;e3e~~@, T Y TITLE : " ENHANCED | MMUNOGEN FOR | NACTI VATED VACCI NE FOR
NFECTICN W TH JAPANESE ENCERPMALY TI S VI RUSES AND PROCESS FOR PRODUCI NG THE

SAME ' CWM w m E | NVENTI ON FI ELD OF THE | NVENTI ON: The present
i Aaventi on inactivated vaccine against infectious disease

caused by a groupwef 5 Japanese encephalitis viruses @bpHAcwbit dhgetand a
di agnostic agent thereof. In particular, the present Qawgﬂkmommxplates to
an |nact|vated vacci ne agai nst Japanese encephalitis, a reinforced
i mmunogen or &hEiEgen’ EDs ININOGEDh dIOR Iﬁﬁ IW§E®UWM§§N%n active
i ngredi ent of the vac dPR el NFEGT Y WhTHye HﬂU@ﬂﬁgwﬂﬁﬁpﬁnnunogen or
anti gen. DESCRI PTI ON éﬁDﬁﬁ@CﬁﬁiﬁﬁﬁdﬁQEWHM%ﬂﬁE as a representative

exanpl e of infectious disease caused by a group of Japanese 15 encephalitis
viruses, Japanese encephalitis will be illustrated, and a vacci ne agai nst
it will be described. The fiBAIKGRIAHEH TR pINVENTBONacci ne was put into

practi cal usepi %9é§'TﬁEifNV§ﬁ?i8ﬁ contains, as its active ingredient, an

antigen prepare rom virus cul'tfured in nouse 20 brain. The purity of such
a vaccine is | ow, andTb@cpraseaCCumwemdmmmrnekﬁﬂaﬂ b6 aontim@dtaivated so

that it mohtuiogice agaghbe dheeaeuinl 0911@% A “O488La! Byt D hggt%gﬁpregg%y e

nervous system erea ter an i rove y vacc
conbi nat? on ofapieesel %@@emﬁﬂétisn VlZQS?SeaPﬁenFlwivtihflpm,amami s fate,

e centr f%w@tié”%g@?& | tkeruss. p”tIdn Qrm&%tl'agal tRe Ir’i’n:a vaéci ne

Thus , the of the vacci ne was renmarkably inprovéd.
and a product%Ib‘ﬁe%%é%lr@l}@tﬁ?epéﬁ@rl%‘&"él‘b%%dﬁ{talclql;!’@daﬂ@ltlétma(ne\ﬂﬁzm ne

Handbook"”, ppenddpndilsti3) Regeanebeted éﬁﬁl@ﬁbﬁhﬁsfﬁi @%ﬁ@@c?‘n()?ﬁhdﬂ‘sfétme
e otner an ere were

of Health (Ja ruzen (Tok | 996

St temts to dRUEHAIOIAS ARG TO5 G AP PR SUB L HRA T had LA PRGADEe

brain. More spedidimathyd fbe proRapliagemnst ifheabgds Mar ¢ht2QRh - 2

Comm ttee on Japanese Encephalitis Vacci ne was established in 1965, and

t hey devel oped a vaccine using primary cell tissue culture. However, in

terms of prodRESCRIPTION, OFt THESRBLATEDCARIY i npossible to obtain the |arge

amount  of Hereinafter, as a representative example of

infectious disease caused by a group of Japanese

15 encephalitis wviruses, Japanese encephalitis will be
illustrated, and a vaccine against it will be described.
The first Japanese encephalitis wvaccine was put into
practical use in 1954. This vaccine contains, as its active
ingredient,au1antigenpreparedfromviruscultured:h1mouse

20 brain. The purity of such a vaccine is low, and such a
vaccine contains a lot of contamination, so that it might
induce an allergic neurological disorder in the central
nervous system. Thereafter, an improved high-purity
vaccine obtained by the combination of alcohol sedimentation,

25 treatment with protamine sulfate, ultra-centrifugation,
and the like was put into practical use in 1965. Thus, the
quality of the vaccine was remarkably improved. Such a
vaccine and a production technique therefor have been
utilized up to now ("Vaccine Handbook", pp. 103-113,

30 Researcher's Associates, the National Institute of Health
(Japan), Maruzen (Tokyo) 1996). On the other hand, there
were attempts to develop an inactivated vaccine obtained

without using mouse brain. More specifically, the

MR
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S5.primary cell cultures required for |arge-scale production of inactivated
vacci ne antigens . Such a vaccine was not put into practical use, because
at that tinme, only primary culture cells were approved for production of
vacci nes, and the use of a passage cell |ine was conskepdreeinent Heetlanger ous
10 and was not pernmitted. Regarding a Japanese encephfl Mareh 2002 vacci ne
obtai ned using tissue culture, a |ive vacgine using, as its active
ingredient, an attenuated virus grown in prinmary culture of hanster renal
cells in China was put into practical use in China at around 1994. However,
15 effectiven and safety of the live v Lhe have not been confi d,
and its use i?o\?%rf;‘iq%uese ggu%?Pf‘l%%S%t 1 %%E ?r};z;é}c‘fjsn%&askﬁﬁm.ggld‘g%
Furt hernore, Jaril®6S Japahesdermephbdpedsaveecchne ubiagnpdibgryecenti nant
gene techniqu S | ec rati CCicn ' : vel 0 (E)
protein 20 an?cﬁ'gsésﬁfegrcélclo%ez'an?%\%e%%%e’ g‘ﬁn ?%gyr%l %Ig) Sﬁg\ag%%égﬁ ?’g’ﬁgrt g%
since about 1986 pXagijegally limpossitbe vhecPhtaiar éhenlahgeerponntrental
stage or Pr &5+Gld 3 tyr i-al We S t i

practi cal5ause% ) \'}{aa{c}!c}f?ee"l,l fﬁ’&t? 58.%%(65[71- 7%3?3%?5_@8“5&%3% ﬂggﬁgeégﬂ_f‘
Mortimer, W Beofsingetdvadegovacgihne anelgengarSUdper vacgpne2éa not) pog) .

Furthernore, riggay dhpscitgehikale yicdifdd0at ¢ahlt i fobnipr g%;ﬁﬁ%&e
production of antigens or inmmunogens for an inactivated vacclihe, tor

exanpl e, it i U C681ldSevabe LRREQYV e} HoT BFofurgdoacef vasddirg i andof
Virus antigengHisadel & WHEE5€Ge @A INS I npOhA O BRI ildesddto Be Bahgaola:

4, 525,3@, rablis gU. S. Pat,etq:t cgo 4,664 812), patitis A éU % Pat ent
No. 4,783 407)2DGHES Rk BSHHS te%Repl aREHERALIBHR T aRR RS ANoBPRalgis
encephalitis (UlveSvaeatiaet oNtainedlGshy) tiandetdigl tuke, AMivg vhesgneit i s

wel | -known th A faor ger be t into practical use .
However , rega?} |lnrlg}3€‘t ﬁ% ESF t %&Q%%Yf?%&gggé%y E?z;r?nd’ipc :a{fefniaflcaﬁevd;ﬁ’é‘f Isagrg%n
vacci ne of 5 daciprimamecuirtodeced bamatear genstatel havin riitinzeeas put
conf i r med, anghﬁgggaatkzesm Ritle | 040 PHIAG! | £81 akBEng Yy A6 | VerbRaLedi ent

of a conventi anese encephalitis vaccine is Inactivated particl'es of
Japanese3l0 erffdnrliiveress rand gadmty pfnbhsel byai vacaine hpvemefebesh

mce, measur et Atda bhahazes dsefid ¢hesbad un®t fes dRtelendn kBidhe
required for I,ar&leo&'rs al e production of anti %3 faQr such a vaccine, which

ns

results in a Hi% 0 -onFBEShermegE. h SATCES JERERRPRaEPERPPALS tife
product of adwetceirlds cbtpdned By derdontsli famtngenestebhRiquésa(e.d., the
basic protein i ch.causes_denyel Lnatiaon), .and/Qr contam nation_of  vi.rus
from a nouse, Sgéaorf%eg???é?gﬁcrme{ 3 \‘/‘"\gyk/gel i)ukse31n3? t0' be & THRY O?#?TREPEF&P&
purificad on stpgemd mpeairitiynagognvivlisheenntdalilisedehavie lemmplrepareédd | n
addi tion, receniide a'btodt\?\}lggﬂj' fHdweddr ! 21abba @sé%r%i%é?&e% Fhee for
production of vacci nes, I ch beconmes an obstacle to, Sl anned vaccl ne
production. FUPERRFHRRtaL e T aneFerethnigae Whieh srgef iansstheve is
beconi ng undegidwdlot MadrEWu idHOTRIratAlRal e qreacR)iindi"on 2ndb eSUVVARY
OF THE | NVENTI ON ggcordi ng tqQ tpi @rﬁsent i né{'enti on, Virus wgarti cles are
produced on a HRr & KA Ky PusFhgtakds fofli Bt i Mytimeno W -2 SpYgeEsi n
order t®5%ol vecd hel eboyeTpes obbedan Bepanse pb.t hes27thagpwgducti on cost can
be remarkably reduced, and neasures agai nst bi ohazards, the operation

procedure far production, purification steps, quality control, the
Furthermore, regarding a technique of using a cell

line for large-scale production of antigens or immunogens
for an inactivated vaccine, for example, it is known to use
30 a Vero cell for large-scale production of virus antigens
used 1in vaccines against poliomyelitis (U.S. Patent
No. 4,525,349), rabies (U.S. Patent No. 4,664,912),
Hepatitis A (U.S. Patent No. 4,783,407), and tick-borne



Repl acenent Sheet 28 March 2003 - 4 production plan, and the |ike are
remarkably efficient wwth respect to |labor cost. In particular, the present
invention is based on an unpredictable discovery of novel virus particles.
More specifically, according to the present 5 inventi (Replaeas@ht \V3heds
particles, as a reinforced i munogen i n which i nmunop@8emneycH epdesent ed as
a neutralizing antibody titer is reinforcgd_fromabout twi ce to about 10

ti mes conpared with an i mmunogen contained in a conventional inactivated
vacci ne, and a nethod for producing the sane 10 are provided. That is,

novel Japanese _enc al,jtis, yvigus L cl,es hav t.standin .
i nmmunogeni ci t%ngrepzﬁpil&éﬁi C(Iqué aspgﬁé%llrc]a{é i’vra%t'\gl&@\%gcc )n'e Eérb i ﬁg? i]‘ﬁFSCti ous
di sease causedmong tgrexmm, oftJasanssel -dirosphathat s thier sasner | twpahiwveul ar

as an i mmunog j j F&p@i&sjﬁ en Lti [, an
antigen for a%g.‘fa%ﬁdﬁ ?%:Hig}édn?ﬁfcgg)nr] a et 8§§f’orﬁ§?§%%r nraeq/%g&%lg tggre
provi ded. SucHajdrer diwes ditee geafestaf eand heblewt ivienesepasf acukradnegofi r us
bel ongi ng; to %aQ!tPU?nPig%ﬁ‘gg{}]%%ﬁ%}Peeha d tharykr Wss1d ehdve nGP2BERR

I
encephalitis virus In and/or a Series 20 of subsequent steps

i ncl udi ng concombigmesh, and ihavatneh, besl PRhcintat PsACtLoAdyESE -t he
scientific basis for this is unknown . Based on the above , the invention
descri bed herein provides the foll ow ngépgl) an inactivated virus particle,

as a reinforced 25 i mMidhRfELVSr tpared mPE &l TREeREieri] s JRRABEEE]
with vir :J_s belm'mgﬂdiotias Qfaliﬂifrﬁzf ﬁ&ﬂ@l&mv@t@@%a&ittﬂc%ef l0fS Gapanedes ei n
a neutr zing anti titer_of the apti-serum ohtain i muni zati_on
with th (i/i ru nﬁeﬁﬁr}%%?ﬁ y ?rf’chJent"bo“fb%?traf@ t %ejsa%[?u% %'{herﬁpifzi ng
ant i body titemiafe 3theladmmras iagadmat dbichiazrd-dywf dmfeictaid aniwals, and
i nactivated vi,,us rticl par fir Vi C i brain; (
2 ) a method f%hr %fgg uatzxf%gagﬁg'?%gc ?l\:/é‘ta(%?evis;éé?epg#{)g{éf%g}oﬁn%?éc%f?cﬁge%ﬁe
steps of cul t irdmguehrayansiomy which regubtip in Rdpiak anmmdu@iiest c@&tVar ch
2003 - 5 of ﬁg@{rﬁaﬁ? ep8ghthinn¥tiuaesid b atfigl lpdd
i nactivating an purltgﬂﬁ’ tﬁé ceﬁp culture;, (.3 grhet Jaa%gmgggg?%géd in
(2) , VhereigPnnrnendts derHeed fromemgueel Prabn(bg- g- mea Red s paeseinbed
in _(f2_) 0{_ (3) ,wamﬁ{S )%‘a&s%%ﬁdﬁﬂ?él%ﬁ&‘tliﬁg)IdS_aﬁﬁyldhl(&&@tQRiz;Pét@iM(‘i%f )virus
purification; a net ho escribed in_ any of. 0 ,
Bher oi b the | AR BAtPTES | SRDRHGCTOEE nE Lt FoHBYP o oLy iFouBetmga P about
4 Cto about MheFefldrd, Gpyrifheahbdnastepscanfequaniany cohtiod petcome 5 )
. Wherein fhed%UéEQ%“thsd%%ﬂTﬁéé¥L$W'pﬂXshﬁéthE%QS&ecently, it 1is
20 difficult to obtain a large number of mice for production

of vaccines, which becomes an obstacle to planned vaccine

production. Furthermore, a conventional technique which

sacrifices mice 1s becoming undesirable in view of animal

protection and religion.

25
SUMMARY OF THE INVENTION
According to the present invention, virus particles
are produced on a large scale by using a cell line in place
30 of a mouse in order to solve the above problems. Because

- of this, the production cost can be remarkably reduced, and
measures against biohazards, the operation procedure for

production, purification steps, quality control, the



(.7 ) a nethod as described inany of ( 2 ) to ( 6 ) , wherein the virus
bel onging to a group of Japanese encephalitis viruses is a Beijing strain

or a ThCMAr67/93 strain of 15 Japanese encephalitis virgis; (&)
i pactivated virus particle produced by a production net%%é:ﬁ ag(;ihrefzﬁed in

any of (2) to (7); (9) an inactivated vaccine containing inactivated virus
particles as described in (1) or (8); and,20 (10) a diagnostic agent for
i nfectious di sease caused by a group of Japanese encephalitis viruses ,
containing the entirety or a part of the inactivated virus particles as

described in (8 s .an antigen. 25 BRI DESCRI PTI THE .DRAW NG, F| gur e
1 shows el ect Spoti?(ﬁicctrloodfg ik 'o?néi?h% lggﬁﬁt PP %‘gf%,eggé-,ﬁ Eirﬁv@ﬁitbon (R
particl es; Fi gresip¥cicontladbradcosta t Estparadiciulanntheipnssqar ihekasiby 30
conventional tech [ ( i.cl.es. Rl 0. ntained in conmmercially
avai | abl e vacclﬁsf\eggéé%gvg’gl falr\égmaﬁéggeﬁlﬁtﬁbr} ,egvx‘lli %ﬁé%‘gg Vi) usré%veb]gl dngiig to
a Beijing straarticlRepl adément sBhedfies 1M clrcz@03ling tOESOR PEEENNGF THE
PREFERRELR: ENVB ‘;\Q\EI Th t odi

i nventi on% becgr?le app%rrle'nfi onb’%acg%%gﬁﬁlg%ﬂﬁlf%ge{r %és”%;{t %&%O%%gmnéﬁ g%legl S
and producti oriimewhdg¢h abhminvponofencyt uvepreeebteAcephala t heutaedimeéng

according to tﬁ&ﬁ{&ﬁg%&é&é’ﬁ QN i bt %ﬁ?@ﬂo%@'tdi@?%@??%oﬁ% 0,

representative exanple. nsidering this, hereinafter, t erence in
i mrunogeni ci t Yt ¥RF FOMPRSEEJYL He ARebAMERRIe AR GEinest 1ntfeconvepnsienal

i nvention anpl iﬁ&@ﬂf&@éﬁi%iﬂxmﬂae&méthaa patt bﬁbaﬁciﬁga'ﬂh'b”%ﬂ@ge”,
a host for virus culture,_ inactivation of virus, purification of virus,

el ect romt i cr FEROACEREYsi dhatnd sy povedcyapatess eRcgphaddEdsp¥drg t hi s
order. 15 An ipamnogkss of havdneent i ooestdagangse anerittddriici tacci be:
This refers tao _an, a%tbi?\;]g i ngr edi ent

J en ). of a _go r.ci.al |
avai | abl e i nactl i Bty AR lj’a?mt%n&?%@cé’)ﬂt?&pﬁgﬁ&ﬁgg‘.alpﬂfe%xﬁpﬁduced
under the 20 ré&igdade aasiseid byaparesy ofichimiese nmephiala't ior viruses,
"Freeze-dried R?ﬁﬁﬁ§ | Jj tij? "Eﬁ i ne's Engli [.Si whi ch
was publi shed %5 the %‘glo%f:xleg%?cér? 0 I ocdc‘)agll gﬁf%%&?&%ﬁ&%&?@ gfquglﬁgr? in
1986, stlpul atemtréphaot ite Wecineg onveni anhigequf ox e disdnes tBicokggntal 25

Products” by thigs JapaRea8aMeAdStgYo@hiciRg! theamie! {3 epPa584e8D Khien
requi renents of Sec. 42(1) of the Pharnaceutical Affairs Law (Law No. 145

enacted i n 196RATtEmtesuitenIrRegasiett FRECYER Jtth sEeP 8l cHldiiingVissset v,
ef f ecti veness,bélshdireg ltioke grog aftiaparidiyy efcaphath t38 vivuswgee .of ,this
vacci ne i s Vi rys articles %:‘

_ _ | J.atpanese encephal il J\(ﬂl .e.. Jnactivated
Virus parti ol SRR EERBNARIISE BARR) (N Co rhe (e nengiPEia pedigre
obt ai ned2bdy i neit sudiisiemgremdus tepraimcimding comaen ttataion f ourpfadaciog ,
and inactivation. However, the scientific basis for this

is unknown. Based on the above, the invention described

herein provides the following:

(1) an inactivated virus particle, as a reinforced

25 immunogen, prepared from a culture of cells infected with

virus belonging to a group of Japanese encephalitis viruses,

wherein a neutralizing antibody titer of the anti-serum

obtained by immunization with the virus particles is about

twice to about 10 times the neutralizing antibody titer of

30 the anti-serum obtained by immunization with inactivated

virus particles prepared from virus cultured in mouse brain:

(2) amethod for producing an inactivated virus particle,

including the steps of culturing virus belonging to a group



Repl acenent Sheet 28 March 2003 a Japanese encephalitis vaccine, allow ng
the virus to propagate in large quantities in nmouse brain, highly purifying
the virus froma nouse brain honogenate, and inactivating the virus with an
i pactivating agent. 5 Hereinafter, the inactivated vRepiacgmenti €hest deri ved
from mouse brain (M4 will be abbreviated as "MB par €8 dagsh 2503 \H

i munogen” . An i mrunogen of a Japanese encephalitis vaccine 10 according
to the present invention : This refers fo’ai active i ngredi ent (i munogen)
of an inactivated Japanese encephal i tis vacci ne, mhich i s produced under

t he above-nenti oned "Japanese encephalitis vaccine" regul ati ons except that
a cel |l cul tur@borlapanage |§HERRALEL Y HISSS bRt 1Rl utive 1 ngs Jdpahese

encephal i tis \dd Uhadid,attitd drsd opiatify£6lg t FeOUgEL Y aghptigrgual ity control
tests . This |m*rung§en is virus particl]es_of igﬁanese encephalitis

i nactivated virus B 3 Bet8ogep s Irifed N e ‘WPTetR fhe c\ﬁl%lcﬁgﬁ?e

obt ai ned by ingr atdrg ceXe) | culture 20 of a cell line wth Japanese
encephalitis virus,, allow he virus ropagate in uantitjes ,
hi ghl y ptﬁu fying tHe A Tifethd e 1 e%‘éﬁb%‘&t‘grgﬂ atd f‘lﬁ.gc?ﬁ"’(} FFhB the
virus with an immttjmeﬂtimgg :egermndud’hedlMﬂangenhhapurhﬁléathom ng
characterlstlc(l) II h k0 ar terlstlc
(2). (1) A neutral | 2| nag %%8% ??%(g#ig&tﬁ%e a t| - th gl n‘g

i muni zati on wilteh Jtrtae:taﬂbm/@rpmrntsi cdoesi,umdmasar edmbyaratpq:teennyat eange
described bel Q¢ Jdiso P04t e tih CLLGQ a@put 10 tines the neutralizing

anti body titer of tcf'ue antl -serumo tal ned by i nmuni zation with the
convent il¢hal MB pa(rﬁt] cd@@t(hOQVBSl desebibead (Heasiynaft 62) thd Sdbovheraikbnogen

will be referrggh tg, ,eénig)r@ggdﬁmaogfn hysiggplﬁggﬂgnt Sheet 28 March
2003 _ g _ abbrevi at ed as articles E{ I nmMuno 8
Regarding a parti d® & aﬁag‘éﬁcﬁhb%ﬁe’c’t A5 Rfckd |((§)an%{P9§P§n t he

surface or thetrppeprasicbeboning €ovel umyes Jﬁpiﬂf@sé/Beﬁaéphattmtmas
snoot h, whereas, t hat of theBR particles was rougbqh;g /y t, shoul dfbe
noted that the TrHifHgeR 8f Bl %r%meﬁﬁaralt /e hEEEBERNO

descri bekb as &amtmerﬁrad:ey]ea]lﬂtbxavmresef an |mmnogen of a vaccine ‘

agai nst infecti ous s %ﬁi’l?lﬁq a GHQUP f es
vi ruses accordi ng erg giresen |ér1‘%l/ent‘%on T%e r&g(@%'l%ne% ?’I&t%h%%@ yenf3
i nvention (e. @romexrersenehhe@ha‘m descyiabedndh ﬂBYppﬁvKaédtpn(a)seal ed

vial or heat-seal edy prpoulig, ddt Brd Bl Fabzi¥e dEbBEaihahs: iHaE'E@vﬁ%éﬁ of a
liquid formulatjon, it is subcutaneouslgﬁl njected into a subject

vacci nated in GHSHRAFLEFLasoRE Be9Crdbagoit 110 AF H8P : perdon. In the

case of zodry formu@fi@miiddnéstid]afdet mit ahfiti@usesalselislel zadswiat h a
sol ubi 1 zing St?l uat Igggup of Japanese encephalitis viruses, containing the
entirety or a part of the inactivated virus particles as

described in (8) as an antigen.
25 BRIEF DESCRIPTION OF THE DRAWING

Figure 1 shows electron micrographs of virus
particles of the present invention (R particles; Fig. 1lA)
contained in a test wvaccine and virus particles by

30 conventional technologies (MB particles; Fig. 1B)
contained in commercially available vaccine derived from

mouse brain, with both viruses belonging to a Beijing strain.



20 Virus as an i nmunogen: The group of Japanese encephalitis viruses
according to the present invention includes Japanese encephalitis Vi rus,
Kunjin virus, Murray Valley encephalitis virus, qa %Iltls
virus, 25 and West Nile virus , and the like . The d%?’ E gggeo are as
described in Archives of Virol ogy, Supplenent 10, pp % 1995 ("Virus
Taxonony", C assification and hbnenclatgrs of V'ruses Si xth Report of the
International Committee on Taxonony of Viruses). Anong them regarding 30
Japanese encephalitis virus, for exanple, the follow ng strains can be

used: Beijing-1 strain derlved fro nd_JWs- P-4 straln obt ai ned
by our passagi ng Be|j|Dr’F§% qrp D mﬁ A@é@@nﬁ Shore

specifically, a Repl acenent Sheet 28 Mar ch 2003 - VI rus strain

obt ai ned by 29 passag i n_an_ adul t o0 q% one %a in a suckllng
nouse (Sn) , and 5 pagrz"a"i’g e n&i\ee erRadi MR %t%rﬁ

passages of JWhvention dedne czqi;ia:(ehelr ehmaﬁd)rﬁ@ariﬂﬂgselﬁ Bérms n«st\bcbthbe
referred 5to 33 "Be Lag stral p)r Bkgn strai.n herelnafEer
referred to as ﬁNdﬁ% gﬁé % rah ) fkﬁgﬁégé? s?raln BEd noee and
ThCMVAr 67/ 93 stiliapan@rﬁj Eﬂn@hﬂndmgissManQ‘-LmevﬂltyC¢B@iagedtobythegapaeaen’et al .

in the 1990s ('ﬁ‘}%nq'.tlcﬁ wit Aﬁ%%'n\(;%%tgjon\gf ﬂrﬁlg}{ogéﬁoas %5€g%%%;érﬁ;%f??é and

Ali 10 and | garas cro |o ogy an and

the |ike. Acc@r}’eﬁ"ﬂglet-o Chasgderdmd thwenthemlmmramégéfew@@snaint| S
virusstrains, gnRgldddIgedi@) %nﬁ”ﬂoiﬁ%b@{/ Bétdeed Endalnhnl éﬂe’d bf the
preferable as an 1 munogen.” \We hése vifus strains are use a vacci ne
with a Blload IReEH clTS‘f)%%H% deethehaiﬂngf’dii\%Wl sHI@RQgenr yvirus

protection aggidistidiey alassta[ral Afm@hbgent, had metwfaﬁ Stifrdis) ¥§eeuta,
production of the vacm)}rg:\% n be obtai ned Angfg :#j ‘G?FZO strains,
IVMBVOO1 is prfMASiiatiQl of i ¥HU5 + iRUDLHELGAELPRY 8ft iGEUsSy dPYvartRen
vacci ne may bmmmmf@dld))anawsﬁgs vand aesopendycassf mdmll e desdusibédal ns
(e. g., Beijl%gq raln a(gd ThCVAr 67/ 93 25 strain) . Preferable is a m xing
ratio of 0.5: i a basis of anti gen protein contents . Because of
such m AiSng, conpar ed with a conventional nonoval ent vaccine alone, a

vacci ne having a broagg ant rygcenspe%tfr umafor gﬁg&ﬁ@&bgg agahgﬁ(rmese

i nfection can be obtai ned. virus is cultured by inocu atln

appropri ate ho¥icemialitire vaqdinge Bikusetesind toapmt arking %—hér?ﬁ#—eéted

cell in culturemmihsddnl HoiEND cORimBedilad 15Neve8IBL BS GRS IRAGd vReRiagenent

Sheet 28 March 2003
against Japanese encephalitis. It is produced under the

20 regulations of "Japanese encephalitis vaccine" or
"Freeze-dried Japanese encephalitis vaccine", an English
version of which was published by the Association of
Biologicals Manufacturers of Japan in 1986, stipulated by
Notice No. 217 "Minimum Requirements for Biological

25 Products" by the Japanese Ministry of Health and Welfare
based on the requirements of Sec. 42(1) of the
Pharmaceutical Affairs Law (Law No. 145 enacted in 1960),
and which is qualified through various tests for safety,
effectiveness, and the like. The active ingredient or

30 immunogen of this vaccine is virus particles of Japanese
encephalitis (i.e., inactivated virus particles derived
from mouse brain (MB)). The virus particles are obtained

by inoculating mouse brain with a virus strain for producing



-.10 later in "Cell culture". Hereinafter, for convenience, virus froma
super nat ant obt ai ned by | ow speed centrifugation of a virus culture wll be
referred to as "extracellular virus". Virus froma supernatant obtained 5
by suspending infected cells collected from centrifugBePlseppaitts Sheqi an
original volunme in an Eagle's M ni num Essential Medi uh® MEsh 208pl enent ed
with 0.2~ (wv) bovine serum al bumn, followed by sonication and | ow speed
centrifugation, will be referred to as "intracellular virus" . 10 An

i nactivated virus particle of the present invention can be obtained from
either extracellylar or intracellular virus.. An tracellylar virus . is
preferabl e si rﬂ:ebj?li’gnﬁ‘él Snf@pﬁﬁadﬂ:tjﬁ Y%C‘élﬂﬁtufai)i\??’ﬁn@n;t § Y$TBEsy Qo be
purified due tprdmssatontian batgen qfarceitieeriinedmeasponardsn, 1hidegty f or
virus culture:_A known cegll li.ne c be used as host for virus cultuye.
For “exanpl o, - BT Ge Fhe; MatlslHFAE o F9528 At ifpogentfe an,
serially passagetititdtingestiseichvasu¥erwitBHKagl, iChiOt iehtingan agentsed.
20 Serialdy p r i i.r. 4 arge-scal e production
s casy and priotfatier. Mk Bl A AR s VRS IR A B o
confirmed not manssrhzain AMB botwidil \He @ brRidteadmase," MBo mantliy lese'd o@V- 1,
BSC-1, MA104, -l\@p&%&lu etc., and DHS-FLC-1, DBS-FLC-2, 25 DBS-FRhL-2,
ESK-4, HEL, | MR-90, , etc. conventionally used for producing a virus
vacci ne can al so be used ( "ATCC Mcrobes & Cells at Wrk", 2nd ed., p.

144, American Type CQUIAQr fnf@hb86h| 88 EATSIpardddd e haT?tik"%accine

abovenenti oned host _for culturing a Japanese enclgghali I's virus 30 strain,
i

preferabty, pdTAYFing £o The Aresehtedr¥gn oty Bhiswaliar s/ itpuan aetdvew
GO 10), 08/ 36, [ ATCE T . R TEOL e ot & Ere oy of or ably Uoed,  Homevers wh
- : . - etc. .are prefera uged. wever, en

using Repl aceerﬁfé?ﬁ% S ZSVWH‘F?:héZOO?h-lcPl ]t%es%r%é‘g‘ljeéi nggder; the
required to corlghn-mentbosed est s"Japaneaeani nantephaldtiisgeni eaidsinet'c. |

i n accordance ' n o] .ok ogi ubst an .+ .50
regarding r equ%%%e%fmg%%ésgggf {:%%ft'l é ngﬁt %Eigk%gug’ i %n%%ﬁlsl\%n& &51 cal s
recommended byused as@E dogdalfior cudamriad Japangee encepherldiyi sc orfriusni ng
if these cell Jl4 ; : i i

Techn oal Repor L S Eac SR £ 6aN RS qLe vb 2t R AL iy SR e
cel | culture oftifHid™MBRARIRMESoREFUERPRTFiReSS of Aananase encephbalitis
Een :Jsi Onl tsyst emey| tiﬁ@atﬁ‘iﬂ&}.(%ﬂgvﬂﬁh?ubartﬁ@!lbgr dblt.tb;ee@uwxléhﬁfhrtq:é_sﬁfe

ottle culture, suspepsign culture, m.cracarrier culture, an e _like can
be adopt ed. Fo‘?ui&‘éﬁ%re,"’qb’o & 8Pt %Egb}léo‘igféﬂ'ﬁaegz Ghgddiure

Bi ot ech,2®wederf) afcaddr ildunse wipgds Japanesed eacephaldrtcaniirers,, and owamgus
commercially i (W1 eyt L .can C Fons

| nactivation o v:v?"%% %IPIII%;C%I%\}J& ?#gl%r ntgﬁ\ébgﬁ%i%gés g?ﬁ%f%ﬁ,rlfylng

~- pr opi ol act onehe aigus Gramdthae dehl/deuld vasdeandoinagt ivst sngpemes ivdnruso

i nactivate thegyih W ikt PFAEPHS ad¥it, UThR0i AiRlifByéR halsheh 8T buWih Pe.

added is about 0.00y to about ng (v/v) , the inactivation tenperature is

about 4 C to JPhafadteristie (A mRsctysitibh Hoeafrdhowang wdis tdosedds

upon the2s nactelataOtetespecaipye (e.g., about 5 to about 180 hours at 38

C, and about 20 to 90 days at 4 C) . Purification of virus: Purification

i s conducted by physical neans or chem cal neans . Physical neans utilize
(1) Aneutralizing antibody titer of the anti-serum

obtained by immunization with the above particles, as
measured by a potency test described below, is about twice
30 to about 10 times the neutralizing antibody titer of the
anti-serum obtained by immunization with the conventional
MB particles or MB immunogen (hereinafter, the above

immunogen will be referred to as "reinforced immunogen",



30 physical properties, such as size, density, sedinentation constant, etc.
, of the substance to be purified, and includes, for exanple, zonal
ultra-centrifugation, density gradient centrifugation, filtration, and the
| i ke. Physical neans Repl acenent Sheet 28 March 20 .12 rg usually
conducted w thout changes in pH and salt concentratigéﬂﬁﬁﬁgﬁ%gggF?%unding
envi ronnent. Chem cal neans utilize adsor%tion/desorp i on rough chem cal
or physicochem cal reaction and includeS, *for exanple, ion 5 exchange

col um chromat ography, affinity chromatography, salting, and the I|ike.
Purification is perforned at about 4C to roomfenperature. Concentration of
virus: Prior @OPLeYdENest idh "B RV HFLeTT i 9T caRi SRNUBBHBBNY F afPBn may be
performed, for exanple, by | ow speed centrifugation with an ultrafilter
menbrane. According t he present invention, inactivation of 15 the R

0.t
particles is desirabl f 2JoRFFAHEE oL oBbLECHEre pRRged on
pﬁri fi ciati on. f&ﬂdﬁi@ﬁmieﬁogubb&b@ta}mi@ ﬂﬁ&ibsflﬁfﬁd%é)atfﬁl{é@ﬂpéaréﬂceh
physi ca urification t hod. Parti.cl.es us t ai ned_can iintaj n_higher
i munogeni ci t)?fg?na‘?ﬂ‘f R TiBY FoRparsd %Pﬁrgéf’?%l%@s isﬂﬁ’gﬁil\/aﬁﬂrﬁf‘ger 20
purification dhatherfi ddld \R martietepawas cresghbbecfuenym croscopic
anal ysis: For exanple, a virus sanple prepared by a negative staining

met hod using 2% (w v) uranyl acetate can be observed under an el ectron
m croscope 25 (HitachiItLsboulld b¥inetedpdiatcitbe tmmubegenadfy zedapanasei nage

at a magnifi .C%tr{-c%rbl'fgll rva%Q:’in%()hé ggg‘l%%(&?g FaePéh?ELQHthciv

vaccine: An inactivated Virus part|c$e o% ?ﬁe present i nvention can be
diluted M t h ®8aBOd e 0f adh einmipegensefas (vaebing nagatestr dafertapusany

known carrier g ' oA j [ gl ¥4 in
B e e
Pot ency test -ACAARAING:t9 sthendreredti Anyadri®ihce The Wwaes b yofebhe

stipul ated by giaielapanees tareeplali.t, i Sayases8aend Qi Bl t DO ddei is
ggg‘r’rgl'g?““ ongd oM UMM SUU F&IFRET S hel! Q£ SRS $na T9huia
15 or dried state. 1In the case of a liquid formulation, it is
subcutaneously injected into a subject to be vaccinated in
an amount of about 0.2 to about 1.0 ml per person. In the
case of a dry formulation, it is injected after being
resolubilized with a solubilizing solution.
20
Virus as an immunogen: The group of Japanese
encephalitis viruses according to the present invention
includes Japanese encephalitis virus, Kunjin virus, Murray
Valley encephalitis virus, St. Louls encephalitis virus,
25 and West Nile virus, and the like. The details thereof are
as described in Archives of Virology, Supplement 10, pp.
415-427, 1995 ("Virus Taxonomy", Classification and
Nomenclature of Viruses: Sixth Report of the International
Committee on Taxonomy of Viruses). Among them, regarding
30 Japanese encephalitis wvirus, for example, the following
strains can be used: Beijing-1l strain derived from mouse
brain and JWS-P-4 strain obtained by our passaging Beijing-1

strain in mouse brain (Am29SmlAm5; more specifically, a



5.fifteen 4-week old ddY mce are used in each group. The animals in each
group are injected intraperitoneally with about 0.5 m/nouse of each of the
vacci nes which have been serially 2-fold diluted, and after 7 days, the
aninmal s are boosted. Blood is collected fromeach mousgpAcdre@t 7§Haeday 10
after the booster. Thereafter, an equal anount of serum Mar@P@bed for each
group, and inactivated at about 56C for _akout 30 m nutes. The resultant
serumis used for a neutralizing test as an i nmune serum In the
neutralizing test, a chick enbryo cell culture is used as a host for virus
15 culture , and virys used, as.a vaccine antigen or _i npgen (e.

Bei j i ngstrai n,vjl\ﬁl%%fa l&?g?ﬁ}“?ﬁ%@gﬁg%%g?gﬁﬂ a&%‘fﬁg 19 ee) ?ég‘ﬁ ‘be
used as a chaldmagassages infe madklding mpgsant $thpdyard bepassagepriasamted by

~ the maxi num di Lon [ - IEN}.j ope n r redyces 20
t he nu)r(ﬂlaer oflr}b#%%% sg'%%ér‘\hn%@%é@fhggg%gflgén{dg gigﬁé%egb%t 3%‘7/?-Hnl%
anot her aspecta Vdne ceillug hpaetinaelféefr ,Rtheasti 3| sserdimbtvdildedhearededired t o

th t i i 20w i i i .
anti gen (o an Tominan G LR e kR 0NN bt 18D,
(H) test, a coebtenedt ta xasi ohNgcryameactimainah, EVeGArs982 strain,

radi oi mmunoassayou@seé mea&hyoaﬁacm@%@;bmmmeaﬁ g?hcumqﬁ,gz

particles are characterized as diagnostic 30 antigen In reactivity of
a particle w ththaiyremnsy jfﬁﬂliafffﬂjfé’é’ &A8réshiarh abnokh e 189%0shdédilds is
hi gher by abouét Z1.0, A@chlifes of e Eshy t1ac,hassot 1hBspardes| ema Wake
specific (gly, us ng the entiret g)r, part of an %Pf(g%gcerrent Sheet 28
March 2 - 13nd 8€FF§5iLed"ﬁF%l‘j’ 18, c 13 G r IRpn nt41nvéhtirérn2-a

di agnosti c ageny7w t &indli thesenreti vity for detecting infection by a group
of Japanese encephalitis viruses, in particular infection by Japanese
encephalitis virus, can 5 be provided. As used herein, the term"a part" of
an inactivated virus pactcocding dfethet prasénficinveniofon heamangigaphnelse
retains desire j €l i .fro VA t] L oclydi-ng,
for exanﬁl e, s?lr]gc f&?ﬁ‘“%é’?&?’%ﬁ%ﬁ%ﬁ :Qzéé%f%j%ﬂrl{’ %;trtgﬁé éprﬁé ?fﬂcgg? ?gzgs?t ep
descri bet?i n 189rexpaptécularpyebrafeenblenasegpodimmemogegonsWhent itbeset he

structure and e{fgstsefaihs RFESEBEAl N¥eDhLRANW Wi theadesohibad thyetay of
illustrative experinents and exanples. 15 However, the present invention is

es e
not limted t h&PeEBrIRefldr-&nce E?ngi‘rﬁﬁe arh¥eBE quice 139y Brob6ch 188 j i ng
and ThCVAr 67/ 98gaifiat nslutrdll Gidedinds oftdeid ithahethdewi this Gt t0in aisead Bei | | Ng
20 strain and a_T Cl\/§r67/9 train qf Japane e?agce haéitis vir%..
particul arly stfPEBFELPBrOLIRY ¥ RSeS8R PP RRMTHRS - SEHIY JAng o 4
show bas20sequehresns{ aWM8¥DOpeipr preifrrgeide.cDNA conpl enentary to genomc
RNA of both strains and the deduced am no aci d sequences encoded by the

base 25 sequences. SEQ ID NOs: 1 and 2 are for a ThCVAr67/93 strain
(Archives of Virol ogy, Aggerding7tps7ie 1pgspentind SR Yipmocsa diymdeptar e

for nmaster seegda¥biHe ANPVBAL %'gabeh% Reklinggvakkanks @r'b ideldn & r¥hd ai n"
used in Exanples below is JM5VO01l. 30 The base sequence of. cDNA _was

det er mi ned by B¥ReVASHSIESERBED (& 9 e BObIARFeRtTaARIARA TEBCMATO 7493 | .
More spegsficabtyaifg@nopiefEPAbNESI€X mAstiery Fadioao¥i 0 US: Tutd Ur .5 on

a basis of antigen protein contents. Because of suchmixing,
compared with a conventional monovalent vaccine alone, a
vaccine having a broader antigenic spectrum for protecting
against infection can be obtained.
30
A virus is cultured by inoculating an appropriate
host cell line with the virus, and maintaining the infected

cell inculture. A culturingmethod is the same as described



Repl acenent Sheet 28 March 2003 - 15 in Vero cells . Thereafter, a region
encodi ng for an envel ope protein was anplified by reverse transcription

pol ynmerise chain reaction (RT-PCR) using a pair of prinmers, and the base
sequence of the resultant cDNA fragnent was determ ned Eephyceanedt ddmey chai n
term nation method. Furthernore, the am no acid sequenc28 daccd@@0by t he
base sequence was decoded usi ng universal  codes. Experinent 1 10
Measurenment of a virus infection titer:” A%iTus infection titer was counted
in PFUs (plaque-formng unit ) /m by a plaque-counting nmethod using Vero-M
cells described later. 15 asurenent, of _a virus antigen amount ; An anount
of Japanese eﬁ‘@éﬁ’fal}r’iii‘c% uguiﬁPFﬁen WEETTERGITET byf BLI SR VERhGRGH

anti - Japanese vaiegphaFirbims var usupsmodonat arbtzadied gGoyG oupwSsgbeae 503

(kindly provided by Dr. Yasui,. Tokyo Metropolitan, titute for
Neur osci ences;celatly?ﬂg\.ﬂa%rbtdfalef ,‘yl\]%‘iﬁ' n%‘llﬂb?r?;e‘ﬁjeiglsb?ﬁ ’F%f%ﬁ’f/?dﬁ? as
2663- 2672, 19%@xtracedliSMAawatimmstas Vdhosl fred bysappanathrt dbbeinasgay as

a relatiye value when the val u n_i n=house .St andar r oduc eijin
e o o e P ife st e BT gpTig R IHANA! i S8 L FRpband
U shaped m cr gedldted spasinsexth eglghinadouneburnd Gn33arn vEaglgdes eMirtimbhood

cel | suspensi j e i A uf, a jrus
sol ution wer e%%]sieg'la%i S‘3EIlhglre rggﬁﬁggiydﬂ}iﬁ‘em%ﬂ%ﬁ:ggﬂ%ﬁg%‘éeﬁséaﬁg&ﬁ%ﬂ\}ft h
each ot her at sZ2Or o@ld@miimut 911Pwes bie gradentdosi hrfAmghbutsnaedon
was det er m neder¥ti#hdd € £n VRS LGN ‘Eﬁf@ki‘—éda&q 4856 TR BTl & PPy 9F @

virus solution which i's positive for hemagglutination. Replacenent Sheet
28 Mar cH%2003 An ipachiyatesh¥Arugt PARtAFBENDT Jihe PFGFaRE dBVERTARNI §BA The
amount of t aI bad d_?_'ﬁtéﬁﬁllémﬁlﬁm Qﬁllf‘hé\@%_x{’éﬁ:%?glﬂdll@&:t E% |i§¢t‘tﬁla%é]ﬂuﬁl!2iﬁ v_.bﬁl;ﬂ; Dte _
serumgoat Ig ere iye val ue respect .to the protein content in
the bovi ne soAMPRERAGSLAULAE Barh s RES SARAH ISh)o 1 KiLPef 19 RaShssay.
and t he obt ai nigd iwah uea tvase detreion ;ndd As easyrmeube phrafiadtdgeno less

Experiment 2 .ontamination of cell derived components.

15
Host for virus culture: A known cell line can be used
as a host for virus culture. For example, diploidcell lines
such as WI-38, MRC-5, FRhL-2, etc., and serially passaged
cell lines such as Vero, BHK-21, CHO, etc. can be used.
20 Serially passaged cell are preferable since their

large-scale production is easy and programmable, as well
as they are well-characterized and confirmed not to contain
any-other virus. Furthermore, commonly used CV-1, BSC-1,
MA104, MDCK, CaC0-2, etc., and DBS-FLC-1, DBS-FLC-2,
25 DBS-FRhL-2, ESK-4, HEL, IMR-90, WRL68, etc. conventionally
used for producing a virus vaccine can also be used ("ATCC
Microbes & Cells at Work", 2nd ed., p. 144, American Type
Culture Collection (ATCC) 1991, USA). For the above-
mentioned host for culturing a Japanese encephalitis virus
30 strain, preferably, permissive cells are selected which
allow the virus to grow well. For example, Vero (ATCC No.
CCL-81), BHK-21({C-13](ATCC No. CCL-10), C6/36 (ATCC No.

CRL-1660), etc. are preferably used. However, when using



10 Proliferation in a cell line for virus culture: Adhesive 2-strain Vero
cells: Vero-A (ATCC No. CCL-81) and Vero-M (Vero obtained fromthe National
Institute of Infectious Diseases); 3-strain BHK-21 cells: BHK/ W2 (adhesive
BHK-21 obtained fromthe OGsaka prefectural 15 Institutmplhcdiiebtisheagal th),
BHK/ JHI H (suspended BHK-21 obtai ned fromthe National ishidHiReo®f Ani mal

Heal t h) and BHK-21 [C13] (ATCC No. CCL- ,_and a C6/36 cell (ATCC No.
CRL- 1660) derived froma nosquito were u as candidate cell lines for
virus culture, and viral propagation in each 20 cell |ine was observed.

Ver o- A, Vero- BHK/ , ,and BHK-21 [C-13 re each . prepared in [ ow h
nedi um at abo%ef%c%\&i(ﬁl&&ﬁl'sf‘m ?5T589u$x§\fg§ g?a??%doﬂl?g Yﬁﬁﬁﬁﬁfeﬁe%ﬁsabout
37 C for 3 daysr asfitafienanatsertundeigenbeltof «utl s iveaecoedpacki wetl
counted. In the sane way as,thi s, suspende HK/ JNI H was. .prepar ed_at
about 2.0 x 16§‘ec ‘F‘Fg?"ﬁ%‘f‘e JﬁﬁrgﬁfsB?‘ﬂigg'aLFgg %ﬁﬁ?%?ﬁ%ﬁ Hﬁ'a?’oaﬁ%g rg%n% f or
3 days . Ther eelfudirenednt snufiber wde celfl scedd scofimt edtheCopR6duas ipnepafed at
about 1.Q x 105 cell.s/m_, and tat. j or 7
days . T%er ea?’ & CHE ur?t?ecro"gfe%cdz (fsﬂi&gésﬂ%o%%(g%%lﬁ gpgg%%%t%%%i um
MEM suppl enent(&#O0) t hher8by(aongixminalift dhesrt call dindrovireeqgat it eds
used. As a reguyl VerQ- - % . nt ed
and determ neélét%ejbleggggéré?/%%%(%% rﬁ?r(rﬁﬂg 0 a orﬁc%.fgéﬁhlg\eeﬁi%%ryeht
Sheet 28 MarchNo20@38., pp. 15 %%l 1X998) - and suspended BHK/ ANl H and C6/ 36

were counted and determ ned to be about 2.8 x 106 cells/m. Experinent 3 5

Propagati on of Japanese encephalitis virus in candidate cell lines : C6 /36
was i ncdfat ed at aboufedd CcRbEureyay&oT ¢ ltheCBlhBrec ¥ s theedabave-

Experiment 2 weinildiddabed 8indboWtdidnaey chldiite, peheiedionesyseamh

cell was inocul ated with a. Hei ~i strain.at a . multiplicit f 10 infection
Vo o 00F St heRung sridgd | Bol Bk SRkl Purd) el Bol 1"
anti gen amountculfhir®” sukgehsiandcabthifel,ihicrovhertby dultureée andithe of
the change in ety acel bl aoplcis apBUNL.MAS: cOMBanad: a6 L, anous,Lhe

& t he |gﬁes 5

results. Each™nunerical” val'ue TS an average o valrues In
virus gridat h cyrtesiexof(Rwegmasid Bigkecdlr Swupféerht of expeiouent¥pe€cage

exhi bited the 8{9@%@ a‘&ﬁié&?oé&?dfféf onyd bRfriQhd BemAkS AN 1f" Q%Uﬂﬁbéem

commencenent I'ncubation, and exhibited the highest ELISAtiter an
titer on the ATy cefhe GiHEIre ¢ViraesCaRhPei ¥e88dt he hi ghest virus 20
infection titer on the 2nd day fromthe commencenent of incubation, and
exhi bited the highest ELISA titer and HA titer qn the 3rd and 4th dag
respectively.  Repl ad@ftiSHe&tn W’Z%@lﬁaﬁlﬁ‘ﬁl]‘é’gla epg such

20 as formalin, f-propiolactone, and glutardialdehyde is added

to a virus suspension to inactivate the virus. For example,
when using formalin, the amount to be added is about 0.005%
to about 0.1% (v/v), the inactivation temperature is about
4°C to about 38°C, and the inactivation duration mainly
25 depends upon the inactivation temperature (e.g., about 5
to about 180 hours at 38°C, and aboﬁt 20 to 90 days at 4°C).

Purification of virus: Purification is conducted

by physical means or chemical means. Physical means utilize

30 physical properties, such as size, density. sedimentation
constant, etc., of the substance to be purified, and includes,

for example, zonal ultra-centrifugation, density gradient

centrifugation, filtration, and the like. Physical means



15 20 Cel IPFUMELISA titerHA titer Adhesi veVero-Al.2 x 10B58640Vero- Mb. 7 x
10735320BHK-21. /W 21.5 x 10B2740BHK-21 [C13] 2.3 x 10848320 Suspended
BHK-21/JNIH 7.0 x 107 37 40 C6/36 2.6 x 108 103 320 Exper| rrent 4 Type
Cytodex and proliferation of a Vero-A cell: Any one of ‘2}3 Séeet or 3
was added to an anount of about 1.5 g/liter to each of ayeh Orgure

fl asks, each containing about 500 m of Vero-A cell suspension at about 1.5
x 105 cells/ M. Thereafter, each cell wast4 ricubated with stirri ng at about
37C and about 40 rpmfor 7 days. The follow ng results were obtained. The
nunber of cells per m II Ilter on the 7%g day from the comrencenent of

i ncubati on wa8¥&bdtitva- JSYX cpgsluctisst s WEthout mhangrs 4g8utPH. 2nd 1931 for

Cytodex 1, 2 co@lﬁ:@n?er,atrleﬁmoﬁﬁﬁlmJEYSuEMbhhdﬁ.lﬂI@r enviddinget ] S eBERical
i ncubated wi th todex .1 for d or nore Vero-A cells were

ne hundre

grown adher i n§e€85; AFH%ec J%‘?réﬁj.to ﬁ@eﬁaﬁaﬁlwt frogeughy geiicak po¥i nent
5 Concentrat i phyefi cogheftcaandreot idrer ahdonnefiudedsr dok catdripXeyf odex 1
was added to cell culture flas A_B _C_ .and h c ain about 500
o cell  subhsherds folumt cirdaragzanty s o SRy LaRtShAt o RRE ot
of about 1.5 ghallittiewq,i anﬁhthél]as}ke A Pandi fB cagthicont % Degflortred an abeut

Repl acenent She 8 rc 0] flask C, and about 4.5 g/liter in the
flask D. Thertela?:t écr I‘Jééta%c hc %%e%ﬁatsl}rlgncubat ed with stirring at about 37 C
and about 40 rpmfor 7 days . The nunber of cells and the fraction of beads

to which cells adhereg o('xderﬂtraqtlon toe ReRGENt agﬁr?&rt he %QgéggxégfgﬁEd

t o) vvere counted. For cal culating the percentage o beads ered ,
at | eastl0200 BELdeTWIEIFHRATAQN f FORGRIHEF3 5D BAY 'Q*hep%’éﬁ‘a@\@@ WEPEh at

least 5 cells cadh@ned Wy a G asertetd raghiei &8¢ Peelsan Thet£8ELBtEp the
flask A in which todex 1 was added to an anmount 10 of about 1. 5 g/liter
wer e i ncubat ef'SMPLERE -same grow h medi um t hr oughout the incubation. In the
flasks B, C, and D, half of the culture nmediumwas replaced by a fresh
growt h medi um on t he 4t h 5th dasafter t he cqmence nt of

i ncubation. The foll o%cﬁé’ﬁéﬂﬂ ?gqiﬂe t BT5B ﬁFnlerblverl%l%pllél@é’ d'foncﬁf‘t ure
medi um di5d notthef Ramrtielesnizedesirably scdrderide d a)t abdhe 41’Lmtt@r abbutel | s
per mlliliteraf y | agk B,
bout 7. 7 x 109 for et R Eyeht By oS raptlertobe: Hikifiodtipd! 23

per cent age of desdngddds perEeEredo byn & hEhYF.’a@R% Rurif iz tg apsmeboad - 98~

or hi gher on tﬁ&@:t%.%lél.a%hu%nébE&Qﬁéé%é{@%a&%tta% ﬁ&@h@%ﬁmﬂ@ﬁo%@ﬁﬁéﬂ%?ge of
t he beads adhered to in the flasks C and D were | owner t 93~ and

about 80~, re&Pelhitigdepic &Parter‘?ewﬁépceﬁFééglPéaéﬁéﬁt}Uétpﬁ fRESF| asks

A, H C2cnd Ruifikeathidh day . cRémivpery npntififaopateialesn of Vero-A
cells incubated at a high density with Cytodex 1. High-density incubation
was conduct ed under the condition that the concentration of 30 Cytodex and
the nunber of cells wiledtnq wdcrpsspecibiaﬂmyysi:yt Gd:e:xexamuadﬂedrtw a

Vero-A cell s Redl %Oﬁt’ ) gt%Q ‘ﬁ eq iV %i
. e a n meth%'d'&s (w/v
concentration o 8 g éé g the c r{Sgwere I ncubatl e n/ar)l
appar at us uranyl acetate can be observed under an electron mlcroscope
25 (Hitachi Ltd.). Virus particles can be analyzed on an image

at a magnification of about 20,000 to about 100,000.

Preparation of vaccine: An inactivated virus

particle of the present invention can be diluted with any

30 suitable diluent so as to obtain a desired titer. Any known
carrier or adjuvant may be added. A vaccine may optionally

contain any preservative, stabilizer, etc.



Repl acenent Sheet 28 March 2003 - 20 for incubating animal cells

contai ning about 50 liters of a culture nedium The revolutions per mnute
were set to be about 15 rpmfor the first 24 hours anngB & 'JpEegf ter
24 hours. pH was set to be 7.0, and dissolved oxygen wag i.S8t 2403 be about
5 ppm Half of the culture nmediumwas replaced by a fresh growth nedi um on
the 3rd and 5th days after the commencengnf of incubation. The follow ng
results were obtained. The nunber of cell's on the 5th and 7th days was
about 2.0 x 106 cells/m and about 2.6 x 106 10 cells/m, respectively.

Furthernore, the percg)n a%% oé t he ,gﬁadstto whi ch gel Its adher ed on t he 2nd
day was 100. Experi mehP tPop&gaE i o df & Vittu§OREHGIES: &7 AT TIANTe 15
produci ng a vaddin€Peoteney dektlestspuleted Aystle "Jabepeisecrbadmoth it Bs petri
dish for 3 da re each i | at ed.wit he ve- oned Jf.our.

candi date st ré’isar?\é\?%ei ] Fﬁ&usrit% rccg'lo??,s N%ﬁnayg%% s??%?%,m%%ﬁ%% abﬁl)l Hmam
Ja0Ar S982) of Reapenesendrwefal | Bislogicaldefrodactsbm nolise brxamphbe, an 20
MJ of Og 1. A rmii z r ut .- 90.m n . Then, NMEM
suppl errenst ed vﬁ\{t%é%ﬁ%\sf/v@e)%ﬁow neéﬁﬁﬁﬁégdﬁﬁgt%nt %gbeg%(ﬁ?ght @g‘?o- A
fol l owed by i roulralisodnaeagbogro8p &reéoknjedtsd inthaperikkonealiy with
changes 1N 1 N30 5l ) mBldeCbs Aadild HUhAVRIL W2 vABER HEde Ben
extracel | ul ar virus and 1 ntracel lular virus, were observed. Tﬁe

fol | owi ng res§exsiaddive 2o6wdidn8dluRedar ard 2 f Her i hidegts otbei aeimals are

extracel | ul ar pgddiedf BISoUNisEcSlIsdESa Gl eblbinmbakayaiand ehNda
exhi bited the highest val ue (about 1.0 %LOB' PEU/ M ot on the 2nd day

nor e
after tH® comfdicnthe BROSEeT ne URETSHE tehd 3hEeRdad| %‘P‘é‘%t AL §ETPRet € of
exhi bited a vadiledifdr wascH /graip ) easd cinddet vated het exthoac ed 6ut afoxi r us.

Extracel lul ar \irus Nakayama strain _exhihited the highest infection
titer on the ﬁ\éﬁ)"#ay%vﬁwt\ﬁass 1/)1'[‘;ﬁle ﬁe"ﬁ%e"’r& tsgﬁ%tgz% WBFEh 21
or | ess of thatewfralie iotdaresthneeast tremunse .seRagas dilmgthhend&lt Sl hiningen
titer, extrac a i e i r rain
exhi bi t ed theﬁ%%%'eétg%%ﬁg?‘{bﬁéu?g%eﬁlﬁ%% g% gﬁggﬁ%gtargo%? ays,égnd 5
i ntracell@ul ar siktusre harsbfvigus bisledd ag avaechhechntidgen/ sroimpagagden t hat

of the extraceld W ar pyii¥ag e fit] RAKAYah@SH tal ! T@lcMialaydPs LA BLN
pl at eaued ( about™ 30 unjts i) on the 5th™to 7th days .. Regardi ngut he HA
f

titer, extraceéndil &bevitikebf qUkaPand%84 aPf eXhitialderds aVi&ust abBut

160 and 10 thatiewfrd e i eintivady Hirtaing sexeiphielseth tadv alyuehef makortim640

to about 1280 (i)]r(;lth.e 2n tg.4£}h daé%i Exper.i ment g Propagation of BeijFi ng

strain in a VSFoRYELP AU ERLRE HRE @PWT B oaesd 1B SREEPST 81 UGRY o- A

cells ( Zabout the number of plagques formed by the challenge virus by about
50%.

In another aspect, the virus particle (R particles)

obtained according to the present invention can be used as

25 a diagnostic antigen (e.g., an antigen in an
immunoprecipitation method, a hemagglutination inhibition

(HI) test, a complement fixation (CF) reaction, an ELISA,

a radioimmunoassay, an immunofluorescence method,'and the
like). The R particles are characterized as diagnostic

30 antigen in that reactivity of a particle with polyclonal
antibodies and certain monoclonal antibodies is higher by

about 2 to 10 times, compared with that of MB particles.

More specifically, using the entirety or a part of an



1.96 x 106 cells/m) incubated with Cytodex 1 was inoculated with Beijing
strain virus 4-passaged in Vero-A at an MJ of 0. 1. The cells were

i ncubated in a bovine serumfree MEM The followi ng results were obtained.
Intracel lular virus 20 exhibited the highest infection tRepbacemghbfheat 3 x
108 PFU/ m ) on the 2nd day of the |ncubat| on, and extrac8 Martchr 2003 us

exhi bited the highest infection titer bf)ﬁt 4.0 108 PFU M) on the 3rd
day. Extracellular virus exhibited the highest ELI SA anti gen titer ( about
67 units ) on the 4th 25 day, and |ntracel lular virus exhibited the highest

ELI SA antigen titer. n e tracel ul ar virus
exhi bited an Igfk’at lv(atefb&)% 3%&%55&5 i ntér%z;cté Pge%\;ln silgﬁﬂtb]r?rb'd 8n HA
titer of aboutdid@rersttie algdmctaywmtht hieiginc ideats idnividy Efper i dehecBifgnetic
mouse- der i ved N LorREY serone BRcappala, chosffaRies G -qeBe IR 1,
2 gener at i ons Hartianglage|infectThen nbxtéap@@@demscgpmllta‘al yisuabl eaBven
after 7 rial hn Vgio S no t figu n t se
sequence%edf abgeg?lﬁeﬁ?‘gfée%ch g‘r ot‘fe:&fgndl OP%EH t'?i‘é ﬁélgﬂd gn@’%lrlt S A

Fur t her nor e, SARE 17 tasl H4rNsceatbAGhe RAfARbECHy FEREEA ogonBd ey brus
identical wt mﬂl@%&fal\h\ésd%ﬁre@%‘ﬂﬂl‘ééﬁ@ﬂ@ ae%%e@%%ﬁxt %ﬂeb‘}/lff:ﬁa ¢ ost

met hod described in Reference Exa . Exanpl'e 10 Preparation o

vacci ne: Ver oBRIdcqLes ﬂC&Bﬁ%BGiﬂgl'ngﬂ@t eaéwpiemersénmaalt eBrateRns

Beijing st ral EqInaparekdy daginagi fige "RuTa fdaitMRMh Vites (@BMRBa fon four
generati Vero-A at an MO of 0.1, and-was incubated in a bovi ne
serumfrJEe I\/E i ut- 37C for 4 15 days. A culture supernatant (i.
extracel lul ar virus) was coI | ected. The supernatant was concentrat ed to

about 1/10 vol une thr h traf| tra ane w th.,a.cutoff of 100
kDa. Thereafter, formael%n vﬂa dzded #‘o ér?lg%% %%ter?topgttilbtﬁltdfonl/ 158
(v/iv), V\herebystmmmrrejsands effegtacofvdabed. present vannrent\ms dmmucbed at

A oy O Y agnc’f r@ﬂ%ﬁ/ﬁ%% ﬁ%iracent r| at | #gg

subj ected to the sucrose den ent tona
wher eby tthe vilareves. pgire fF%@Se thovaetiprsisgpatséémaged t ereto.
ultra-centrifugati ons were conducted at 25 about 25~ to about 50~ (ww)

sucrose densit radi ent_and about 30,000 rpm for about 13 hours, using
P35ZT rotor I@les%e‘? gFg?EFr@f‘? Ltd.). Virus fractions (sucrose density:

41~) were coI | ect ed, andaSeqhyned gt 1vsg oﬁhﬂﬂtphaéegbn@feﬁrcedhsnhi:ae/éﬁ’BS).
The di al yzed fg Ct] ons 30 We l{__se)d ?1§t¥%00'd1e 8t ck .sol uti.on

vacci ne stock SolUtTon was~s SLTUEFP O e LT GO 3F 9eéﬂdng
ef f ecti v&hess stramccamtarméfwmmrﬁﬁé9abemaamn¢>fomedah%m encepRbgliitésent s

for Biologi cal,#Hradpgt$icudBd1y suitable for use in the present invention,
SEQ ID NOs: 1 to 4 show base sequences of envelope protein
gene cDNA complementary to genomic RNA of both strains and
the deduced amino acid sequences encoded by the base
25 sequences. SEQ ID NOs: 1 and 2 are for a ThCMAr67/93 strain
(Archives of Virology, 140, 1557-1575, 1995), and SEQ ID
NOs: 3 and 4 are for master seed virus JMSV00l which is a
Beijing strain. A "Beijing strain" used in Examples below

is JMSV001.

30

The base sequence of cDNA was determined by a method
described in the above-mentioned Alji et al. article. More

specifically, genomic RNA was extracted from a virus culture



Repl acenent Sheet 28 March 2003 - 23 qualified as a vaccine. Then, the
vacci ne stock solution was diluted in TC Medium 199 (Difco Laboratories,
USA) so that the protein content therein becane about 7.8 pg/m. The

resul tant diluted vaccine solution was dispensed a.n 1 ReplacdmeftiGheetnto 3
m vials. Thereafter, each vial was sealed to obtain a t28sHanchc2008e . The
protein content in the test vaccine was E?s_ured in accordance with general
testing nethods (wherein protein was precipitated with heated
trichloroacetic acid (TCA) and quantitated by the nethod 10 of the Lowy
process) in the \?bove- ﬁnti o,ﬂgd ) I\/%gl mum Regui renments, fO{; Bi ol ogi Cﬁl
Products". ExafplE2CBrdferttREFBRERE Fe5TIVERENTFE LY hgF 7l FEEePRe 15
Each sanpl e wbrohedaswael eplefiatl bhierévearseotrdssefipoiiph apo hgnepgde of
the main steps,during_prQductiqn t test_ vacclne. described in anple 1
was subj ect ed%pgl\r}aﬁ% $10 st(g%ggs?{cRr)l E‘gsdul’% aE)P}élr]f rehtPatmeRe $3F HWfng
results were bhisel sequernbe cfubenaeanitahtwlNS foddmers wasedeteormise@0

suspensi @n ) i_bi i pfecti j ; 2 . %% u an
ELI SA antgi gen% [ taerdaggogt&oﬁaﬁgl un%@%ﬁ%ﬁnﬁ%&y c|1‘E erF%‘?éé ou?ﬂlzfso%%en
t he virus suspadsiooacidseeswrg eacededoby th@ basarseqénmee aas decoded
ultrafiltratig r i ion titer and an anti gen anount becane
25 hi gher. (abo%t:L 0 tn?'%sr) : rlAfdtzjfecfé;'%'he first zonal ultracentrifugation,
peaks of virus antigen amobunt were observed in two fractions having a
sucrose concempihaidigandf jabout 41% and about 34% El ectron m croscopy
reveal eg that the fraction with a sucrose concentration of about 41%
cont ai ne@ 30 virus paMepsihgementy h e f YAERF odDheCh 190s fdriddet onkEREFat i on
of about 34% devfleditiemt ¥itelr Wasadbhgead dnpPFls ¢ lpdadiie-Eoralit oenyt Mah
smal l er than the virus particles. Furthernor bovine serumantigen._from
2 ool | Rapl XofomL iSRS oS SIS MOGR Do (FFerE SEL HePeRrEaoed t he
fracti ons havilagelrhe sucrose concentrati on of about 28% or |ess, and was
separated fromthe virus particle fractions. The above-nentioned virus
particle fractions were again sub jetted to purification by 5 zonal
ul'tra-céhtrifugation, Meadurememteoéne &igfus Antid gpar aneiint : vien @moumfti ofred as
a single peak jahdni&d AR 1R RY RS Wnta3ent MRGERELALILRY B AReYA 40%
. A test vacciné was prepared fromthe fractjons. The test vaccine
exhi bi ted an BSHSH affi geRtirdepagesgpofitcaBhglitds aRdrdsprperPrlepal
content of hab(alﬂtﬂ)o%yUQQM(GrDu@Hﬂ ©l8nE|5€E)|(3'|E (mﬂi}zm‘wqbl med)ﬁybhlg Yeﬁéiiia y
vacci ne: The t v ine and a neysci a avai | abl e, vacci ne_de(i ve rom
18 rouse brai A M R At TR Lote. San FerEns SLERer8n K PBEEop! ¢
anal ysi 20( Fi gur @ll,) JouAsad oEfidneral Marrdgice 60r, 2hé3aRpdar,ahed6dt an
envel ope | ayer,,of particl I Nt i al ilablie v Lpe S
snooth (B in |ngl§:rL g% f %ra,lh%ng]r%eslas% . %gltl%g?%%ga%t Féf%‘éﬁle% ? FL%get g%? hga%%?ne
a relative value when the value of an in-house standard

product (Beijing strain) derived from mouse brain is defined

as 100 units.

25
HA test: A U-shaped microplate was used. Equal
amounts of 0.33% (v/v) goose red blood cell suspension
adjusted to optimum pH with a phosphate buffer and virus
solution were mixed. Thereafter, they were allowed to be
30 reacted with each other at 37°C for 60 minutes. Thus, the

presence of hemagglutination was determined. An HA titer
was represented as the maximum dilution of a virus solution

which 1is positive for hemagglutination.



20 of the present invention was rough or fuzzy (Ain Figure 1) . Exanple 4
Potency of a test vaccine based on a neutralization reaction: Each titer of
three vaccines (test vaccine 25 obtained in Exanple 1, coapRicehéit ¥heet
avai |l abl e vaccine derived from nmouse brain, and referenceguagei Ngohor a
potency test) containing inactivated Beijing strain virus as an active

i ngredi ent was neasured in accordance with the above-nentioned "potency
test". More specifically, each 30 vaccinel@as serially diluted 2-fold in
PHS, and inoculated into mce. Neutralizing antibody titers of the serum
against Beijing strain virus were conpared. Table 2 shows the relationship
between dilution ratios of the vaccines Replacenent Sheet 28 Nhrch 2003 -

25 and common | ogarit Lidt 808

di fference between comﬁgogny‘?%ég@%?hrﬁagﬂv %@ét &?‘?% ?%yer{:g 5‘3&3’/’
titers of the Ehe |awnﬁanbtaabﬂwn§ysgrumtzm@ YR meta@xreamday ELISA
comner ¢l al Iy, Ay iR ARKIAIRS SeatiH] YRt Bl OLELD LU EIN ViR RAUY, O- 38

to about 1.11 for Vvaccine dilution of "8 at a neutrallzing
anti body ?iterr@pReshd® bhetpreotesn cankenke %Wﬁhﬁd@‘éﬁ%ssm!stﬁmi@é‘d 0

about 10 tinmesagfpbeRblias nesh SY14P8qa10ycanprEal 8khY1auai hakhe, V%‘a' Rfe
i nmunogen. Furthernmore, as a result of presum ng these neasufed val ues by

the parall el |?REaiRedvalue ARt SRR F 3R i%h Feunt efs ameatigenzi ng
antibody titers) of the test vaccine versus the comrercially avail able
vacci ne, were about 3t Repl acenent Sheet 28 March 2003 - 26 Table
2 ProteinVacci ?\Iﬁ)i:ﬁerencecont entdil utionlogarithm c(A-B)pg/nval ues
of Neutral®zi nganti bodyProliferation in a cell line for virus culture-

T S, R 50, B R g
Common | ogari tYefe-Mal(Yensf oRtainegd zfr@ﬂarttheboﬁgztibne:l olfnsﬂt}ltutbmuﬁﬁ
| ogarithmic vajypegfibubeUusisbi£ésy; arﬁl@@éaiﬂ' taqfix-% Bc)el?:[ th%ﬂg}g«}i cal
dilution. For exanple, at a vaccine dilution of .
(adhesive BHK-21 obtained from the ‘Osaka prefectural
15 Institute of Public Health), BHK/JHIH (suspended BHK-21
obtained from the National Institute of Animal Health) and
BHK-21 [C-13] (ATCC No. CCL-10); and a C6/36 cell (ATCC No.
CRL-1660) derived from a mosquito were used as candidate
cell lines for virus culture, and viral propagation in each
20 cell line was observed. Vero-A, Vero-M, BHK/WI2, and BHK-21
[C-13] were each prepared in a growth medium at about 1.5
x 10° cells/ml. They were statically incubated at about 37°C
for 3 days, and thereafter, the number of cells were
respectively counted. In the same way as this, suspended
25 BHK/JNIH was prepared at about 2.0 x 10° cells/ml, and was
incubated with shaking at about 37°C for 3 days. Thereafter,
the number of cells was counted. C6/36 was prepared at about
1.0 x 10° cells/ml, and was statically incubated at about
28° C for 7days. Thereafter, the number of cells was counted.
30 As a growth medium, MEM supplemented with a 8% (v/v) (final
concentration) bovine serum was used. As a result, Vero-A,
Vero-M, BHK/WI2, and BHK-21 [C-13] were counted and
determined to be about 7.0 x 10° cells/ml to about 9.0 x



Protein content: nmeasured by a TCA protein quantitation nmethod ( a protein
in a vaccine is precipitated with heated trichloroacetic acid, and is
gquantitated by the nethod of Lowy process). Exanple 5 Difference in

i munogeni city between test vaccines based on a cross-negépialcbdait SReet
reaction: Three strains (Beijing strain passaged for foupgaeseraigogns in
Vero-A 5 cells,and ThCVAr67/93and ThCVAr 44/ 92 derived from Thail and,
passaged for two generations in Vero-A<Tells ) were used as seed virus, and
test vaccines containing inactivated virus of each strain as an active

i ngredient were prepared in the sane way as described in Exanple 1.
Thereafter, lRéptekbwimt, SstsugpendedhBENOBNIH 2Md €6 36awezencoantedody
titers of the i ; i f i i 62 kLt/hit he respective
vacci nes vvereaﬁa&%ﬁ?ﬁﬁ?fp%&ﬁ%?@%a?em\?aygg%%égéfi bed i n Exanpl e
4, whereby cross-reactivity between the strains was anal yzed. 5 For

conpari son, CoRPRSImdy favailabl e vaccines derived from nouse brain

cont ai ning eachinactivated virus of Beijing strain and Nakayana strain as
its active ingredi ent ProRpoatiqici RE (‘E%é’??%@est%%had]e‘r‘?%dvﬂlrb‘ﬁ ndBse

br aidn Eont ﬁi nid%guﬂ%ﬂaﬂng@illoi_iﬂe‘sr CA O D6 Qids ﬁﬁc_?_t&i@%ﬁr@ﬂ%d@QBH@ _iearwerﬁ
used. Furthernpre, for use | ni zatiqn, the protein content in eac
of five vacci es‘%@é%' a&jggsttg‘tf % raSSE?LS?.%S%/H, %ﬁﬁﬁr{lﬂ&ﬁ% tzﬂeweﬁ‘c?ci nes
were 16-fol d didadmted 8tBabouAs3thal fenge ddyaus Thexeaddlergl eaahi calllest |
t he above-nentjoned 4 wiruses.. .. e. i) a , h L 67 , and
ThCVAr 44/ 92 were ﬁ‘sné)cfullaatbefi tsth(;%wsB e’?ﬁ& & egﬁf{é@%o%%gﬁeméggvg%ﬁ? ?/oagd 5
~vacci nesl@ n 16rfEetihn UMW witt A. PBSand medsyred foxmoyvirneatnfeation
spectrum Dot 4418 Vigptp) A vAGRS B tidle BthobhtdiBraad THEMRNETAR3 ahraln
wer e outstandi ng as an I nmunogen of an’i nactivated 20 Japanese encephalitis
vacci ne. Repgifcddder .ShwbereByvathre 200 - cogrsgp| ef 3 thgcich@nge in

Bei j i ngVi rus Nakeysbe Aifdr virus amount was compared. Table 1 shows the

results. Each numerical value is an average of the highest

15 values in virus growth curves of each cell line for duplicate
experiments. C6/36 exhibited the highest virus infection
titer on the 3rd day from the commencement of incubation,
and exhibited the highest ELISA titer and HA titer on the
4th day. The other cell lines exhibited the highest virus

20 infection titer on the 2nd day from the commencement of
incubation, and exhibited the highest ELISA titer and HA
titer on the 3rd and 4th day, respectively.



Ar44Test vaccine (Beijing)3.683.042.872. 66Comrercially

avai |l abl e3. 092. 691. 881. 88vacci ne (Beijing)Commercially

avai | abl e0. 862. 051. 451. O4vacci ne (Nakayanm) Test vacci ne
(Ar67)2.843.153.022. 97Ref erence vacci ne (Beijing)l. 85NTNTNepAm6&nent Sheet
ThCVAr 67/ 93 strain; Ar44: ThCMAr44/92 strain Test vacci ne: 28 dacch 2803d
vacci ne produced in Vero cells Comrercially avail abl e vaccine: |nactivated
vacci ne derived from nouse brain Reference®vaccine: In-house standard
i nactivated vaccine derived from nouse brain Nunerical value: Common

| ogarithm c value (log) of neutralizing antibody titer NT: not tried
Exanpl e 6 Preparation of a test dival ed@2bl€cdi ne: each vacci ne stack
sol ution of a BeijiJfg,strain andyz AﬁCWArG?/%§I§£ﬁ§kQEmaS pregpargd,in the
sane way as I P : e er—eacimvacctrhe—stocKk—sort OR—Wa

di luted i n PBSAtgesmglyeai n a protein content of 10 ug/ng. Then, the resultant
solutions were njxed, W th each other,4n an equal sgnount, Replgggenent
Sheet 28 March 2003 - 29 and the m xture was dispensed to a vial to obtain
a dival ent vacci¥exo-Hhis dival eht? vaéti ne had a éPoss-reacti on33pect rum
broader than thagyb; i@ respeciiyve gingl e nonovakent vaccine. g Exanple 7
Preparation of a diagnostic agent: usinhg the R particles in the Beijing
strain vacci ne_SBHcRISAi on pfehard® in Exanpl 481 as a theradéftic
antigen, its 1@ugfdehi veness was deternmned by ELISA in the same way as in
"Measurenment of a virus antigen_anount, described_above. As a conparative
control antigen, BB2hAMNHCl es i A" *cdPmercial ly aVailable Beijithy strain
vacci ne were useck/38s anti bodi eg, ¢ heiobnocl onal amd i body 320

503( MAb503: antrbody 15 to a neutralizing epitope commbn and specific to al

t he Japanese encephalitis virus), MAb302(antibody to an epitope specific to
a group of Japanese encephalitis viruses ) , and a pol ycl onal antibody (
PAb : hyper-i I3 feéHg1£ron1a nouse ) were used. Wiile the antigen anount
was kept consta f 5" 6% 20 pg/ M of protein anount), the antibodies were
serially diluted and eEyipe Bl SXtedegeand Prmiierat idwe gdr dieram BelldA

val e of the Rpaidibest Abodl 94 yaldiestfad aald 8% Ghesnc N ABout

exhi bited 53/47,” Mab302 € ed226/ 22, and PAb exhi bited 120/52. Based on
these results, lipg/liter toeachof 3 cell culture flasks, each containing

5 about 500 ml of Vero-A cell suspension at about 1.5 x 10°
cells/ml. Thereafter, each cell was incubated with
stirring at about 37°C and about 40 rpm for 7 days. The
following results were obtained. The number of cells per
milliliter on the 7th day from the commencement of incubation

10 was about 7.5 x 10°, about 8.3 x 10°, and about 9.4 x 10° for
Cytodex 1, 2, and 3, respectively. Furthermore, when cells
were incubated with Cytodex 1 for 7 days, one hundred or
more Vero-A cells were grown adhering to the surface of all

the beads without any gaps.

15
Experiment 5
Concentration of Cytodex and proliferation of a
Vero-A cell: Cytodex 1 was added to cell culture flasks A,
B, C, and D, each containing about 500 ml of cell suspension
20 at about 1.5 x 10° cells/ml, to make a final amount of about

1.5 g/liter in the flasks A and B, about 3.0 g/liter in the



25 sensitivity of the R particles to Mab302 and PAb were judged to be about
twice to about 10 tines higher than that of the MB particles. Furthernore,
it is considered fromthe results of MAb302 that the antigen of the present
invention is useful as antigen for preparative detecti oRepfacamgntoGhe&0 of
Japanese encephalitis viruses. Repl acenent Sheet 28 Magamr2R0Z003 30

I ndustrial Applicability According to the present invention, virus )
particles are produced on a | arge scal e-by9using an easy-to-handl e and

i nexpensive cell line in place of an expensive nouse, 5 which are al so
difficult to raise and control. Since a nunber of mce are not sacrificed,
the present i rfdarak €n apddekovnhbt € g Mitew ah therflagk dr.ecTherreafter,

Furt her nore, tézfcrpeggg%@&n%fﬁtam%rwﬁ%m &tg%l?@@lm@%&%ﬁ Wies

agai nst bi ohazards, e operation procedure for Rro uction, 10 purification

steps, quality2*Cdmm §Pr ¥ Ay oditie vmiedh ofafiglifeand Kehe faradisik 8 v

| abor - ef fi ci erjeaaPacdrith e 1he daRsed (iNwent itgfs JaIntddd! Skl ¢l es

useful as_a reinforced innggogep which exhibit a titer of about of twice to

about 10 1ines9df BAPETEGhVERL | SIFHE | RRBPIEESred VAECiTRLICUEALIRE a thet hod

for produci ng pédrcadtigaicr thevbdads ddheped it @t 1aaser 20 0bd4ud kere

present inventi.on, noyel Japanesg.encephalitjs virus particles hayin

out st andi ng iﬁﬂﬁﬁ%ﬁﬁﬁ¥c¢?? %?c nf%ﬁ@ﬁfc??? gbea eF#ﬁu%Bg@ 1F§ra§n&ea t

i nactivat ed Jdparekks cadlephadi wegevaoanhedand aeldradp@red) Herds. The

di agnosti c age Q cl S a rovi ded. Thus,
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in the flasks A, B, C, and D on the 6th day.
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Experiment 6
Proliferation of Vero-A cells incubated at a high
density with Cytodex 1: High-density incubation was
conducted under the condition that the concentration of
30 Cytodex and the number of cells were tripled, respectively.

Cytodex 1 was added to a Vero-A cell suspension at about
4.5 x 10° cells/ml to give a final concentration of about

4.5 g/liter, and the cells were incubated in an apparatus
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results were obtained. The number of cells on the 5th and
7th days was about 2.0 x 10° cells/ml and about 2.6 x 10°
10 cells/ml, respectively. Furthermore, the percentage of the
beads to which cells adhered on the 2nd day was 100%.

Experiment 7
Propagation of a virus candidate strain for
15 producing a vaccine in Vero-A cells: Vero-A statically
incubated in a petri dish for 3 days were each inoculated
with the above-mentioned four candidate strains (Beijing
strain, Nakayama strain, JaOH0566, and JaOArS982) of
Japanese encephalitis virus derived from mouse brain at an
20 MOIof 0.1. Virus was adsorbed toVero-A for about 90 minutes.
Then, MEM supplemented with 2% (v/v) bovine serum was added
to the resultant Vero-A, followed by incubation at about
37°C for 7 days. The time course of changes in infection
titer and of an antigen amount was observed for extracellular
25 virus and intracellular virus, were observed. The
following results were obtained. Regarding the infection
titer, extracellular virus of the three strains other than
Nakayama strain exhibited the highest value (about 1.0 x
10® PFU/ml or more) on the 2nd day after the commencement
30 of incubation, and intracellular virus thereof exhibited
a value which was 1/3 or less of that of the extracellular
virus. Extracellular virus of Nakayama strain exhibited

the highest infection titer on the 3rd day, which was 1/5



a.G

zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca]ca]ca
] ca] caV] caV] caV] ca] ca] ca] ca] ca] ca] ca! hQqw

8! ?"$B&A&: &C&&' ((d*e*,,,F../}xsnid _Z]c]ca]ca]ca]ca]ca]c é‘f@@gé hegfca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] Mardn2P83333334%5
| 67 7a7G g: m <<>8@ -
@BA\AC) D, DOHYH HHHEI J} xsni d_Z] c] ca] ca] caJcd}ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! IKFL3MVNOL 08 OPOQORSd
TU, UBUVSXsYY*Z'\ G N\ \ "6 H "aabb}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] caPEaless ] ddlatapéafbg) ehhes] Eafea]silat)¢a] RdajEaidiha; ddg
gghhhhi >j Xkl | | EDQQBp%%rtQ_Q_{etﬁ[ L1 Eei mMasiddsiahpahe o) sahsalgal sk Cazsal ca

] ca] ca] ca] cal] ca] ca] ca] ca] ca ca]ca]ca]ca]cakcalca]calca]ca cal ca]cal't/ udu>u
| uucxpxyyyz{~49b%3shg other than Nakayama strain exhibited the highest

| }Nr rﬂ]ﬁcA]ﬂ ] } ca% ¢alaa] cadwalcaloal @ﬁllﬁfé} gfdrpakgis] catgalten] 6@hCaqsps calsad calc
ajcajcajcC ca acacacaca_c"ac.x.o ~ - )

p} xsni d_Z? 111 c%‘%’é?%ﬁ}i&f-%’a”]%ﬁ’{‘&%]@ﬁr@éﬂfc g}‘é&]’&?&?@aﬁl YAGg WhlLek) ¥as doixa] ca
] ca] /(za] cal c/a\t] cai:ca%@a] o calae] 68] (tth}eﬁt_ﬁAt}élﬁz‘—lj\a&deyﬁt/%BC"Y'l'h%_ﬁﬂﬂ@] ca]
calcral cal o al cal coghoe) cal o faksphed) salonl sk e (arbadl So Uiy ool

4\|e)/ Ce, @} xsandhg bthoaj Zahoidyws] Bapealidapcte Hactd vet ¢ @lxtajarsd1dajeat ca] ¢

|
Z{ fg% ;: aCL?% ?i]sg?léﬁ% ‘fﬁ%@%}'ﬁﬁg%g‘} %gi‘%gigg?é%’caa & c‘,fa 88 Ea %%]acr%ﬁ cajc
a] ca] ca] ¢8] ca] thptapt diha|atdlemtbaleca ptapdascaBhlbli tedomt valyie bdH@biyt) - S
MLO% & () -! NT&EQHE+L) apout 1280 on the 2nd to 4th days. ,
T&LOY&' () - T&LO% #& () - (Go<{ Y7l #10%& ()-!i#10%& ()-#10%t & ()-
SH10%R' ()-#10% & ()-! 9#10%R' ()-<V7 8 9 : ; [ a {\=!"10%& ()- 10%& ()-
10t 10t 10tl =18%p&rimehk#80%& ()-! #10%& ()-a & SHL0UCSCSE ()" 1 \: SH10
WUB{\ =S#10%&' ()-"!i SH1QW5EV5&. ()-"! 0%HHS& ()-"1V 9 O)-" VG
%:5%:5&' ()-"! L(ng#10%|9595 rey@gﬁé.@mm@éﬁ ’(3%&%0/8%}6}!‘ ﬁib%&”(sf-‘"g?o
106® 15 incubated with Cytodex 1: 20 liters of Vero-A cells (about

1.96 x 10° cells/ml) incubated with Cytodex 1 was inoculated

with Beijing strain virus 4-passaged in Vero-A at an MOI
of 0.1. The cells were incubated in a bovine serum-free MEM.
The following results were obtained. Intracellular virus
20 exhibited the highest infection titer (about 1.3 x 10°
PFU/ml) on the 2nd day of the incubation, and extracellular
virus exhibited the highest infection titer (about 4.0 x
10° PFU/ml) on the 3rd day. Extracellular virus exhibited
the highest ELISA antigen titer (about 67 units) on the 4th
25 day, and intracellular virus exhibited the highest ELISA
antigen titer (about 26 units) on the 3rdday. Extracellular
virus exhibited an HA titer of about 320 and intracellular
virus exhibited an HA titer of about 40 on the 3rd day of
the incubation.
30
Experiment 9
Genetic stability of a strain: The master seed

(JMSV001) was prepared by passaging mouse-derived virus
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identical with those of JWS-P-4. Genetic analysis was

conducted by the method described in Reference Example 1.

Example 1 )

10 Preparation of a test vaccine: Vero-A cells
incubated using Cytodex 1 were inoculated with Beijing
strain prepared by passaging mouse-derived virus (JWS-P-4)
for four generations in Vero-A at an MOI of 0.1, and was
incubated in a bovine serum-free MEM at about 37°C for 4

15 days. A culture supernatant (i.e., extracellular virus)
was collected. The supernatant was concentrated to about
1/10 volume through an ultrafiltration membrane with a
cutoff of 100 kDa. Thereafter, formalinwas added toa final
concentration of 1/1500 (v/v), whereby the virus was

20 inactivated. Inactivation was conducted at about 4°C for
50 days. Next, an inactivated virus suspension was twice
subjected to the sucrose density gradient 2zonal ultra-
centrifugation, whereby the virus was purified. Both the
first and second ultra-centrifugations were conducted at

25 about 25% to about 50% (w/w) sucrose density gradient and
about 30,000 rpm for about 13 hours, using P35ZT rotor
(Nissei Sangyo Co., Ltd.). Virus fractions (sucrose
density: 41%) were collected, and dialyzed against
phosphate-buffered saline (PBS). The dialyzed fractions

30 were used as a vaccine stock solution. The vaccine stock
solution was subjected to various tests for safety and
effectiveness in accordance with the above-mentioned

"Minimum Requirements for Biological Products", and
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' The resultant diluted vaccine solution was dispensed in 1
5 ml aliquots into 3 ml vials. Thereafter, each vial was
sealed to obtain a test vaccine. The protein content in the
test vaccine was measured in accordance with general testing
methods (wherein protein was precipitated with heated
trichloroacetic acid (TCA) an<_i quantitated by the method
10 of the Lowry process) in the above-mentioned "Minimum
Requirements for Biological Products".

Example 2
Properties of the test vaccine during main steps:
15 Each sample which was collected at the time points of
conmpleting each of the main steps during production of the
test vaccine described in Example 1 was subjected to various
tests described in Experiment 1. The following results were
obtained. The supernatant of virus culture (i.e., virus
20 suspension) exhibited an infection titer of about 2.2 x 10°%
PFU/ml, an ELISA antigen titer of about 70 units, and an
HA titer of about 160. When the virus suspension was
concentrated to 1/10 wvolume using an ultrafiltration
membrane, an infection titer and an antigen amount became
25 higher (about 10 times). After the first zonal ultra-
centrifugation, peaks of virus antigen amount were observed
in two fractions having a sucrose ccncentration of about
41% and about 34%. Electron microscopy revealed that the
fraction with a sucrose concentration of about 41% contained
30 virus particles, and the fraction with a sucrose
concentration of about 34% contained virally-antigenic
particles which are very much smaller than the wvirus

particles. Furthermore, a bovine serum antigen from a cell
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particles were confirmed as a single peak in the fractions

having a sucrose concentration of about 40%. A test vaccine

was prepared from the fractions. The test vaccine exhibited

an ELISA antigen titer of about 45 units, and a protein
10 content of about 7.8 pg/ml. _

Example 3
Electron microscopy of the test vaccine: The test
vaccine and a commercially available vaccine derived from
15 mouse brain were subjected to the above-mentioned electron
microscopic analysis (Figure 1). As a result, the surface
or the appearance of an envelope layer of MB particles in
the commercially available vaccine was smooth (B in

Figure 1), whereas that of R particles in the test vaccine

20 of the present invention was rough or fuzzy (A in Figure 1).
Example 4

Potency of a test vaccine based on a neutralization

reaction: Each titer of three vaccines (test wvaccine

25 obtained in Example 1, commercially available vaccine

derived from mouse brain, and reference vaccine for a potency
test) containing inactivated Beijing strain virus as an
active 1ingredient was measured in accordance with the
above-mentioned "potency test". More specifically, each
30 vaccine was serially diluted 2-fold in PBS, and inoculated
into mice. Neutralizing antibody titers of the serum
against Beijing strain virus were compared. Table 2 shows

the relationship between dilution ratios of the vaccines
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antibody titer obtained by the test vaccine immunogen was
about twice to about 10 times that obtained by the
10 commercially available vaccine immunogen. Furthermore, as
a result of presuming these measured values by the parallel
line assay, calculated magnification of titers
(neutralizing antibody titers) of the test vaccine versus

the commercially available vaccine, were about 3 times.
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Difference (A-B): Common logarithmic value of (Neutralizing
antibody titer of A) - Common logarithmic wvalue of
(Neutralizing antibody titer of B) at the identical dilution.

For example, at a vaccine dilution of 8, 3.87 - 3.24 = 0.64.

Protein content: measured by a TCA protein quantitation
method (a protein in a vaccine is precipitated with heated
trichlorocacetic acid, and is quantitated by the method of
Lowry process).
Example 5
Difference in immunogenicity between test vaccines
based on a cross-neutralization reaction: Three strains

(Beijing strain passaged for four generations in Vero-A

cells, and ThCMAr67/93 and ThCMAr44/92 derived from Thailand,

passaged for two generations in Vero-A cells) were used as
seed virus, and test vaccines containing inactivated virus
of each strain as an active ingredient were prepared in the

same way as described in Example 1. Thereafter,
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neutralizing antibody titers of the anti-serumobtained from
mice immunized with the reépective vaccines were measured
and compared in the same way as described in Example 4,
whereby cross-reactivity between the strains was analyzed.
5 For comparison, commercilally available vaccines derived
from mouse bralin containing each inactivated virus of
Beijing strain and Nakayama strain as its active ingredient,
and a vaccine (Beijing strain) derived from mouse brain
containing 5.4 pg/ml of a TCA protein as a reference vaccine
10 were used. Furthermore, for.ﬁouse immunization, the TCA
protein content in each of five vaccines was adjusted to
be about 7.5 pg/ml, and then, the vaccines were 16-fold
diluted in PBS. Aschallenge virus inaneutralization test,
the above-mentioned 4 viruses, i.e., Beijing, Nakayama,
15 ThCMAr67/93, and ThCMAr44/92 were used. Table 3 shows the
results of the above-mentioned 5 vaccines 1in 16-fold
dilution with PBS. In view of a cross-reaction spectrum,
both the virus antigens of Beijing strain and ThCMAr67/93
strain were outstanding as an immunogen of an inactivated

20 Japanese encephalitis vaccine.
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Table 3
Vaccine Virus
Beijing Nakayama Ar67 Ard44
Test vaccine (Beijing) 3.68 3.04 2.87 2.66
Commercially available 3.09 2.69 1.88 1.88
vaccine (Beljing)
Commercially available 0.86 2.05 1.45 1.04
vaccine (Nakayama)
Test vaccine (Ar67) ' 2.84 3.15 3.02 2.97
Reference vaccine (Beljing) 1.85 NT NT NT

Ar67: ThCMAT67/93 strain; Ard44: ThCMAr44/92 strain
Test vaccine: Inactivated vaccine produced in Vero cells

Commercially available vaccine: Inactivated wvaccine

derived from mouse brain

Reference vaccine: In-house standard inactivated vaccine

derived from mouse brain

Numerical value: Common logarithmic wvalue (log) of

neutralizing antibody titer

NT: not tried

Example 6

Preparation of a test divalent vaccine: each
vaccine stock solution of a Beijing strain and a ThCMAr67/93
strain was prepared in the same way as in Example 1.
Thereafter, each vaccine stock solution was diluted in PBS
to obtain a protein content of 10 pg/mg. Then, the resultant

solutions were mixed with each other in an equal amount,
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and the mixture was dispensed to a vial to obtain a divalent
vaccine. This divalent wvaccine had a cross-reaction
spectrum broader than that of the respective single

monovalent vaccine.

Example 7

Preparation of a diagnostic agent: using the R
particles in the Beijing strain vaccine stock solution
prepared in Example 1 as a therapeutic antigen, its
effectiveness was determined QY ELISA in the same way as
in "Measurement of a virus antigen amount" described above.
As a comparative control antigen, MB particles in a
commercially available Beijing strain vaccine were used.
As antibodies, the monoclonal antibody 503 (MAb503: antibody
to a neutralizing epitope common and specific to all the
Japanese encephalitis virus), MAb302 (antibody to an epitope
specific to a group of Japanese encephalitis viruses), and
a polyclonal antibody (PAb: hyper-immune serum from a mouse)
were used. While the antigen amount was kept constant (7.6
rg/ml of protein amount), the antibodies were serially
diluted and each ELISA value was measured. Regarding an
ELISA value of the R particles/an ELISA value of the MB
particles, Mab503 exhibited 53/47, Mab302 exhibited 226/22,
and PAb exhibited 120/52. Based on these results, the
sensitivity of the R particles to Mab302 and PAb were judged
to be about twice to about 10 times higher than that of the
MB particles. Furthermore, it is considered from the
results of MAb302 that the antigen of the present invention
is useful as antigen for preparative detection of a group

of Japanese encephalitis viruses.
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production cost can be remarkably reduced and measures

against biohazards, the operation procedure for production,
10 purification steps, quality cb_ntrol, the production plan,
and the like are remarkably labor-efficient. According to
the present invention, novel virus particles useful as a
reinforced immunogen which exhibit a titer of about of twice
to about 10 times that of a conventional inactivated vaccine,
15 and a method for producing the same are provided. In
particular, according to the present invention, novel
Japanese encephalitis virus partiéles having outstanding
immunogenicity or antigenicity as an immunogen for an
inactivated Japanese encephalitis vaccine and an antigen
20 for a diagnostic agent, and a method for producing the same
are provided. Thus, according to the present invention, an
inexpensive vaccine of outstanding quality and a diagnostic
agent can be provided, which improves and dramatically
spreads the prevention and diagnosis of infectious disease

25 caused by a group of Japanese encephalitls viruses.
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wherein the virus particle is inactivated before the purification by physical means,
wherein a neutralizing antibody titer of the anti-serum obtained by immunization with
the virus particles is about twice to about 10 times the neutralizing antibody titer of
the anti-serum obtained by immunization with inactivated virus particles prepared

from virus cultured in mouse brain.

2. A method for producing an inactivated virus particle, comprising culturing virus
belonging to a group of Japanese encephalitis viruses in a cell line, as well as
inactivating and purifying the cell culture, the inactivating is conducted before the
purifying and the purifying is conducted by physical means, wherein a neutralizing
antibody titer of the anti-serum obtained by immunization with the virus particles is
about twice to about 10 times the neutralizing antibody titer of the anti-serum
obtained by immunization with inactivated virus particles prepared from virus
cultured in mouse brain.

3. The method of claim 2, wherein the cell line is a Vero cell.

4. The method of any of claims 2 to 3, wherein the inactivating is conducted at a
temperature in a range of about 4°C to about 10°C.

5. The method of any of claims 2 to 4, wherein the virus belonging to a group of
Japanese encephalitis viruses is a Beijing strain or a Th\CMAr67/93 strain of Japanese
encephalitis virus.

6. An inactivated virus particle produced by the production method of any of claims
2to0 5.
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7. An inactivated virus particle of claim 1 or claim 6, the appearance of whose
surface or envelope layer of the particle structure based on electron microscopic

analysis is rough or fuzzy.

8. An method of any claims 2 or claims 5, wherein the appearance of the surface or
envelope layer of the particle structure of the inactivated virus based on electron
microscopic analysis is rough or fuzzy.

9. An inactivated vaccine comprising the inactivated virus particles of any of claims
1,6 0r7.

10. A diagnostic agent for infectious disease caused by a group of Japanese
encephalitis viruses, comprising the entirety or a part of the inactivated virus particles

of claim 6 or claim 7 as an antigen.



