; €3eut uF " ENHANCED | MMUNOGEN FOR | NACT} VATER,,VACCI NE FO?%(
. | NFECTI l mm SE ENCEPHALI Tl eé)/l USES AND- FOR PRODUCI NG TFE
SAME" BA .OF THE | NVENTI ON FI

OF THE | NVENTI ON: _ The present
i nvention relat8s to an inactivated vaccine agamma‘ﬁlare Wi sease

caused by a group of 5 Japanese encephalitis vir ol py and a
di agnostic agent thereof. In particularl the prem meﬁf’%&s -el at es to
an inactivated vacci ne agai nst Japanese encephalitis, a reinforced

i munogen or,, ' i ' andj S active

i ngr edi ent ofWWQ@‘gﬁd&% #géﬁgﬁemw ﬂ\g%%ﬁﬁ 9pﬁe i munogen or
anti gen. DESCR{IHEDOWH'HE mmmEmAblﬁéﬁt@IRUégsaANBpr esentative
exanpl e of i nfectiossyeh @@ﬁ@gﬁfeﬁt{)gysm&gnoup of Japanese 15 encephal itis

I

vi ruses, Japanese encep itrs w | Tustrated, and a vacci ne agai nst
it will be described. The first Japanese encephalitis vaccine was put into

practical use in 1954. Thi ssyEeERAENSOOFarng, IRFENTIORCLI Ve ingredient, an
antigen prepared fromvirus cultured in nouse 20 brain. The purity of such

a vaccine i sFEBRP QRdTHECANYEMIONTe contains a | ot of contanination, so
that it mght inducerns lle@egitc M@tﬂ@hcﬂélétéﬁr e dm ixh@cefoatéh
nervous system Thereafter roved Q g Eurlt vacci ne obtai ned by the
conbi nati on HFCSIlE‘Sh&Igas‘é‘(ﬁtrre‘rﬂéﬁnﬁ?%ouﬁ5 {FEAFRe BYr & 5 P8P sBES at e,
ulhtra Cﬁntrl ﬁlagahee? ﬁmbet;imﬂnﬂﬁe; wammmis lr)nlta:)f przac&w:glru.sehl and964a.

Thus, the qualit otevac s femarka ve uch_a vacci ne
and a prodﬂc &SRS q‘?:%e?ﬁe z}eoﬁ' C?F:ave %lenp%ﬁf?‘igﬁrw% nBWEEeVacci ne
Handbook", ppnvbﬁalbbsr;eBEt%s:@aanh@rdqilmﬁd whesinelagadatstodapahesei t ut e

of Heal th (Jaganby MRUZEN { TOKM0A096) ik 0 ObDCL DEOD: LAISLR VeI €

attenpts to p an’i Hac vaccin Tned wi usi'ng noudse
brain. Mre gyéc@tfqm?amq/an@h@eful Tpan ackiveinimesiend Ghibshahccise,
Vacci ng gwas egf@k 'mﬂl‘%ﬁud %J@%omlﬁ&eyhéey‘ﬁmﬂsgeﬁ Xi‘cﬁh@f{giéﬁ' ng primary

cell tissue culture. However n terms” of production cost, it
practically inpossible to obtain the | arge anobunt of 5 primary ceII

cul tures reqyraRR BTN GE- S8R RERAPEAYCARPR of inactivated vaccine
antigens . Such a vaccine was not put into graotl cal use, because at that

time, only primry cHYEOHHNTS wed® aPprbyRHCFBRtBEGUGCt PEATBAEy 2l nes,
and the use afnfedqEsstge @ébseabénecaasedonvylered Q@o@p dasgevepantieand

was not 5oerm tted. ae‘Ple ar din ; & Ja anege encgghagl tis, i \E/;acm ?ﬂal ned
usi ng tissue CFRR Iq'%\l?l v‘g ’V"/‘é%%g BB RG  as PFSPQS;L}gé i ndl r'Lfre1§1
attenuat ed virllsagrmoared, and a vaccine against it will be described.
The first Japanese encephalitis vaccine was put into
practical use in 1954. This vaccine contains, as its active
ingredient, an antigen prepared from virus cultured in mouse
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 neurologicql 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 Dbrain. More specifically, the

BRI
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in primary culture of hamster renal cells in China was put into practical
usé in China at around 1994. However, 15 effectiveness and safety of the

| i ve vacci ne have not been confirned, and its use in various countries

ot her than China, is not known. Furthernore, various Japanese encephalitis
wvacci nes obtai ned by reconbi nant gene techni ques (e.g., the second
generation vacci ne usi ng an envel ope (E);prptein 20 antigen , reconbi nant
virus , or the like ) have been reported 'since about 1986. However, all of
tThese vaccines are in the experinental stage or a pre-clinical trial stage,

and they have_not been put_into practical (+,;vaceine"”

671- 713, S. A CHMBt bkFf dhdRERe PICH %?13\7%3 uddsthd s éo%fjca?g’glzﬁrp‘%e
Jordan Reportippl19&86-2@ndl8A8y. dEvefbpedpre vacesgarediusy rg tracihmaxuecetl usi ng
acell line fpr large- pr Lon L g€, T Riglete ors; . an

i nacti vat ed vg%ﬁfﬁg,c‘flggagégénpl?%?g?%]pi s%n%%nﬂ\?o%s%% a Ver g@%‘éfl #%r

| ar ge- scal e pwasupractichllyr dgpessipdes tes@btain dhe dareganeunt of

pol i onyeLkitis n i
o6, b13) | rREnaFy ELE Fullards Moudiotg L9851 hcdllochl PHRubELon
encephal i tis ¢f isacPhvehed aAcoing gnfdgens,§uched | YaAL1neHaF PRERUL ¢ s

wel | -known t hﬁgfcbh‘i)[%ﬂft{@ai[ Wesbavgeahtgadyatheehaput 1dt, 0 1ALt pEBhakGe.
However, regardingthe latter two, the safety apd effectjveness as a

vacci ne of 5 EHAKUXE: FebhSHNR CPPTAYEY FOFRredusrtion A ¥arcipgs . and

confirned, andnhaaySe it aifpssaus ceNllol Di@cidscabneiderdn s bev@éahggredsent
of a conventional Japanese eag phal i ti vacgi ne iﬁ inactivat ed ﬁ%%té;r;cl es of

Japanesd?10 eRBLHNEFINTS B wn i PePRESE B A RAPARRSCAFBCR 8¢
M ce, measur edisgavagicihieobbratdedf usnfgct besweaicmlsirend lhvel vaecine

required for ,Jarge-scal roductio i ge f.qr, i.n ich
results in a MQHSr Sgugf:go?icg%ﬁé%.%?%gérﬂﬁgfe?nggcﬁtez]lr%q}fﬁ %ﬁ%ﬁﬁt §r?¥.])'§
product of adver paihfaryocmdiexesofichamstierr venabucelbs gitm Chipna w@gs puty
basi c protein whch e i pat , / tygqptio T us
from a nouse, land)tﬂgg#?gé?ﬁiapeg%al %ysb?ﬁg“l)r‘l?ela?gt giggﬁg ??cgtr%r. 'ﬁrﬁg%‘er%gr e,
purificats on sffectinenessiand sefetd ofctBRel HV¢ YRECiRR R Mtabegn | n

addi tion, recelys rmdal iaﬁpiﬁé gEleciH {ak o0l Gbuin Brl &6 e nemedn chiface for
1 C

production of vaccines |, econes an_obst acl g to planned v?%éii%e
production. Fuk% Hhdmown. c SNFERETHRES t ¥\ Fe JRRRDR SSa EP LR e is
becom ng undesjiad e s HotiLMed bgnteEdmMPIVaRE ideate aadhnebiigisote . @5, SHAVARY
OF THE | NVENTI ON Accordi n% tQ the present_invention v'%(r)us g?.r)ti ci:loecsei re
produced on a $e79Rdsg8PeTAL1AD ¥FCL1ng USHHE 4 BIUEECBS aBrduse i n
order t o260l veahtegahoveeaombl wamst vBewausercthe Hiike) hhvepheeiuaenarteskt
can be remarkabply reduced, d | ¥ +REQBAZU Hfhed RGOPE Ed ON
procedure for fﬂ%ﬁﬁcﬁ‘ %"H’ 13%%'f Egﬁggﬁééf%%jét&%qﬁghgtgy cont r%%, tehe
experimental stage or a pre-clinical trial stage, and they
have not been put into practical use ("Vaccine", 2nd ed.,
pp. 671-713, S.A. Plotokin and E.A. Mortimer, W.B. Sauders

25 Co. 1994: The Jordan Report, .pp. 26-27, 1998).

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 in 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



-4 production plan, and the |ike are remarkably efficient with respect to
_ labor cost. In particular, the present i nvention is based on an

unpr edi ct abl e di scovery of novel virus particles. Mre specifically,
according to the present 5 invention, novel virus particles , as a
Teinforced i nmunogen in which i munopotency represented as a neutralizing
anti body titer is reinforced fromabout tw ce to about 10 tinmes conpared
with an i nmunogen contained in a conventi‘onal inactivated vaccine, and a
met hod for producing the sane 10 are provided. That is, novel Japanese
encephalltls virus particles havi oyt st andi n nogenicit

“anti geni ci t YPRHEERRAIET | &it gd @ﬁ‘g&nﬁeﬂfgal %sf’l?%k {1 of89git asleu??aused
by a group ofmmneﬁesencemaistwslmknseﬁ thiat peid | fobReraswan HaaInogen
for an inactiyv ﬂ%ed J% panese, 15 encep ?Lit's vaccine or_an antlg en fq{ a

di agnostic ad® &R WRFHY G BF 3G8ci HS 1 he “FEhe Tar EeBPER88d- P Such
particles arelgtveratwed,ttheugafehy ahépeﬁﬁauﬂﬂmanex;\asl&;dnﬂaﬂnﬁrmfto a
group of Japanese en phallt iruses (.a anes alitis
virus ) Th a aFP g‘ and?%rgdécsérlozr}s 30 oafl%subggéggnrl'1 ‘({Jeps |n(r:‘fe%n ng
concentrat|on¢0pﬁ1rmedatand,hana inedc bieeat ipert. iHdwevmractimakckzatific
basis for this is unknown. Based on the above, the invention described
herein provides the following: (1) an_inactivated virus particle, as a

rei nforced 25 i munoghn, agtdyer cngredient upf upe comvea ivnalf efaraneseh

virus bel ongi ggck halsrt%pvat:cﬁea%SEnsaﬁfeaeéatparﬂemaesof Y54 RbBe 2
neutral i zing anti garyL titer of the antj-serum obtained by inmunizati on wth

the vird8 par EREPRRAd tAFoHLTERi FEOYR HHBOUSEoPTFRABs thd ks pymberngt

anti body titemiek,3RehBareat i agaewsm bhbhbraddbyfi fHEBCEaE QAiMklE, and

i nacti vat ed VIbFS artlcles Eaéf ;ron1V|ru cultgred in nouse, brain; (
2') a method £BE bHEuATeEeaRiFRq% 4Peaey FRALeRr oS RFELON aH BRF AGeBAC
steps of cult ttrou:nguﬂhramab:e:lmnagl wglbb xae:gu)up in a rﬁlgmfprbanﬁitem cost.
encephalltls as, |nact|vat|n urifying

N2 cel
the berl cul t Srathebpard [EonsanifaydBer Rinee e Frptlia b RabREse)) |
line isl® Ver @:om:idn,er&s( ﬂ)eravrmi fioromamodeechrden (.4 2) a)lba(s:i)c, pu/aeeenn t he

i nactivating ig, ccq?gga%g)g gg,fnggg &Q%l m}]{r)' fA&%%or(teﬁninétf@ﬁ N39y3%-s

described in any o e Inactivating is conduct ed
at a tenper at firon A mousgga@nst theolike. @repainals Hikely 1@ be® fagteit-hod

as descr'bed'Théﬁﬁdee( ﬁhﬂlfﬂcétﬁoﬁ st¥p8r eha &HSl@H&'EﬁhQQoUSb%QBﬂHPted
by physical neans; ( 7 a met hod descri bed i n any

wherein the viGiReTRS oﬂ@ﬁné’q‘ﬁ’lé‘%ﬁt&?p' fIBaﬁQﬂé§é°§nceﬁﬂ%ﬂq’iiK§ viéuéés is
a Beijingp stralifofcdl d hEord B3 &traatde qunilﬁar:]aﬁalﬁﬁ&% Foae phalduddtion r us;

(8) an inactivated VI,I’US par.t | r oduced r.od net hod as

described in a?é/ HePAet o "(hi}&"e@%) AT r?e{bt%fq-teg aq:coc q?}éa JAAHge

i nactivated viposdpationl esFastidesmorédedai noftentiond); temtinique which
sacrifices mice is 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



20 ( 10 ) a diagnostic agent for infectious disease caused by a group of
Japanese encephalitis viruses, containing the entirety or a part of the
i nactivated virus particles as described in (8) as an antigen. 25 BRI EF
DESCRI PTI ON OF THE DRAW NG Fi gure 1 shows el ectron m crographs of virus
particles of the present invention (R particles; Fig. |A) contained in a
test vaccine and virus particles by 30 goyvgnti onal technol ogies (MB
particles; Fig. 1B) contained in commercially avail abl e vacci ne derived
Trom nouse brain, with both viruses belonging to a Beijing strain. - 6
DESCRI PTI ON OF THE PREFERRED E IVEIJ}LI The feat f ients of
t he present iﬁ§8ﬂPF6ﬁ°Be§3‘?@' g’ﬁt bgecaorr%pﬁa’imﬁéﬁ(%sonl%t %%Er]rgcggggg{% t he
mat eri al s andrpepddeti®nabbithosst an Impantdenlet , tdpapessepticopeitiios
vacci ne according to §he present ] I Wi 44 enki I nppogen as
a represent at ilﬁe% Sl 8% éélns?%%#lgéggichpge ﬁfelr@é?ona ter?ktﬁl&%lgilffer en%e in
i munogeni ci t paatdciesphoMoge Enewbhicably magegsdisg ttee the preent

| nventio and,;t02aGq0%enh5PaR!vS MBI BART c1Wd Uas RALEI AlFeT AR AfinkABHERIEN.
a host for virus culfture, "Inactivation of virus, purification of virus,

el ectron ni cr dscophtchnalymugopoteucy FRrRFRSCRERY A9 | apeneletErlbaingn
this order.. 1%:&;1&&&9’%%%& qfs 2e3PPGRRdO o ARVULS e weReeRBahbbug 10
vaccine: This refers to an _active ingredient ( inmuno .enéé of a |

comerci al |y dvididsaereraradiwith ap Yapenegen GontaingdincseoRYeRpAGPAL .

I't is produced jdardtia Ahdeme atagdsa ohetHogapesepeoaephngi the wamei ne”
or "Freeze-dried Japanese encephalitis vaccine", an English.version_of

whi ch w0 publaishdrarided: ATbEd A5i-oROSP 1R 8PEYEESI EORRRAPALENP ey SEBF
Japan in 1986 patiiiled ed huvilnig ce dlatsPardihgni mimnRempgereineittys f oor

Bi ol ogi cal 25 Products", t he Japan i SLrY.:of I ac :

based on the r%ﬁ?%ﬁ&o‘?s %.l%ff(q%%’%éq S}'tgcéhlglrerm el}ttnl@cj‘ca?qigggﬁrgggmw
(Law No. 145 edipeéase icauk¥Dpy agromp ofi Japamese fareentinlodgls varhses .t est s

for safety, effectivenasss, A 4ie dddifog W%cﬁ?tdnvﬁrfa'aﬂ:ri%t‘ae@ JQF)_a:ﬂQse

i mmunogen of thi LYVace e T s viTus parti o es of Japanese encephalitis
(i.e., ibacti veﬂx@dplvalirs?'.pamd:@i@s Qférﬂirx/éﬁtﬂﬂém ﬁﬁﬁs@_%‘raeqqp’f(m )a_gepﬁe .

virus particl egngrg RHoaEdY pPOGHERYNENI USRI &8 Prblidedl. M SudH rain
or producing particles are generated through the step of culturing virus

belonging to a group of Japanese encephalitis viruses (e.g.,

Japanese encephalitis virus) in a cell line, and/or a series

20 of subsequent steps including concentration, purification,

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 cuiture 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
‘



a Japanese encephalitis vaccine, allowing the virus to propagate in |arge

. quantities in nouse brain, highly purifying the virus froma nouse brain
honbgenat e, and inactivating the virus with an inactivating agent. 5
Hereinafter, the inactivated virus particles derived from nouse brain (M)
w || be abbreviated as "MB particles” or "MB i munogen” . An inmunogen of a
Japanese encephalitis vaccine 10 according to the present invention : This
refers to an active ingredient (innunogeﬁb'bf an inactivated Japanese
‘encephal itis vaccine, which is produced under the above-nentioned "Japanese
encephal itis vaccine" regulations except that a cell culture of a cell line
is 15 used aPh JrRANGH uFeRRRhYLIApYAEYECENEBPRAFPLLS 1¥PPus 2SaMe Ldhi ch

is qualified éé"ﬂi’eg@ti/@étﬁlx@ auel ﬁflﬁ?ﬂh?okhbe&'&&l chllit&irieymunogen is
virus particles of_ Japane ence al i theg ctivated virus particles

derived froma tisshe? @ JeRAT L cfl?t)a'i HB&rS;}ni Hoewrett Agng cel |
culture 20 ofig@ gevérdicelnth Japanese encephalitis virus, alloming t he

virus to_propagat n_|ar uanti.ties hly puri fyi V|ru rom
the cell®cul ture, F%Laai'ﬂﬁg??ga?ﬁnaefﬁgl 9 g‘ (tzﬁ Ul |(n’QCt H?’ﬁ‘q .
The i munogenihastibatiogl bai ngndhartadt beifsiriec the) mnctﬁmﬂi:lqn-t he

fol | owi ng additi opgg 25.& 5&%‘& %tdr&b(e%) in(d) %éifi ﬁgl g)bg(gle ot el[jJiC| os.

titer of the anti rum o I nuni zat i o
as neasured byhe pmaeht:yateag uesc@ndedtbél aty, aitseram:mtmmcm:m rangdhout

10 tinmes the gguh{)ghitzhn@ R0t iR qﬂ* I\]/BOLQ'{ of the anti-serum obtai ned by
a

i muni zation wt & convention particles or MB i munogen
(herei ndPter, the(boaenebhededefarinnd Aaf apyef t(@)ago" (8) nfwherein

i mmunogen” , the Sur@??ﬁﬂb'qge@dﬁﬁué%é&”ﬁj(ﬂﬁ¥bléﬁl meag@gunogen”); and (2)
Regarding a particle structure based on el'ectron nicroscopic analysis, the

surface or the appddr &netBogias desriibad 1aBY of (tzr‘?etIVB(Bar't‘i”%?%%ans

snmoot h, wher eage! Ratrudf dedworyDeg t t6! &s graap’ @Y TQfarddi YendépsaDit ds be

not ed that t he .i mmunogen of _a_.Japanese encephal h been
descri bed as é(llrrélﬁ‘re& ot BELIENE SHFH b O%n? :#ﬁ%ﬁ?{'/@?’ s

agai nst 15nf ectiapam edies easeplalsid dyviargs pup of Japanese encephal | t| s
viruses 'accordin g0 t he .pr Y eyl C|n of, t present
viruse: 9830 Al BTV de UL TRGRGE N e0hubls P

invention (e.g., ce %% s Wacd n al &d
vial or heat- wadchmtammuileethqﬂaam«é]wdrlse@rlmﬂeﬂ efa(é) to t(ﬁe) case of a

l[iquid fornmul atio ta tARSQYS ct su
vagm nated in an gm))'unt of.L I"'l‘télboc(lui 2 tlg)égtﬁu% ggnﬁﬁaglﬁgpeggggkﬂlgtga

case of a dry ¥igrmIrarbicles as @ﬁf‘é@l—bﬂdaweﬁ1bePﬁg(ﬁé30FH§| lized with a

sol ubi I'izd ng sol utd gy £Q11\égrit$s@§c Hyd HENEHY AMiE e B8 B0 W sefa st pangsa
encephalitis vi ruses according to the present invention includes JaQanese

encephal i ti s \B¥ &ITRYR] 9H I& S‘i\/ﬁPPﬁyh@’allltéf BHERPRSL iG99 RAHRY

Loui s encephal éfitbratyusr 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. 1A)
contained in a test vaccine and wvirus 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.



25 and West Nile virus , and the like . The details thereof are as

_ described in Archives of Virology, Supplenment 10, pp. 415-427, 1995 ("Virus
Taxonony", C assification and Nonenclature of Viruses; Sixth 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 derived from nouse:. brain and JW5-P-4 strain obtained
by our passaging Beijing-1 strain in nouse brain (AR9SmLAnb; nore

specifically, a _ g _ virus strain obtained by 29 passages in an adult
nouse (AmM , one pass i ckLi @r& Eq@g:sages in Am ,
mast er seed JMSVOO1 o@?g?hg%@E)?Hzggaggggggﬁgﬁﬁ?\% [E: In a Vero cell
(hereinafter, these 3 strains will be referred 5 to as "Beijing strain" ) |,

Nakayama- Yoken strai nn{herei M of €LBE @hddd ident¥akay afReS tdr dbnb
320K 5082 ot rai n. | JacFBeecatires of GtAE LI 67193 Strain and THOVAr 44/ 92

strain newy isabatednbpebgmﬁagﬁpaé‘@nél by camRaciga)s i terms Q£ both

Archi vesgof Vi O({Hteil:f' 51%5;&1 75dué995n aRCcwba, LarandmhaAbashi . of
M cr obi oFogy an I'mmunol ogy, 41-252, 1977) and the |Ik$§ Accor di ng to

the present i ApPANESE, %Qﬁﬁi@}‘l@ai‘dhiffe ¥aERABEhAGIIIING uEOs P RESSEHei | i ng

strain and ThEMMEGHid3 dPtALchBavbheibaallyifhehegahlss asraprdsenrogere Wen
these virus strains are used, a. vaccj pe \%th a b oad ntlgeglc spect rum
(i.e., havingeX¥adle .saCPRFAREELPItRIRcIGHE 3'1 t g?FS 1§ bt her

t han the virugmafundigenisacy anﬂrnﬁdnphomowfbémednchd_)mmmom olft theed.
Anmong Beijing 20 strains, JMSVOO1l iLs, prefer I or h ent
i nvent i gr‘f Araaeth %W%o%v% tg?eﬁarn%% Q‘Oﬁ\am n:g{"@gféé %ﬁe’se‘;’)?%lg%ced
fromtwo vir u&a&iﬂ:laﬂrés (as ;n Benjinngestr e nhasd ThAVAVEZLIG3 g8lturein)
Preferable i S‘Htar%mtxz'é/g {&! 8 01 Q3 ml )ﬁ@rﬂfn@ca@wﬂ %fbak?h%@f 80LL888n

protein conte L OF YOS G, conpar ed conventi onal
monoval ent vasuicmostapis analaudisie andy AnRe keBFBaRT L éﬁtlﬂgé’ﬁl desgEébedm f or

protecting agajpsty{HfeeddPn can be obtained. 30 A virus is cultured by
i nocul ating an appropriate host cell line with the virus, and maintaining
the infeldied cell in culture. Aculturing nethod is the sane as descri bed

- 10 later in "Cell CMLt Urgnmurdfetl naldser . af or ceaneatiione, Viaganksem a
super nat ant obt ai ned | ow spee centrl f{égtatl onrlﬁ of a virus culture wll be

referred to asen‘é%P‘?‘%%bHﬁl‘é?c‘?/‘r‘P‘ﬁs" 9, A BEH YA 95684 PREd 5
by suspendi ng (iﬂuﬁ@ﬁ@éeﬁ¢|df5a<wnhrmicash1f]rsoavaenhbllbugmcmamevalcn:mle
original volune_ in agle's Mninu tia i t ed
with 0.2~ (vv/v?gﬁbWﬂeggg?ﬁﬁFSI Sﬂﬁf‘ﬁg}ai %wedk %goﬁgggﬁgﬁ gﬁr? g}rov\rE/.?ls%peed
centrifugationregialhthensef exfr ed" Japaseséent easenhaldrt 4 r ygaccine’

"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 An inactivated virus particle of the present invention can be obtained
fromeither extracellular or intracellular virus . 'An extracellular virus
is preferable since its yield is high; it is a mature virion; it is easy to
be purified due to less contam nation of cell derived conponents. 15 Host

for virus culture: A known cell line can be used as a host for virus
culture. For exanple, diploid cell lines _such as W-38, MRC-5, FRhL-2, etc.
, and serially passaged cell |ines such é@'V@ro BHK- 21, CHO, etc. can be

used. 20 Serially passaged cell are preferable since their |arge-scale

production is easg and programmeble, as well as the§ are mell-characterlzed

and confirmed® ndRPRBEESNEAGTRARL Wtk fer VAT LR - FRtlo¥imsr the oiibHPy tised

Cv-1, BSC 1, dddfgaddChin Cagoge, @iaﬁntlﬁﬂds DHS: FlnBude DB&ELC— AHigiy

DBS- FRhL- 2, ESK-:E HEL, éNR'Q%i m etc, conventlon é used for

pr oduci ng a BT ARSI fBCc IS E% uEe FUSEATEC W ¢ SB gerags) ang

Work", 2nd edlnacptlﬁalﬂln@\rretheanvifype Cutittr e aGol limaicitdvatARGC) akffilt . USA) .

For the abov 0s o] ep |rus 30
GDOVERE: %ir?QFQeP tnlofy e{:‘#i&été‘& E&?g;yﬁvﬁlcgjg&s e%i{%é Fom S o

strain, prefera ernissive ¢ S are s ec

gr ow wel | . Hmoueaahpaan (MR} w1l \TiE apbreCirted)as BHIB 2 13- US] € ATEE No.

CCL-10), CB/3 % QP 1660) etc. are preferably used. However, when
usi ng - ese celpe i nes, is required to conduct various tests for
contaninants tunorigenicity, etc in accordance with the Requirenents for

Bi ol ogi cal Substancesmoinmnb@%r dmgarsaghhegﬁﬂfe%%%ﬂ&%ﬁ &b snd or

the production of 5 biologicals recomrended by t
Or gani z&Pi on aeFerdinghke BEAFERE Iy ertivRsShds Fefﬁﬁﬁst‘hP@ aekivei ed

as Cilgl ng or1 ggg)g%a&aata V@ﬁﬁrhl tlﬁl@oéeWOF B&ch%ﬁﬁlt inapehateid gsaa &@?s§78d
pp. culture: For ¢ cylture o e aboyenentj one
cell lines, sCBFeR (ﬁﬂtlHQFcﬁﬁﬁfusVBﬁ éys?§m<ﬁfqiﬁq? HHH¥ $ Bure,
roller tube cabbubemdnﬂﬂdﬂedxntI%ﬂapdnesea SLenmmnh@nitﬂkturevacclne"

m crocarrier cu and the I| n b op For.exa

comercially %e 3%1 s edﬁlcte&’atex%ﬁﬁar rr‘gmffeis ‘E!fo‘tné of Saweng#? %f‘n afLFous

types arle use@sad.asnachosarfper¢uandrwagldapanosﬂeencaphglataslabtasanlmm

cel | culture dey Gescf3n &?%fj?@fedlt?x 14y éﬁﬂaﬁfslqu‘d[arl‘i %ﬁ@%ﬂde‘ﬁt& ng

agent such 20 as tormali ropr o € 1S added
to a virus su%@ﬁmmum@gma@suvar@twmﬂss oﬂ:ciﬁpeml encmbnlmwﬁg

formalin, the gmngunt { tﬂhé%i@ﬁ%@ﬁjﬁﬁr@?oﬂér91QQ¥st8e§QQHE)@ro$%ﬁ(t!é§uk

the inactivation tenperatlUre is about 4 C to about
i nactivati on Y% miihHiSh aredepipdsetpBY 1pRCRhating 4 ic6d it SNpEREeur e

(e.g., adwut Sf & deaut 158@ RAWLS Japah@se e@raépammtl%o viigu@0 da_n&wahg4 O
. Purlflcatlonlgf Vi rus; Purlflgﬁilon i s conducte %Fra ns _or
cheni cal meansth® PAYSScEP PRERRIANS 11 28555 BHeRIE Ile r’grb%? PG IR s
si ze, density, tls«edxmmt Eroanthensd Bhiculdture ,, anll ihactibatingethe viigrus

purified, and '&% %efnacﬁiyg {Iya ex%tonatrﬁu‘é' Jrﬁuﬁmxﬁg%ﬁ'ha‘igﬁﬁé%u%%%gty

gradi ent centri ation and S1 cal "neans
characteristic (1) and usually the follow1ng additional

25 characteristic (2).

(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",



- 12 are usually conducted without changes in pH and salt concentration of
_ the surrounding environnent. Chemical means utilize adsorption/desorption

t hrough chem cal or physicochenical reaction and includes, for exanple, ion
5 exchange col um chr omat ography, affinity chromatography, salting, and the
1ike. Purification is perfornmed at about 4C to room tenperature.
Concentration of virus: Prior to inactiya%ipn 10 and/or purification)
concentration nay be perforned, for exanple, by |ow speed centrifugation
with an ultrafilter 'nmenbrane. According to the present invention,

i nactivation of, 15 th ar t,i.cl I i rablap cgndied af . yt 4 Cto
about 10C bef BPREBUFF ch;za |Sonl.R P%r%t 1%1%0%?&0@2”?@' ?’Ll cati o%grl] s} 'dzgs}?rabl y
performed by a physical purification nmethod. Particles thus obtained can

mai nt ai n hi gher inmun Q?nkgi g¥d(1rngantai OQRrGi{loN £ O RL W¥d h s dd cl 83
i nactivated after 20 gu i f1Cati on —or chemcally purified particles.
El ectron ni cr edeopironanityescopieanadaipiise, the FunfacefptheRRRRACNES a

negativegstai g LA gis 3G e2% £ Whe MESat i SLEE A GRBoRE ORSErY LS
under ansel ectBliEon%nh%crosc%ége 5 (Htachi Ltd. g 0.§\ﬁ rus particles can be
t

anal yzed on afbpagf &heg EILRS HADIT of®BBYt o about 100, 000.
Preparation of vaccine: An inactivated virus particle of the present
invention can be diluted wt 30 suitable diluent so as.to.obtain a
dosired titer. Any kndinsBanifobb OLE dhith Chy i HEtbadEn B aEEr A Ray
optional |y corindiephalV til£vacedniekas e tieseribedcas a refifes@ntahtyet est
. This test is conducted in accordance w th" Po "Stpi

t he" Japdifese é’ﬁ@é’tﬂiﬁ i A0 atPMRBPSPEy Mat (%ésé‘ﬁr}%%hge-sé%%\gl{é- ‘r%%g%g%ggg

"M ni rum Requidisverses damrseld blyogi gnbuprafl Japsinese encephalld tis vitnses
4-week old ddY :mce are, us i gry T; ani i ho8r @HR are
injected int ra%cecﬁlf IF§ \?mgf:h%g%%%{hto. 8 %nitrrjbnﬁnsé O#W%ZY:_Q% thggvggci nes
whi ch have beawresmmntalinyventfign (¢i-dut.edaranasgfereerhabisis (vacafiahis are

boosted. Bl Oogp L £RLd Aet 8% 44 P8 SAGN. BRUSE s dAibed tdinpb &l @nad e iquiilae
a

booster. Ther ter, an equal anmount of serumis pooled for each rgTi:oup, and
i nacti vat®d atonmsuesst - aBButherage ffed. L¥ABLALTPRARLLRR umtt 5used

for a neutraligiB@ut&stods1gnihfEYDEdSAItENa bablketnest balvaddihd sl im

chick enmbryo cell culture is used as.,a host for vitus 15 culture,. and virus
used as a vacchheameNR et c?rb‘?‘?ﬁnpﬂ??gé:r‘? (ag)_ou&_ ?‘gei“' i RGEsPraPRn Na&nanglr?a

strain, ThCMAr§1483o%t rai dryarfbrma dtides), cabh e usejeated elitibkergeing rus.
Wi oh the abovESRRMRPOHEACANIE Sorairadieater N ber “of 'pl aques
formed bgot he chal l enge virus by about 50%

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. Louis 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 virus, for example, the following
strains can be used: Beijing-1 strain derived from mouse
brain and JWS-P-4 strain obtained by our passaging Beijing-1

strain in mouse brain (Am29Sml1AmS; more specifically, a



Iri'_anot her éspéct , 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 i mmunoprecipitation nethod, a hemaggl utination inhibition
(HI') test, a conplenent fixation (CF) reaction, an ELISA, a

r adi oi mmunoassay, an i munofl| uorescence nethod, and the like). The R
particles are characterized as diagnostic_ 30 antigen in that reactivity of
a particle with polyclonal antibodies and® certain nonocl onal antibodies is
hi gher by about 2 to 10 tinmes, conpared with that of MB particles. Mre
specifically, using the entirety o art of an, 1 i_nactivated virus
Dorci ol o of |t HOLBE R PSRN DY 2 SRTSATSE 4B SRH HPGROSES ¢ 1 vi ty
for detectingoh8ftdsaie iy 8 SUCkDing mapsn €S )gnanimipalsishgds fesm) j n
particul ar infection by.J encephal jtis .virus, can 5_b rovided. As
used herein, 't“ﬁﬁchEr ﬁeég gglgt%%gf Og’%ailﬁ%?éi Wat%@?ﬁﬁ'i%e'%a?ﬁi‘@f%'gé# et to a
fraction of theverouselihi(deresirafisexesiheste ensitgaring wyldebevesféroadt he
virus pagticles,_inpgluding, .for. ex ru ral _proteins_saluhilized
during tRe purPrataprSl Bt Hhuls PoBaRey g Rl o LI PRt el G
enbodi nent, coeserted ohe tdre SNakavama asdrefinddt, ofaOReSpBasestrannenti on
wi |l be descri Wy i | r @} 8 Ri R, XANBUE
However, the g?§§g§¥6invé%%f%h #@ang%bvgﬁi?Zgétheré?ggqggference§ﬁﬁéﬁﬁle
The Sequence [sita@imgnewlyol RoBatpanhYah@aTASVr &Y /@B. sy 3hes19908 6Rdér to
facilitate i dert bl Caiioni Pbs BYHIDg0 Thoai P58y 873hQYH 783 alLiai n
of Japanese encephalitis virus particularly-suitable for use in the present
i nventi df, SEGND fy@rashil ; MicxaBhrhagy SPGB GoBhwetbpe2filoteln gene
cDNA conpl enentgyyy) tahpanrm Gik@NA of both strains and the deduced am no

aci d sequences encoded by the base 25 sequences. SEQ ID NGs: 1 and 2 are
for a ThCVMAr67/93 strain (Archives of Virology, 140, 1557-1575) 1995), and
SEQ I D NGs: 3 and 4 argddardirmstter theepresens iRAOOlomhiawtoris JapBeaiejsieng
strain. A "Beijing.strain" used in Exanpl bel ow i.s _J1NVBVO ase
sequence of cBUeSRIALEH vARER SRR Rt HELEY esda HARR dncHikebd o
above- mehd i oneairél paetiahlarkytpreferahbeeaspeni fimmminogergendinen RK&seas
extracted fromaylruseihLulfe usedd al BatBifeCRikh o HIGREAENE gerdc

regi on encodi ng or~an envelope profein was anplified by reverse”
transcription peeghevmsd icleai.n hagéngorn (REIPCRIatEsfRCtophi pPrsfttestilan s,
and the base sgguence Plutdf JERIALYrdMNAHAGNRN 1 pas SeEgin vsdh by a

di deoxy chain term nation nmethod. Furthernore, the amno acid sequence

encoded by t hePBEadectéqnet &y arsddirdd cadi Rg oRfaéned: JyuRRg Beijing

20 strains, JMSV00l1l is preferable.

According to the present invention, a divalent
vaccine may be prepared by mixing vaccines produced from
two virus strains (e.g., Beijing strain and ThCMAré67/93

25 strain). Preferable is a mixing ratio of 0.5:1 to 1:0.5 on
abasis 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 in culture. A culturingmethod is the same as described



Experr ment 1 10 Measurenment of a virus infection titer: A virus infection
_titer was counted in PFUs (plaque-formng unit ) /m by a pl aque-counting
met hod using Vero-Mcells described |ater. 15 Measurenent of a virus
antigen amount : An anount of Japanese encephalitis virus antigen was
measured by ELISA using an anti-Japanese encephalitis virus nonoclonal
anti body 19G (G oup-8 Cone 503 (kindly rir ovided by Dr. Yasui, Tokyo

Metropolitan Institute for Neurosciences; % Yasui 20 et al . , Journal of
Ceneral Virology, 67 , 2663-2672 , 1986 ) . An ELI SA val ue was cal cul at ed
by a parallel line assgy as a relatiye vglue.when the value of an in-house

standard prod&BLeEBRER i g st rethyutfer 1 vedSFFSRTRSGEe BP4i T T IR as
100 units. 25vidAukestfrom Uashapa@emnart@pitateohaamsdd Egual lewrospe ed of
0.33% (v/v) goos d blood c | L th a
phosphat e buf nggﬁﬂrgu\?iartﬂrgnsé’%utar 3’#%\%%??‘%&&34 %@eﬁaftpﬁéﬁ%%\r’\éeé
allowed to be“a&tn:aa:etledl\mn ieast! .ot Mérust £8mGafsupenatant esbtaihed |

t he pres nce %Yt% r#“?*@%%\%éoggi%mc%ﬁqed%%d%fd& H€rifuge

represen ed as a virus sol ution I'S po $%ive
for hemaggl ut pnaﬂrectrs. in B® dkidgipakeolBmen ianmmt Eéﬂl& l‘iov‘flh@l@@mum

antigen The a@%’é@nt‘l Fgg}(h@e(ﬁﬁﬁ?l@\%ﬁléﬁé‘nﬁ‘@é WwBES W.0% Py /B! Soviakng

anti - bovi ne serum goa he relative value with 5 respect_to the
protei n cont eenum t Mbme gerdpwedanr dSSHPFS§ﬁ°%asaBQI cliP¥r8resd a

parallel line &'i&%if@&itd}? @01 aigecte ¥ 8- HedWRSa 8 et gt Fated 128 axv afagnt  of
an antigen. Experi nent 10 Prollferatlogel ceII Ilr;‘j:nfor virus cul ture:

Adhesi v ®- st A ﬁnVé’ltéV@é'-leldsViVEFopﬁr AT dnveption Faler o
obtained fr 0mﬁésbmlh@aardmithéi:emj‘rddtﬂeaﬂamermrscamgﬂ)lulansvmue .

BHK- 21 I'1's:, BHK/ W 2 BHK- 21 obt a t t I
TS pst] tut e di PEEFACEIEELER) LR T { SRR Ae B T o B B4 S om
the National Iistis atmatirédniimorteditt by easly Bikb2lppCif3pd(AaETnNdess

COL-10); and o, 08l 36 £t of AEC001 EEL1TBACLMBERERYLr om @ mosquito were

used as candi dat® rnes Tor virus culture viral propagation in
each 20 r=ll line was observed. Vero-A, Vero-M BHK/W2, and BHK-21 [ C 13]

were each prepared in g, 0o %M{TPQ!; %Hlaéuxaéloﬂtkﬂovﬁx éelﬂﬁﬁ% l@hbe ustEy

were statically incubated a out 37 C for 3 days, and thereafter t he
number of ceII@S\nelnestéﬂ?eﬂ—l—“&%lcylé'dlﬁﬂ-edFOFrP’qufEP%%mglﬂé?lé’sc? fdines

suspended 25 BgELNLH wibs3 91 ed ofl, afraboyf & d. Xaﬂ:ﬂﬁsﬁﬁ:l:dasjllfﬁ paiith GRS
i ncubated wi th shaking at about 37 C for %{d?g% %h after tqhe nurg)er of
outHq: 0®

cel I's was countedl. léBes SHRaSprVEFRR el 10520 P M€ and
was stat pgal | yskpgabhayedpaissalyedt Ih?enfoaira dayeferdhteeaktiace trtémenlmrber

of cells was counte rre B ~ (
viv) ( f fi na aﬁgﬁcéﬁﬁgﬁt PER?Q‘B%\}H ne serum Was uf%é@ﬁrlgéguﬁé hq\?air 0- A
Vero-M BHK/ W 3s tinely Baiié 2¢1)echaramtesicednard canf doed mioteHOt@PTHA Hbout
7.0 X 105 Ce"%%g‘oEBeQbQELuQ.O Furthermore, commonly used CV-1, BSC-1,

MA104, MDCK, CaCO0-2, 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



- 17 105 cells/m, and suspended BHK/ ANIH and C6/36 were counted and

. determined to be about 2.8 x 106 cells/m . Experiment 3 5 Propagation of
Japanese encephalitis virus in candidate cell lines: C6/36 was incubated at
about 28 C for 7 days, and the other cells used in Experinment 2 were
incubated at about 37 C for 3 days . Thereafter, each cell was inocul ated
wth a Beijing strain at a nultiplicity 10 infection (M) ) of 0.1, and
measured for a virus infection titer (PF , a virus antigen anount (ELISA
titer) , and an HA titer, whereby the tinme course of the change in
extracel lul ar, virus apnpunt was conpared. Table 1 shows the results . Each

nuneri cal val tREFS Sh-hverRRr oft e BRYHERY 5 Fanet YaniQrs drdidtsh
curves of eactoreldnidmighdrotrs duplmiotdigereddiery menics., Ch/ BEcexdahéd ad tithe

hi ghest virus_jinfection titer _on f.he 3rd d rgmthe co cenent . of
oubat i on - 2 SRR RS RF et oE s SR et Anigts B 1 D eSS 4t h
day. The ot heregeitehenes efdr bused bdfie debhhestfon r the20prodiection toff er on
the 2nd day f t he conmencenen fo L0c ti i bi.ted the highest
EsA tifor peCHOErRly oS aRa, kY A W LU ey

Tabl e 1 Cel | PFHHA) ELIBrebhy modk irmigrg\difethes®/aral Al iRes 408586I0METed VB, 7
x 10" 35320BHK; A -~ i . .
10848320Sus pgﬁgé‘%ﬁ%ﬁ% ?ﬁ%%é%%&f &%&@%@3 %‘g&?nﬁ:&f‘ft)%‘é%rt BeFdSSvent 4
Type of Cytod¥2-aBd8pr opi-f 89abiZan 18984 Vero- A cell: Any one of Cytodex 1, 2

, or 3 was added to an anount of about 1.5 g/liter to each of 3 cell

cul ture_flasks, each containi nglé; about 500_n1 of_ Vero-A cell suspension at
about 118 x 105 cel | sFeil THelEaFeer FAackedd! | chhkurec Rfat £hewi 2Bo¥errring

at about 37C gedtalméd 4811PMASs, Gt ondhe dudlth@W NPekretdhibn ¥9&€em
obt ai ned. The nynber of cells r mllllﬁr&er c\)ﬁ)the 7t dalﬁvofromthe
comrencerent GPLNEGHaFRYALRD ungy fodlergupe galture, rolder hottigs

and ﬁbout 9 . c411>tu:kQ:5,l Eu@pe@;stmdemgltuge, x@mlrh &ardfﬁé:@Q?i]imﬁkyd, and the
Furthernore , en cells re.incubgted with,Cytodex 1 for.7 days e
nundr ed or - ord e OTALEe FREB SRS o Qe RNEH Ehooothe Rel8hnr AR4E1aBIE | he
beads wiltShout Carbodysps(PHbrniaqiar i Brevite&h Cofeeden at obHnvari@usotigreandre

prol i ferati on ffed oKl sfe felhrr QY1 odetg Lot R0dg kg dchh LU LY apf asks

A, B, C, and D, each containing about suspensi at about
1.5 x 105 cel |ainal ieehhkeukbture devheant can BBoused-5 g/liter in the
flasks A and B, about 3.0 g/liter in the

Inactivation of virus: An inactivating agent 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 about 20 to 90 days at 4°C).

Purification of virus: Purification is conducted

by physical means or chemical means. Physical meansutilize

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



- 19 flask C, and about 4.5 g/liter . in the flask D. Thereafter, each cel
. was incubated with stirring at about 37 C and about 40 rpmfor 7 days . The
nunber of cells and the fraction of beads to which cells adhered (i.e., the
percentage of the 5 beads adhered to) were counted. For cal culating the
per cent age of the beads adhered to, at | east 200 beads were observed for
each flask, and the beads to which at qk 5 cells adhered were counted as
cel | -adhered beads. The cells in the flas A in which Cytodex 1 was added
to an anount 10 of about 1. 5 g/liter were incubated in the sane growh
medi um t hr oughout th S d f he
cul ture nedi urr?\%vas&sr eap#i;’g %%dq{ktférdesﬁkﬂgkrlé{vﬁh%%%% o%at hltga%i 3Iraelillld ?é,ﬁ nd
5th days aft econkentomtdierereht the FHEURENCIRYT B FANRH hy relemigaher e
obt ai ned. 15 E%%&;n%c‘%ﬁ%ﬁ &&é&yﬁewﬁsﬂaegbéb@laat affRign té}@eﬁe@froef

e

cells ( A and nunber of per liter_ after 7-day
i ncubati on m@%@@@@@b@@@??%ﬁt%% FPQSR“BluQB@ut £pr; sXample or 1PRe

flask C sand @,Qp% nJgQa5 Jﬂur&rhecﬁf&%t&rgﬁleyp%ﬁemﬁﬂﬁ eﬁr&:hetbgﬁéﬁhgdhered

toin the flasks A and H was about_98% o her on the 1s

reached 100 oﬁatlﬁénﬁlha@é]yth?helb%r cdit %""Ft% R R AR gt t%bPHtt he
flasks C and Q-wer® lroi témperatlioell 93% and about 80% respectively).
However, the percentage reached 100 in the flasks A, B, C, and D on the 6th
day. 25 Experinent 6 Proliferation of Vero-A cells incubated at a high
density with Cytodex Xordeitrerson yoifnouirais on Badogontuctisdctindet iohe
conditl t hat_t concen of hgen acelel,s were
tripl ed espeacﬂ‘*] o%aex’(?{f“wa%g‘gﬁ%‘égggﬁﬂ agr gﬁggélﬁ@%ens}fo% at
about 4.5 x 10:5::::@1@/ nby t bowt speedf centrifngatieat Wéﬁhoﬁnasé@taflater
g/liter, and & ee‘]“&ﬂ"]ﬂ? were incubated in an apparatus - 20 for

i ncubating aninal ¢celTs containing about 50 liters of a culture nedium The
revol utions per mnute were set to be about 15 rpmfor the first 24 hours

and about 20 rpm aft erA@éoP&flflg tdjfhlé’%ﬁ'esﬁnﬂ 9nkentidn ,aNfaét 568t ¥6fl oFxygen

was 5 set to be about the cul ture nmedi um was rep| aceb(ﬂl:{y a
fresh grb® h n’é@l@tﬁwpéﬁttlﬁéeﬂélsé?ﬁflﬁarpldﬁ’gnwdt At RaMeAcbnkne

i ncubation. Theof @l bewore r;ﬁﬁ’cb.ﬁﬁcalﬂcﬁu pbtmﬂeiderﬁBEenuashe&fmbacebhs ion the
5th and 7th days was_. about 06 cel l ahou
PyY A s

cells/nm, respBEfiy@ DY Re cje?ﬁ ggugf‘%tlﬁ Q%e’é‘dg‘ettkoﬁl ch
cells adhered Bartlnelasdtlda.y dmﬂrw/wanﬁnpentaenthﬂglﬁbnpargmnmrtﬁmat}m rus

candi date strain fogl%‘%nzc gcﬁgﬂpgﬁxécsgigﬁog&yféfeé ﬁg#:'l?lvé/ &-dFter

statically i ncibaf® were ea I nocu ated wth
t he aboveonent punecﬂlbamnoclawdrl dmeellgarlémspl{raeﬁl}@fhg)%ﬁwlﬁs Nakayama
strain, JaOH0566, and JaOAr S982) of Japanese encephalitis virus derived

from nouse brain at an ] . .
Electron microscopic analysis: For example, a virus

sample prepared by a negative staining method using 2% (w/v)
uranyl acetate can be observed under an electron microscope

25 (Hitachi Ltd.). Virus particles can be analyzed on an image
at a magnification of about 20,000 to about 100,000.

Preparation of wvaccine: 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.



20 MO of 0 . 1. Virus was adsorbed to Vero-A for about 90 minutes . Then,
. MEM suppl enented with 2% (v/v) bovine serumwas added to the resultant
Vero-A, followed by incubation at about 37C for 7 days. The time course of
changes in infection titer and of an antigen anount was observed for
extracel lular 25 virus and intracellular virus, were observed. The

follow ng results were obtained. Regardi Tg the infection titer,
extracellular virus of the three strains other than Nakayanma strain

exhi bited the highest value (about 1.0 108 PFU m or nore) on the 2nd day
after the commencenent 30 of .incubation, and intracel|lular virus thereof
exhibited a val ue whikHtEREY testF JPiSelests 1F HRENIIC AR ok ArLOGamCEr
virus. Extraocelthl@otencysTodt Nakadpaia taid by thexhidp seds é o deipplagsitis
infection titer _on the 3rd _da whi ch 1/5 - 21 .or less ,of. that of
the ot her three~&tP%i nsr.e%]g%{jd?lf\% tﬂé%esAaé’rﬂvleg'é‘herﬁltoé}? ext racetdl ar
virus of the Régerremeatss HherBitdilargiMNskay ®rmodtatas 'n. exidar t ecdantpd ehi ghest

val ue (apout L1S)_ h r 0, S, [ C ar o\ rus

t her eof gxhi bg?fegggﬁvgl 8§e&h?%§ \%gg Tﬁ%@o% esuss'a':‘r(%#j j?ha%géok? ﬁé’eﬁg THe
extracel | ul aranimais Thee&th Jroup iafen injected iNdkzapeml toned hlyplwittdaued (
about 30 unit NG t S ay,di e i

extracel | ul arée%lr_lgso b?qr\lg{(ay%%% ij’?ral n g)fhilggligt {ergbgﬂ\r}% ue o ﬁa_ out b1e6e0n and
10 that of theepipddytAréeldidhlntedxan after Valaysof thsotrimabs tarabout
1280 on the 2pdokRedlh HBY6a fXRY1NTHed fRoRPBEBA RBuSE FEihienFtAtdAyn in
a Vero-A cell 15 incubated with g%todex 1. 20 liters of Vero-A cells

about 11096 xafserckhed9afteryp Y57 h apyegHak ameRRt afoseFEmetS wi t h
Bei jing strai povileds férP@aashyeadup ,Veind Ardctivdfdd adt Gabodt 5Férec cebF S
were incubated_in au-jf)ovi neP%erumf ee MEM The follow n resulés wer e

obt ai ned. | nt PROSY F%r WHTESy0 IRE bESR AN thi FREUP 1 cBFPdn TO%: &7
(about 1.3 x heatkPRWiMingnelkiteadnan daymuie tderumnculiat the, newntiralizing
extracel lul ar (virus_exhihite he highest,.infection.titer 4.0 10B
B ) o tnd St BaL B eRRENt ek TS IR wPPa e RrafRdk fifedn
anti gen 15 t er duldhoe, @hdimiris) used hs at Magbideyandndennoratwhindgenvi r us
exhi bited the M ghesk . ELL [ genyt,i §.2 fat .3rd
day. Extracel l(&l 'gJ:' 'v??gékgéhl é%@ gﬁklta—l&raﬂ%tg?]?%fné?out §207)/£r?35£991§'
intracel | ul ar anG ushexhlbre bd car Haet iwrd ofsabButchrl kAndtevardsday 8f the
i ncubation. 3¢l B g hrieisddE Sty liid Y ePfreietitad by the mBgimumseed
(JMBV001) was prepared by gassa i ng nmouse-derived_vjrus - 22 (=IW5-P-4)
for 2 generati tipv@towedrhsthe BROTRiYReR t 1R ed U RS, SIS FEILCES| o
even aftar 7 sié aunbhrsSagaslddueerorield Bywhd chalMéniid 9Nrtswibd abbutthe
base sequence é)(g%a gene for each protein of Core, pre-M and envel ope.

Furt her nore, :

In another aspect, the virus particle (R particles)

obtained according to the present invention can be used as

25 a diagnostic antigen (e.qg., 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



5 the amino aci d sequences encoded by these genes were identical with those
. of JWs-P-4. Genetic anal ysis was conducted by the nethod described in

Ref erence Exanple 1. Exanple 1 10 Preparation of a test vaccine: Vero-A
cells incubated using Cytodex 1 were inoculated with Beijing 'strain
prepared by passagi ng nouse-derived virus (JWs-P-4) for four generations in
Vero-A at an MO of 0.1, and was incubated in a bovine serumfree MEM at
about 37C for 4 15 days. A culture supernatant (i.e., extracellular virus)
was col |l ected. The supernatant was concentrated to about 1/10 vol une

through an ul tpaChLiLALLON, M BAE el DUl fpobedl irerigseal fer

formalin was to a final concentration of 1/1500 (V/\[% Wnereb t he

virus was 20 diaeposiied. aganst i Whthohi@y Sendddiydth EB5ut QE?‘FB ngo

days. Next, aﬂnE@%QtﬂoYtab‘?dakaéﬁ Suspsagaﬁeswsntzapnalsuhzjseottedste@ t he
sucrose den5| ty gradient zonal tracentrifugation ??ﬁ:hg %[Aet he virus_was

purified. Bot Pafidqylay infse c'sfe'lc‘b‘hoble FRARERE ¢TI Y& B8ndbBled at
25 about 525% tye ghessi&Od0 (WAW) used oserdensi tthegriasiiment aapartifous £ 3@n000
rpm for about 13 hours si.ng P35ZT.r PLar Ni ssei n td \/ i rus
fractions (sucm@&F ‘f ﬁf%’aﬁﬁ"é 'di ecrtseg,o %?gag%eq'lo%%d %‘gealv')ﬁ
phosphat e- buf fuerieth &iﬂﬁaﬁﬁts( [ARSH relth @ndiiderzer ty sietdioresl :f@:qmerteeuyeduas a

vacci ne stock sql.uti.on. The e Kk on é”@%#mt ri ous
tests for saf éﬁfte%hdl eﬁt e%f‘f’égggg |f\é%§c8r§§hﬁgg W t %%vgg %gned
"M ni mum Requiseimrikifet Busiogi cthe Produdtisatiamn StePZBileHamtﬂ ednas a
vacci ne., Jhen,p ;]& Bgl ne stock solution was diluted in TC Medi um 199
(Difco La orator A) so that the protein content therein became about
7.8 pg/m. The resul tant diluted vaccine sol ution was di spensed in 1 5 m

aliquots inta 3 mM Vi gisreiliefeatf | ercheea6RbYERNe NS SESHLEL 9t DO i Rth t est
vacci ne . The prot ein content in the t est vaccl ne ¥BS nmeasured in

accordance wi thtHepknre PB& 9L FEt nBds (RhePERACBF ot BVP LT B )i P4 ed

with heated traehbpinagady Gka':}ﬂb@ iimétaadlqaaé&pémx@dnbg die esmﬂlﬂdaslo of

t he Lowr process% in the ab mi 3: ‘M ni rrum ui. rergar‘;cthe eq:r

Bi ol ogi c Pr odR¥E¥er. E‘kﬁﬁpPEeEeP OEIBP’F’P 408 15h & e P MFAE Uring nain

steps: 15 Each sanple which was collected at the ti rre poi nts of conpleting

each of the nmj 0 SteﬁéﬁdF‘%i ng 1R" oduction of the test vaccine described in
P

Exanple 1 was I'ous tests described in Experinent 1 . The
fol | owi ng resul ts wer eThbtSsiquehceThastiporafabanh Bel lAingand ThGiArq1/83 |

virus 20 S”Spegi!c%h ex“ﬂ?'o&%xa o'fﬁ&cﬁlﬁ%&é i58ht9ki8Re4bn%f 2X8d0%in

PFU m , an ELI antigen titer o bout 70 units, and an HA titer of about
160. WheROt he vutragnsagﬂeﬁsffélﬁMMWd&r?céﬁ%%d)ﬁ AP | RRERRF Ht i

ultrafiltrati Oﬁhﬁfﬁ%tﬁa?f‘@lc@jjatﬂ} %%tllt%ﬂd £&F uakedi raBhairamwImushthenane
25 hi gher (about 10 tinme ter the first zonal ultgacent i fugati

peaks of virusSERt Ff8eNO ﬁnnhnftc’vﬂersé‘%’os’&s\‘?eﬁeﬂﬂef‘ﬁﬁsff’ ctPHhRs°RE ’ﬁ%g%in
sucrose concenigenld eDNAf cahplieméhtaapdt abgeromiEoRNA edt bothnstragoepynd

reveal ed that the f t|o w t.h a sucrose C i f o] 1
cont ai ned 30 vith§s é%&t‘?% e&MLGRy PRE frac‘f"?é(}}t LN %Bc%'&e% ﬁg cl{t(g]nce?t/%?gtl on
of about 4% c areiguieneks.i r SEQyIRMNOgeli enfad arel é@r\mﬁ‘bﬁ‘—MélréN@ﬁySﬁG@hn

smal Ler than the VIR P W ES10ay U 16T "PES7 - B5POYI 1§96§1 Ughanskgepf rom

a cell
NOs: 3 and 4 are for master seed virus JMSV00l1l 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 Ali et al. article. More

specifically, genomic RNA was extracted from a virus culture



- 24 culture was detected in the fractions having the sucrose
concentration of about 28~ or less, and was separated fromthe virus
particle fractions. The above-nentioned virus particle fractions were again
subjected to purification by 5 zonal ultra-centrifugation, and the presence
of virus particles were confirned as a single peak in the fractions having
a sucrose concentration of about 40~ ._Aléegt vacci ne was prepared fromthe
fractions. The test vaccine exhibited an"ELI SA antigen titer of about 45
units, and a protein 10 content of about 7.8 pg/m . Exanple 3 Electron

m croscopy of,the test VaCCi'Igfﬁ: The test vaccine ang,a gfgrmerci ally

avai | abl e” vact? NETQer TR f rofaBnotise 2r s P WEPECS BRI e 8™ P Pe
above- nent i onptoetentwas angl DETERi Ly armterses trdrigirriptlidn .pASmeerasall t |

t he surface or, the appearanc f envel | ay.er MB particles in the
comercially %P/éwaﬁggcgéggi leﬁ\/'vggﬁgrr%gt n%(p% S Fi g‘ﬁcﬁ é’?“g)e]fs ’V\,h%r?(ia%hef hat

of R particl ebase sdmpuerce ofatbenee 201 bant ONK Evregmentveasidetewsinedigh or
fuzzy ( in ELgyr I st i e a
neutrali Qati oﬁyr ‘L'é{agf" ﬁg)r?:xyEac%q{ﬁl ?c g%ﬁaﬁ}%e%ea@g}cﬁes (Ees%él\?%(%g‘?’ngtkg%

obt ai ned i n ERBikpPeaqid seanensdeaengodedibrthe hage i segurnde wasfdepodedse
brain, and ref,gfRBCENYIeTsRA [Yae pPotency test) containing inactivated
Beijing strain vifus as an active Ingredi ent was neasured in accordance

wi th the above-nentioned "potency test”. Mre specifically, each 30 vaccine
was serially didpatr@ehedtf @l d in PBS, and inoculated into mice. Neutralizing
ant i bOd}i titers of the serum agai nst Bei 11Li ng strain virus were conpared.
Tabl e 218 ows the rel HeRsHOsMsetUech UiFUPi SREPSEIOD Jitste VcKiREE -
25 and compinfegariidnhtlvarwes edbuatedulnr PFUZ i(pd agfic Fehmilrid €nst ) FRe

i ters of the St SRR St et 0y 5 Fhiiti 39 ISHRTR veL19 fgbortla

comerci al | y awdidrabl e vacci nes (equi val ent protein content) was about 0.38
to about 1.11 for vaccine dilution of 8 to 32. That is, a neutralizing
antibody titer obtained by the test vaccine i nmunogen was about twice to
about 13.%i nmes that oMedswxennnt lod aovigorsandiiglenyameanitabhe ammuithef

i mmunogen . F I3+ i SRR es by
the parallel ILt{é_e aésg;%%n%é;ﬁcu %t?]‘és% ‘;r%a]gjnsf ﬁrgc}thgof{r}%o%&t‘ﬁ%t%ers (I’lg%'?lggl?lk% ng
antibody titerding tHe RESL-VARANRES ced¢ePhd iddmherdiras ymanaiclapad

vacci ne, were @bPibody TglEEGroup-8 Clone 503 (kindly provided by Dr. Yasui,
Tokyo Metropolitan Institute for Neurosciences; K. Yasui

20 et al., Journal of General Virology, 67, 2663-2672, 1986).
An ELISA value was calculated by a parallel line assay as
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 is positive for hemagglutination.



- 26 Table 2

_ Protei nVacci neCommonDi f f er encecont ent di | uti onl ogarit hmi c( A-B) pg/ m val ues
of Neut ral i zi ngant i body

titerTest83.870. 64vacci ne7.8163. 510. 38( A) 323. 331. 11Comrer ci al | y83. 23avai | ab
1e7.5163. 13~ vaccine (B)322.21 Reference 5.4 16 1.87 vaccine D fference
(A-B) : Common logarithm c value of (Neutralizing antibody titer of A -
Common | ogarithm c value of (Neutrali zi'nglénfi body titer of B) at the
identical dilution. For exanple , at a vaccine dilution of 8 , 3. 87 - 3 .
24 = 0 . 64. Protein content: neasured by a TCA protein quantitation nethod
( a protein in a vaccine is precipitated with heated trichl oroacetic acid,

and is quantitated by pdigsuEimKtk &ff bAVANoRE OGS 8) bolrX@d e Bftfigleance in

i munogeni city between test vaccines based op.,a cross-neutraljzation

reacti on: Thr B @MY O8e?j PRYLEE SPRUPRRELEE" S MRS Y RY EHiSA n
Ver o- A g cel | sus g attAMAs i 13 szmd:v ﬂAtgGmrl 14692 'Hl@éiﬁ/eﬁrhdffi@én\iﬁ‘naié arith |
assage or two eneratiLons 1In er o- e S. re use as seeq viJyu an

Pest vacct nes FOMSTE ot PRRFPaER O TRt 3! S SoVFSf FifitahddsR
i ngredi ent weranpigearedsi nalbelatrd hyyaapageddeilbddnenasaypl enfl the
fhereafter,  onfdind8UWA Pl %48 SELDRNEE! 48" Sn Unddift WY lard AtRhY a1 ned

frommce i nmuni zée € respective vacclines were neasured and “conpared
in the sane way as described in Exanple 4, whereby cross-reactivity between

the strains magxggg%xégq.ZS For conparison, comercially avail abl e vacci nes
derived from nouSe brain containing each inactivated virus of Be#é_i ng
strain ah@ Nakayanma stPuphifisratiodcdinya ifRitbdline, fakd V4TS GHeEWERS j i ng

st][ai n) deri veﬂdﬁé%%b@ﬂﬂsstbaghr%@?t@ém@g \éffbm/(mc@f N3 . T4y ps 0 %ﬁ as a
ref erence vacgci ne were used. Furthernore,, for noyse i ni zation, e
TCA protein coNE&ERTM n‘\%%’f:‘h (S’fbtﬁj\f?‘i:a???ff’ﬁ‘es?%s Né&jlﬁ’é‘Fédm?BsEé%‘&gSUP%. 5
pg/m, and thennfleletivaeci Desensee )6- Bobdrdihut BHKFp1PES114s WHK/WIge
Bei i ng, NakaydAAnerd v RS Ho2 EREP e oo Sbtucf stkBod ety Butelnous
t he resulitss of Inlse iddudee-oferRulhibc Beaditbi) ne 8HKY JHIH d|lshahdndednBEK + Al PBS.
In view of a cr -.I e i t i -.aqn i LiRg
Strai nand ThOMRETEY £eoll ERENALIbRE thithedts v ?%%h%%e%%ﬁg‘%?ﬁi#&

i nacti vat ed 20 BHXpa@ies€-33depABCCiNG. \GHcild).; and ag 6k eelll (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



Vacci ne BeijingVirus Nakayama Ar67 Ar44Test vaccine
(Beijing)3.683.042.872. 66Comrerci al |y avail abl e3. 092. 691. 881. 88vacci ne
(Beijing)Commercially avail abl e0. 862. 051. 451. O4vacci ne (Nakayanm) Test
vacci ne (Ar67)2.843.153.022.97 Reference vaccine (Beijing) 1.85 NI NI NT
Ar67: ThCVAr67/93 strain; Ar44: ThCVAr44/92 strain Test vaccine:

| nactivated vacci ne produced in Vero cells Conmmercially avail abl e vacci ne:
| nacti vat ed vaccine derived from nouse-bddi n Ref erence vaccine: |n-house
standard i nactivated vaccine derived from nouse brain Nunerical val ue:
Common | ogarithm c value (log) of neutralizing antibody titer NT: not tried
Exanpl e 6 Preb@l geilds /ofl .aandssusihendedtBRIGON HE ansh€h/3&ceene artwtted

sol uti on of 3afig 1bBA-AIhBH"LBNBeAABUNNAY 93 Sirabgyyapyprepared in the
same way as in Exanple 1. 5 Thereafter, each vaccine stocﬂ sol uti on was
diluted in PBS to obtain a protein content of 10 pg/ng. Then, the resultant
sol utions wer gxpk¥eflewit B each other in an equal anount, - 29 and the

m xture was dispensed_to a vial to obtain a dival ent vaccine. This dival ent
vacci ne Rad a cross-r BREPREALIRECt PEmIARARRSE t FRATPRALIds nBiFEgpelR| ve

si ngl e nonovakandivdate 881151 fixespIos /B Pwagai AbubaAtel &t Givvdtogsk ¢ AgeNnt :
using the R p

USi 10 (e R P 4 RS afa! BB Shand0 SEIE" AR BLgRk.Rahyl | P BrEPar
incubated at about 37°C for 3 days. Thereafter, each cell
was inoculated with a Beijing _strain at a multiplicity of

10 infection (MOI) of 0.1, and measured for a virus infection
titer (PFU), a virus antigen amount (ELISA titer), and an
HA titer, whereby the time course of the change in
extracellular 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.



10 effectiveness was deternmined by ELISA in the sane way as in "Measurenent
. of a vifus antigen anount" described above. As a conparative control
antigen, MB particles in a commercially available Beijing strain vaccine
were used. As antibodies, the nonocl onal antibody 503( MAb503: anti body 15
to a neutralizing epitope cormmon and specific to all the Japanese
encephalitis virus), MAb302(antibody to an epitope specific to a group of
Japanese encephalitis viruses ) , and & r}(ﬂ ycl onal antibody ( PAb :
hyper-imune serumfroma nouse ) were used. Wiile the antigen anount was
kept constant ( 7 . 6 20 pg/mm of protein_amunt), the antibodies were
serially diluted and each ELISA val ue %881fedsured Regarding an FlISA

val ue of the R partig] es/ an ELI Shyahue of therdBepaddi cl es, yMal%03
exhi bi t ed 53/47—Wab302—exhibited 226/ 22, and PAb exhibited 120/ 52 Based
on these resul ddnesgfie 25 sensitivity of the R particles to Mab302 and PAb
were judged to hgrgbout tw ne tpahoigs 10 tinmes Bagher than thaioof the MB
particles. Furthernore, it is considered fromthe results of MAD302 that
the antigen of t¥§&°pfesent invehti 8n'l's useful agd’antigen for pfeparative
detection of a gimxupiAfi2of Japansse esfcephal itisaviruses. - 3

| ndustrial Applicability_ Accord] ng t o ¢ he present48i nvention, Vi

particles ar 12549 a | arfe e by —usi-ng-—af—easy-—+6 s aRe
i nexpensi ve celshspdraeai N pl ace of an expensive nouse, 5 which are al so
difficult to raise an;l control._ S nce A number of,_mce are not sacrificed,
the present i nveHts 6h ¥ desi rabte i i’ vi ew of ani‘rmal protection.
Furthernore, thecgmeduction cose.€anldbe renmar kabl§3 reduced, and2feasures
agai nst bi ohazards, the operation procedure for production, 10 purification
steps, quality control, the production plan, and the |ike are remarkably

| abor-efficient. According to 'the present invention, novel virus particles
useful as a reggégfgﬁgnitngunogen which exhibit a titer of about of twice to
about 10 tines that of a conventional inactivated vaccine, 15 and a et hod
for produci ng the saneT¥pe ¢f &Vit@dex fpdRreltienrtioe & &i Here ot taetl:
present inventpny, of@%e cyeHasRIE eNaePlakasifiddd U6 faaioting@Soha\dtigit
out st andi ng i rmunogeni city or anti 833ni (j'lt}teg ﬂ antj%ﬁ nogen for an . .

i nacti vat ed Ja{éaﬁ&@%’fﬁ:’é%ﬁa‘l‘?‘ﬁ?f EEeC ANt AR S en 26 1 L ine

di agnosti 6 ageaboutasdoamiebliodef-6rApeatiicsngpeheisanatanboptoti ded. 1Thus,
according to the_present inyenti an i nexpensi.ve vaccine st I ng
quality and a &F&Bﬁ({ i*C agt‘g"rﬁrec%%e&e' prrVi degf,el&/hi CR%i n%?%%%egéld a0
dramatical | y sprtdadd nidhatpraboartt i3 Grahdlialgpwsi 40 cfpinfext 7V odaydi seBlke 25
caused by a_gr gun 1of, 1}3P3URRA NGRRALLYT UL USRRe numb8t oMHATILS SLAI MED

IS: 1. An inactiva rus particle, as a relnforced | mmunogen, prepared

from a cul t ur e Wgfllddiiiten andhecithday remdhscrompergerenh ofr lpabstion

Japanese g icephald hbsut 7U§6s,10MMes bit 8 Meut naf | zny abdiitbody & itedr £et the
anti-serum obtal ned by inmunization with fhe_ vi ruglagtagti cles i z‘ abouiltswi ce

to about 10 ti F¥EQIRX deutr AN PndreFRBHEYCIY t er G § YOEURT

obt ai ned by i MysYeatiQbatdd wiaetcyesdex vi r fisr par dags esopeepanddedir om

vir | tur in rai . .
us cultu edlnorén¥£¥%J% Zells 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



2. A nethod for producing an inactivated virus particle, conprising
~cul'turing virus belonging to a group of Japanese encephalitis viruses in a
cell Iine, as well as inactivating and purifying the cell culture, wherein
a neutralizing antibody titer of the anti-serum obtained by imunization
with the virus particles is about twice to about 10 tines the neutrali zing
anti body titer of the anti-serum obtained by i munization with inactivated
virus particles prepared fromvirus cultdSd in nouse brain. 3. The nethod
of claim2, wherein the cell lineis a Vero cell. 4 . The nethod of claim?2
or 3, wherein the inactivating is conducted before the purifying. 5. The
net hod of anyféfskl @i mn ateut, 4\M$egéiLmteheili1rtamif\laat5i}mQ isThendalﬁterl at a
tenperature i @a%hré‘é' £ wdls fgﬁﬁﬁaéegdﬂ:ﬁg@:&régxgc‘at adout’. ? g%b g any
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The percentage of the beads adhered to in the flasks A and

20 B was about 98% or higher on the 1lst day, and reached 100%
on the 4th day. The percentage of the beads adhered to in
the flasks C and D were lower (i.e., about 93% and about
80%, respectively). However, the percentage reached 100%
in the flasks A, B, C, and D on the 6th day.

25
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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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
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10% & ()-566v?>&9919.=2§ﬁ]<dﬁ tlha\t\ of the extracellular virus. The ELISA
antigen titer of Nakayama strain plateaued (about 30 units)

on the 5th to 7th days. Regarding the HA titer, extracellular
virus of Nakayama strain exhibi_ted a value of about 160 and
that of the other three strains exhibited a value of about

640 to about 1280 on the 2nd to 4th days.

10

Experiment 8

Propagation of Beijing strain in a Vero-A cell

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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was genetically stable even after 7 serial passages in Vero
cells with no mutation found in the base sequence of a gene
for each protein of Core, pre-M, and envelope. Furthermore,
the amino acid sequences encoded by these genes were
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 zonal 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 P352T 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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that the protein content therein became about 7.8 pg/ml.
The resultant diluted vaccine solution was dispensed in 1
5 ml aliquots into 3 ml vials. Thereafter,
sealed to obtain a test vaccine.

each vial was

The protein content in the
test vaccine was measured in accordance with general testing
methods (wherein protein was precipitated with heated

trichloroacetic acid (TCA) and quantitated by the method
10 of the Lowry process) in thé above-mentioned

Requirements for Biological Products".

"Minimum

Example 2

Properties of the test vaccine during main steps:

15 Each sample which was collected at the time points of

completing 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,
HA titer of about 160.

and an
When the wvirus suspension was
concentrated to 1/10 volume using an ultrafiltration
membrane, an infection titer and an antigen amount became
25 higher (about 10 times). After the first 2zonal ultra-
centrifugation, peaks of virus antigen amount were observed

in two fractions having a sucrose concentration 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 wvirally-antigenic

particles which are very much smaller than the virus

particles. Furthermore, a bovine serum antigen from a cell
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particle fractions were again subjected to purification by
5 zonal ultra-centrifugation, and the presence of virus
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. —

4 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 vaccine
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 ingredient 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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Protein Vaccine Common Difference
content dilution logarithmic (A-B)
pg/ml values of
Neutralizing

antibody titer

Test 8 3.87 0.64
vaccine 7.8 16 3.51 0.38
(A) 32 3.33 1.11
Commercially 8 3.23
available 7.5 16 3.13

? vaccine (B) 32 2.21
Reference 5.4 16 1.87
vaccine

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
trichloroacetic acid, and is quantitated by the method of
Lowry proceés).

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
5 cells,andThCMAr67/93andThCMAr44/92derivedfromThailand,
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 respective 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, commercially available vaccines derived
from mouse brain 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 n—louse 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 in aneutralization test,
the above-mentioned 4 viruses, i.e., Beijing, Nakayama,
15 ThCMAYXr67/93, and ThCMAr44/92 were used. Table 3 shows the
results of the above-mentioned 5 wvaccines in 16-fold
dilution with PBS. In view of a cross-reaction spectrum,
both the virus antigens of Beijing strain and ThCMAr6é7/93
strain were outstanding as an immunogen of an inactivated

20 Japanese encephalitis vaccine.
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Table 3
Vaccine Virus
Beijing Nakayama Ar67 Ar44
Test vaccine (Beijing) 3.68 3.04 2.87 2.66
Commercially available 3.09 2.69 1.88 1.88
vaccine (Beijing)
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 (Beijing) 1.85 NT NT NT

Ar67: ThCMATr67/93 strain; Ard44: ThCMAr44/92 strain

Test vaccine: Inactivated vaccine produced in Vero cells

Commercially available vaccine: Inactivated vaccine

derived from mouse brain

Reference vaccine: In-house standard inactivated vaccine

derived from mouse brain

Numerical value: Common Jlogarithmic 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.
5 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 vaccine 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, 1its

10 effectiveness was determined by 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
15 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

20 ng/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,

25

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
30 of Japanese encephalitis viruses.
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Industrial Applicability
According to the present invention, virus particles
are produced on a large scale by using an easy-to-handle
and inexpensive cell line in place of an expensive mouse,
5 which are also difficult to raise and control. Since a
number of mice are not sacrificed, the present invention
is desirable in view of animal protection. Furthermore, the
production cost can be remarkably reduced, and measures
against biohazards, the operation procedure for production,
10 purification steps, quality co—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 encephalitis viruses.



10‘,%'&' ()- 9%/01U NA410 10 10% & ()- )?d| 10% & ()- 10% & ()- 10% & ()-
D 10% & ()- 1fl | Z9NA410 10 rYm' 10986 & ()-Z'' Y 109 ()-Z | Yni' 10%#t%#& () -Z
Y 109 ()-Z GYmM'109&' ()-Z 'L YmM10% & ()-ZI !'")vUudl0 Y 10%#& ()-(
Y10%#&' ()-' Y@®10%#&' ()-109% 10% 10% Y$ 510946 & () - |
YYm' 10986 & () - Z{ Z9vU410 THI0Y@H@E () -# #10%H& () -# #1098& ()-#
r#10%#& () -#! #109R22&' ()-# YLst 10%t& ()- QEFGNgvU410 g h sy#10%""& () - @¥%(
g Sy#10%" & ()- @( YSs910%-k#F& ()-(10,, 10,,10,, #10%,& ()-#
T#10%#Ha&' () -#0x}\;.410Fp F Ysy#10%p F& ()- @ sy#10%#& ()- @
Sy#109%k#&' () - @ Yi sy#10%k#F& ()- @ $ 5Sy#10%#& () - @
SSsy#10%/"v&' () - @bA410Fp F Y Y(109%8X 3& ()-- Y109%38X 3& ()- Y9 108X 3& ()-
Y& 1098X 3& ( WHAYSWIB0 %2R I3 )IS:0Fp F10Fp FV ' GvU410 YLy10%m m&' () -
YSL&L0%m m&' () -103X 3103X 3103X 3 Y
1. An inactivated virus particle, as areinforced 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
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, 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 claim 2 or 3, wherein the inactivating is

conducted before the purifying.

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

6. The method of any of claims 2 to 5, wherein the purifying
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7. The method of any of claims 2 to 6, wherein the virus
belonging to a group of Japanese encephalitis viruses is
a Beijing strain or a ThCMAré67/93 strain of Japanese

encephalitis virus.

8. An inactivated virus particle produced by the production
method of any of claims 2 to 7.

9. An inactivated vaccine comprising the inactivated virus

sparticles of claim 1 or 8.

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 8 as an antigen.



