DESCRIPTION METHOD OF PRODUCING JAPANESE ENCEPHALITIS VACCINE STABLY
STORABLE OVER LONG TIME AND USE OF THE VACCINE 5 Technical Field The present
invention relates to methods for producing Japanesel encephalitis vaccines characterized by the
substantial maintenance of their titers even over long-term storage. The present invention also relates
to Japanese encephalitis vaccines produced by the methods of the 10present invention, and
combination vaccines comprising Japanese encephalitis vaccines and other types of antigen vaccines.
Furthermore, the present invention relates to pegtgeeigopreventing a disease caused by a bacterium
and/or virus in a subject, which comprise the step of administering a vaccine of the present invention
to the subject. 15 Background Art Japanese encephalitis is an infectious disease caused by infection

with the JAPEREEEHEIMAIRIS NG WRRANE HakaihitiBH A MBS Ydite BELEFABICUEKORABLE

trilaeniorhyncus. The infectiofy ¢gRr 0&sNCEYR AN aiterbisthTHirevA@binigction causes
encephalopathy, leading to severe sequelae and high mortality rate. The immunity conferred by

vaccination from early 20infancy is effective to prevent the disease. The Japanese encephalitis virus
belongs tediaiggidideld. Vaccines used for preventing Japanese encephalitis have been produced and

are commerciallyrayaiaki: ﬁ%@ﬁ@@ﬁ_@e%@ﬁmﬁ@%@@&mﬂeﬂcﬁ{%@%@ér&ﬁb@pﬁ%’i@%@ﬁ%eaﬂqn in
Japan. Based on.th of productjon method, Japanese encephalitis vaccines are categorized into
vaccines‘%%%‘[?%rééegﬁﬁgerﬁg%g@nﬁ%iﬂl%tﬁ%acgr%p@?gcﬁﬁ%@ BYSB0eEL By aHErBsRaIPE iU fethod.

Also, thepecsent imaictiiatet Yaphtaieste dapapiaktis spobine saant atimdated tiyehtapathede efitbephalitis

vaqgnesys:fRnihedosaasi i My Havichaceings g yaRpi z&ﬂlé/&%&e@@ﬁﬁﬁ@ pemargdyced and
are commerciall a\%?llable. The theory gof inactivated Japanese encephalitis vaccme??f%roduced by the
0 i’&ﬁi‘.l

mouse bPEITTHREFOY ATBREHY HERT bed WSS e PR SSPA R UAR SPARIS TRRBATS, Which was a
" mouse bpaénaidrigediesinemeaisb3Gpbadenracticdion sérin 105 4ubjaweviichtcuaspaintedtopbthat the
purity wasjQw;aad.t g@@@ﬁ@ﬁ%%g&ﬁ@iﬁ%ﬁ%ﬁi{&@Ig&gj’gcgentral nervous system disorders.

Subsequently, constant improvements were made to further purify the virus. An improved Japanese
encephalitis vaccine with higher quality was put to practical use in 1965. The production techniques
havé bedinclgedund torthe present date. 35As mentioned above, inactivated Japanese encephalitis

vaccines produceth BitRenoliad AL MERAN A IR BUIE AN RIS, HOWE e, s been

pointed out that the 2 inactivated Japanese encephalitis vaccines have problems in
storage SPASHEHILS Vil nacBAtHEprRuERAID Y SrRirei esaraghavdt issrerigerisatetr wrobiEin that
becauseitifectiancines@ie produadd afsinginiice Mhusedlimantauicientyepnilobacthgnvikapgwnt, the
possibili it t ' amﬁ' ted in vaccine.products cannot be.ruled qut.
SBasical%/:, %ﬁ%sq %?gg%gmgﬁcan %ﬁslgﬁ/geig %I)%%ééing t%glgcréll]lng t(é%%y%gg(;% Er‘cf)aﬁﬁlc ﬁ%r? I}ne?ﬁlo?frckecently,
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worldwidel aemarskfor vaetire sdedopinpackaneed andde valapingi o uatiashosivethamstg@ge
stability problem.. gelagin. been added to vaceines as.a stabilizer, However, it was pointed out that
gelatin hgaos téer}rbé%%?l\r’%%%?ﬁ a @%ﬁ%ﬁe%‘ff&ﬁ%ﬁﬁ%@ ecome éts%e%f}e%%ﬁon € a stabilizer. An
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culture-based production.method. The storage stability problem m e solved by usin
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of the storage stability of liqujd products is needed. Liquid products are usually inoculated by injection.
In areasﬂﬁﬁ%@vﬁmg%ﬁ?é%?%ﬁiﬁgﬁté AP OISy S RS 9L e it RISOY LB RPBT & Able liquid

Japanesagnoephatitsv2Bvaeding protecisithiyttheevirsed fantiapsoashl gratreseseleapiadlineculation.
vaccine with higher quality was put to practical use in 1965. The production techniques have
been used up to the present date.

35 As mentioned above, inactivated Japanese encephalitis vaccines produced by the mouse

brain method are highly pure and effective. However, it has been pointed out that the



There is a need to develop not only Japanese encephalitis vaccines but also other viral vaccines that
are excellent in the storage stability while maintaining low production costs. Prior art documents
related to the present invention include: [Patent Doc@ment 1] CA 2,390,995 30[Patent Document 2] US
6,841,374 [Patent Document 3] EP 841,942 [Patent Document 4] US 5,891,705 [Non-Patent
Document 1] TF Tsai et al (1999): In, Vaccines (3 rd Ed.) (ed. by S A Plotkin and WA Orenstein,

1999), pp 672-710 ; Japanese Encephaitis vaccine. 35[Non-Patent Document 2] K Sugawara et al

(2002): Biplogicala, 13Pamld G REYRIoRmeRt EEV@%%BQH{%%H%%FE g%ﬁﬁ‘ﬁ%@&’?é%%ﬂ%%? Encephalitis
vaccine. 3 [Non-Patent Document 3] SC Wu, S@g-L uang (2002): Bjotechnal. Pro%. 18, 124-128:
Stationary and miergeSrREHEN "pRyLEdsatery %\c%pgr&sﬁﬁ@aﬁféqp@gehé%éb ARFENR e
[Non-Patemthxasamg;nbdk}o@l_{ﬁﬁ)@ﬁi'ﬂg&@k@ﬂ(ﬁﬂﬁi)ﬂ%ﬁﬂﬁl&@pﬁﬁﬁHeﬁfﬂmipnniﬁad,iﬂactivated
Japa”esgdéél‘ﬁﬂ Qﬁih%v@x?&{{b%%%gﬁé%é/ﬁrgoc%ﬁlﬂénﬁh‘é%@dFfﬁ‘R%[EEBQ%H&%&s@aﬁzﬁ’%@%&@8&3007)1

Vaccine 25, 3445-53: A phase 2 study of a purified inactivated virus vaccine tg prevent Japanese
Encephahfisi fNSnIBa RSBt EREB]E BartngdRre celieyatc DAl RRAHd80(2-3),
103-17: Fewaaigetydéninaaivdation iof {botdhduinoutindisebsevviduswi ancliiionsafbotbetheapatdtion of
safe vacgi -P u ] 04). i ] 235-6243:
Identifica%%?\ 0 ggﬁﬁg‘%@ Qgeﬁiiélgﬁ%}é% fk%o%%%é%t%%%%8%?%%%ﬁ%%%&%t%r%lﬁﬁﬁn@&ﬁ%%pn es.
[Non-Pa@hf@@@mﬁ%aﬁeaqtémram@@pageem@ﬁsmswﬁaeﬁkma@mis 25 a3phBiBst. H & ¥ Yabnitor
the proteinveio pshddnrabyidossiadeindae glitartiddhyde digioxaldicgitantdeeddqaimtriness
protein-based films? (shext communijcation) [Non-P ent 9 cClurg et.al, (1996): J
Heg?t Vaﬁr/ge& elrsl,l[ %g(g)&g%l% 3 'Fo%%lgllg%ﬁ{gggrgg%gé?%%t%%l%{gﬁa es%??gélvé[?él\?ﬁg %g&%t%t etic heart
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reatmentfor,a Japansss anoephalls virys. by g chemicaldschniaye Jo (e presence of ap,amino acid,
amine, amlg’e, andfor orggnic aci%ﬁ; and/or fb carrying out an IhACtVaTION treatmentior & japanese
encephafii§ davisasysirbatintg figesrtdrsthe inactivation treatment by heating is carried out at 24C or
higher. hi a sgcondiaspechdhengdsPiafidedrinipaciatediwhaledepanese-paserhalitis vaccine
produced b('y roduction method as .deéigggoﬁ%%\ée,_%g:&ﬁan retainlétts tiEer irhls(%arll -term.sforage.

the
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n objective of the present invention is.tg solve the problems of inactivate panese encephalitis
vacinoo HBCH By SIS i FIR R Dot SIE SHORSHUR ot i Bricont mvention
is té(provideinetthodst fmcpradiuciigiafcbive iandisatm i thvatadl ipuidsd gpanpisaitnvephntitisat
vaccines that caidRg SIYEtiPs dlangepetiod even around room temperature, which comprises the
step of combining multiple inactivation treatment %)r Japanese | nce?halitij viruses obtained by the
cell cultore methEh SURBF AR UPEH (TREBISCAT HUBRITHD Gl PIBARCEeealEophal i
vaccingslﬁqmﬁhpauﬂhgtih&abowﬁy@mﬁut&tg@ bméﬂj@dk}m§ Wwellres mmbimmﬂi_nmawdi_caibtained by
- combining the;stable.dananesmaacerirliinuaccnrs N ibr QiR ipes ALaRlganYag¢ings. Another

objective of the present invention is to provide methods qf using the vaccines. [Means for Solving the

Problem&pecinepiogysis Bt et dd Yuraraveel teprsdempshiandidifyvestigated methods for
inactivating Japafiese sncepltblitidevitligesoo bidinbghine tbercelblalitivemdtire huT Hecprdsentigventors

also assgased I, starage Shability, ol cqmblaalion MaCHRRSRIGHNE *i’é(v&g@ﬁii&iﬁ'&z doquitiple

vaccines. First, the present inventors investigatéd treatment conditions for inactivating Japanese
encephalitis viru$ETIEVESHBERFIABIEHAR RaqtvatBLImYERI Japsheke encephalitis vaccines storable
for a longhesiaddonaxampieAtd09E28s (24 months) or more) around room 5temperature can be

progipl.uce I@feﬁﬁﬁ%@gn%%{. atgg\@ggpstﬁatment in the presence of an amino acid or the like.
Furthe ]

riore, the present inventdrs féund that inactivated liquid Japanese encephalitis vaccines

- storable fBAEIBRgPERBH Al ST leUtR temperature can also be produced
[Patent Document 4] US 5,891,705

[Non-Patent Document 1] TF Tsai et al (1999): In, Vaccines (3 rd Ed.) (ed. by S A Plotkin and
WA Orenstein, 1999), pp 672-710 : Japanese Encephaitis vaccine.
35  [Non-Patent Document 2} K Sugawara et al (2002): Biologicals, 30, 303-314: Development of

Vero cell-derived Inactivated Japanese Encephalitis vaccine.




by including the step of carrying out additional physicochemical treatments for inactivation performed
in the presence of an amino acid or the like, the step of carrying out formalin, 10heat-mediated
inactivation, or such. Then, the present inventors combined an inactivated liquid Japanese encephalitis
vaccine with improved storage stability prepared by the above methods with other vaccines, and
assessed the resulting combination vaccine. The result demonstrated that the Japanese encephalitis
vaccine can be stored stably for a long period even in the combination vaccine. Furthermore, it was

revealeqiyat Paessiahitieind 3p St B GCsfiHlitin d BHQirBbisdetalnto byl &diHglastabilizer such
as an arg no acid aftg Iir,r{;}urlflcatton |ﬁ La(ﬁg_{lt o%%?gg%%%%%rgq%%g?ﬁgg %s@ﬁﬁ Qifﬂga‘gﬂ}gatlon

That is, by corﬁﬂnlng sThuttiple inactivati nventors successfu y

produceB\E@nvP@émtﬁpewegetéﬂtéé%ﬁéﬂﬁéﬁ%éﬁ?é&%@ﬁ@bb@?ﬁ%r tidge stability as
compareg:ta;iRaciiy gﬁ@@m@@g@gﬁg@%@@ﬁa@me&@r@med by the 20convent|onal mouse brain

method, and ereb complet rese More ly, the prese vention
prowdesUIfﬂr’tétl é}%\%&) %if%‘ieﬁﬁ% aé?/ Ci ggﬁcfﬁlgc |\iaM§\?ét¥o(L‘ a%ar?egg@ncgphahtls
vaccine pudiitdd cosoprised thmst@s(s)mto pre(’a)l‘céafp}maaﬁmwhmmmon treatment for a Japanese
encephagt'%; VLSO SHREICH @ﬁ %M@eme@qem?n&mmp@owm ¢aig; and/or

organic and/or. (b) carrylngo |n ctivatjo treatmentf lapanese encephalltls sbhbya
physmo@tﬁ’éﬁ%‘i’éﬁfﬁt@éﬁﬁ?&&%" tZ‘Pt’n ab HonSdph R vRaH" oOf{‘U

wherein ¢kfe agatrineacid i in (a) of [1] is at Ieast an amino a(:ld selected from aspartlc acid,

y-amino C}ﬂ’l% e%mq jj]%%@i me glﬁgiecg%praﬁga(g@ﬁ@geéﬂge leucine, lysine,

serine, threonine, an the me or pfoducing a Japanese encephalitis vaccine of [1] or
12l wheﬂdnnﬁfec@tmmeﬂﬁqay mgeaptéagt%oétﬁ%e@ea@aoﬁeﬁt SIRGRARNEIBIRAElamine, and

propanok%fmgs the amide in (a) of [1] is at Ieast an amide selected from urea, glycineamide, and

P-al 35th I id,
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Japanew@nmghammtvmnedm&mgchyé@mﬂd@p@e vﬂh@ﬁéﬁ&%ﬁ@d&tﬂlyﬁéﬁl%aﬁtﬁ%ﬁﬁ@%) of [1] is
at least %55%%{1}%@%@ chirerrhealineaory irradiation, electron beam irradiation, and

laser irradiation; the me ucing e S fl4], wherein the
mactwat%?:t?@ﬁ?ﬁ Wﬁ@%{ Wég?ﬁgg%ﬁ E’;é?lg%aﬁnr ﬁ%ﬁﬁwfgﬁﬁ %md? ?&troducmg a
JapanesBoemeiihatits splacisebitanlddnaoh] Poroifs] bivipeosthethehtapardees encephalitis virus is any
one of a clinically isolated strain (wild type stain), an artificial mutant strain, a genetic recombinant
strain, and a strain engineered by reverse genetics;  [7] the method for producing a Japanese
encephalitis vaccine of any one of [1] to [6], which uses 10a Japanese encephalitis virus produced by
the cell culture method; [8] the method for producing a Japanese encephalitis vaccine of any one of
[1] to [6], which uses a Japanese encephalitis virus produced by the serum-free culture method; [9]
the method for producing a Japanese encephalitis vaccine of [7] or [8], wherein a master cell bank
produced by the serum-free culture method is used as a seed for cell culture; 15[10] an inactivated
whole Japanese encephalitis vaccine produced by the production method of any one of [1] to [9],
which can retain its titer in long-term storage; [11] the Japanese encephalitis vaccine of [10], which
can retain its titer in long-term storage at a temperature between 15C and 40C;  [12] the Japanese
encephalitis vaccine of [10], which comprises an amino acid, amine, and/or 20amide as a stabilizer;
[13] the Japanese encephalitis vaccine of [10], which is stable during a storage period of one year or
more and less than four years; [14] the Japanese encephalitis vaccine of [10], which further comprises
an adjuvant;  [15] the vaccine of [14], wherein the amount of antigen per dose of the vaccine
comprising the



25adjuvant is less than that of a vaccine without the adjuvant; [16] the vaccine of any one of [10] to
[15], which is in a liquid dosage form; [17] a combination vaccine comprising the Japanese
encephalitis vaccine of any one of [10] to [16], and 3other type of antigen; [18] the combination
vaccine of [17], wherein said another type of antigen is at least an antigen 30selected from diphtheria
toxoid, tetanus toxoid, pertussis vaccine, Haemophilus influenza vaccine, Neisseria meningitidis
vaccine gyahpgliomyelitis vaccine, inactivated poliomyelitis vaccine, and hepatitis vaccine; [19] a
method for preventing a disease caused by a bacterium and/or virus in a subject, which comprises the
step of administérinfititesigeartbses énprpidditic metvhddof projuntigacomplivatirdsladensacse [17] to
the subjegteandiQLibmmertied efkiilsihersigiie gisease is caused by the Japanese encephalitis

virus. 6 Inactivated liquid Japanese encephalijis vaccines proquced by the cell culture method are

describd @RISR AU SRR IHNT SEATREIHIEALBREBEIT 5B B HERE & tion is to
provide methags forlprpdescing effectareianecshfenmactarmidd, ligdidriagameseidnaephalitis vaccines
that can ge foralong Rerad.eyenAtaLRg FoNmLiRTPalaEe ISR o Rse dhe step of

combinin% multipleé inactivation treatments for Japanese encggglalitis viruses oObtaine ’by the cell

culture 8L RA SRS G (R B ey Al i BRS IR Phrovid 8T Ri8A ese encephalitis 7
vaccines producgd, by e, f%%%&@ﬁ&&%g%@;@gg’t@%a%‘?w&lé&f%%%%% H?l%\?eoéﬁt@éﬁﬁﬂim comiining

the stable Japanese encephalitis vaccines wi er types of antigen vaccines. Another objective of
the presErdneasiivhenpdreirrnebebreinidorhoyeHERIaB iFR S SR Rg 1SHRans that

the remaiiagditer of a Japanese encephalitis vaccine is retained during storage around room
temperature. Unless otherwise 15specified, vaccines produced by the production methods of the
present inventiofdrEhii§LAsPSFEIDETS 15 RFoTMEd 6 SHMBHPRPATASCIRfHRDAL FEME s AAB GFRNin the

range ofeladoh40s JRctifcniesefh ddvpiienthasiaiaosperpshisgereferably one year or more, more
preferably two years or more and less than four years. As a matter of course, when produced as

lyophilized products, the vaccines of the present invention can be stably stored in a cold place for a
long 20ps1iegd da-a Gonrentighalaanner. Viral strains used to produce the Japanese encephalitis

vaccines,of the present.invention,may be any of clinically isolated strains, wild type strains, artificial
mutant it?é‘?hiﬁ,rﬁﬁt@n%a%é}iv \%’ Q;z%%ec%xé’%%}lal_ , and genetic recombinant strains, as long as they have
antigenicity. TheThepetieretoremtioanyatashicvad inra iy f Soonte engiseBrEersssreVaRsebifstidtics

techniquesy, 2 Sheapuihile Rt af tieeauseddeinsBethasRat RSl dwemethockmpmede used
for obtaining viruses; however, the ce%glture method. g }eferre . Ar&% ceﬁ (cnaggst‘)egtusgd glmclell
culture f8f% @%Qv%mg}lé%%ﬂa%l& celldRFS R é'gi B8RS TP Sn e SePERcephaltts vitus.

Such ce§tmp}ud'fe1efmedmimﬁiep&tﬁmh@lsﬁ&ﬂtﬁ@lﬁmbﬂ&fmﬂcﬁ&h@@@wkpmﬁhﬁ%ﬁ@b@@éﬂ\ﬂedia
supplemgpiad, ié\:tgﬁéiéﬂ'613éfsra@iﬁéﬁxdﬁgﬁﬂb&%w&yM&J@&Jaﬂaﬁ%ﬁﬁrmmﬁﬂﬂw d%he

produce vaccines. However, from the safety viewpoint of vaccines, it is r%}%re pr.eferabge #& ggsg viruses

obtainecsi5p SERGFRVERTIIHDLE ARRSEY AR AFRIESPIIRE JePRAstE FRFRPRAGHANG vt B 2 as
seed for gelbauureRmedmimoniyqhep abeet thye seithe epaie ineantidris torprohiice dapameses more
preferable to use master and worki 3 - . This.can increase
the safetei}lg?pp r%ﬁc?hsc‘é%?%‘é‘é% rgg\{ﬁ?igogﬂ %%ﬁﬁﬁﬁ%ﬁ%ﬁ?&%d%rﬁ%ﬁ%@ient '
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antigen vaccines. Another objective of the present invention is to provide methods of using the

vaccines.

[Means for Solving the Problems]
To achieve the above objectives, the present inventors investigated methods for

inactivating Japanese encephalitis viruses obtained by the cell culture method. The present

inventors also assessed the storage stability of combination vaccines produced by combining



Vero cells (ATCC CCL-81) purchased from ATCC were conditioned with serum-free medium, and
master and working cell banks were prepared. Viruses of the Beijing-1 strain, which is a mouse
brain-derived strain for use in producing Japanese ehcephalitis vaccine, were 5passaged over several
generations using Vero cells to prepare master and working viral banks. Vero cells were cultured on
microcarriers (Cytodex-1 or -3; GE Healthcare) in serum-free medium for five to seven days. The
Japanese encephalitis virus was inoculated when the cell density reached 1 x 106 cells/ml. After
around tﬁ(ﬁﬁﬁl@%ﬁ’&ﬁé&ure’ the culture supernatant was collected to obtain a viral suspension.
10After formalin inactivation, the viral suspension was purified by sucrose gradient centrifugation to
prepare a vaccine StAMIRERS Y FRO G SHER RS S Mt coid RIS ERA T ARG ABRERE include
amino acifssphialities;ianysies]tand diganvieratitist inactivhediaptidatashiicpe dntephaésevencephalitis

o acid iest | hetaghicuic ;
s i sl el 0 SN R e NN

ods for 1 proved inactivated Japanese encephalitis vaccines
of the préZBRETHYENFThbsr BT ABERLRY AETHE B ABHBRTIORAI SALREVERIRREEFRES CfRE ARPRBvement
in the presehédinelition idvelvesndsi)theifheraneremeeofohinbdiani oidiaiypEg ol thedrestments
described helow for inactivation. .I-he first modification. | i jvati - nt
inventioneflsc?g%évlalrtrl)s/ %ﬁc%t%se%ﬁ%béﬁ\?gltﬂig ﬁ\oflrg%%&;?r&e%%r%g] B%f&grr? ?aé%ﬁf%é g%%%%)tﬂgoﬁ%})?rﬁ%%rese nt
inventiorthechuliag destrcehtrniagrusaddnessl atyaie ehpume! ssatmpmyianBifHEUR, amine,
amide, op@reanie agithdprgeiien fapaiactivator (for i mhplecfosmalin)infhiatdberyslproduction of
inactivated Japapese encephalitis vaccines that substantially retain their, titers. even during longsterm
ol e 30 TS (e ook Fod et e AR USRS PRI R SR i

. having afaboescigscenhatiopisacainheshompioTikd SwesHobHdy prapakeskiytbaekors mmbdsirus, or
-protein teWiksotaeeNQInPatant Losiisient 6dsangxempieatibhaadies: cameniy aserpiadthat lysine
reacts With f?&ém lin and traps e%(%ess form%lin on o‘%%rc?”%%ftsfg?“?é‘ﬁ angr i@&svlé/s'ﬁrﬁec has the effect of
controlliné% ?%r%aélr%séesﬁfgneglfl & INACEVATSR OF\S/lrtualﬁ/atel)?nlnaating’%I”Pe'lnac?iva{]tion. OFurthermore,

it has beeenprovganhacShiff bhsglicrormet bt esiside beaivide strbwtial if denneaecterpsplaldinino
gropp of {ysing-LSeeNON:F BiedRRCH IaNtS & @) as an DFeYioUSlYafldhasRenisaNsidameshbings

thorough progression, of inactivation,.i.e., complete.viral inactivation, is preferable for production of
inactivaté!ge ﬁﬂélgédéjﬂé]étb%ﬁi %&&?n%%slp &Vﬁﬁg?‘eason, amino acids, which have been
considered to haVkattie, bffectdfigBighibitmgtintalinacidivatiotreaimand stepd e wisseniraseviating
Japanesg encepigliipuitbsen,with {ermalinsJor aipaant inveniarsxaneththeoipalaegnagrntration:
and duration of treaiar_nent in the production of gjctlvated vac%}es, and .assessgd t egﬁ%%relatlon with
the degrélBeMIRRVENGS. SR S0y AR A P SR PR P B S Y A HTS controlling
theZibactivatientidins rshoweddan magxdestddtanchbpoest gffed: b ipngraning thestorage stability. Thus,
the present inveRigrs esafiivdeyeloned InAGHN R JRPRIERS BNOSAGR!LS vaccines Sthat are

stable even after long-term storage around ropm temperature. It jis.a novel and useful finding by
the preséht VERteASthAItAECHIR 4BHRESEH Y S A e WS%%M%J& iGN

inactivatitie skgapafiese encephalitis vaccines has the effect of improving storage stability. Any type of
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in-con d

them, prot ituting amino acids are preferred. Furthermore, basic aming acids are more

preférredehpiiedBI MBS AR R BREH SR SWRAKP! RIS RSB Sino acids such
as valingmayrbefleatieimctragooasesnitis foo asibberiese sadepialiid wiak{ bitypd)yanddenatural
(D-type) %@Hgﬁ&cid& More preferred amino acids include, but are not limited to, aspartic acid,
y-aminobutyric’acid, alanine, -alanine, arginine, 15glycine, glutamic acid, isoleucine, leucine, lysine,
serine, tr{Pééhwa?xmﬁ#@raﬁ%ﬁﬁ%ﬁoﬁe&p&ﬁ%ﬁ@ﬁﬂﬁ@%@ﬂw@%@rg%ﬂrta\fhﬁﬁmﬁb?@wno apddfbrred
amines auylAITas-inehiten butinsefidtsimiied formlkyarnasGuchndsiinylamior), ethsnelamine, and
propanolamine; amides such as ur lycineamide, and -alanylamide; ammonja; and ingrganic salts
o1 L b A Ao e B e B e e o
of salt. Fu#th@imore, simple amino acid esters such as methyl esters and ethyl esters can be used.
Preferrednranitaeid Sonsiudes Bpap Aaklimiegiali sy ceninacid 1lestdot, adiekegiutoniaiasith oleic
acid, Iactg?ioﬁﬁ aciq[,ianqbinor anic igltt% (ﬁt}ereogtgt#rth?r@%{g it0 '15 1qﬁs&sibl tgouseo(?thelr o the
pharmac Uit )]/}‘glé‘lce% Ate 4TS FneSais thefeor SUch acids and sals mclfalae, Ut &re hot limited
to, for exammipteinrfralefd Ais ahedis aciimiteasicdeddtimoiess.adickintatoiepohic deny eatBoxgiiny|
polymershaRebinrgRMGSalioe1a9kht least an organic acid selected from succinic acid, tartaric acid,

gluconic acid, oleic acid, and lactobionic acid;



In the present invention, amino acids, amines, amides, or organic acids can be used practically at a
concentration in the range of 0.005 to 0.5 M, preferably 0.02 to 0.2 M. However, the optimal
concentration varies depending on the concentratiord of Japanese encephalitis virus, 30buffer IA I,
temperature of reaction solution for inactivation, etc. Methods for determining the optimal
concentration are known to those skilled in the field of vaccines. In the treatment, amino acids,
amines, amides, or organic acids may be added at a time in the beginning, or added separately once

or twice @wg&%%ethod fol PSR RapiGHiardmitatianonthe suitableclrRaE S G .qnpaRRGULS Virus

strains for 35producing Japanese encglEhalitis vaccines of the present invention. Specifically, it is
M &-ﬁ"é

possible e 1ReFHMIHARMIESIRS6 IR E) &t AlAdS e et typrnsntimsthanifriest 18, Bffenuated
9 strainsjgstietieneternbinbeirstiabuatiooadic dpstraimsietigpmeered by reverse genetics), as long as

they Cal‘l?i% ﬁ&%@f&%&%ﬁ%ﬁ&&r&g& ga%‘aﬂé?é’b’x%@ﬁh\éﬁﬁ VeXine oﬁhﬁ VLRSS slability ofihe

¢l
Japanese encephalitis virus_ vaccine products produced by the present invention can be assessed by

detetmintFgIREN M AFIHBE AL FATIRA O S8t aget SMBENSHs for determining the titer of Japanese
encephaliistheasidesiifal paeliving ndasaapeatiots sischasthe feytaizofd HrithicHyiereimethod, HI
method. audintet MRt ERsJRnas e ASUIRERaRAthaty (AnRBaLS RiFferred,

since it hag_ Eg?éiﬁas gpte or the Minimum Requirements for Biological Products in Japan due to its
simplicity BHEFIHgRHERABHRE. PHSPRIRISRMETBRITHH A SN S HRIS RIS S8V 5 L0886
plaque-rgdjgiionctRomeshpebditithia fapshes: sermiektnf diluied ifununeaofipgrunitrevhismbiaed with
2 kngwn amount.of Japanese snsepnallisyiys oo @R amount of remaining viruses is
determined based on the number of plaques formed after contact with Vero cells; and the neutralizing
~ antibody fthrsraetind doitrdugitéd BrantrishreRar iivansuos plaieorsdididio THishisthBits

- known tothgsge sidbadshingifieleotvasise $yibd kenmeahanismungetying the stabilizing effect

produced hy,the presence of amino acids, amines,.amides, or qr acigs a ime of | ivation
i the resth Eh DU BT PrEAda oo Racs oS el gety b aer Shiad T gliredt
explainedanimgoduced by ahasrrem-Sied sy aerimeiedia weefis al ssedder gL lsuen as glycine or
lysipg. Brigflyaitiisasheauipias bakihe.coaionmatinn oinalysaednasitles arthaihesruatmes on the
viral surface is cogg rggeiﬁOi to a more tstabtle cton}‘orlr@atj%rllrgu%i)rrl ienactivation in the presence of an
amino act WHi& 8 ‘ NAC ﬁ/a‘f%nnr%r%réées $5hore ﬂ%orougﬁ y. Specifically, together with-envelope
proteins, [Brhtpdipsaceherigeistitistures zmeal diltdrabicliccardctaim dietitie i1dpagdaglesianghel surface

of Japangsgepgerhalitizvrus-dhareiore;; it is thought that some of the sites capable of reacting with
formalin C%/f red on the viral surface, Thist, hcl;mc?liqlmolecules hardly reach some of 25the free
i Pl

amino gr ?ﬁpﬁfé‘?ﬁe%‘i HEHTRRTEGP COMRTGiFeTWOrds, fit i Convéhtional method
in ilich imaickvastiostabibiaeried out in the absence of amino acids, formalin inactivates portions of

proteins exnased vialsHafieeSabibhlt 6apNAt inaetiveigathe wﬁgeﬁsa%%@rbw@@w@e%m

Therefore, some of the viral proteins are thought to remain covered and thereby retain their activity.
Such virSdLArSPAISI SR IOHENGARRd products.  According to the present invention, in the
co-preseficy ﬁfea]a;mm@mm@hﬂiﬁrsgatéammﬁil&M@rﬁq&@u@n@ﬁ@ym@QNWn_e, the amino acid
can bind gf)s?%@%&%m%% AR YRl B URTHISS fiesaias fhasdbemirpeityint frpRe R 9aY with an

acidic substance. When an aming acid newly, glnds to some portions, polysaccharide molecules
[

tandfed gHlimenissileisdiaa det AR rgsEsn tohaPERARESs, and previously covered amino groups
are expofkt] 3&amsiu&to}'heppﬁeqﬂmﬂjaﬁrﬁlﬁr]eséﬂgmeamby Ihguéts dostiee &mimo groups. It is speculated
hat. 10 Ty PInEinm RLIRIAAR R, YU st P RIGINR PLACERIS MVER IR die e RRqye

process, the conformation of proteins on the surface of inactivated viral particles becomes more
stable. AltEthatdeothei b BoR{FBtE$8rmalin inactivation may result in enhanced resistance to the
attack by] agtydeecambinatioh peeidases doiamiateskid yashineyrodiiatsigbhésatdamtiarnabfipasible
explanation for fact: a itis; Vi ' t ng period
cartBe pra e o T R e Al
modificatiéacingn graetio meHnBEHE FeSTIROFbRRMT B HIORIS A S dBaFH Yipd NALREVALSH treatment
using physieashemicatiechnigieme] he second inactivation may be performed in the presence or

absence ot SRemeR P asivAlon DRNG SRRl DREaHONIBRUMEDLOL Uigle g pr proteins
includes both“chemical & 5pﬁy5| chemical reatments, owever, the inactivation has been

performeebusirieo iy siae of adminickring dik daranere sneame N Fennanh BP§Ritdarmeriaatehd

inagvatiog-tigatprens wsingsabysiceeaemical techniques such as y-ray or ultraviolet irradiation, and

no combination of multjple.inactivation methods has been cartied out. It is understood that the
Q[?’élr?% %grﬂ'ﬁl% e?gé'{@ W\i‘lﬁ;‘gg{ me 1%68.36 15 ause?t g};vtélgleaganese %HCE}Z\)”&%IE}S VIIUS

15inactiv the ment Torinactivating Irus when'viral inactivation is



confirmed, or when the loss of functional activity is confirmed in the treatment for inactivating free
proteins. Accordingly, combination of multiple inactivation treatments has been thought to be
unnecessary, and thus there was no such attempt. Fhe present inventors speculated that incomplete
inactivation is a cause for the quality loss during storage of Japanese encephalitis 20virus vaccines
produced by inactivation using chemical techniques. Thus, the present inventors investigated methods
for inactivating Japanese encephalitis viruses. As a result, the present inventors discovered that
performing a secpReiRACHRION Ry LRYsieeshamicaldacbrisidauin @RdiREAN authemitahbsactivation
treatment, is effective for increasing the storage stability of vaccines. 25The second inactivation can be
achieveoaﬁy@g?fghesd%’ﬁ?%%ochemical treatment methods. Such physicochemical methods include, but
are not limited to the examples described below. Examples of possible conditions are also shown

below; heyenvettherpanditiRpsm.amhekiipited thereto. 30<Physicochemical treatments and
conditions> hermal treatment (temperature, 15 to 40C; duration of heating, 10 ta 120 minutes);
Jra imaciation (NB QEE DD TSR QR R VAL AT B R U BT lsor
iradiatorsifovaractomntit 500! th oG semnesnbalitisofdigine0tdat ol 1 (oute) fome Joetastrod beem

irr_adiati%émi&rfe_,walv@h%a@m@éi%ﬁﬁ FURDEND e sQAiYIRTHAAR DEIBHRY SUEH Ron treatments
microencapsulation of w olﬁ yirus. Itis %ossnb to.use one or more of the above n?)ethods [

combinatiin SPHE SPRES vinaseh abined Py fsrcsl ke ha e (RBGRRER é%%ﬁﬁ&ﬁglsre not
necessagityseanstaatfiandsap propidatéapanciitionscohal e dateinsnedduyarbbyitiey thredurdamt of
susended vigys, &&@g%%@iﬁggome&ﬁs& Shsationof SeaimepuRic hherahoyeahysigeghgmical

treatments are carried out under sterile conditions.51In the first and second inactivations, the
treatmentaSHasSREOHEKRES i BRBSRIARIAFST anfigEIF R BIEHY Sl IS R S AN B ERIR i fier
certain tre@imenieonditiensactings, from a comprehensive standpoint, optimal methods and treatment

conditions shouI%Q&ﬁg]ﬁg&gdﬁ&g@gg@é@&ﬂ th&éwpg&@%g%%gﬁg%pg%%ﬂg%aﬂer treatment.
d

In the second inactivation of the présent invention, at least a chemical 10inactivation treatment
is carried AP NHENVASS RIS 1o RBF0I S EHOHIRESR USIAG MRTRpRPEEAt e ntS HF EOISRENEN, a
chemicakjratfivdtiendieatpredtdady bthéqlodediby agphysicetie picalnnagtviabanutseaisient, or a
physicochemical inagtivation treat he foll 9193 ﬁ% 'HQ W ipﬁq ypept. The
mechani ﬁ’%lﬁgérlyi%&[%ge%%%%ﬁéﬁl ?Pn%gsﬂeﬂcxon‘ﬁi%sg%\%% %/ro thzggrese{nt ?r{ivﬁt?on 1§s di?c‘ussed
below udigepierrTtiFEHaio l1aSTa BX BRI I PTREEHIMNISHT SRATIQF BORSHRNIR RSN M the
presenceg@frabramincagitaanderhypaihesized. Brigfy 4 toercasetehiprdatisdaactivsiitinedsing a
mild physicachemical treatment I@rr%’é%ﬁ?%'l%eﬁ%'{% %%f%rﬁ%as'éﬁgg%%‘& i E'c%‘?go%&’iaé 403k
polysaccharides’and other struc LT85 0n the viral surface un rgo conformational changes,’and the
binéfing dfetbpehilif CBNFREHRAISUAEEE. proceeds more 20completely, thus enhancing the stability. The
combination of agharaicahdnactvatesdieatmenihibe IRHALEOf RO AN IPDRE I B :Sesnsal
inactivation treatment ysing @ physicachemical technigye inclu for example,.formalin inactivation in
tho presEe TN Oh A s W e A A s el A MR
treatmeniyawetGonfirniod. 28é#entie nexsnBinehiatr thssmalargaanibay, Ievayitiaeniaion, aie

. so?icati @g@r@éb@@ﬁsﬁ Qﬂfté%ﬁqgawd@qmém@&k%@@hghfwﬁsgr #Q%%&%Hﬁ%gw.a; '

[0]0) acC riaes.and con ale roteins unager mi ondijgons. e oyem 0as jar proaucing
Stabre %ﬁﬁ%@%&%@ﬁﬁ? A e e e B R SR RS B veceimes
derived febminithervirssebdyalvenithg colBoEwviriibed Sushiritedviridae viruses include dengue virus,

yellow fever Virumglsem&ﬁ%wqﬂt&mmﬂ&@ Y eRlNULfRY L VIHS 2k BAIRTAOUIS
encephalitis virys. Th thods are also used to pr?ﬁdlgzﬁe onleén%ue{ua%gﬁgv cmenghe stable
Tapane RN S ARRRISSe P BRI Ny erit SAHSBS % 10F RIS ISEAbtion vaccines
in which bthéiypds ofcartilienivacelinsaarePeaf®ined. For 35example. a Japanese encephalitis
vaggjne of the present inysiion,may.he samhinedwithin DIR Hrearvayyassingsuhich is a mixture of

tetanus toxoid, dig)htheria oxoid, and pertussis vaccine, ﬁlrz and thigﬁr%?mbinat_lon vaccine can be used

as a fourtEY A RS TEveshE BRRRSRAIAFSE e AMIBBVSHOBdEHA R oHR RO IRt YRS RSe RS
Neisserianorenirditialde &aknmriakl'aimm,ixmdtélsoniwdgeﬁﬁe Estrbexick_ﬁmm_sﬁ,dﬁibmmemﬁied,
Staphylogaceys apens: and SRERIOGOCEYS RIGYR IR MEAIWRIG, ¥BAHANIgERS Klude, but are

not limited to, oral poliomyelitis o .
serum-supplemented culture. However, it is more preferable to use master and working cell

35  banks prepared by serum-free culture. This can increase the safety of produced vaccines.

The cell culture method that was used herein by the present inventors to produce



5vaccines, inactivated poliomyelitis vaccines, hepatitis vaccines, and influenza vaccines. Addition
of effective adjuvants to vaccines is known to enhance the vaccination effect. Accordingly, appropriate
adjuvants can also be added to the vaccines of the present invention, including combination vaccines.
Adjuvants applicable to the vaccines of the present invention include, but are not limited to aluminium
hydroxide and inorganic salts thereof, hydrocarbons 10such as squalene and oils, bacterial toxins
such as cholera toxin, and polysaccharides such as inulin, and combinations thereof. In general, there

s no estalshas i 0ENRE G1BHNE AUIUHBIB@ABANEIRG the mmunological action o a

certain vaccine antigen. The type of effective adjuvant alsg varies depending on the adminjstration

method. HowevefStREEESIGN k&0 earrBrted iR ey pretmePagHiativd Rioh SrERdiiRe
adjuvanpﬁd@mmﬁhm@sﬁ&r&m&mﬁﬁﬁi@@bbemmmmmed. Aéstﬂs ofh_he B@ijiag*ﬂi_@malmaccines,
the vaccipg; CIS'H%5%é?éet%&Mﬁ%ﬁ@%ﬂ‘é&?ﬂﬁ%@ﬁﬂ@iﬁ%&ﬁ%iﬂg’ﬂ‘% Henderuigenss sippiligersAfor

example, gelatin), preservatives (for example, thimerosal an enoxy ethanol), and coloring agents

(for SxarRBRASIEINSI AL HHEe priations iRVBRNGHosel S Matep e mamRM b MRFEIRS YRy BedlSease
caused by 20b_adfefi?candmémimem @suhmarmmmmslem stalp B aldranitiering a vaccine
of the presept Invention.ia e ubiscl.HeEID: (e isease cludesiingne faSe nlananese
encephalitis viruses. Herein, "administration” includes both oral and parenteral administration.
Oral adritist i iherneiy mashmrstratdOn i sl agAite ammenddissedein® b daTadin e EHE be
25selecteghiremdnbiels coHpauies) sphitensrsusppasitns, etc. Transnasal and transdermal
administration are alsQ possible if ropriate dosage forms are selected. Parenteral administration
e hos admime o T e R B B R AL g on

~ the bodyosriigingaiige, arieypsprolireing: subfkilizsrdresin tseadied ob it selettad B PHE&EERTIed in
- the art. 3fidergimheteovinthedprasant HRuRNtoHs dasdikethyibhoreirrednas. to the Examples; however, it

should not be co%slggjea% as g%iﬂgélggﬁtaed ar’ghseg%to. "aﬁ igr-grg doc%rfr% gts csitGen(f i?l%(g%'?oarﬁ Lr%corporated
into this specification by re]aerepg: . x:fmpﬁes %‘Eﬁ xample T Eect orPtfies orage St ﬁlty of
vaccinestiiriadindnivieied gthbdliay e longetomngemasisaung room ppperasardaphhesecbade ferlitis

virug vagsings e e ohtained Piiractitingdhesyishsepithifarmalimin bTeRrerense Sfan Ao acid.
The vaccine re s%)or d c}?nd assessed. for the'r stora;[%e tability..The metho .em}PIo ed |§ described
pelow, THE BT R B SRS RAIRS TR R LK IPRECCGRT MOPRA58hd swas A
serum-frewesflooutirdvereding eiRSERIOI AVicogEr)i@all tullipewad turtieatmanissingrrnbed0-1
fermentes QRtainAg SQkigh medium. Vero cells (ATCC CCL-81) purchased from ATCC were

conditioned in serum-free medium to,prepare master and working cell banks. Viruses of the Beijing-1
i, which s alToUES BRI B Rr GG T 5 HOC P e AU AR GHCE ks
wepd pasbagedtlGtier isahenzicgenerafiomsiusingoidro delliko pregheepnssteimandtivorkiag viral

banks. Ve, cellswersnautivrad,on micpcariersd Guirdexrlalind) 40 AdsrundresmediHadosdive to
seven days. The Japanese,.encephalitis virus was mocu}at dwl‘[?r? the_cell density reached %x 106
cellsim. AREFEAGR ASEH8) B PLUIESTE AR W SRR Col SR rom S LMt SSBEHRR R, and

. purified us#eg theddethocstormpeptakisgydepacetrcndsphibliy vetam 1heiaccmesvey Kitasato Institute.
~ Then, th%g’gg{gﬁzﬁas%o?yg@%ql%g '}Boqg@égparﬁgg_ffered saline (PBS) to prepare a viral suspension.

Then, the vitus was inactivated by 4C incubation for three months in the presence of 0.05 % (v/v)

forfalin. In this teRFHRA LDRRPBEHRFeLFA e ASHE SO bIBaGYRH Hhe FEdr g AsiEmeeidivere added to
the viral snsperiaiamitedler e 2(kApesstine winetirationatiegthaertiampbsitesriaroafimtaind@adatives
were remoy. | radi ifugafi [ rati justed
ith B e T e e

&0
vaccineswéaéwﬁlwm%&m%wmé%%@ﬂ%%a%%%%%éa%%mééﬁﬁmlﬁs

controlling over progression of the inactivation or virtually terminating the inactivation.
30  Furthermore, it has been proven that Shiff base is formed by reaction between formalin and the
terminal amino group of lysine (see Non-Patent Documents 7 to 9).

Previously, it has been considered that thorough progression of inactivation, i.e.,
complete viral inactivation, is preferable for production of inactivated Japanese encephalitis
vaccines.  For this reason, amino acids, which have been considered to have the effect of

35  inhibiting viral inactivation, are not added when inactivating Japanese encephalitis viruses with

formalin. The present inventors varied the formalin concentration and duration of treatment in



from the start of storage up to nine months. Five vials of samples prepared under the same
25conditions were combined into a single sample. Five samples were used to assay the remaining titer
after each storage period by the titer assay method &ccording to the Minimum Requirements for
Biological Products in Japan. The remaining titer after each storage period is presented as the
neutralizing antibody titer in Table I. 14 [Table 1] Assay No. Amino acid and sugar alcohol added at
the time of inactivation Storage temzeera- Neutralizing antibody titer of stored vaccine 10E(n) CI

month 3 {H@Biﬂé&%ﬂ@f‘ﬁﬁcﬂﬁ%ﬁ%ﬁéé’ Sl GRE G hetBfranlot with 5 AL 2d gBo Glycine
1.8% Sorbitol 4C 2.661 2.536 2.469 2
inactivation. In this study, ammo acld addition was performed as a method for controlling the

inactivation. This showed an unexpected and novel effect of improving the storage stability.
Thus, the present inventors successfully developed inactivated Japanese encephalitis vaccines
5 that are stable even after long-term storage around room temperature.

It is a novel and useful finding by the present inventors that the presence of amino acids,
amines, amides, or organic acids during inactivation of Japanese encephalitis vaccines has the
effect of improving storage stability.

Any type of available amino acids can be used in the inactivation treatment of the

10 present invention. Among them, protein-constituting amino acids are preferred. Furthermore,
basic amino acids are more preferred.  Water-soluble amino acids are often preferred; however,
water-insoluble amino acids such as valine may be effective in some cases. It is possible to use
both natural (L-type) and non-natural (D-type) amino acids. More preferred amino acids
include, but are not limited to, aspartic acid, y-aminobutyric acid, alanine, B-alanine, arginine,

15 glycine, glutamic acid, isoleucine, leucine, lysine, serine, threonine, valine, and peptides, and
amino acid oligomers containing thereof.

Preferred amines and amides include, but are not limited to, alkylamines such as
ethylamine, ethanolamine, and propanolamine; amides such as urea, glycineamide, and
B-alanylamide; ammonia; and inorganic salts of the above substances.

20 Acidic and basic amino acids, as well as amines can be used in the form of salt.
Furthermore, simple amino acid esters such as methyl esters and ethyl esters can be used.

Preferred organic acids include, but are not limited to, succinic acid, tartaric acid,
gluconic acid, oleic acid, lactobionic acid, and inorganic salts thereof. Furthermore, it is
possible to use other pharmaceutically acceptable acids and salts thereof.  Such acids and salts

25  include, but are not limited to, for example, maleic acid, malic acid, stearic acid, linoleic acid,
glucoheptonic acid, carboxyvinyl polymers, and inorganic salts thereof.

In the present invention, amino acids, amines, amides, or organic acids can be used
practically at a concentration in the range of 0.005 to 0.5 M, preferably 0.02 to 0.2 M. However,
the optimal concentration varies depending on the concentration of Japanese encephalitis virus,

30 buffer pH, temperature of reaction solution for inactivation, etc. Methods for determining the
optimal concentration are known to those skilled in the field of vaccines.

In the treatment, amino acids, amines, amides, or organic acids may be added at a time
in the beginning, or added separately once or twice a week.

There is no particular limitation on the suitable Japanese encephalitis virus strains for

35  producing Japanese encephalitis vaccines of the present invention.  Specifically, it is possible to

use any clinically isolated strains (i.e., wild type stains), artificial mutant strains, attenuated



0.4% L-Glutamine 1.8% Sorbitol +5% Lactose 4C 2.653 2.401 2.116 1.563 4 0.5% Glycine + 0.4%
L-Glutamine 1.8% Sorbitol +5% Lactose 4C 1.890 2.506 2.227 1.476 5 No additive (control) 4C 2.639
1.759 0.907 0.299 As shown in Table 1, the results®f 6- and 9-month storage demonstrate that the
5remaining titer of the Japanese encephalitis vaccine products to which amino acids such as glycine
and glutamine (Assay Nos. 1 to 4), or amino acids and sugar alcohols (Assay Nos. 2 to 4) were added
at the time of formalin inactivation treatment of the Japanese encephalitis virus, was higher than the

remaining et abndcta nacilieled by i GenysatisnaLmeibadin heabseacr taddiiues pssay

No. 5). That Is, (ﬁfwas revealed that the long-term storage stability was 10enhanced when thé

mactwatfé‘ﬁytﬁ?é‘tﬁli‘@m A TEFHEF BN LB RISAHER B BTE ATove additives as compared to in the
absence of the aﬁ@btme&gﬁheﬂﬂimywﬁ&drmmﬂymmamﬂ nirtser prade giridactivptedubydtbe

CO”"e”t'%’%%r%&g%?%%ﬂ@&%&dﬁ'éth%e% m}] d?%xjﬁlﬂf réﬁ?&i@ﬂ%@ﬁ&lmmﬂé p'e 2] Effect of

added a -term storage a an se encephalltis vaccine prod Viral

suséensmﬁ@%r@bé@w@g the &antd ﬁ%@ﬁswagevi%mﬁqu%?ﬁﬁré\q %§|ﬁa%égés§%&pen5|ons
the Japanegeénsephalitie vicugwaminaaiivate diwith ol indhedraseRTESX aksbade @§0.5%
glycine. fo remoy Am%‘%”}{e the. virus was then purified, %r%‘f%%ﬁe 20‘%%3”%%&95%“%&%% fugation.
The virus was resus ende ]éggél avira proteln concentration (5 Ji /m € suspensions were

allquotedwwwmﬂ&@%éflﬁ%@ﬂ BiolericH g odugsidnitrranadig feiHs %Eé?ﬁlﬁ-ﬁﬁ’ and gahalconhol
were addgehpBisfabilizerstoriienMaceaifiasdinthe valsod heWalefvesd siorethavAplou2d6itetassess the

Sto{ﬁge stahilt Sheglicalv e (EMAN B8 HIGL SA5 I 3L NS A SAY EShavaty RS MoRNS by the
amount of Japanese encephalitis virus solution; and the amount of remaining viruses is
determined based on the number of plaques formed after contact with Vero cells; and the
neutralizing antibody titer is defined as the degree of dilution that gives 50% plaque reduction.
This method is known to those skilled in the field of vaccines.

15 The mechanism underlying the stabilizing effect produced by the presence of amino
acids, amines, amides, or organic acids at the time of inactivation in the treatment methods of the
present invention will be discussed below. The mechanism is explained using as an example an
amino acid having a terminal amino group, such as glycine or lysine. Briefly, it is speculated
that the conformation of polysaccharides and other structures on the viral surface is converted

20  into a more stable conformation during inactivation in the presence of an amino acid, while
formalin inactivation proceeds more thoroughly.  Specifically, together with envelope proteins,
large polysaccharide structures and other acidic macromolecules are tangled on the surface of
Japanese encephalitis virus. Therefore, it is thought that some of the sites capable of reacting
with formalin are covered on the viral surface. Thus, formalin molecules hardly reach some of

25  the free amino groups of protein molecules on the viral surface.

In other words, in the conventional method in which inactivation is carried out in the
absence of amino acids, formalin inactivates portions of proteins exposed on the viral surface,
but it cannot inactivate the covered portions of proteins. Therefore, some of the viral proteins
are thought to remain covered and thereby retain their activity. Such viruses are partially

30 inactivated products.

According to the present invention, in the co-presence of an amino acid having a
terminal amino group, such as glycine or lysine, the amino acid can bind to some portions of
targe viral structures because it has the property of forming a salt with an acidic substance.
When an amino acid newly binds to some portions, polysaccharide molecules tangled on the

35 viral surface undergo conformational changes, and previously covered amino groups are exposed

as a result. Then, free formalin present nearby binds to the amino groups. It is speculated that



25indicated in the Minimum Requirements for Biological Products. The result is shown in Table 2. The
titer is presented as the neutralizing antibody titer. The result shown in Table 2 demonstrates the
following: 1. Comparisons between Assay Nos. 1 ari® 3 and between Assay Nos. 2 and 4 show that
after 15 15 months of storage, the liquid Japanese encephalitis vaccine products produced by viral
inactivation in the presence of an amino acid exhibited a higher titer, as compared to the products
inactivated without amino acid addition. That is, amino acid addition in the inactivation treatment is an
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only one of chemical inactivation treatments with formalin or glutaraldehyde, and inactivation
treatments using physicochemical techniques such as y-ray or ultraviolet irradiation, and no
combination of multiple inactivation methods has been carried out. It is understood that the

15 inactivation is completed in the treatment for inactivating whole virus when viral inactivation is
confirmed, or when the loss of functional activity is confirmed in the treatment for inactivating
free proteins. Accordingly, combination of multiple inactivation treatments has been thought to
be unnecessary, and thus there was no such attempt. The present inventors speculated that
incomplete inactivation is a cause for the quality loss during storage of Japanese encephalitis

20 virus vaccines produced by inactivation using chemical techniques. Thus, the present inventors
investigated methods for inactivating Japanese encephalitis viruses, As a result, the present
inventors discovered that performing a second inactivation by a physicochemical technique, in
addition to a chemical inactivation treatment, is effective for increasing the storage stability of
vaccines.

25 The second inactivation can be achieved by various physicochemical treatment methods.
Such physicochemical methods include, but are not limited to the examples described below.
Examples of possible conditions are also shown below; however, the conditions are not limited

thereto.

30  <Physicochemical treatments and conditions>
Thermal treatment (temperature, 15 to 40 °C; duration of heating, 10 to 120 minutes);
y-ray irradiation (source, cobalt 60; 5 to 50 kGy (kilogray); laser irradiation (light source, various
laser irradiators; wavelength, 500 to 700 nm; amount of light, 0.01to 1 J (jouie)/cmz); electron
beam irradiation (microwave); sonication.
35 Furthermore, quality loss can be prevented by microencapsulation of whole virus. Itis

possible to use one or more of the above methods in combination. The same method may be
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5% Glycine . 1% Sorbitol 4C 2.373 2.132 2.186 2.874 2.042 2.630 28C 2.373 2.579 2.616 2.695
i1

repeated several times.  The treatment conditions are not necessarily constant, and appropriate
conditions can be determined by varying the amount of suspended virus, temperature, buffer pH,
duration of treatment, etc. The above physicochemical treatments are carried out under sterile
conditions.

5 In the first and second inactivations, the treatments may result in excessive denaturation
of antigen proteins and loss of antigenicity under certain treatment conditions. Thus, from a
comprehensive standpoint, optimal methods and treatment conditions should be selected by
examining the immunogenicity and other properties after treatment.

In the second inactivation of the present invention, at least a physicochemical
10 inactivation treatment is carried out. 'When the inactivation is performed by using multiple
treatments in combination, a chemical inactivation treatment may be followed by a
physicochemical inactivation treatment, or a physicochemical inactivation treatment may be
followed by a chemical inactivation treatment.
The mechanism underlying the effect of the second inactivation of the present invention
15 isdiscussed below using thermal inactivation as an example. A mechanism similar to formalin
inactivation in the presence of an amino acid can be hypothesized. Briefly, in the case of
formalin inactivation using a mild physicochemical treatment, for example, mild thermal
treatment, it is speculated that polysaccharides and other structures on the viral surface undergo
conformational changes, and the binding of formalin to the viral surface proceeds more
20 completely, thus enhancing the stability. The combination of a chemical inactivation treatment
in the presence of an amino acid and a second inactivation treatment using a physicochemical
technique includes, for example, formalin inactivation in the presence of an amino acid with
mild heating.
As a supporting fact for the above mechanism, all treatments with confirmed
25  effectiveness, such as thermal treatment, y-ray irradiation, and sonication, share the effect of
inducing conformational changes in polymer structures such as polysaccharides and conjugated
proteins under mild conditions.
The above methods for producing stable Japanese encephalitis vaccines can be also
applied to the production of whole-virus vaccines derived from other viruses belonging to
30 Flaviviridae. Such Flaviviridae viruses include dengue virus, yellow fever virus, tick-borne
encephalitis virus (TBE), West Nile fever virus, and Saint Louis encephalitis virus. The
methods are also used to produce whole influenza virus vaccines.
The stable Japanese encephalitis vaccines of the present invention can be used to
produce combination vaccines in which other types of antigen vaccines are combined. For
35  example, a Japanese encephalitis vaccine of the present invention may be combined with a DTP

three-way vaccine which is a mixture of tetanus toxoid, diphtheria toxoid, and pertussis vaccine,
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and this combination vaccine can be used as a four-way vaceine.  Other bacterial vaccine
antigens include Haemophilus influenza type B, Neisseria meningitidis, Salmonella typhi,
enterotoxigenic Escherichia coli, Vibrio cholera, Staphylococcus aureus, and Streptococcus
preumonige. Meanwhile, viral antigens include, but are not limited to, oral poliomyelitis
vaccines, inactivated poliomyelitis vaccines, hepatitis vaccines, and influenza vaccines.

Addition of effective adjuvants to vaccines is known to enhance the vaccination effect.
Accordingly, appropriate adjuvants can also be added to the vaccines of the present invention,
including combination vaccines., Adjuvants applicable to the vaccines of the present invention
include, but are not limited to aluminium hydroxide and inorganic salts thereof, hydrocarbons
such as squalene and oils, bacterial toxins such as cholera toxin, and polysaccharides such as
inulin, and combinations thereof. In general, there is no established rule on the type of effective
adjuvant for enhancing the immunological action of a certain vaccine antigen. The type of
effective adjuvant also varies depending on the administration method. However, those skilled
in the art can determine the type and concentration of effective adju\fant for a vaccine by known
trial-and-error methods.

As with other conventional vaccines, the vaccine products of the present invention may
contain in addition to antigens, stabilizers (for example, gelatin), preservatives (for example,
thimerosal and phenoxy ethanol), and coloring agents (for example, phenol red).

The present invention also relates to methods for preventing a disease caused by
bacteria and/or viruses in a subject, which comprise the step of administering a vaccine of the
present invention to the subject. Herein, the disease includes those caused by Japanese
encephalitis viruses,

Herein, “administration” inciudes both oral and parenteral administration. Oral
administration includes administration of oral agents. The dosage form of oral agents can be
selected from tablets, capsules, solutions, suspensions, etc. Transnasal and transdermal
administration are also possible if appropriate dosage forms are selected.

Parenteral administration includes administration by injection.

The dosage and administration method vary depending on the body weight, age, and
symptom of a subject, and can be appropriately selected by those skilled in the art.

Hereinbelow, the present invention is described with reference to the Examples;
however, it should not be construed as being limited thereto.

All prior-art documents cited herein are incorporated into this specification by reference.

Examples
[Example 1] Effect on the storage stability of vaccines by amino acids added at the time of

inactivation



1.942 1.530 2.274 2.580 1.659 [Example 3] Protective effect of the vaccines against infection after
two years of storage As described in Example |, viral suspensions were prepared by culturing cells in
25serum-free medium. As described in Example 2, the viral suspensions were treated with formalin for
inactivation at 4C for three months in the presence of 0.5% glycine, and purified by sucrose density
gradient centrifugation to remove impurities. Then, the suspensions were 16 aliquoted (0.7 ml) into
vials and used as vaccines. The vaccines were stored at 4C or 28C for 25 months. To assess the
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survival rate ﬁ{ter viral infection During inactivation In vaccine
en, the virus was inactivated by 4°C incubation for three months in the presence of

0.05 % (v/v) formalin. In this treatment, one or more amino acids at 0.5% and other test
substances were added to the viral suspension (Table 1).

20 After the inactivation treatment, impurities, formalin, and additives were removed by
sucrose density gradient centrifugation, and the viral concentration was adjusted with PBS.
Then, the solutions were aliquoted (0.7 ml) into vials to prepare Japanese encephalitis vaccines.

Each vial was stored in a cold place at 4°C.  The vials were opened every three months
from the start of storage up to nine months. Five vials of samples prepared under the same

25 conditions were combined into a single sample. Five samples were used to assay the remaining
titer after each storage period by the titer assay method according to the Minimum Requirements
for Biological Products in Japan. The remaining titer after each storage period is presented as
the neutralizing antibody titer in Table 1.



Number of mice Day 6 Day 8 Day 10 Day 14 0.5% Glycine No additive 4t 6 100 67 67 67 28C 6 100

83 83 83 2 0.5% Glycine 1% Sorhitol 0.5% Glycirte 4t 10 100 50 40 40
14

[Table 1]
Assay Amino acid and sugar alcohol Storage | Neutralizing antibody titer of stored vaccine 10E(n)
. . _—r tempera-
No. added at the time of inactivation tuare | Omonth [ 3 months | 6 months 9 months
1 0.5% Glycine 4C 2.264 2.550 2.501 2.101
2 0.5% Glycine 1.8% Sorbitol 4C 2.661 2.536 2.469 2.060
3 0.4% L-Glutamine |} 1.8% Sorbitol 4C 2.653 2.401 2.116 1.563
+5% Lactose
4 0.5% Glycine 4 | 1.8% Sorbitol 4C 1.890 2.506 2.227 1.476
0.4% L-Glutamine! 4-5% Lactose
5 No additive (control) 4T 2.639 1.759 0.907 0.299

As shown in Table 1, the results of 6- and 9-month storage demonstrate that the

5 remaining titer of the Japanese encephalitis vaccine products to which amino acids such as
glycine and glutamine (Assay Nos. 1 to 4), or amino acids and sugar alcohols (Assay Nos. 2 to 4)
were added at the time of formalin inactivation treatment of the Japanese encephalitis virus, was
higher than the remaining titer of products inactivated by the conventional method in the absence
of additives (Assay No. 5). That is, it was revealed that the long-term storage stability was

10 enhanced when the inactivation treatment was performed in the presence of the above additives

as compared to in the absence of the additives. The titer was drastically decreased in the
product inactivated by the conventional method without addition of amine acid or sugar alcohol

(control).

15 [Example 2] Effect of added amino acid on long-term storage of liquid Japanese encephalitis
vaccine products
Viral suspensions were prepared by the same method described in Example 1. Using
these suspensions, the Japanese encephalitis virus was inactivated with formalin in the presence
or absence of 0.5% glycine. To remove impurities, the virus was then purified by sucrose
20 density gradient centrifugation.  The virus was resuspended in PBS at a viral protein
concentration of 10 ug/ml.  The suspensions were aliquoted (0.7 ml) into vials and used as
vaccines. At this time, an amino acid and a sugar alcohol were added as stabilizers to the
vaccines in the vials.  The vials were stored at 4°C or 28°C to assess the storage stability.
Specifically, the remaining titer in each vial was assayed every three months by the method
25 indicated in the Minimum Requirements for Biological Products. The result is shown in Table
2. The titer is presented as the neutralizing antibody titer.
The result shown in Table 2 demonstrates the following:

1. Comparisons between Assay Nos. | and 3 and between Assay Nos. 2 and 4 show that after 15
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months of storage, the liquid Japanese encephalitis vaccine products produced by viral
inactivation in the presence of an-amino acid exhibited a higher titer, as compared to the products
inactivated without amino acid addition. That is, amino acid addition in the inactivation
treatment is an effective method for producing stable Japanese encephalitis vaccines.

2. Comparison between Assay Nos. 3 and 4 shows that after 15 months of storage, the remaining
titer was higher when amino acid and sugar alcohol were added as stabilizers to the vaccine as
compared to when no additive was added. Meanwhile, comparison between Assay Nos. 1 and
2 shows that the Japanese encephalitis vaccines of the present invention inactivated with
formalin in the presence of an amino acid had sufficient stability, and additional stabilizing effect
of the amino acid and sugar alcohol was unclear after 12 months of storage. After 15 months of
storage, the remaining titer was higher in Assay No. 1.

3. The remaining titer was higher both after storage at 4°C and 28°C in Assay No. 1, as
compared to the control without additives (Assay No. 3). The difference was clearer when
stored at 28°C.  The same was observed for Assay No. 2.

4. It was revealed that the remaining titer was higher after 4 months of storage at 28°C in Assay
No. 1, as compared to the control without additives (Assay No. 3). That is, it was demonstrated
that amino acid addition in the inactivation treatment is an effective method for producing stable

Japanese encephalitis vaccines.

[Table2?]
Stabilizer Storage | Neutralizing antibody titer of stored vaccine 10E(n)
lempera
During inactivation| After purification| ' |(}month |3 months |B months |12 months |15 months |24 months
) 4°c 2017 2475 2.347 2714 2324 2533
11 0.5% Glycine | No additive
28°C 2017 2.908 1.767 2537 3.127 2630
e 14°C 2373 2.132 2.186 2.874 2.042 2.630
2| 0.5% Glycine |©,°% Glycine
1% Sorbitol  {pg°C 2.373 2.579 2616 2605 2.345 1523
N e 2,298 1.350 1.350 1.542 1.859 1.271
3| Noadditive No additive
- 28°C 2.298 1.498 1.438 2023 1.654 1.465
.. |4°C 1.755 2.557 1.788 1.767 2.024 2.436
41 No additive 00'5% Gl.ycme
1% Sarbitol  |2g°C 1.755 1.942 1530 2274 2580 1.659

[Example 3] Protective effect of the vaccines against infection after two years of storage

As described in Example 1, viral suspensions were prepared by culturing cells in
serum-free medium.  As described in Example 2, the viral suspensions were treated with
formalin for inactivation at 4°C for three months in the presence of 0,5% glycine, and purified by

sucrose density gradient centrifugation to remove impurities. Then, the suspensions were



Viral suspensions were prepared by the same method described in Example 1. The Japanese
encephalitis virus was inactivated by adding formalin to the suspensions in the presence of 0.5%
glycine and 1% sorbitol. Then, the virus was purifiediby sucrose density gradient 5centrifugation to
remove impurities. After centrifugation, the virus was resuspended in PBS at a viral protein
concentration of 10 gg/ml, and this was used as a vaccine. Together with 1% sorbitol, various amino
acids were added as stabilizers to the suspensions, and they were stored. The remaining titers were

detenningdgisesl tDrEeaNanENsi MR AAEidNAD R AR HCSTHBEE IR EXAIIRIE HNR JeBulf isgshoyp in

Table 4. Table 4] . Stabilizer St e temperature Neutralizin antlbodyt er of tared vaccine
10E(n) [;"grfLﬁg ?r#actlv]a?h%ﬁfﬁﬁéf %%BE%% i‘@%ﬁfh? il ialin v %ﬂf‘sﬁ}i}ﬁméﬁ@% Sorbitol

AC 2.175:83031vithghe 278@823117151@ PBBeRIBEIe el Bgsihysintection was evaluated.  ddY mice (4
weeks old) were immunized with the stored vaccines four times at three-day intervals. After

5  two weeks, 0.03 ml of a Japanese encephalitis virus solution (50 LDsg) was intracerebrally
inoculated into the mice, and then they were observed for two weeks to assess their survival.
The number of survived mice and survival rate are shown in Table 3. A cell culture-derived
vaccine produced by inactivation treatment without adding any vaccine stabilizer was used as a
control.  Furthermore, a mouse brain-derived vaccine used in the national assay (lyophilized
10 product; purchased from the National Institute of Infectious Diseases) was dissolved in PBS ina
prescribed fashion upon each measurement, and employed as a standard vaccine for titer
determination (reference vaccine).
As seen in Assay No.1 of Table 3, the mouse survival rate after viral infection was 83%
after 25-month storage at 28°C when the vaccine product was inactivated in the presence of
15 0.5% glycine but does not contain the amino acid after purification or in the product (Assay
No.1; “28°C”™), Meanwhile, the survival rate was 80% when the reference vaccine was used
and treated in the same manner (Assay No. 4). The above result demonstrates that the vaccines
of the present invention can be stably stored in a liquid form at 28°C for two years or more.
The survival rate was 67% when the vaccine was stored at 4°C (Assay No. 1; “4°C™).
20 It was demonstrated that when the inactivation treatment was carried out in the presence
of an amino acid, and the amino acid and sugar alcohol were added to the vaccine as
preservatives during storage, the remaining efficacy of the vaccine (Assay No. 2) was lower than
that in Assay No. 1, but higher than that of the control without additives (Assay No. 3). The

conventional product could not be stably stored due to significant titer loss.

25
[Table 3]
Assay Substance added Storage | Mouse survival rate (%) after viral infection
No. ' Du?’mg_ In vaccine temperature N“g;,be‘f Day6 |Day8 Dayl0] Day14
mactivation mice

1 0.5% Glycine No additive 4C 6 100 67 67 67

28T 6 100 83 83 83

2 0.5% Glycine 1% Sorbitol 4T 10 100 50 40 40

0.5% Glycine 28°C 10 100 50 30 30

3 No additive No additive 4°C 10 100 20 10 10

(control) (control) 28C 10 100 40  ]20 |20

4 Reference vaccine (lyophilized product) 10 100 90 80 80
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[Example 4] Effect of amino acid added after purification on the storage stability of the vaccine
Viral suspensions were prepared by the same method described in Example 1.  The

Japanese encephalitis virus was inactivated by adding formalin to the suspensions in the presence
of 0.5% glycine and 1% sorbitol. Then, the virus was purified by sucrose density gradient

5 centrifugation to remove impurities. ~ After centrifugation, the virus was resuspended in PBS at
a viral protein concentration of 10 pg/ml, and this was used as a vaccine. 'Together with 1%
sorbitol, various amino acids were added as stabilizers to the suspensions, and they were stored.
The remaining titers were determined every three months up to six months, as described in

Example 2. The result is shown in Table 4,

10
[Table 4]
Stabilizer Storage Neutralizing antibody titer of stored vaceine | OE(n)
During inactivation |  Afier purification | temperature |(¥month 3 months 6 months
i (0.5% Glycine 4°C 2175 3.303 2.128
1% Sorbito} 28°C 2.175 2736 2.651
9 £.5% Lysine 4°C 2175 2433 2.648
1% Sorbitol 28°C 2.178 3.082 2.308
3 0.5% Alz.mine 4°C 2.175 2235 2.032
1% Sorbitol 23°C 2.175 3.198 3.088
4 0.5% Arginine  |4°C 2.175 2.724 2.289
1% Sorbitol 28°C 2.17b 2877 3.058
5 0.5% Valine 4°C 2.175 2118 2.730
1% Sorbitol 28°C 2175 2017 2.468
. 4°C 2.175 2.445 2.718
% Sorbitol o

6 1% Sorbital — roper 2175 1.913 1.734
.. 4°C 2175 2.458 2.628

No additi
7 oadtEve  Ihee 2175 2631 5333

The result shown in Table 4 demonstrates the following:

15 The titer obtained by addition of glycine (Assay No. 1), alanine (Assay No. 2), or arginine
(Assay No. 4) was higher than the titer obtained without additives (Assay No. 7; “28°C™). It
was thus demonstrated that amino acid addition after purification, in combination with amino
acid addition at the time of inactivation, retains the stability of Japanese encephalitis vaccines
during storage at 28°C. '

20
[Example 5] Combination vaccine of DTP three-way vaccine and improved Japanese
encephalitis vaccine

Viral suspensions were obtained by inactivation treatment as described in Example 2.
The virus was inactivated by incubating the suspensions with formalin at 24°C for ten days in the

25 presence of 0.5% glycine, and this was used as a Japanese encephalitis vaccine. Meanwhile, a
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combination vaccine was prepared by combining equal amounts of a DTP three-way vaccine

from Kitasato Institute and the stable Japanese encephalitis vaccine of the present invention.
The titer of each antigen component was determined by the method indicated in the

Minimum Requirements for Biological Products in Japan. The result is shown in Table 5. All
the items tested in the titer tests conformed to the Minimum Requirements for Biological
Products in Japan. '
[Table 5] _
Test item The Mmmmm Requirements | Measured value | Assessment
for Biological Prodacts
in Japan
Toxicity test| Abnormal toxicity test No abnormality No abnormality | Conformed
Mouse histamine sensitization test | 0.4 unit or less 0.08 unit Conformed
Diphtheria toxin inactivation test | No abnormality No abnormality | Conformed
Tetanus toxin inactivation test No abnormality No abnormality Confonned
Titer test | Japanese encephalitis vaccine 8 units or morec | 42 units Conformed
Diphtheria toxoid 47 unifs or more | 100 units Conformed
Tetanus toxoid 27 units or more | 32 units Conformed

Industrial Applicability

The efficacy of the Japanese encephalitis vaccines produced by the production methods

of the present invention is comparable with or higher than that of inactivated liquid Japanese

encephalitis vaccines produced by the conventional mouse brain method.  Furthermore, the

vaccines of the present invention have improved safety and storage stability than the

conventional

vaccine products.

As for safety, the risk of contamination of vaccines with serum-derived adventitious

agents, for example, BSE (mad cow disease) agents or hepatitis viruses is low because prior to

the inactivation step, a master cell bank prepared by the serum-free culture method is used as a

seed for cell culture and the virus is prepared by culture using the serum-free cell culture method.

Thus, the Japanese encephalitis vaccines produced by the production methods of the present

invention are safer than conventional vaccine products and Japanese encephalitis vaccines

produced by the cell culture method using serum supplements.

It is important and beneficial that the vaccine titer is stably retained over long-term

storage.

In particular, liquid products that can be stored for a long period even around room

temperature are very convenient from the viewpoint of production management, product




2.468 2.629 28C 2.175 2.631 2.333 The result shown in Table 4 demonstrates the following: 15The
titer obtained by addition of glycine (Assay No. 1), alanine (Assay No. 2), or arginine (Assay No. 4)
was higher than the titer obtained without additives (&ssay No. 7; "28C"). It was thus demonstrated
that amino acid addition after purification, in combination with amino acid addition at the time of
inactivation, retains the stability of Japanese encephalitis vaccines during storage at 28C. 20 [Example
5] Combination vaccine of DTP three-way vaccine and improved Japanese encephalitis vaccine
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inactivateqé)é%incubglstiﬂgtéhe su ensi?grslﬂith fo?ri[nalin at 24C for ten days.in the ZS%re ence of 0.5%
nd t al b

glycine, an iPvas Use easse%l%%f HRedE%end 15 ﬁ%o\?gc&%ae%%%gﬁ% |el,télS N ESMBiINaNEH vaccine

was prepéraels yesmpining et ftanounpsed Iy PEnpleempyaantinectigrmiitasamiensitute and the
stable Japaness ceceshalitis ResRiAEINe THeSRREIRMENIOR preserdiNB e Af SaCRANIGRE

com onq&tlvy%%{ljes$r£nglgdnb¥dte method indicated in the Minimum Requirements for Biological
Products in %apan. H& 72098 °Shown in Table 5. All Sthe items tested in the titer tests conformed to
the Minimum Requirements for Biological Products in Japan. [Table 5] Test item The Minimum
Requirements for Biological Products in Japan Measured value Assessment Toxicity test Abnormal
toxicity test No abnormality No abnormality Conformed Mouse histamine sensitization test 0.4 unit or

less



0.08 unit Conformed Diphtheria toxin inactivation test No abnormality No abnormality Conformed
Tetanus toxin inactivation test No abnormality Nosgbnormality Conformed Titer test Japanese
encephalitis vaccine 8 units or more 42 units Conformed Diphtheria toxoid 47 units or more 100 units
Conformed Tetanus toxoid 27 units or more 32 units Conformed 10 Industrial Applicability The
efficacy of the Japanese encephalitis vaccinesqaragiyged by the production methods of the present
invention is comparable with or higher than that of inactivated liquid Japanese encephalitis vaccines
produced by the conventional mouse brain method. Furthermore, the 15vaccines of the present

invention Rafentindidrudeirany sisiuge sty warsheneelvditiidacivackiieproducts. As

for safety,dhemisiksohesrtamiviation of vaccines with serum-derived adventitious agents, for example,
BSE (gnad(] m)aﬁgﬁﬂ%%d?ﬁf@a%%ﬁ{'E%%aﬁal{%!\é Q%ﬂéﬁt@%&&%%cﬁ%@!ﬁ“on step, a
master cell bank Rrep gec} bé/nglg% gnrum{&ea% i%“'t“%%er%?%%d gdyosf%g as.a 20£%e /{f;?r cell culture and
the virus iéeﬁ 1ﬁalf;e](lzl1 y Bueifure. usingafﬁe S&RimafreE el ctnflive m.e_(%o_d:. a'Icfluis, he Japanese
encephaliti8)vaEeEs Wt eetvplommE BBuEHsR MBthpdsoiphalfiesent siliss are safer than
conventioralevagaine pradudts asgidapandsaencrphaiitisommaciaes pradieed by the cell culture
method using serum supplements.
10 2. The method for producing a Japanese encephalitis vaccine of claim 1, wherein the amino
acid in (a) of claim 1 is at least an amino acid selected from aspartic acid, y-aminobutyric
acid, alanine, f-alanine, arginine, glycine, glutamic acid, isoleucine, leucine, lysine, serine,

threonine, and valine.

15 3. The method for producing a Japanese encephalitis vaccine of claim 1 or 2, wherein the
amine in (a) of claim 1 is at least an amine selected from ethylamine, ethanolamine, and
propanolamine; the amide in (a) of claim 1 is at least an amide selected from urea,
glycineamide, and B-alanylamide; or the organic acid in (a) of claim 1 is at least an organic
acid selected from succinic acid, tartaric acid, ghiconic acid, oleic acid, and lactobionic acid.

20
4. The method for producing a Japanese encephalitis vaccine of any one of claims 1 to 3,
wherein the Japanese encephalitis virus is any one of a clinically isolated stram (wild type
stain), an artificial mutant strain, a genetic recombinant strain, and a strain engineered by
reverse genetics.

25

5. The method for producing a Japanese encephalitis vaccine of any one of claims 1 to 4,

which uses a Japanese encephalitis virus produced by the cell culture method.

6. The method for producing a Japanese encephalitis vaccine of any one of claims 1 to 4,
30 which



It is important and beneficial that the vaccine titer is stably retained over long-term 25storage. In
particular, liquid products that can be stored for adeng period even around room temperature are very
convenient from the viewpoint of production management, product 19 distribution, and storage for
clinical practice. In the case of the Japanese encephalitis virus which spreads in the semitropical and
tropical regions for a long period, it is necessary to store various types of vaccines for a long period by
simple temperature manage t in.order to pr infecti ' ines. The vaccines of the
present in\l}%enstﬁ)ilJa e Use ueipzﬂvelglns %]I]E)uﬁé)rt%drcl)ln%% é%fa%% ﬁésgg%g%%g;m%é%%%lﬁﬂﬁs 1. A method for
producing an ac ivated whole Japanese encephalitis vaccine, which comprises the step(s) of: 5(a)
carrying olt Ancinadiivafiopitréatment fprmasdapardsdtencephalitishims by @ shewiical technique in the
presegce gf aRAMINA ACKH &RIASy R iEe. ANCLO L ORaRNItARIE iandiofs (Picarvire iR inactivation
treatment for a Japanese encephalitis virus by heating, wherein the inactivation treatment by heating is
carried out at 24C or higher. 10 2. The method for producing a Japanese encephalitis vaccine of claim
1, Whereirﬁtﬁelémﬁ%aéﬂd‘”ﬁpK%i%’ﬁ%‘fﬁ‘i‘fﬁnf%haﬁ@a@[cé‘ﬁ%ﬁ%c%%é@?éﬁf@é!‘ﬁ’@ﬁf%‘%‘b%ﬁ’é acid,
y-aminobudyyicacid cRiapiney I3wdirhice, @ginineghicinegghtiamicageid, isoleucine, leucine, lysine,
serine, threonine, and valine. 153. The method for producing a Japanese encephalitis vaccine of claim
1 or 2, wherein the amine in (a) of claim 1 i %t least an amine selected from ethylamine,
ethaﬁgIar’n?ng?%ﬁ%’ﬂ??ﬁﬁﬁ%?ﬁ?ﬁ}ﬁg;vﬁ%ig%%% ?Hn(% g?@%ﬁ%“ﬁ?%‘féﬁ%?éiﬁ 8%%7(%&%&8‘&%% from urea,
glycineamide temperaliangyieimige ;| di¢tiadbtgdnic acid in (a) of claim 1 is at least an organic acid
selected from succinic acid, tartaric acid, gluconic acid, oleic acid, and lactobionic acid. 20 4. The
method for pradusing a.JapangsseNeeRnaliliz YAcne A, BASOLEIAIMS L, dnpyaerein the
Japanese encepha_ﬁtls virus 1S any one of a clinically isolated strain (wild type stain), an artificial mutant
strain, a g8R&HE FEbABMIEAYERIN, and a strain engineered by reverse genetics. 25 S. The method
for pridducing a Japanese encephalitis vaccine of any one of claims 1 to 4, which uses a Japanese
encephalitig Virusepasticedbyihricolentve matmdnich & Fhe-nethed fesnmrogecinga Japanese
encephalitis Vag&i%? rg}‘) any ane So{h%a'o s 1194, 30 which 21 uses a Japanese encephalitis virus
produced 8§/letlj{e Serdm-frée culture method: 7. The method for producing a Japanese encephalitis
vaccine of claim 5 or 6, wherein a 5master cell bank produced by the serum-free culture method is
used as a seethédupalksutiurehditiAriractivhtedmé oldidh partiese empephalitisivaenine produced by
the psgduction method of any one of claims 1 to 7, which can retain its titer in long-term storage. 109.
The Japangese encephalitis yaccine qf claim 8, which can retain itg titer,in long-term storage at a
temperatuid DOEVERRTEC SHAh O 15 Fhing RSNl BRuach oo ot eV 5. which
comprisescamprsing Heieinrame lapitisndhaiod axasargpiitert the agEadhpanese encephalitis vaccine
of claim 8, which is stable during a storage period of one year or more, and less than four years. 12.
The Japangsegncephalifis.yacoing-fHain & whisldiiihen sempdsesapadiuvant. 13. The vaccine
of claim 12, wherein the amount of antigen per dose of the vaccine comprising the adjuvant is less
than fhat of a vaccine without the adjuvant. 14. The vaccine of any one of claims 8 to 13, which is in a
liquid dosakfe AonmtiBatiRcErAbitatBIPYSoE He darapstisipiy ehkelpatrese ehapphatins dJaistine of any
one of claigg §40.44 apti-angiher ivpe-ef antigen. 16. The combination vaccine of claim 15, wherein
said another type of antigen is at least an 30antigen selected from diphtheria toxoid, tetanus toxoid,
pertussis vaccine, Haemophilus influenza vaccine, Neisseria meningitidis vaccine, oral poliomyelitis

vaccine, inHetViRSOPHSIBIMYSRISRRRER MY WRpAHiS LT ype of antigen is at least an

30  antigen selected from diphtheria toxoid, tetanus toxoid, pertussis vaccine, Haemophilus
influenza vaccine, Neisseria meningitidis vaccine, oral poliomyelitis vaccine, inactivated

poliomyelitis vaccine, and hepatitis vaccine.



