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1 DESCRI PTI ON SECRETORY | gA AND | gG ANTI BODY | NDUCER
5 TECHNI CAL FI ELD [0001] The present invention rel ates
to a method 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 IﬁﬁﬁﬁﬁBFE@Nprotection agai nst
infection with flaviviruses by nasal adm nistration
of an anti body inducer that induces the production of
secretory | gAEQRATIRYG laht A0 A Es 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
veStThblpreﬂem&sindem@Mnlvbﬂases'Uapﬁmesho@nhﬁphahhtimg the
Vi.I us, ever virus, tick- a
oo b T o b L S s S e A ER0G b g bodtes
bytha$a1xxﬂmlsEStraﬁiqM'obl&nslmmmﬂldmtd& fHHV1addutlvHEc1ne and an
i.nfectio di seases .caused by .-hant rus,
i Pidiut rbe REO e 46 EBRMH 4 oFf b R oAoar REC for
prdapéihg tpliegebamra\ar?rausst nfrefddtannf wtist ﬂ@ﬁﬁngtm%dﬂbyc nasal
attention during the 1970" s unmber. of rat
adﬁé%ﬁ%%r??rﬁg“ |aﬁlt|lg]8§1’ 5tV\{r?1 Uffﬁ[s the production of
sebagtdiy 168 wed erdeRariBEI1L:, h@‘éewfe@l/ee[s QfheURKAOWYY inducer
origin.. The then-unknown di'sease continued to ener ge
foﬁn%¢¢u9E@®4segF%§R§¥ Igf aed 1597 @REEROHRSF -been report ed
with one death. [0003] An outbreak of the disease
occurred before the Second Wirld War in the basin of
BACReRAMH ~Rfver, which forms the border between China
rod8ps the former Soviet Union. Also, Japan's now defunct
arny 35 encount ered unknown fever during their
occupaf¢ori s Aopehesstcaraeddny MalaWile AU dlayel RFCarg] an

imﬁgPﬁﬁﬁ?QDhggrgLﬁ?Q§§Eﬁ§ ﬁ&h@gnl%fzdlfferent members of the

family Flaviviridae, viruses such as West Nile virus, dengue virus,
Japanese encephalitis virus, yellow fever virus, tick-borne
encephalitis virus and Hepatitis C virus cause infectious diseases
that pose serious problems worldwide.

In addition, infectious diseases caused by hantavirus, a
flavivirus, have also become a serious concern. In Japan, the
hantavirus infection first came to public attention during the mid-
1970's when a number of rat handlers working in local laboratory
animal facilities were reported to have fever of unknown origin.
The then-unknown disease continued to emerge until 1984: A total of
127 cases had been reported with one death.

[0003]

An outbreak of the disease occurred before the Second World
War in the basin of the Amur River, which forms the border between
China and the former Soviet Union. Also, Japan’s now-defunct army
encountered unknown fever during their occupation of northeastern

China (then Manchuria) and reported the disease as epidemic
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henorrhagic fever. Later, as many as 3,200 cases of

unknown fever were reported anong the UN sol diers

during the Korean War and attracted significant

attention. The causative virys was first 5 isolated by

Dr. Lee and col | eagues of Korea University, Korea,

from Apodenus m ce caught in the endem c region. The

virus was naned as Hantaan virus after the Hantaan
heﬁ%yfﬁaiﬁp%%ogr?hﬁ%ﬁ%@,tg§Iﬁﬁg}%@ 3?@@5%2%@% BECEHIMRI A fever

caught”. [0004] 10 As it turned out, all of these
wegpi oAt edveneid idice Uasskdi dyyp duheng dife dgeaan War and

I Us: [ th e avi vi : :

B P e e e
isdigeaddy Dhe Mér lahd Hedl¢tdoy@rgani Kat¢on(iWHOpity, Korea, from
Apggéllﬂlfé:tﬂ{l\égl ¥all qnalgﬁ?ngﬁﬁé{nfcsgleaiglg ¢rau i?lfls was named as

simlar viruses as hantaan virus, “or the genus
Hahamdrawiinus, aibet hhen@antadit Rigemuslofirthehfranyh ythe region
WthnyqﬁgrLdagN EpeémHg al so decided to nane the

df sease ﬁnr?%aéﬁ@g'EVer wi th Renal Syndrone (HFRS)
[0p00D5] The hantavirus infection is a zoonotic

i nfecti on .caused b hantavirus .that utilizes
 ouckps P SARECRY, A BRI iR ¢ SRR e capoed by
thenséecesecand ki tenof-irodesdlsngibgt td freciyeis CBSBS virus. In
the virus in fresh aor dried

ar caused by inhaljn
thf oL GPPAFF RS VErJaRging cgasat have spgenease, the world

Heh €POr$:23naRBRgoPe0pRs WDl e iecbist hfled her 0ERDY Si.sclhged
di sease is_also considered to be transmtted 25

ITPRP cUigPiRasar , Vieysesr a8 A Gont ZEFU tH itheegtioufantavirus,

thEeh &) i @lgnt Batus haveneorBni N, Rt act -t redentiso also
[ 0006] Hantavirus, the causative agent of HERS, is

degteval enfane hii gHEGRSEHECTIUTRSDan EofY ment Bprepl Syndrome

(giR€| udes as a major species 30 hantaan virus whose
primary hosts are Apodenus agrarius, rodents found in

[ORBPEan peni nsula, Northern and Central China and Far

EaStThé“ﬁéﬂé?vi?ﬁgEﬁa%éﬁbioheﬂé fz%éﬁ%%%é”ﬂéféHtiBﬁtEgﬁgéh by
are reported In ina, several thousands in Russla
hanhaviseveerthbt hubhdriegs iraddoreas nRattas heeiteegi susse the virus

1o SR TGS AR BN T b Re P Rgses are
capvedntlsy havel ibheerha epons eth ifire3apan @&iince fehes 1984irine.
Ho%g%gfﬁékmkhggsééxﬁgdg %ggniggﬁérted among people who were bitten
by rodents. The disease is also considered to be transmitted
through nasal, eye or oral contact with infectious materials that
have come in contact with rodents.

[0006]

Hantavirus, the causative agent of HFRS, is prevalent
throughout the Eurasian continent and includes as a major species
hantaan virus whose primary hosts are Apodemus agrarius, rodents
found in Korean peninsula, Northern and Central China and Far East
Russia. Each year, tens of thousands of patients are reported in
China, several thousands in Russia and several hundreds in Korea.
Rattus norvegicus, commonly known as brown rats, are found worldwide

and are carriers of Seoul virus. Although no epidemic events have

been reported in Japan since the 1984 outbreak that took place in
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medi cal | aboratory aninmal facilities, the rats

i nhabi ting harbors throughout the country stil
remain potential carriers of the virus. Thus, future
energence of patients nmust be careful ly watched.
[0007] 5 In 1993, several deaths caused by acute
respiratory distress syndronme acconpani ed by

meéaﬁﬁbhﬁﬁvréa@ﬁﬁfﬂﬁﬂ@lré@@#k%ﬁ}a§woﬁ@eNHV§jénhPhHPﬁﬁéhﬁﬁborS
thkgﬁgﬁgﬂgI%hgeééﬁﬂﬂ}QJgkﬁfg égﬁgf%Spoggﬁﬁfgi %FB§1e£§“%f the virus.
di sease was not associated wth renal synptons, but
Thpfst Badieednepoenmsurd pespinrtat ovgt syerpteoied vl e swa tdheg -
Obﬁ7? nortality of about 50. 10 Neverthel ess, the
causative virus of the di sease was detern1ned to be
hant aui t9%3, BegedisedssdhsnametedHdnt aviikasrglimanary distress

0 0
syiRPAH O TR cpbEiR eq W35 pLERANIAR ihe A [ RLbPELE apang Navado
Ind5aﬂ$euh&héa9mm@sVkmiecnlwnmieﬁuShaa&sHFRﬁlahd HES, the
.reported in South Anerica are not
dlE%%%‘? dé&l rSeEOFoa%SOCilraé:ﬁg dfefrlla%msyl%?%“s’t Uhutieddy ted to
acSE@tEﬁﬁpﬂTai@B@ sjmpmamer,rééhkhmm@31nfafﬂ&%ﬂm&ﬁEy of about 50%.
reported in_Sout hern.Argentine a g.)l ocal resi
Nk RO e 18 el 1 G PR B TR S S5 S S inedt o
becﬁﬁmaﬁhﬁdstheﬂmakh%@hSebummM£Ne@n2@vﬂmﬁjEﬁﬂmbﬂ@ry Syndrome

ion. The %iallty eached 5% . The %act L%gt
Hﬁ% e "t TPRBT Pt iTéiht 81 %dl% NHERE 0 e Xpodetf tig South
Amégg@ﬁhglagggested human-t o- human transm ssi on of the
dlsease as did virological evidences. The event
04Pdlised serious concern, but the epidem c soon ceased

and has HHthW%%ﬁ§r£H¥Eéﬂl%%§ sud® d000RE Nenetkel-88Srted in the
the threat of airborne hantavirus infections that are

NopElaraifi Sredht Widlight rae Pekewnsifdercast HPRSt apasHPged from

nusbh o Xkt s: Iﬁ%é%?@eﬁHéprfﬁﬁ% MRY,,QGCHT 1at c§B¥stdfnﬁPS were
when brown rats an ot her rodents are prevailing in

reparted vilng§oehve frodweRntinge oi—ii@ﬁ@uﬂos@l tiesigentd. and visitors,

aléﬁg witleW GRASesS AlLJ GROTLLd c%lﬁ%é% &amnd %a%éﬁl@s u%r never

ast Russia and Korea, as nentlone above

vipsted gitwatregheed flbe mhet§&ﬂﬁy opaehtd dgf0acthaesact that none
fagﬁéﬂinngﬁﬁéaﬁéi%fchﬂk8gt{°QXaEQ@oQ&QW! r%ge8£s§ﬂﬁgested
vaccines agai ns I nfectious disease 1s a

hupamftqnhuaahytrm@ﬁmnssﬁant@f tilre Chbpase Fars Bast vRuslsig cal

ag Kor ea, 35 mh re_a nupber .of cases are r%pgﬁte

evigences. Xi aroused serious concerrI, bu (S} epldemlc sSOo0on
each year. FO ?ﬁ

ceased and has not reemerged since.

[0009]

Nonetheless, the threat of airborne hantavirus infections that
are transmitted through rat feces, such as HFRS and HPS, still
exists: A new outbreak may occur at any time when brown rats and
other rodents are prevailing in our living environment throughout
the world. 1In fact, new cases are reported every year in China, Far
Fast Russia and Korea, as mentioned above. Thus, there is a great
need for the development of vaccines against hantavirus infection.

The provision of such vaccines against the infectious disease
is a particularly urgent matter in China, Far East Russia and Korea
where a number of cases are reported each year.

[0010]
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4 It is known that specific IgA antibodi es secreted
fromthe nucosa are highly effective in protecting
agai nst influenza and other airborne respiratory
infections. IgA antibodi es secreted from the nucosa
are primarily responsible for the cross-protection 5
against different types of influenza virus. It is

beI|éPeHStWQQWnI@h@taﬁHQQ$§éFe§g%wQ?qlﬁ@Ge@% jerrekranSrom the
muh9; have Eﬁﬂy'éﬁfgaiggemiﬂrbﬁ@%eck@ﬁ%LEHH§%5¥'EH§1@EH%a and

recovered fromit prOV|d|ng protectl on agal nst
othaf exititonn@i resvartany Vhfesdonst th@saax’mbedbwﬁeecreted from

thgqg%édsa 10e ?11%{@/11 rBE&yﬂ %1%%89'{}({%%@5'&%%%‘1%

rotect i nst ection with viruses an
agethset ctjétfhggehstma Ofl mﬂneatze vihes i nditviidua¢ligued ghat Igh

an‘é?@%ﬁﬂe o2, 1 %E#édb%e? %}Eé gen pl.yi '15e‘é[%e§ng£ct&ﬁ 8%n an

ogens, eéra i nduce an an
1nEkaﬂpkesqoﬁs sm@rrea@wereesfndmﬂlmdeprwﬁﬂdu@gzgrwtemnuma against
ho era vaccine, ccine Sm%ll BOX vacci ne

"£Ra- BV ad| %ﬂaﬁto%iﬁfs?% Par Fcﬁf‘%? esprtatory

[odiseases such as influenza and severe acute
resplrator ndr o (SARS) are caus nfe
FeapPPaUETY ) BEP e En T BLE RS O Be T cEehRy etion
agQﬁﬁWMrﬁ@cbyoﬁQNlHBﬂWkﬁgem@khéﬁmﬁtﬂldeEQOD@etSo lifoculate
t he %fs itor tract b% adm.ni strati of ~vacci nes.
the; dﬁi”fa Nt VacciVRES IR i FerBachyva @&Féﬂ%% viruses or

oth8t esdtyearsp fOtdc0apabhec0f inaddei Ay dA1Gesal . | MRMARles of
responses, there is a_need for the devel opnent of new,

SURBr PGSt Vel Wik ditne R FatTeCaABr ovidlere vaccine, typhoid

vaCE 0SS, RERLesbk Ofhc e aRRrMarRac25nd 0 i nduce secretory
IgA antibodies in the respiratory nucosa is nasa

8da ni stration (inoculation) of antigens. However, the

' noc%%é@&c%flaémf&eﬂh%'t%% &%h%teseéh%tasglifnff'lﬁéﬁﬂé and
i mmune " responses: An adj uvant to augnent | rmmune

sevesporsds Hespsrateorye syadming siSéRed dyathepd Bp infection of
re% Egéﬂo t¥58ﬁ%(gn§|3§ef9ﬁ ﬂWQO %kéffé8319gﬂ§abrevented by

avi VI ections I NC udln ant avi r us
ingn¢ 8cd imies ssUchrageHERSp@mtEHILS, theare&ﬂare§QEMttzﬁdtyby

adﬁ%ﬁ #%%Eﬁgnr8§p&£é§i%f¥ 'néfﬁge %ﬂ%reﬁ¥“§%c5§ﬁggqg%ffgered by

of secretory I ant i bodi es
subespiraaiuer ynrecosa and asBOEﬂated sérumucgGgantd¢drzdy immune
reéSé éggée%here is a need for the development of new, more
effective vaccines that can provide cross-protection. One approach
to induce secretory IgA antibodies in the respiratory mucosa is
nasal administration (inoculation) of antigens. However, the
inoculation of antigen alone cannot elicit sufficient immune
responses: An adjuvant to augment immune responses needs to be
administered together.
[0013]

In view of the foregoing, like influenza, flavivirus
infections, including hantavirus infections such as HFRS and HPS,
can be essentially considered respiratory infections.

Thus, successful induction of secretory IgA antibodies in the

respiratory mucosa and associated serum IgG antibody responses

should provide an effective measure for preventing hantavirus



10

15

20

25

30

35

shoul d provide an effective nmeasure for preventing

hantavirus 5 infections and other flavivirus

infections. [0014] Although secretory |IgA antibodies

can be induced in the respimatory nmucosa by

adm ni stering inactivated viral antigens to 5 the
~nmucosa, in particular, the nasal mnucosa, the
infagetenmeed ofhal dRVigeRss riedecEecedadni ni stration of
[o8faadj uvant in order to augnent their activity as

vacci nes. Many adjuvants for such vacci nes have been

pr opdseldoudiusefaetor Onigferampbediofs cetept | ynduepdr tedthe

| ' (L - L C e al i "
oL B oy R P LBLE) R SlEens oo
thBogwimesrst, 1) p@etriamilibiredtipowdesred vficstaf thleammsbielvaged viral

anggﬁ%ésﬁ't%%snc aecﬁrs%*igg{a%fo gl a3 %‘dﬁzﬁ}afﬁﬁ[tahnaghﬁ‘e"ra% augment

cunen e cunen apanese
thPat emttiApplyi eatvariNes. 2004- 133268 15 Non- Pat ent

Docupent 1:. J. i ni cal nvestigation, 110(8

raoalERk Asrdianst B e cnEE LR hahe A Hroposed thus far.
OndesongilrcabEdrédatt iynaepovat®eddjanthgens @bly (I:C), a

| avivi ruses, . i ncl udi ng. hant avi ruses asal.ly. 20 .
ool e o L s o PER Sl B 20 acia mon-
Paaghuvivthseetfecti vely induce secretion of |gA

anti bodi es_in the nucosa and serum |l ant i body
S DORCEE T ATl COBHON Biag oL of A 1 Agar it Alabekesreported

toWhth ad at abrdesesBfuvhhaviddddise dochmel wdi)ng
hant aviruses. This study wultinmately led to the

pr esERECHNVERHITBAC D5 BIPSCEEBUREOE TREL | MVENT BR. 2004-133268

PROBIENS FQrBEDSCVER BY THECH NVENT vl PUBlion, 110(8),
Accordln%b%aélt IS an object of the present invention

11¥ 8~ BB Porl a nasal vaccine that uses poly (1:C and
rog16eramfied powder of surf clamshells as an

adj uvant and induces the production of secretory |gA
and 6 rrtdpddinserpas hpvef dendrisgyipbeduSes, 1nactivated

ank Egér&%did?fg_f*ﬂé{?ié‘i"ﬂdslé%?sinéi%cii%gaﬂghjagx?iﬂ@e%‘ft ngéafﬂ/e
pr sent I nventi on as anot her aspect to provi de a

admen hock feolr wprlovildi mgorementioned specific adjuvants effectively

induce secretion of IgA antibodies in the mucosa and serum IgG

antibody responses, thus providing protection against infection with

fatal doses of flaviviruses, including hantaviruses. This study

ultimately led to the present invention.

DISCLOSURE QOF THE INVENTICON
PROBRLEMS TO BE SOLVED BY THE INVENTION
[0016]

Accordingly, it is an object of the present invention to
provide a nasal vaccine that uses poly (I:C) and a ceramified powder
of surf clam shells as an adjuvant and induces the production of
secretory IgA and IgG antibodies specific for flaviviruses,
including hantaviruses. It is another object of the present
invention as another aspect to provide a method for providing
protection against flaviviruses by inducing secretory IgA and IgG

antibodies.
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35 protection against flaviviruses by inducing
secretory IgA and 1gG antibodies. 6 MEANS FOR
SOLVI NG THE PROBLEMS [0017] 5 To achi eve the
foregoi ng objects, the present invention in one
aspect provides a nasal vaccine that conprises an
i nactivated antigen of a flavivirus and poly(l:C or
a ceramfied powder of surf clamshells as an
adj uvant and effectively induces secretion of IgA
anti bodies in the nasal nucosa and production of serum
MEAYE HOR a0lvboei B8: PROBDOAE} The present invention in
O?F@ her aspect provides a nethod for inducing
avivirus-specific IgA and 1gG anti bodi es, conpri sing
adni Apstdriavg aheuf@mﬂq0¢agedb}ﬁnﬁqgemhefpEﬁ$dn¢v&nveu€lon in one
5 ( r rf
s e R A S L
antogemwﬂﬁUGJﬂ@aViMﬂKDSCBBﬁOWQHQIgACHndrl@(éeﬁmmﬂfbedlmﬁwder of surf
es adm ni s erln ed a t| en
P e g A ThO Ry (S T IE VLY s Bovkriopr of ToA
ansimddisamm shel IhaisatIOmtlheSammmiS@rOﬁutﬂft&)rr @Sfplséﬂlhlﬁ) ryG
%rac 20 EFFECTS CF THE I NVENTI ON [0019] The nasa
NGRS of the present invention, which conprises an
[obmacti vated antigen of a fIaV|V|rus i ncl udi ng
hant avi ruses, and 25 poly %-gn or a ceranmfied
e

powde
of suPf KIERSheRTEtiHy HeET peBatet o 181‘35 2 method for

inbhaw yifus- speedfdfecseceeten ﬁnbgég@n&m&%deés; Nedirising
mucosa of the respiratory tract as wel

adp{ RS VATRS- 8Pettdid VRGET ANtidBEdPEse @@é’r@ﬂéP? |3ARng with

po@ft i hodies ;apdrdaGiant HhoRe s, raker i Ofm exeeiiNgs 30 adjuvant.
pat hogen-speci fi c i mmunogl obulins that play a

SPeFyhi¢a dant theleihed ot Bedicig ot hee sirFratersf I¥hand 19G

anfusasad Lo LA £dQn WL P RAthRIENS i vEReS€antigen of a
ant 1 bodi es are abundant 1 n saliva, nasal discharge,

flgetrienionsd Fromyasie6i nest orapmantEd espidpat of ysurt clam

Sh%gggt and Golostrd %nkhghggé f¥5%0§92?bﬁﬂ?sent in serum

mnistration t he aCC|ne e 35 present
i nvention effectively induces the production of these

EF%@@TS 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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and 1gG anti bodi es, thus providing protection agai nst

infection with 7 flaviviruses. BEST MODE FOR CARRYI NG

OUT THE I NVENTION [0020] 5 Poly(l:C) used as a

vacci ne adjuvant in the secretory 1gA or 119G anti body

i nducer provided by the present invention is a doubl e-

stranded RNA that serves as a ligand for toll-Ilike
flpgteptwes-(TLRs) and stinulates the innate i mmune

systemto provide protective inmmunity agai nst

bacteria, viruses and other pathogenic 10
BERT M8t gaRi sHBRY Wee RUdoUBT el 8ENAAdEd RNAs t hat serve
[O@%Ojigands for TLRs, such as poly(l:C), are

mnistered with a vacci ne as an adj uvant, they

enhaﬁoéypidle@EEdnaagahmstihﬁf@Qiuwantmimhdpaﬁﬁ@geh@ry IgA or

1g8° %@h uégk 8&5%%% Q% W?QER%S 1£%nis a double-
% B Anci N r |9e %Plnnunl y “agal nst

stbandeleNA VhaUS$Erwm3dast@ellqaawh@germplhﬂilkpare¢epﬂqms (TLRs)

y 9A ant i bodi es and I ntlbodles speci.f.i c
an s IS RRLEEE Al Bacr i S oa5. 1 Wira P Sy ve
1mmhﬁltynﬂ@aenstrbﬁuhﬂilaNAvirmsessendnotméx~%&tpb@@ﬁﬂﬁ

inventian, may differ in nolecular size as nmeasured in
MIERROTHINGEF - of base pairs (bp), it has been shown t hat

pol y(\Theﬁ)dd’(ﬂdﬁTe shaxelal mohecthar ssrze af BOfirkp @br TLRs, such
er |n order to effectively stinulate inmmun

gre
8% / PEF V) StRRe i 106 Y%Cﬁkﬂﬁ)QSpaPnad%H%ﬁ?t they
enhSn@&y qjﬂoa;abel&ﬁ paiesay ihhsuston esth Q%tk%@eb@oﬁ@ﬂ pkhenhancing

ceram fied powder of surf clamshells, one of the
thgagkierds Qéjﬁ@%ﬁ%%?Q}§éd @?FtQﬁ§h§écP%t%ﬂﬁﬁnF@ﬂ9aFﬁﬁIRﬁ@teCth@

imABh{ BPdalinducesctRhayi ded s the @ﬂ%&ﬁ@bth@&@ﬂé'QHm
is a porous fine pomder obt ai ned % cal ci ni ng sur f

Paglap SHePls1ndat g A8 Brtitndscrablti MG arélkadies specitic

Fol Orhaue 1SLeEI hihZigter-iRactericidal activity, as well
as an ability to renobve toxic substances present in

[OPpEghke anpunts, such as residual pesticides. Such

Commar el S Brodict o 0098 P 35 Vhn ober ed By T e
preb@@¢rxnvent¢©@sc@pydiﬁﬁercﬁranﬂﬁbebasumﬁxmbanmeasured 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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shell| powder used as an adjuvant in the present
i nvention appears to R be a porous fine powder that
i s conposed of 10 to 100pm non-uniform structures.
The porous material acts as @ carrier of the vaccine
that stinulates antigen-presenting cells. [0024] 5
The vaccine for use in the secretory |IgA and | .
Deant PHSIAP fFﬁ@d@éﬁ“ﬁT&bﬁHeﬁsHympﬁée%r%%éﬁktpn@%&@?dﬁﬂlUﬂlform
stEH@%uﬂé% adﬁh@'ﬁ%fﬂﬂ%dmﬁkéPlaf|§%t@°5¥(é é@rf%%rtQF the vaccine
cerani fi1ed powder of surf clamshells as an adjuvant
thp§ siplraneitgeniet Kigppenssont oo selbsi on general |y
Ogggfalnlng an infectious agent or a fragnment or
noi ety thereof and inducing 10 active imunity when
|nocwhatwﬁtqnmeotheu$©dy1tmheS%@naq?§W|égAﬂnagﬁeﬁtanWlbody
ingg&g}ﬁn%gﬁheg Hﬂkygﬁgs&H?J_%%%kpgn tp§. dninistered with
n croorgani sm a natuaral pro purf?le froma
thnipmbp@gamlsnrd&su@haasfy@iqxa@eandfbauﬁbcﬂam.shﬁlkﬁ as an
nthetlc or _geneti.ca nmodi fi ed t.ei eptide, .
I ¥PIRE e B B b enar 7 b ¢ 180 flogunpelite L ¥ containing
anspﬁﬁeduubuexag¢mﬁadﬁ at fieadmharer ofr mna@tyvmﬂeadoﬁa@mdwmmduc1ng
use i.n resen entio ccines for
ach e TP Sy b ona e e ot RBk Sraay's hiREepyoenic
fragmact ioratnedeaptilgenc h@t;etﬁs:etso tap vai:iart hgenbd hat
has lost its ab|I| 0 |§§ect nem/hgit The term
MiFRRPLAFRY ST P ohd 'y ﬁﬁn BE&NAT BHTpAFE dieR) ¢ microorganism
(shipg odplatres¥Erald Rtk cd £s,01viar koRtiEaNROBENSH&tally
post-transl ational nodification products t her eof ,

mo%ﬁl@ﬁl MG PP ot Rt IandPpbEiacaRs fat TrorraRer products.

roopdi fication products thereof, protective antigens,
and neutralized 25 epitopes. These anti gens may be

i nacPneatafighyspiamie fofhexkhid o lB?C§¢W%£@d vaccine for

usbr£§qﬂﬁ;b?@seﬂ@@ﬁx@ﬁi%@ﬂ'E@UJ%%)vgécfﬁﬁﬁH%§lkYa&féﬁkus
exanple, ™ by formalin, nmercury, alcohol or chlorine

infeeRtqnsnt ). [ 0026] The secretory | gA and IgG anti body
|nduggr &Pquggnbyd&bger%O" §§9R%t%avgﬁgkﬂﬁﬂ"§efers to an

prefera y a n1n|stere to the nucosa. nmucosa
anyegerebrattebabi hey tihe bBlohkntoftohohfevr aregahssthat The term

ll’lé?u v%%ESnW g]é‘or&p'l%tg’%f{ Al GRYLY OTent, . 5 #f@t@sﬁflral

ive or gans respiratory org ans excre
paotg@&E§,awdrue@rmnmp©memes&Mgh@@st?heanshﬂhmsahl modlflcatlon
pr? n%{g E@%&b%n néﬂq%1938£96£5¥%1%%”59éSéést't%Qné é%f%ﬂ%&
modification products thereof, protective 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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35 present invention, therefore includes
admnistration to nasal cavity, oral cavity, vagina,
upper respiratory tract and pul nonary alveoli. 9
Adm ni stration to the nasal mucosa is particularly
preferred. Since the nasal cavity serves as a gateway
to respiratory infection by flaviviruses, including
Adpant Batieasto tHe maess anuesw ASsPrEEi@HasLy PHeferred. Since
th@nﬁéé%ﬂdkﬁbﬂgyc§%r¢gé %Qeap§§%§w§y kgvfggﬂfyétBEQViﬁ¥g%tlon by
fective 5 protection against respiratory infections
flbyl‘ifmwﬂsmltmbl@mgt hehtavirusels, stof mm@Sﬁtﬂlc@@alm@tratlon of
thiCGhEehed ‘fhé@% d0odi eq ggﬁ%ﬁéh UGH DGy N6 599&8% 'eof%e%fuve
serum g ant| odi es. F e pat oge agal nst
prmhe@%ﬂqﬁw@gpnnabcnaamlr@tOSEcx&ﬁa@tyomgﬁby:m@dandnggtae epithelial
ce??éH%?qm%sPhéoé£q¥§§gc?8€8r %m&?b% %egﬁduc1ng the
invention to provide I nmun rotec |on are
provigcioigmgafi sasut Haic aau@@mﬁuseases or disorders in
OPP hosts. Specifically, these pathogens are
aL|V|ruses i ncluding West Nile virus, hantavirus,
dengmEeVpJuthenéa@@HEﬁﬁi @haenhﬁﬂétdnsduttimn qﬁebbometory IgA
[ tick-horne 15 ence ttl Virus an

f
anehSE bRy be o NDEed = GRRRRE S (el b Se Rl tovention to
prsegcﬂ@tlmnbgﬁr@mtﬂlgﬁ ant ithiatdyorgaucets tPreviedede by seases or

the present vention_may, vary dependi ng on the age
dlﬁﬂﬁdg Leitght? %f e -subpe %%/Jfr%ltyhet%%?ﬁ rgﬂaé:F‘P%?%rii <
F1EOU Bruddie idai hyi rdpses20nf oy ﬂ&u@d%énﬂaﬁvﬂr}ﬁ@i cadlgtd Wirus,
the range of about 10 to 500 ng for

Ja@@?ﬁ?ﬁf§FF§PP%%ltlﬁwélaéﬁtyy%ﬁkﬂy ﬁ@Ve%hV%ﬁﬂﬂ' Ligf-borne

3l 1 sadmind iR £ Rakti-gYl ar nasal
mnistration, is typically in the range of about

OQZQ to 10 my and preferably in the range of about 0.1
to 1WHQle%§m£éé@EL§§tjkpgégketgﬁﬁ]Eﬁ?§§@tl@ﬁ¥§ﬁﬁb8@y inducer

wi || now be described wth reference to specif
prexafpl & 186 POOSOIL Exanpleonl magt vamy atdrsndend| @}A tdwwd age and

wehgﬁ% R{@%ﬁ‘l‘ét E %é‘ﬁ %%Bt Egé ' %Inl%qglet:gﬁfér{ %%%g RH% acir?lly dose

an I nactivated antlg
forn@@taduﬂtedsvtypgpajdy 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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a subunit antigen) to induce neutralizing antibodies
and, thus, 35 induce protection against pathogens was
deternmined in the presence of synthetic
doubl e- stranded RNA poly(l:Cypas an adjuvant. 10
(Materials) Mce: BALB/c strain (6 week, fenale)
Virus: Hantavirus strain (obtained fromlInfectious
(MpXeeksles) Surveill ance Center (Tokyo)) 5 Vaccine:

Mlg@ntﬁﬁigygssggggﬁn(ih@ggctféﬁgiew sease Surveillance
Center); ether-lnactlvated vacci ne Adjuvants: CITB* as

Vipos| tHArEagones o} t{eCTB (ploholeach froki Finsdiunie B)sease

i g era toxin)) and poly(l:C
Sufgg%%Tﬂk% C%d%ﬁfﬁ%ﬁéaaéek-old BALE/ ¢ m ce (Japan SLC
VaTokyo) Heetevdivs dddaint oInfpadupssobiseans pakyel Baglve Center);
etgéfkihé%%iv59§&F@§géﬂa' n the nasal cavity wth a 5L

ut'i on confai ni ng T pg of hantavirus vacci ne al ong
Adwirtdmt Q. fTBg aé_pq;1t3vagc@mtﬁd1 ugTBf (@allyfh: Oxin subunit B)
uvant i nocul at ed
et R e et IR SRR e T
[Ovactine, with or MAthOUt the adjuvant. After
g (@lonal 2 weeks, the animals were infected with
virus by inoculating a 1.2uL solution containing
100ptuwhantayd BESB/ @ reiaeh (0asah K1ayi Tykysr aups dlvided into

receiving 10 u g of poly(l al onge, v cci
gr%p%\l%ﬁwre}’, aBiHho° ¢ r@é?ﬁeﬂ?o‘ﬁﬁ’@édl%% EEolE, t dﬁ?l cavity
wmﬁt@rmm%onaf@@ﬁlc%tamaﬁ@y M@@ho@nﬂaﬁﬁﬂmuwef@cc1ne along with
collected. IgA in the nasal wash and IgGin the serum

0. hieke dsé@yea P IELISAT The A ds L AP hosFal eeks,

ea@ﬁsﬁbﬁﬂﬁmﬂgt?ﬁé@dﬁ%%eQY1ﬁ Uﬂi@ﬁ@%la§§ﬁM3U§h@9 MK ame amount
cel 25 [0032] Meanwhile, mce were nasal

ofi KaRiniassden Wh@1§5hﬁlfﬁgﬁqdﬁmhﬁajuVﬁHbul§¢§Qrmﬁqqigional 2

weéQQL ﬁﬁé %Bh891§cwgﬁ@ NhRg-fed elikal n8988, 19t B9n£§6@dﬁ§%lng a
D, -, O (Approx. 10000 tines the anount of

Mm U%Olq:tﬁéfl @@mtalﬁfl@@t 18orientheypsnat ees civl ckeh eyys) ravity.
The e nit d.
[003§¥5¥b§QEx£§5§n?he ggfgy Q%1 fﬂ9é monihered. oo ccine

exam ne ety o i'n T he
aleoeqt radt neefvedsnent 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 20uL 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.
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system 0.25 ug, 2.5 ug and 25 ug of poly(l1:C in 25pL

PBS were inoculated into the brain using a two-step

needl e. The weight and 35 survival rate of the aninmals

followi ng the inoculation werre nonitored. 11 G oups

i noculated in the brain with 2.5 pg, 10 jig and 25 pg

of CTB* (CIB containing 0.1- CT) in 25pL PBS served as

cont PEPERS NOOB4RLeReSUITTS) PTEL 1 tAnE Bodyr ilRduet figh 2° 1g of
cTaRd PHOLLEEL 0ni,a0a] RSt chnfectison bys dneeul ati ahalis.

nasal hantavirus vaccine with poly(l:C) adjuvant The
[Ofa¢ébsal adjuvant activity of poly(l:C was eval uated.
(ngglt)accine and 0.1ug to 10ug poly(l:C) were nasally

I nocul’'ated 6 weeks previous. The sane dose of
(1vatweti dedwiihduotion ehdupretrstadpusantnstiOnfast hasaly y
ingggﬁﬂhﬁﬁﬁgf?n&??ﬁ%@%&g¥59&§WEEQEﬂéQﬁU%pE*ﬁgggzC) aq?uvant

responses in e nasal nucosa and seru r esponses

wer e Ths sayetsaandd] sunmariczédityn dhalpoeyll: §)0085] evaluated. 1ug

Tabl e 1) Vacci.ne .| gA anti pody 1g9G Primary.Sec ar
vaF G TRbE! B OCLT e, B D BEF A 3 1B T © weeks
preash)s ( sehanpavaciisre oPolydding), Watkiane wRahy(t : e Mednvant,

Ve . k [ mL 10 1
waboiree Rkt P 50k e Moo (PYnd g5, 20cieidy rgoponses
inlthe kZka8 Aubbsa bnb telud 20g@ rksp8nsds Weke- aBsaydh 4hd

10.110.11%141.00 1011-9603 1-1-0
sugngpizef pEndtted -1 1 Denatured 1 20.4 0.69 0 0 15

[0D86B6]
(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
(ug) (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, the dose of poly(I:C) was increased
stepwise from 0.1 ug to 10 ug.

As can be seen from the results of Table 1, the IgA antibody
responses were induced in the nasal mucosa when 0.1lug or more
poly(I:C) was inoculated at the initial immunization.

[0037]
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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To determne if the adjuvant activity of poly(l:C
increases in a dose-dependent manner, the dose of
poly(l:C) was increased stepwise fromO.1 pg to 10
pg. As can be seen fromthe nesults of Table 1, the
| gA anti body 20 responses were induced in the nasal
mucosa when 0. 1ug or nore poly(l:C) was inocul ated at
act hel i ificarapernaf 286 dnse [@‘b@w vTheCk 65 £5CT PRiiacht e
t hat WI‘IQE Wﬁt C‘))fwééJAusje@d'fﬂﬁeQaékp otfh%he n@&@'lﬂ%ﬁ@%@tlons,
was dependent on the dose of poly(l:C): The adjuvant
10@]29/@etqrvmpye| ek egsedeaseitdtk igoske olﬁaip?dJ YephQyitag ng dose of
sed u [ h
ot e o 0] o ey o A e Coder ot g g Leation
1Oﬂh@hwasa1Hmashsquuflbu@950$mtumbdlpalwQHe @ﬁduVﬁ@anth 3ug dose
ofpgé%% g; was used only in the first inmmunization, 5
nL'or nore specific | gA antibodies were i nduced
Wi t hTBelgseitome Ig6f ppadydtiog) waJ el serummigds produeti smwn to be
ne nd _was sho Lo, be .correlate
SRS Fhilat et R damvh it Seh iR Sl A ine
vaﬁlﬂn@(ﬂryd( boCy ( I?Iﬂi i veredeadd tdte tﬁe\/\@ekeemtlﬁltv;abal resulted in
esul in 1 duction of 1.6ug/nL serumlgG
thfo@%%ﬂs C%r@ﬁ the (ﬁﬂgﬁﬁlﬁs %%rﬁg ected with hantavirus
O@B&peks after the second i nmuni zation with the sane
i mmunj zation condjtions, i noculatjng a |.2u
sol u{”l“%lﬁ dEn R NG %%@pﬂ&¥ﬁ%%?§ﬂﬁt§sh?&t%%51% Heglstr after
theaydddhd tlﬁﬁuﬂﬂﬁﬁldﬂﬁﬁlﬁt@ftﬁé'\%aﬂl@nll\ﬁ@lﬂ@iz%aﬁ@ﬁ @@mlrtﬁlons, by
group had a titer of 10" pfu/nl or_ higher.
ln%%%fi’*tdsr{g at he? Wi rsﬁluéﬁGW?P%néBﬁ'p]r%Q@W @HB%Y%@%%&“ each

nakB1 the/i tgf OURS HAGAI weeg wodféa%@h YRAELIRREHO0BSH 84N group had
acconpani egmﬁy rrEol y(I: The viral growth was not

a sippr exfséd potH notfh]%l Frdup 20 receiving two
Vaccﬁﬂa&ér&ri%s%ac@hw $rah UOoRFn TRIE Bfipt B MAGEHRBessed in the
alone and in the grouE recei ving two vaccinations wth

JreRPy H4reiVingstvomesgilvErcTwinadti8npi ¢e@r avspabgfied by

L y{dy ©) L0 r cant
RO L 00880 Tagikh fle RUIARR SLABLHL BN occus
regeouwpsy |twomea©¢11rmﬂly>ntshea¢h rvgtthvécngnm e pAsthe vaccine

algﬁgoﬁp ql eghgy%%ou-gageéggvg’lgl t-\lgz%gvgécﬂ%@/l()ks%lth only the

espec ivel
first one given with 3 pg or more of poly(I:C).
[0039]

The viral growth was significantly suppressed to 10%% 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]



viral growth was not suppressed in the group receiving
two vaccinations each conprising the vaccine al one.
These results are sumarized in Table 2. 30 [0040] 13
(Tabl e 2) Vaccine Virus titern3 Primary inmunization
Secondary i muni zation in nasal wash Vaccine
Poly(l:C) Vaccine Poly(l:C (Mean) (pg) (Ug) (p9)
Te@l@)2(PFU/rrL 10") 1 10 1 10 <1* - <1* 131

3 <1*% I 31 - <I¥ackidel 1 <I* 1 1 1 - 0 g* Wuk titer

rfma%ydlmm&ni%étrbn - 8eco aryllmmﬁnyza&uk?natUﬁﬁdnéséi wash

- AA-4-4

<

Y 8041 (2)
T s e et

polly(1:d) 1ugWaccind waslnasally indfulated with <1*
10dg, 3ug or 1@y polly(l:€C) 6 weeks previous. A <1*

bodster with vacci ne|al oné was|gi ven 32 weeks <1*

previous. The animalg were then challenged With a <1

405D=, [00S€ Of hantgvirus in a 20pL §0Iut|18 and were

EXgnT e for—the 10 protegtion dgdlnbt pneur i a. oy
2 ol /Oy il Mg

L
ha Lo | A A A
t+1 arets ugc, (o7 ) v'\ﬂ_tl_h'l_ﬁ_ r\’]I||| tAe—+roh T o
vacecinatled ot lntthis grnu)’ the-tYirus tliter in—-

thé lLun r a@h?ﬁ 10- nfulnr h'ghpr T dayq fter thL o*
chdllende. In contrast. all animals survived in each-0

of 1t he viadehatitieel 1159 grodips rec@endnigrdaché viaccine 2.9

aleng wifth 1 kg or more of poly(l:C).- Thesg results.1

*:a£e<§yg%ﬂ_ln Tabl e 3.

[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]
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[ 0042]
Vi rus

Survi ved Vacci ne Pol y(I
(pfu/m.:10") Tot al

14

(Tabl e 3) Vaccine

Primary Secondary Lung

i mruni zation i mruni zation Chall enge titer

: ©) Vacci ne
(}ig) (yha) (jig) (}ig) 1 10 1 10

Pol y(I:C)

40LD; ~)

Virus <0 5/5 1 101 Virus ND. 5/5 1 3 1 Virus N D.
11 Virus NND. 5/5 1 CTB*

55 1

1 CTB* Vir

us <0 5/5

(Table .3). Virus 6.15.3 0/5 [0043] The f or egoi ng
observati ons dermmnpst rat e t hat poI y(1:C 1ndyces
nUC@§§hab9A ant | body 4&£3pPeRs6S ndUC|ng th%mngxurus ,
pﬁﬂ%{&tz!acl Hf 5| secr, 1eLORY, A&% ant i b@@ﬁi@sﬁf@@ffl ci enter Survived
v u&l i ||a f L,l. [ 08U 4p0)EX ;@u@mﬁ 10") /Total
aﬁ@?éctl 0 Vi gé %If/erasgr (harqi)aw rus vacdgi ne ’
cidtin f i'\ar‘H1 at ad il Lp@,;g%&gd
poly(ll: ©) 1q Matériatls) 10 Vaéline:| EtWeris r dat ed <O 5/5
hant avi r ustHA vacci he; flor maH n-i npctViatsed | whoNeD. 5/5
partl ¢le N§ vac:| nelM ce: BALB/c sf ra\yf\_»u(56 veek, N.D. 5/5
I ITAT 4 vE'l IIUJ I'\ ITas qi Imarit avt i S CUTT1
Pznnrléinh 0.1 T;n of foarmalin- 15 |narlkbated mﬁhpb 5/5
partidl e ®B*hanf avi fus vaccCHR* and| 0.'iigusg df <0 5/5
pol y(I[: © €100 {o 1600 Bp; Toray I|hdustrises || n&.) was 0/5
to BALB/c mce (6 week, female). After 3

O@gigr{(nl stered
the sane vaccine was adm nistered again. After

anot ee frsesigoiant Phodyatéspendewrisirehe HasalPodash: @ndnduces
muéﬁségy oht LG8, WRILB HELE %Hﬁ@ué%n%“&iecﬁo {1(:%0%@

emc protective i nity, spectively
sef004B]y Rgaegut@@qdles 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; formalin-inactivated
whole particle NC vaccine
Mice: BALB/c strain

(Method)

(6 week, female)

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;
to BALB/c mice

Toray Industries Inc.) was administered

(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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The results are shown in Table 4.
(Table 4) Primary vaccinati on Secondary vacci nation
Anti-HA Anti-HA (Wek 0) (Wek 3) NWIgA serumlgA
NC vacci ne NC vacci ne (Mean) 1Mean) (0.1g) (0.19)

(0. 19) (0 19) (2) (4)

25 [ 0046]

15

Et her-treated HA Et her-treated

HA 1. e
(Table . 4) ____________________________
- Primary- vaccination- - - {- - -SecondaryErdterinitieat ed HAnti-boa Anti-HA
Pol y( I (wekkEhher-treatled HA Polwyddk € 1.9 4.2 Nw-Iga serum-IgA
NC-vaccine--q--------"1 - - "NC vaccine- - (Mean) (Mean)
--tOApgr - - - - (0skpg)-q ---t0-Anugy----|  (0.1ug) (2% (4"
Ether-treated HA{----=-- - 1 Ether-treat¥¥1Qiag VI rus _ \Whol e« 3.1
EtVE LS e PARY T Ip@[“EQi}@r—‘?;éatgd%A Wl et ) Tus Pplyy 1.2
(ho &) v € [VITUS™POllY "(held vixB 627 particle
paktiiche Ether-tTeated HACTB4-Ether-treated HA CPB* 03
Findi By Ius Pri mar vaccl Aahb N voesoN ﬁw/ VaCCI nation
AntitiNAe Ant i| - TRAY TfAbek O)pafViek 3) WK Sarum {da NG 62

EthactidaeedNEA \ acchBe ( Meangr-¢t Meang #a(|0. 1@)3*(0 1g) (Q. 19) 6.9

( Origy(Hifddibn Ether -ddceadeq vikcinktier - tfr eah@dNHA | anti-NaA
- 1.1 Bk 6)--------q-------- {Week-3y-------- - NW-IgA serum-IgA
NC-vaccine--1--------1 - "NC vaccine- - - (Mean) (Mean)
[ f0-angr - H0:mu) - - - 0o ELher - eaped HA ) (4
ety e S g her—treatred AR vt G152 1.1 0.9
Ether-treated HA | Poly (I:C) | Ether-treated HA | Poly(I:C) 1.5 2.9
Whole virus | __. I Whole -VlWoI g virus Whol &.5 3.7
partlcle Y [ TR [y ’pa;gtj'ﬁ:lg 7 (TR NI N
l\éb Icrc Pal Ul bl VVIUI C VIl U.D
gh‘faytglclﬁﬂhdioéywrsys Iﬁ "5. 4 Blaparticled 5.4
Et}&é‘%' tidak &g BaIfCT 'c"ﬂa’f"'o‘l g %tﬁg'}: ‘tﬁ!é%tea_-l}fz& r=treateq HA S22 6.2
0047] The—+esults—ofthe t+ablleindicatethat—t+h
[0fbEbsal and systemic protective inmunity was al so

enhanged by, tthehapt auifiHe SnyACHINErYS Ag 'nﬂu%%tsbya&?cﬂ
whol e viral particles in conjunction with poly(l:C).

syptemas ralosecdeymnsiuai 6y wdmte 160l poharss by teechdntavirus

vaccine using inactivated whole viral particles in conjunction with
poly(I:C).

It was also demonstrated that 0.lug vaccine used in
conjunction with 0.1ug poly(I:C) elicited responses comparable to
those in the positive control group receiving a split-product
vaccine and CTB*, a combination that achieves high adjuvant activity
to provide effective protection against viral infection.

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: Hantavirus

Poly(I:C):
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those in the positive contro

conparable to

C) elicited responses

gr oup

receiving a split-product 10 vacci ne and CTB*, a

conbi nation that achi eves higlg adjuvant activity

provi de effective protection against viral
These responses are even hlgher than the responses
obsePVed (it B tRe3&pIan -(BiBtict vacci ne conbined with
icate that the nasal
uct vacci ne or other
type§iat Gﬁcanés3@Félé|h@Iﬁﬂw¢a)effective if used
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[ 0048]
(Nhterlals) 20 Virus:
BAMB/CSSZEa(m)(6 veetd, 300w ( Fl uka)
Size (H)

ykhesg phseinablLoNs.i
15 sp

|t-p

Size (M:
> 3.3 x 10" bp (Fluka)

00 bp (Toray) :
%%ﬁ%&w 5 Mce: BALE/c strain (6 week,

to

i nfection.

Exanpl e 3: Ml ecul ar si ze of
Hant avi r us

Poly (I:

femal e)

100

(thhouanuhﬂﬂmMSasplnBzspkmmtpvamhmne vaceime ®@§4npgally

TR T BIRG Bofycio o

ng:% &\E

y%ng Ssizes

fp%vgplp (I:C) in

vasymm@kszeehe_sﬁmarﬁﬁweens,WB&aadmenvatﬁnﬁdwi@ agairmi.stered

After anot her week,

‘'tn the nasal

anti body responses agai nst HA and
wash and serum of mce were

det epft 8ehrasheRdive€s, @fntmwpslaésp@n@esy@gtj@rﬂﬁ HA and NA in

oBLgicet Lo, UL, 1

ectively.

Lhailmre e

mutdadl &) sPEtamiy pracebfabd aRmSesendaraspeatei;aag] on

Anti-HA Anti-HA

(Veek 0) (Week 3) NWIgA serumlgA

[OREPVacci ne Pol y(1:C) NC vaccine Poly(l:C (Mean)

géﬁﬁ%g@? as[ﬁﬁﬁﬂﬂes of

(REMeBIRY)
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]
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(pg) (u9") (kg) (2) (4r) 0.4 0.1(M 0.4 0.1(M
0.40.1(H 0.40.1(H 3.3

5.8 0.4 0.1(L) 0.4 0.1(L) 2.3 5.7
Primary vaccinati on Secondaryvacci nati on Anti-NA
Anti-NA (Week 0) (Week 3) NWIgA serumligA NC
. vacci ne PoI y(I O NC vacglge Pol y(I C) (I\/ban) (I\/Ea}:n)
X DJdAL

by ngséﬁ.%@cglﬂeouéﬁ c@rﬁmEEﬂéd{Eu%f4cfaﬂ-sﬂglﬁ Boﬁ&éﬁ é% %djuvant

r]lé@tﬁflti§l§hovm in the table, the groups receiving
POl ¥ ehe Qo W8 ARLECUNA 8126, 0q.10 T 300 bp showed

| ower nucosal ponses than the other groups,
MiradiRdiH/ngsthatn olvgek: GJemdeds to have a nol ecul ar

.sj.ze .of i y er_.in_o 0

Vi B O Y PR Feo o s s e
Sukmeictdnor Ciémaeﬁiﬁ@dhye$ )and protection agai nst

i.nf ect| nas vaccin [ ger am fied su cla .
ValRLRT Soar o sy ot e tng, DS &, gt uft lar” Benter
ethafeirnaaitsv\aee@ xﬂﬁ&ﬂ:ne 5 Mce: BALE/ c stra| n (6 week,

Hant vVirus str edf

A TR b Se e L Py T ARl I ErakbafyR subunit B
coi{a@mlng oHant @vi rar 1steatdkid)nf eatli esarirseaseurf clam shell

rveillance Center); ether-inactivated vaccine 10

poﬂg?{lvants CTB* as positive control (CTB (Cholera
robexjn subunit B) containing 0.1% CT (Chol era toxin))

(u9”)
3.2 5.

N

and ceramfied surf clamshell powder [0053] 2.
2. NVéeHu 15 6-week-ol d BALE/c mice were divided into
gr oupsy 8415 13NkRABk B mi%%9w¥@§0df¥iddﬂ andp Wt hens animals.

was nasally inoculated to each animal, with 10 kg or
SUYOVRHY 6T 1he Ber anilPiedn StAS NePant $heldcupahaerto 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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vacci ne and the adjuvant were nasally inocul at ed.

After additional 2 weeks, the 20 aninmals were infected

with hantavirus by inoculating a 1.2iL solution

cont ai ni ng 100pfu hantavirus in each nasal cavity. A

group receiving lug CTB* (CTB (Chol era toxin subunit
Loy O0kpritcaRRi AteD . SUIETCL @hotdrld POXIeD Wader adahby tiieculated ©
weBRSitiMa gant roli s fQk @9116%5&eb¥C%8B&¥idh%ﬁekan&aé%&g

vacci ne alone or no treatnent 5 served as controls.
ingcdhyfsicafst ef thre damkedpbon, ohadal vaesinamddsehemdiervent given

col ) ecied. nti hady i eyashand,| 1
ata%t%@%%? ﬁﬁkgﬁgﬁléeru%1m%ré£g§§§92d By ELI A:%Q%ﬁ%gésa
muThea drduserimmefgbfreshenaas aferenashayesd. det ermi ned by a

pl aq USI E INDCK 30 . E ' e

nasaﬁ?yg%%%%ﬁggeggineihéﬁgg%%tf%slkgﬁggﬁg-SF%2%35%¥§%XiSurf
clamt $heal 12@plkdsol wHrnies dond aladerglepehédifalmadose, ofhe ceramified

hantavirus.(40LD, -). The. survi,val rate.of the an
B RS L bt 5 b Posd! Tl omicaedt ™ 30 po ana
10adpgvaritt acthad tyutoftheer atrifg ed shefcetamfsbal surf clam shell
in the fol

wder s .eval uat ed | ow ng. manner. 34
oojiee; TEUGRE 10ug Ofs <t 100U RRPaRT 1160 TuPESE] aifcosa . The
amshﬁtLxmqwﬂﬁﬁpwﬁﬁﬁhﬂ?&?Fbyjgng&mbaggﬁgﬁrm%bSKSwas dﬁpendent on
revi ous. is was, follo itional two nasa .
thign QT &t Gﬁga%*%[\fer?e Sgéﬁe\cﬂﬁ%%e%leg PSS e AP Re? Gt Atte aCtivity
inadpavantasgkMeNdo o Zn¥eekrdmitreeMaburThe ahgdnhant idedyr was
. responses in the nasal 5 nmucosa and serum | gG
INFESHHIHS &S WeP iassayed. To deternmine if the adjuvant

roastjvity of the ceramfied surf clamshell powder

varies in a dose-dependent manner, the ceram fied

sur f Tef athi31es| "pewder anasdgiviieh A vweudi4 freregar atter the
thP8esmRfh 129t pgn andn 100 Jage ihdnhyrgedpubnbifalodd 139
~of the ceramfied surf clamshell 10 powder induced
ing Aet1gA sant FBb P s ponsestdiminbe l peRiAl migssal cHd nasal

munt f | ho | d.i 0

o Epbndent O L NG toss oF ceramiTred SUrT &l shol o @
tipewdef :10Thefwdjluvanhigotdvi iy comerasdsethasvined doseth was

coﬁ%%%g%Le%ﬁ?g}%%%gi%HJ%E%'%%%%%@%ECQ?MH? W28 nasal
pg. [ e ani mals were
vatnieztiedsweabh PREorippruse@ hwdke, cafdmerfidde surf clam shell
powder as adjuvant. The viral growth was not suppressed in the
group receiving three vaccinations each consisting of 3ug vaccine
alone.

These results indicate that the ceramified powder of surf clam
shells act as a potent adjuvant.

The results are summarized in Table 6.

[0056]
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third i muni zation with the sane i muni zati on
conditions, by injecting a 1.2uL solution containing
100pfu virus in each nasal cavity. The nasal wash of
t he non-vacci nated control greup had a 20 titer of 10
pfu/nL or higher. In contrast, the viral growth was
npletely suppressed in the groups receiving three
Tﬁ@%%l6 vacci nations each acconpani ed by the ceramified

surf clamshekl powder &s adjuvant. The viral growth

was nof suppressedtida t ne i&%sa% F@%e ViRGL Y ¢8C | Virus titer

Vé@&hﬁ?t' weash eangirst il vacci heeT88 gl gre. nasal wash
resul ts) dyndi,cat e that tM@a%eran1f|edMﬁéﬂder of (Mean)

sur cl am shelkﬁ act as|a pOtRmEL) adJJvanngﬂMé (PFU/mL:10")
Fesy-ts—are—sumar -zed—-—Fable—6—{ 0561 19— Fabi-e
ccine Anti i;g | gA Ant | I—lAj I5n(‘ \/| r us tgz‘ n} <1*

Ceramfiad VacciHe nomde aof Sut¥ ( (Nasal wA8hy (sequmy <1*

in hasal wash €Kk&) clam shel Ls2Mean Mean ERe&aN) kaq) <1*

(ugdnl) (jug/nl) EPFU/ mi: 10 3 I00 0.5 27.1<@1t 3 10 3.3

0.15 10.0 <1* 1-CIB* 1.20 23. b <1* B - 0 <«0.1 3.3 - 3.2

0032 7T p < U005 [U05/] Wth regard to the
‘i Rduced subcl ass of serum I gG anti bodies, 5 1gGl
[0aAt] body is predoninantly induced as conpared to

IgG ant i body ndlcat n e _responses Th2. .
donr BARE omen o, it FELEPE SER =l RERAEnE® 725 gosgpodies.
IgGTabltebddy Viac gireeoAntarbddy ihbtesd (&8 xoMpaeedeco IgG.. antibody,
ge m fied powder of NEQP) Thb/ThZ ratio
in c Th2 do

Ing lmmUne responses o minance. 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 lug
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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surf clamshells (1gGL/1gG<<,) ug) (Tag) 1gGlg&z= 3
100 15.0 7.6 1.97 3 10 14.4 7.1 2.03 1 CIB* 17.0
13.8 1.23 10 [0059] Exanple 5: Infection of suckling
m ce Suckling mce were infeected in an infection
experiment. Suckling mce were nasally adm nistered
with an antigen (hantavirus) and poly(l:C as an
seadf RN CadT e FROTERTE BEdYNe itiere Wase afsavedsaf el 1 week. The
Igﬁp%% fd LRl kYreR O] QURT Obs aﬁﬂé@a%aﬁ%ﬂ r\l%%ulj@%%nl\ﬂetdh to be
lug antigen and 10ug poly(l:C) twice at a 3-
abput ekQang/Mheanraddle seash brd apliebsey urhtant Wb@o@ to 3 ug/mL.
responses of the mce were assayed after 1 week. The
| gA anti body titer in 1 nL of the nasal wash was 20
INgetBrilnégrt.oCaelldigut 200 ng/ L and the serum 1 gG
O@g& body titer was 3 to 4 ug/ni. Another group of
animals were inoculated with ug antigen and 3ug
poI y(Als s:e)t tiwirce, atha r@eseekdnintertralt iofhef nasadhawashated
t he serum.ant i esponses_of
1 808el5 SPealt TRBREOTREY: oRRaR: Fonay Tirer vt Ty surt

clah $mﬁiﬂ$aaalaN%deumaatdemdmdﬁswedct@t&my ﬂ@&oahdli@ﬁ antibodies

BT T ST I X A

anfios ther tdaehbased . adninistratlon of an inactivated
fIaV|V|rus vacci ne with polgéllgg?or a ranlfled
powd 8P i FUTEFRm Sierie ea&Pu@ tCiifguaascine

adseesetnryel gha andhilegGraatphadings i A0espiesl fikCof 0§igni ficant
flaviviruses and provi des protectlon agai nst viruses

meﬁhﬂa%t¥%90rﬁé?%%g%h§iiEﬁﬂe@etQR? Lagfr Bntilsiosgat Vo iitger e9ainst
other effeciskve. vaccine adjuvants are available, the

present invention is of significant nedica

i nportance as it can be applied to nucosal vaccines

agai nst 15 ot her pathogens. 21 CLAIM
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1. An inducer for inducing secretory IgA and |gG

anti bodi es, conprising: 5 an inactivated antigen of a
flavivirus; and poly(l1:C or a ceramfied powder of
surf clamshells as an adjugant. 2. The inducer for

i nduci ng secretory IgA and 1gG antibodi es accordi ng
toclaiml1, to be admnistered to a nmucosa of a 10
respiratory tract. 3. The i AdMeEr for inducing
secretory IgA and 1gG antibodies according to claim1
or 2, wherein the flavivirus is West Nile virus,

hant avi r usAndermpeervifpasindmpagesecesicsphabht #d Vidtus,

an¥§£$&ﬂ&{eg§§%¥i§fg§ ti ck-borne encephalitis virus or

rus. 4. A nmethod for inducing
V|rusnsFmﬁnﬁMWategAaQMUmrgGﬁ anfldodiless; compri si ng

adm t (e d an [ Vi

alongbaffi(g Iy(? %%?ép&ggge ﬁ%%?gg g%ﬁgeﬁ'H¥%EEl%s as an
adgheamt.shel | s as an adj uvant. 20 5. The nmet hod for

I ndugi ng secreto gA and antibaodi es ceor di

o' oPal m 4GP e hef o B BE o PG T Ao facd TR
anativddi st ertogdimoy aomutasa bf ﬁm besadmfﬁﬂmt¢rédatd.a.&mcosa of a

The nethog foi i nduci ng virus-specific IgA and 1gG
reRtThodiYeS dckording to claim4 or 5, wherein the

virus.is Vés¢ Didiger2Boviinimicihgnsayidtas,y d@mg&t@j 19G

Vlrﬁii Japane e encepEallt S V|rus eII%g Ei .
angibpestes ,ag[g% e Ent 6?1%I 9% 2vi P fat ¥y &/igus 1s West
NiVEl#srusl. héﬁté&ﬂﬁﬁé@nﬁeﬁ@MeEﬂlﬂuﬁacbéyﬁﬁéﬁé antkgesn ofi savirus,

fIaV|V|rus conprising poly(l: or a ceramfied
vep b ere G gLFsScldrksherts. eQ¥epﬁﬁél%&ﬁtﬂk%¥§ 9€c%ﬁRﬁqﬂ§lS C
vit@sclaim 7, wherein the virus is 30 West Nl e virus,

hant avi rus, dengue virus, Japanese encephalitis
viru$; yeIﬁO%?@EvbﬁOV|F@@PC¥¥kR166$ﬁﬁ*@ﬁéé§h59$t439 19G

an¥hhusi &, HRPAtd P aGnYhi¥Sring an inactivated antigen of a
virus, along with poly(I:C) or a ceramified powder of surf clam
shells as an adjuvant.

5. The method for inducing secretory IgA and IgG
antibodies according to claim 4, wherein the administering involves
administering to a mucosa of a respiratory tract.

6. The method for inducing virus-specific IgA and IgG
antibodies according to claim 4 or 5, wherein the virus is West Nile
virus, hantavirus, dengue virus, Japanese encephalitis virus, yellow
fever virus, tick-borne encephalitis virus or Hepatitis C virus.

7. An adjuvant for an inactivated antigen of a flavivirus,
comprising poly(I:C) or a ceramified powder of surf clam shells.

3. The adjuvant according to claim 7, wherein the virus is
West Nile virus, hantavirus, dengue virus, Japanese encephalitis
virus, yellow fever virus, tick-borne encephalitis virus or

Hepatitis C virus.





