus - Whole yirus - 3.5 3.7
particle particle
W};oalretivcllreus Poly (I:C) W};oalretivcllreus Poly (I:C) 5.4 5.4
Ether-treated HA CTB* Ether-treated HA — 6.2 6.2

[0047]

The results of the table indicate that the mucosal and

systemic protective immunity was also enhanced by the hantavirus

vaccine using inactivated whole viral particles in conjunction with

poly(I:C).

It was also demonstrated that 0.lug vaccine used in

conjunction with 0.lug poly(I:C)
those in the positive control group receiving a split-product

vaccine and CTB¥*,

to provide effective protection against viral infection.

elicited responses comparable to

a combination that achieves high adjuvant activity

These responses are even higher than the responses observed

with the split-product vaccine combined with poly(I:C).

These observations indicate that the nasal vaccine comprising

split-product vaccine or other types of vaccines are similarly

effective if used with poly(I:C).

[0048]

Example 3: Molecular size of poly(I:C)

(Materials)
Virus:

Poly(I:C):

Hantavirus




10

15

20

25

Poly(1:C: 16 Size (L):
100 to 1000 bp (bray) Size (H):
Poly(A:U) 5 Mce: BALB/c strain (6 week, fenale)

( Met hod) hant avi rug gspl it -product vacci ne
(0.4 pg) was nasally adninistered to BALB/c mice (6
week, female) with 0.1pg in varying sizes.
Aft ePizewdeks ! the3Sak® | éé %b mas adni ni stered 10

1 to 300 bp (Fluka) Size (M:
> 3.3 x 10c bp (Fl uka)

agalglzg¢H@r q@@t@grlwﬁﬁgp antihody responses agai nst

HA and NA in the nasal wash and 'serum of mce were

det ePikaedas >i RdP cesl Of bpudosdie) and syst e ¢
tive imunity, respectively.

P

oTkggﬁﬁsults are shown in Table 5. [0050] (Table 5)
MiPet nRAyB/ractiagt | onweweekf@)alsecondary vacci nation
(M% f{ﬁ&ﬁf
an

(41) NC vaccine (lag) Poly(l:C (1-1g) NC

[ 0049] 15(Results)

3) Anti-HA NWIgA (Mean) (2n) Anti-HA serum | gA

vacchnear{tag)yruBobyl{it-Qrofbctgyaccifed (004 4ud). 4as nasally

administered to BALR/c mice (6 week, female) with 0.lug poly(I:C) in
varying sizes. After 3 weeks, the same vaccine was administered
again.

After another week, antibody responses against HA and NA in
the nasal wash and serum of mice were determined as indices of
mucosal and systemic protective immunity, respectively.

[0049]

(Results)

The results are shown in Table 5.
[0050]
(Table 5)
Primary vaccination Secondary vaccination Anti-HA Anti-HA
(Week 0) (Week 3) NW-TIgA serum—-IgA

NC vaccine | Poly(I:C) NC wvaccine Poly(I:C) (Mean) (Mean)
(1g) (1g) (1g) (pg) (2") (4")
0.4 0.1(M) 0.4 0.1(M) 3.2 5.4
0.4 0.1(H) 0.4 0.1(H) 3.3 5.8
0.4 0.1(L) 0.4 0.1(L) 2.3 5.7

Primary vaccination Secondary vaccination Anti-NA Anti-NA
(Week 0) (Week 3) NW-TIgA serum—-IgA

NC vaccine | Poly(I:C) NC vaccine Poly (I:C) (Mein) (Mein)
(ng) (ng) (ng) (ng) (2% (4%)
0.4 0.1(M) 0.4 0.1(M) 2.2 4.2
0.4 0.1(H) 0.4 0.1(H) 2.4 4.1
0.4 0.1(L) 0.4 0.1(L) 1.2 3.8

[0051]

As can be seen from the results shown in the table, the groups
receiving poly(I:C) with a molecular size of 10 to 300 bp showed
lower mucosal responses than the other groups, indicating that
poly(I:C) needs to have a molecular size of approximately 300 bp or

greater in order to act as an effective adjuvant.

[0052]




10

15

20

25

30

35

0.1(™M O0.2(H 0.1(L) 0.4 0.4 0.40.1(M 0.1(H

0.1(L) 3.2 3.32.35.45.85.7 Primary vaccination

(Week 0) Secondary vaccination (Wek 3) Anti-HA NWIgA
(Mean) (2') Anti-NA serumlgA7(Mean) (4') NC vaccine

(Iag) Pon(I (@) (ig) NCvacci ne (lag) Poly(l:C (Pg)

. 0.4 0.4 0. 1( ;%Oll_ 0.4 0.4 0.4
ggﬂtga @n@pgﬁloq)of(gptgb les gang protertgop ggxinst infection

by nasal vaccine using ceramified surf clam shell powder as adjuvant

1. Materials

The following materials were used:
Mice: BAILB/c strain (6 week, female)
Virus: Hantavirus strain (obtained from Infectious Disease
Surveillance Center (Tokyo))
Vaccine: Hantavirus strain (Infectious Disease Surveillance Center);
ether-inactivated vaccine
Adjuvants: CTB* as positive control (CTB (Cholera toxin subunit B)
containing 0.1% CT (Cholera toxin)) and ceramified surf clam shell
powder
[0053]
2. Method

6-week-0ld BALB/c mice were divided into groups of 5 animals.
3ug vaccine in a 5uL solution was nasally inoculated to each animal
with 10 nug or 100 pg of the ceramified surf clam shell powder
adjuvant. After 3 and 5 weeks, the same doses of the vaccine and
the adjuvant were nasally inoculated. After additional 2 weeks, the
animals were infected with hantavirus by inoculating a 1.2uL
solution containing 100pfu hantavirus in each nasal cavity.

A group receiving lug CTB* (CTB (Cholera toxin subunit B)
containing 0.1% CT (Cholera toxin)) served as the positive control
for adjuvant. Groups receiving 3ug vaccine alone or no treatment
served as controls.

3 days after the infection, nasal wash and serum were
collected. IgA antibody in the nasal wash and IgG antibody in the
serum were assayed by ELISA method. The virus titer of the nasal
wash was determined by a plaque assay using MDCK cells.

Meanwhile, mice were nasally immunized in the same fashion and
inoculated with a 20uL solution containing a lethal dose of
hantavirus (40LDsy) . The survival rate of the animals was monitored.
[0054]

3. Results
The mucosal adjuvant activity of ceramified surf clam shell

powder was evaluated in the following manner. 3ug vaccine and 10ug
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[ 0051] 20As can be seen fromthe results shown in the

tabl e, the groups receiving poly(l:C wth a nol ecul ar

size of 10 to 300 bp showed | ower nucosal responses

than the other groups, indicatging that poly(l:C needs

to have a nol ecul ar size of approximtely 300 bp or

greater in order to act as an effective adjuvant.
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nasally i nocul ated 6 weeks previous. This was followed

2180 addi ti onal two nasal inocul ations of the same doses

of t MReyaceiste tanthdhetadjruyanthgiceeamatied omeek of surf clam

%Eierval. The | A antlbo responses in the nasal 5
Shilitd s and e r1 e ﬂ@gﬁ%%ses wer e assayed. To

det elcat: nﬁesidlttsher@di;m&tlz@@t iwvitaplef 6t he ceram fied

surf clamshell powder vanes in a dose-dependent

ORafher, the ceramified surf clam shell powder was

given at two different doses of 10 pg and 100 pg. It

turned out that 10 Ilig of the ceram fied surf clam

shel | 10 powder induced the |IgA antibody responses in

t he nasal nucosa. The anpunt of |gA antibody induced

in the nasal nucosa was dependent on the dose of

ceram fied surf clamshell powder: The adjuvant

activity increased as the dose of the ceram fied surf

cl am shell powder was increased to 100 pg. 15[ 0055]

The animals were infected with PR8 virus 2 weeks,

after the third i muni zation with the sane

i mmuni zation conditions, by injecting a 1.2ul solution

containing 100pfu virus in each nasal cavity. The

nasal wash of the non-vaccinated control group had a

20 titer of 103 pfu/nmL or higher. In contrast, the

V|ral gromﬁh was conpletely suppressed in the groups
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(Tabl e 6) Vaccine Anti-HA IgA (Nasal wash) Mean

(pg/ M) Anti-HA I gG (serum) Mean (pg/nL) Virus titer
in nasal wash (Mean) (PFU nL: 101 Vacci ne (ag)

Ceram fied powder of surf clam shells (ag) 3 100
0.5 27.1 <1* 3 10 0.15 10.0 <1* 1 CTR* 1.20 23.1 <1* 3

0 <0.1 3.3
(Table 6)
vaccine Anti-HA IgA | Anti-HA IgG | Virus titer
Ceramified .
i (Nasal wash) (serum) in nasal wash
Vaccine powder of surf
(1g) clam shells Mean Mean (Mean)
(119) (ug/mL) (ug/mL) (PFU/mL:10")
3 100 0.5 27.1 <1*
3 10 0.15 10.0 <1*
1 CTB* 1.20 23.1 <1*
3 - 0 <0.1 3.3
- - 0 0 3.2
*: p < 0.05
[0057]

With regard to the induced subclass of serum IgG antibodies,
IgG: antibody is predominantly induced as compared to IgG,, antibody,
indicating immune responses of Th2 dominance. These results are

shown in Table 7.

[0058]
(Table 7)
Vaccine Antibody titer (2")
Vaccine Ceramified powder of (Mean) Th1l/Th2 ratio
surf clam shells (I9G1/IgGza)
(ng) 19G: 19Gza
(ng)

3 100 15.0 7.6 1.97

3 10 14.4 7.1 2.03

1 CTB* 17.0 13.8 1.23
[0059]

Example 5: Infection of suckling mice

Suckling mice were infected in an infection experiment.
Suckling mice were nasally administered with an antigen
(hantavirus) and poly(I:C) as an adjuvant and the antibody titer was

measured.

Specifically, a group of animals were inoculated with 1ug
antigen and 10ug poly(I:C) twice at a 3-week interval. The nasal
wash and the serum antibody responses of the mice were assayed after
1 week. The IgA antibody titer in 1 mL of the nasal wash was
determined to be about 200 ng/mL and the serum IgG antibody titer
was 3 to 4 pg/mL.

Another group of animals were inoculated with lug antigen and

3ug poly(I:C) twice at a 3-week interval. The nasal wash and the
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0032 *: p<0.05[0057] Wth regard to the induced

subcl ass of serum 1 gG antibodies, 5 1gGL anti body is

predom nantly induced as conpared to I g&., anti body,

i ndi cating i mune responses ofy 1h2 dom nance. These

results are shown in Table 7. [0058] (Table 7) Vaccine

Anti body titer (21 (Mean) Thl/1h2 ratio (1gd/I1gGn)
SeVéléc@fﬁe%P Ay gy e RSt Pedtp e TS rTsage rrﬁﬁh@ﬂjs week. The

Igéléﬁﬁlbody L9G | QG - %f-the %%ga}5W£%ﬁzM%sldggerﬂln@@ to be
10 14.4 7.1 2.03 1

about 100 ng/mL and the serum IgG antibody titer was 2 to 3 ug/mL.

INDUSTRIAL APPLICABILITY
[0060]

As set forth, the nasal administration of an inactivated
flavivirus vaccine with poly(I:C) or a ceramified powder of surf
clam shells as an adjuvant induces secretory IgA and IgG antibodies
specific for flaviviruses and provides protection against viruses
and other pathogens.

Under the current situation where no effective vaccine
adjuvants are available, the present invention is of significant
medical importance as it can be applied to mucosal vaccines against

other pathogens.
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CTB* 17.0 13.8 1.23 10[0059] Exanple 5. Infection of
suckling mce Suckling mce were Infected in an
i nfection experinent. Suckling mce were nasally
adm ni stered wth an antigen yihant avi rus) and
poly(l:C) as an adjuvant and the antibody titer was 15
nmeasur ed. Speci ficall }é%\ a group of animals were
i nocul ated with | pg antigen® 20pg pol y(1:C) twice
at a 3-week interval. The nasal wash and the serum
anti body responses of the mce were assayed after 1
week 1-The PgAlzditGasodyrt ir@cing searesiryt HEAnasal [tash
ety .0 be about 200 ng/nL and the serum
an% O%%etéljbog)ﬁngltf?tgg}é was 3 to 4 pg/nL. Anot her
gr oupnoinmmtszdv\en’ewerm@lﬂ at éblawwmruspgamtu gen and
3pg ; W,C i nt I
waahtai § Socle BB L Mr oI -1z 2= an
adjeveniassayed after 1 week. The |gA antibody titer in 1

nmL of t he sal sh s de

ng/ m i and%ﬁ Re 'derum #u%l %? % &\e}/’a%gg‘ %n&OPgG
anp@;bﬁdilesi aIcNBUSiﬁRJ;AID AEBIJJnCABIﬂd 'b\é pO060]stHdedseéb a mucosa of a

adm ni stration of an inactivated

reispé{:/f%%ﬁryugr\?&gm ne with poly(l:C) or a ceranified

powder, of sueficdwsrshiek! Sncmcmq adiuyaonty iTaduees IgG

secretory | AandIgGantl odi speci fic . .
rE R BRI ML TN rORIGRE proh dot FORTOGRI T SyRvigbEss is West

niandvother npathogens,. ddndes w&b@;s;umapahe% témi‘epﬁali\bﬁé 8rirus,
no effect i ve vacci ne adjuvants are avail able, the

yepredeftvamnventf on- i< @P%ﬁg?m%%tltﬁ%dﬁ(ws OﬁpH?P%%fels c
vigdgsit can be applied to mucosal vaccines against 15
ot her pathogens. CLAIMS An inducer for
i ndudi-ng sEEretbr8PUgATaRY PyG &RraBf e ROUREEI of nyirt clam
shé@ﬂs'é@catd V@t 86an@NiHGe AR n asfdav Pvlaﬁufnacaﬂq/‘ated antigen of a
pol y C) or a ceramfied powder of surf clamshells
Vléi§sa Jadqawéﬁ@tuw iinducer ®orvirmguePag Sec rI@%\ofaydl B5e.
an@g antib Hes according to claiml, to be
m ni stered to a nucosa of a 10 respi atory tract.
3. ThHe indieerof arolivnddefr hgos eccerenyfieh rawdergsE surf clam
L bodi .accor di c 2 tk
L T LSS DstLrR T VIFLS Rt BT as dangupvolves
adviinustediapganese rrcepharHe sespimesoryet Faow f ever

viru tic or he h LS. vir rlggg itis-C
Vi ruzS lﬁ Q ﬁ %é’ B E‘L (I%/ ?l(%e&?ﬁ%?{% rar%!r 8f &F clam
shpd)msleaicccﬁroaugf tclalalsrhél | shaseian tadj uvant whékest Nlle virus,
m ni ste an lnactlvat ed antigen gf aswlrr%sé foe = Er e
At act ur eﬁgu?n%%%sr Us- spegl Fle tgp hle)
viank, aibﬂﬂi—%rﬁ@kehb@k@fllpdllsyviiu£)oroHepatEtl:Hme Ivem‘us
povvder of surf clam shells according to claim4,
wherein the adm nistering involves admnistering to a
macosa of a respiratory tract. 6.Use of poly (1:C ) or
a ceramfied powdersurf clamshells according to claim
4, wherein the virus is West. N le virus, hartavirus,
dengue virus, Japanese encephalitis virus, yellow
fever virus, tick-borne encephalitis virus or
Hepatitis 0 vi





