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1 DESCRIPTION METHOD OF PRODUCING JAPANESE
ENCEPHALITIS VACCINE STABLY SIORABLE OVER LONG TIME
AND USE OF THE VACCINE 5 Technical Field The present invention
relates to methods for producing Japanese 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 BFWJMS of the 10 present
invention, and combination vaccines comprising Japanese encephalitis

ME¥ﬁ%§ﬂ%%%ﬁﬁb&h@@ﬁiﬁ&g@@gﬁﬁg@fg%ﬁgR?A@eﬁé@grﬁﬁﬁﬁ%omm

invention relates to methods for preve sease caused'by a
bacterium and/& sl NG bt AMHRH T bt iEH FhdAté g 8E

administering a vaccine of the present invention to the subject. 15

Techﬂ%aﬁﬁ@&md Art Japanese encephalitis is an infectious disease caused by
i ith the Japanese encephalitis virus which is transmitted by

moddaitsessueh spiiouleligitireniendsdos produdife dapmesmeocephabijisryaccines
chara@Ri&ftBY bietllgug&@éur'gﬁlrﬂm@ﬂalgb@@yaﬁrﬁ%mgeaﬂ?y?}@aﬁa@ga Rrage. The
severe seguelae [0] mortality rate...IThe immunity confeyrre
prese e e T S A B L R 08 Tpglaods of the
preseghjsaatiers aodshalhisainsvbetamys conriaiig feten e Maovinpisalised dorines and

otherRY@¥E B RGHIRRARGERANCARNALIS DAY S1RGRDBRPINCEH ADABIES to methods for
comme mal%avallaﬁfge.%]sganese en phalltls,vacm%atlon is.included, in
PrevaE R fiRE e cnEioh i aeipd o SR B Protieh G mRSiFRthe step of
admigspaimgse vencephdlitis yascidsvardoateterigggdetto vaccines produced
by the mouse brain method and vaccines produced by the 25 cell culture
methqd. Also, there are inactivated Japanese encephalitis vaccines and
Mﬁ%ﬁé&&i live Japanese encephalitis vaccines. As for the dosage form,
liguldpracsiresandiiyie philizedevancnésaverbeerbpiadeotie arithahe Japanese
encep HAME grciallavaiaple, Jhgdh 154 %(%fg'tﬂ%&vﬁ}gﬁj as W&eﬁﬁ*%ﬁﬁ%@g@ The

vaccines produced b%éthe maouse brain method Is briefly des

infect g L SHSAHERE BRE PR a i e P Hes samisasadsilipl ediisd eading to
severvacgindgavas Behpubiapraciieal e imhObdtHowdyerd bwas @oinied ook early

infand§at HIR PN RS oW ARdhsLe W%eaﬁ%sé}ngv@r?&!gﬁamwﬁg lRraI

central nervous system disorders. Subsequently, constant improvements
Flaviyiridaen  dee6igHs i K erentings aRm¥mracerhalipahee hespappdmerd and are
comnvacdtiiie withidbgherigpalityewasephilid praciieatiogds int Med Theée routine

. 21 hny he present date. 35 - .
oSSR S s DEENLEELIRIR HERECTANE IR e s

are CHCAMEZRIGLR Vel b Bshibhmpisrebatia et endrsgeinss prodised by the
cell chrere paitied] O IIHBE: are inactivated Japanese encephalitis vaccines and attenuated

live Japanese encephalitis vaccines.  As for the dosage form, liquid vaccines and lyophilized
vaccines have been produced and are commercially available. The theory of inactivated
Japanese encephalitis vaccines produced by the mouse brain method is briefly described below.

The first Japanese encephalitis vaccine, which was a mouse brain-derived vacecine, was
put to practical use in 1954, However, it was pointed out that the purity was low and there was
a risk of vaccine inducing allergic central nervous system disorders. Subsequently, constant
improvements were made to further purify the virus. An improved Japanese encephalitis
vaceine with higher quality was put to practical use in 1965,  The production technigues have
been used up to the present date.

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
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2 inactivated Japanese encephalitis vaccines have problems in safety
and storage stability. In view of the presently required safety level, there is
a safety problem that because the vacgines are produced using mice
housed in an insufficiently controlled environment, the possibility of
adventitious agents being contaminated in vaccine products cannot be
ruled out. 5 Basically, this problem can be solved by using the cell

. tcultud'ﬁ-baged rgd ctiq[n me'%%)éjs. I;Q\gecerrg) I évaccin tgrodcycted g%/ t{g it

Hacts ecul?g?‘eer%eegﬁloe Ava &N at}%ntléjn Al BVertRa WoAg” TR SR glaY‘

worddwiew géthantsoniaceinssdndioth laviateed rsatsvepiigm that because the
vaccigey! Biéi95@&{Q:eéQiyﬁ%ﬁﬁi@é@&%@iﬁﬁmEfﬁ@@%ﬂ%ﬂf&ﬁtﬁl‘l\%ﬁ&?ﬁ?éﬂ&ﬁ%&
to.vaccines as a stabilizer, However, It wa ointea ou at gelatin has
poss T SO A8 S BB TIRANUETE PR Sh TGL D Bt e oot
Basicaléyathilizeroierahenristidveibbyosingsbeued stdtarrebstaldilitpdsiction method.
ReceMRNVEREIHES phynbilized RrductaBRAtBeY: §MRRERIFR dHBR B PR over the world,

iod in a ¢cold rogm. However, the prqduction cost of lygphilized )
and g AR oA EE 0O TS TS S PRLY BB i AT SRR lORE SORTgFes  To
solvestor atpragestiabitite wollawogeletifrbaebestorddedraguiesistaragatibiliittes  However,
it wa@pgiflevisasaycharirefdgaraiais ot Rk GaBGHsIEN, e glficasys faleloome less

and storage stablli%@)f inactivated Japanese encephalitis vaccines are

frequenhAmarZel a8 olloR A1 TRER ARG IR ReER SllRertpoR T RO dapapfacture
lyoplphabliepnocantbeisdileg yndevetopinreadetigphtiog: basedmmdnctioﬂowever, the
prodﬁ@ﬁgﬂ%sg_ gﬂﬁ&ﬁ@%@ﬁ@&ﬁ%@fmgﬂ" n}@é& %%%%%%%Y g'ljg&ﬁgtg}f‘w? ﬁxl% h

. lyophilization‘'method; however, this” method ha dvantage o .
disadypoRRCRINPEES BIOFARE 4P SIBPAGRISHARAM BT SOrpge derlss Figrage facilities
and deedrrechchhatrigyifragois.a demand for a new Japanese encephalitis

i . f i0g. ,
Vacﬁ{%%ﬁ%z.SﬁﬁtQ@eﬁf&'%?;%%%ﬁi eﬁ{dasliéi’%%é’&%ﬁ’ﬂf Bfﬁ’{lﬁﬂ%&rc?é%%?ldese

improvement of the storage s ty of liquid products is needed. Lic
encepliyififcveciaruamimpelird iy iasttionhmeiisas inrdel wiiisagntactory.  The
safetynedidam fagilliesobrespecirfislspihgreds icdrmanddal pmmbtiedﬁ?i@lﬂied. The

liti yacecine pr that. are used.for .
sore e e e e DA Ol Moy i
methgd hap theedbindappiagrolAbehss dstiarecstnehilpdhasierase stabai el liquid
prod@xcellant dacihedstoraige siabiityivdhilenmaaintaiing oM ek GiRBEASISs vaccine that

Prior. art uments related to the present invention include: [Patent
can bgé%ﬁ%[esr%%%g&gi%%%@fégo [Patent Document 2] US 6,841,374

[PatenEpIbanTesios) ERPENEINGR (Pl FPEacabN POBIBI8919d0s!s is needed.
Liquid\sradRateptRegumenbdlidkdlisaigt aidhO99): drbaY asaibess(3ei&e hiathal

facﬂiEX s%ﬁi%?e@%kgt?’lﬂer\év B QUSRI ARy R 8281 B dIRNESE encephalitis
ncepnaits vaccine.

vaccine products that are used for transnasal or transdermal inoculation.
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 Document 1] CA 2,390,995
{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.
[Non-Patent Document 2] K Sugawara et al (2002): Biologicals, 30, 303-314: Development of

Vero cell-derived Inactivated Japanese Encephalitis vaccine.
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35 [Non-Patent Document 2] K Sugawara et al (2002): Biologicals, 30,
303-314: Development of Vero cell-derived Inactivated Japanese
Encephalitis vaccine. 3 [Non-Patent Dgcument 3] SC Wu, G Y-L Huang
(2002): Biotechnol. Prog. 18, 124-128: Stationary and microcarrier cell
culture processes for propagating Japanese Encephalitis virus.
[Non-Patent Document 4] AK Srivastava et al (200 1): Vaccine 19,

7-75: A purified .inactivat ane cephalitis vaccine made., i
RSt ks A p Wit et e
Statioggnsand W pherislcr seligubireg portRsasifecEtenagriing dapasensd urephalitis virus.
[Nonra¥gnDRpaRess] &H&@ﬁ@?ﬂ&a[é{% Patent Rreument H531Banelnmidd-

. .Woo tJme%}?r %]%9842%%% ‘\/agro]{. g?n(g&g’) 1V06§61Q11F0rmaldehyde

mamﬂ{%%i{iv%ﬁ i 5189-}?1 Modty afs@ass %’irus: CShditions for the

[NongtetpatrdlimmtnsafeA/breniet 2D (RSP NesatrDdu et 73 Bupkasest sthdy of a

puriﬂlé:%%é&;ci%%@!gbiﬁ@%igé %@%ﬁ%@%@étﬁﬁ%ﬁﬁﬁ%_ﬁm of |
ormaldehyde-in odificatiqps in Proteins; reactions wi

Non RSO Bl e ot of CONFETA iy () R » 105-17:

Form#day d8/apctizaded Hebot-od-toovtivditerth e iprotéinnclitiossifiikitiy pyeparation of

safe JRLmaldehyde, glutaraldehyde or glyoxal in cotton-seed 15 protein

N et e e
IdentiBpddoes Hdaralkiehyde imi pardine dib prostisatidhetah vabmsomiscthsuodel

pepti@gst.he Invention 20 [Problems to be Solved by the Invention] The present
invention was achieved in view of the above circumstances. An objective

INOn R P SBRE YPRSES S5 e 19 BN RAAIBY FRRE et Japiiidba: How to
monigncke pattitvacsireskiproshfech b thedaigiisenaldishde iogl ybaidn cotton-seed

proteﬁpga%{éﬁﬁl% Hﬁﬂiﬁ‘?t-t\éﬁo?{ 5Q%qgﬁgméﬁlyention IS to provide methods for
pr

ucing effective and safe inactivate uid Japanese encephalitis 25

[Nongzatentd2ogtameni? bd More-turscialg(péP BlsarhrlvidiiBom ), 343-7:
Formigdepedattyslavddighiconduliseds theostar olanohethghruittipl ésactivation
treatments for Japanese encephalitis viruses obtained by the cell culture
_method. Another objective of the present invention is to provide Japanese
Disclapugdihadnyeatiaes produced by the above production methods, as well

[ProbieneombinstinrdBctiogswehtaimed by combining the stable Japanese

encephalitis vaccines with other types of 30 antigen vacgines. Another C
o R R e SR AR An objective
of the/preseidnpvEHEAsI10P SONGiEREPebiarhBlars wiedelapanresapesaphalitis vaccines

prodiQRiEBIMES b RresenhivRatorsipnesigiRdImeihetiset@ive of the present invention
is to provide methods for producing effective and safe inactivated liquid Japanese encephalitis
vaccines that can be stored for a long period even around room temperature, which comprises the
step of combining multiple inactivation treatments for Japanese encephalitis viruses obtained by
the cell culture method.  Another objective of the present invention is to provide Japanese
encephalitis vaccines produced by the above production methods, as well as combination
vaceines obtained by combining the stable Japanese encephalitis vaccines with other types of
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 comnbination vaccines produced by combining



10

15

20

25

30

35

35 inactivating Japanese encephalitis viruses obtained by the cell culture

method. The present inventors also assessed the storage stability of

combination vaccines produced by combining 4 multiple vaccines. First,

the present inventors investigated treatment conditions for inactivating

Japanese encephalitis viruses. It was discovered that inactivated liquid

Japanese encephalitis vaccines storable for a long period (for example,

.two years (24 months) or more) around room 5 temperature can be
multlﬁ\ﬁbgffgé%e y carrying out inactivation treatment in the presence of an

amfictabidpsestrs likenfusinreateelethqaiosencendims founacthating Japanese
encepRARIYIRAdIQUIG JBRANESR RRCARD Al VACA RS MBResOER dBRMitis vaccines

@g od alround r.%gun}tem erature can alsg%ge ro §ce bg/ ncludla the
storall DT CHHRRTH Bt 888?%5@%%?&%% iCAT T RtS Fot ACtVAON
tempeetfioermedtin pthdusrdsencarnian s Ecitiorn tretikettetstgpesénce of an amino
acid &MY !i‘igqpuﬁﬁmr&q}{%ﬁ%@_m@gtw@fgﬂﬂ'%t%%ﬁteﬁhﬁ{hi@pﬁpaﬂese

present mv,entorsE%gém ined an inactivated liquid Japanese enceptﬂfalclﬂg duced
enceRpabitis, XARHASTHIN ARG ?&B@Sﬂﬂ%@%@%ﬂﬂ@%ﬁﬁcﬁ%ﬁ Gd¥ procuce
by invlithiathbe viapcifies;raing asseddinhthEplesitiehcciibinetiorevadoineatiretion
perfoiﬂﬁﬁallﬁrgﬂ{@g&@%ﬁé@%ﬂ%&hﬁ&s&%@%ﬁ%{i&EH@LI%@ @%%Fﬁggemoﬁmgﬁﬂ,

stably for a long period even in the combination vaccine. ermore, |

Iy ) .
heat-fediFeddnRst YRR et stiHity retapifrisscah Sl mART 2B VinetiAR dnactivated liguid
J apaﬂ@i@mdpbylﬁdd&ag;mstﬁi;m nepm;.@fd as)mgeasmbmaqﬂ@ﬁ&rdmy iﬁmaett_mv,ei methods
with %@F@%é&e&'}%@%@&d%%g!ﬁﬁn J&%ﬁi%l% '{}E?c%riﬁ\(ét'o*fha RALIS dBMonstrated

comblnlng the Iple Inactivation treatment step, the present inventors

that the, depangtignsrelakis Yaeriaeseodsaiusd ebbphaniovaastied with ot
combingfonedsaiety dnehstarageistadylivyed bihpatedtabitiactivasednese encephalitis

vacc%g?l%r}%g’a?ﬁ%%%?;%ﬁgﬁg X%?a%ﬂ&%lp e e&%&% %91(? QRYF ﬁmﬂ%{ﬁﬂyﬁ’? addition to

rain method, eby completed the present inventiori. More

the aypQAdd MddiHaTRE Sesrims ehiRsHrédes [1] to [20] below: [1] a method

for praducing @mbiagiy atedhuiniple dapanasencneaphaliticyade pessetidventors

comprises, the,step(s) of. (a) carryin t.an inactivation treatment far
suced B ST R P RSN KR ISR Satery and
storagsf s{abakitiris aerdpanetiie iaapiyelahtaRimerg sarCRlkbtavarsIG) RIadsg by the
conv&ﬁt@yaﬂﬁﬁﬁi&ﬁ&ﬁ@mm@h@ﬁ@r@pwﬁ@ﬂma@mﬁmﬁmbﬁ@.

physjcochemical.technigue; [2] the method for praduci apanese

e e o eh e g B a T B e st
[1] 2 srededrioravieilveiegru nasitvaiserie Bolapanesniensisnbpiic s Ers cllaniech comprises
the S@Q(ﬁt;ﬂanine, arginine, glycine, glutamic acid, isoleucine, leucine, lysine,

(a) C%%gggi?g}i%%c%%%fl\ﬁ Ii%(%;[?[%] tI h ea a%;[h%g;g %Elgg Ol'(;jalf%g i%u'g yaan C Seemical

wnerel e amlng in
technique in the presence of an amino acid, amine, amide, and/or organic acid; and/or

(b) carrying out an inactivation treatment for a Japanese encephalitis virus by a physicochemical
technique;

[2] the method for producing a Japanese encephalitis vaceine of [1], wherein the amino acid in
(a) of [1] is at least an amino acid selected from aspartic acid, y-aminobutyric acid, alanine,
B-alanine, arginine, glycine, glutamic acid, isoleucine, leucine, lysine, serine, threonine, and
valine;

[3] the method for producing a Japanese encephalitis vaccine of [1] or [2], wherein the amine in
(a) of [1] is at least an amine selected from ethylamine, ethanoiamine, and propanolamine; the
amide in (a) of [1] is at least an amide selected from urea, glycineamide, and p-alanylamide; or
the organic acid in (a) of [1] is at least an organic acid selected from suecinic acid, tartaric acid,

gluconic acid, oleic acid, and lactobionic acid;
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(a) of [1] is at least an amine selected from ethylamine, ethanolamine, and
propanolamine; the amide in. (a) of [1] is at least an amide selected from
urea, glycineamide, and (3-alanylamidg; or 35 the organic acid in (a) of [1]
is at least an organic acid selected from succinic acid, tartaric acid,
gluconic acid, oleic acid, and lactobionic acid; 5 [4] the method for
producing a Japanese encephalitis vaccine of any one of [1] to [3],
wherein_the inactivation treatment in ﬁ‘?gof [I] is at legst a treat

4] AL BRER TR TGRS RS PIALAR L GEhrEN BEGAI mybRdabrsherein
the iranthiasen ireatiationn [5) tfy Mithotbisr podunimg acdhpdseseted ephhtitsng, 7-ray

irrad BG4 rb?e%%ﬂ pAEreinhe Jnagtly alep; pagipent by heating is carried
out at 24C or higher; [6] the methodzﬁ‘? roducmg a Japanese encephalitis .

[5] theApeinadeaRyPIHEBE ai%af?f%ﬁ@? eV ISPERCdd tnREBHRRISS R3S TYation
treatracyt bpdeftagiineatiydsolated4ttain rglditype stain), an artificial mutant

[6] th%t@g?h@d }b%ﬁ%ﬁ'%ﬁqﬁ%?}e‘?g glq%??qgiﬁssyﬁ'&l% NREIGEL Y FEVEI$S, Wherem

enetlcs 7] the method for produ Japanese enc phalltls vaccme of

the Tg PSR SRAPIAS Y RSB E8e10 & 9%%5 éseltesh s (WHsktype stain), an
artifipiedameadtByrdhe cebituitue meihad: [8hth eaméﬁf@tiiﬁ@epgmﬁamﬂg)ﬁ reverse genetics

P TS SIS A O L LS o
a Jappopss e paeRnalitifoy i5is duefvged b&ﬁbﬁé@g‘éﬁﬁgﬁﬁﬁm@%ecme of [7] or [8],
(8] M@@ﬂiﬁd&éﬂ@ﬁi&ﬁﬁ@% bmﬁmmgmuﬁh&mawcﬁrwwbe FORtR Q6! jsvhich uses

o Jandsed as a %a?g for Se Il ey tur h an i gg\ég d th&} &apanese
i ncepehaF svaccme uce 1aluctlon mu{ﬁo of any one of [1]

[9] the qothaditss mﬁiw@mﬂm@mﬁ@m EI@?ﬁjlﬁéhﬁhséfé‘Fa’@é q&&]]t%{%p%@él a master cell

bank8R68RMAILE ¥R GeReOf bl which @Bbd el aik d e dileril lnrg-dRraIsierage :
at a tempe tween 15C 40C: [1.2] the esg ence Iltls

100 G B B0 A bRt A R G P S0 aigrehod of

any aas afdbbitiZ81; ISty aglamasetdecaphasitisactoneeer [10] which is

[11] %%%Q&é@%@eﬂ%ﬁ?@%&m 8f pIg, YaaEnUaMR%Qi AN 1885 Hash folfm storage at a
ears; & 4] the Jﬁephahtls vaccine of [10], which further

temp\é%ﬁ Sﬁna he vaccine of [14], wherein the amount of
[12] thetigoanses m@hﬁﬂmemmﬂ@w&]@ﬂéﬁ@ ttrenpBsaziunanine keid, wraine, and/or
amidihal Pb@piageine without the adjuvant; [16] the vaccine of any one of [10]

5], which Is uid dosa 17].a c ation vaccine
130 e e A SRR Ao mig orome year
or mamchah btkethtyplof yrstiggen; [18] the combination vaccine of [17], wherein
[14] B9 ARQMSLLREnalianigea.ls &t [eaptANAHIRR 30:SiRetesh HaMvant;

d| htheria toxoid, tetanus tgxmd pertli_sgs vaccine, Hae{%) philus
[15 ﬁafé"tﬁ%lge of [14], wherein the amount of antigen per dose of the Vaccme comprising the

&d_] uvant is Iess 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 anocther type of antigen;

[18] the combination vaccine of |17}, wherein said another type of antigen is at least an antigen
selected from diphtheria toxoid, tetanus toxoid, pertussis vaccine, Haemophilus influenza
vaccine, Neisseria meningitidis vaccine, oral poliomyelitis vaccine, inactivated poliomyelitis
vaceine, 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 administering the Japanese encephalitis vaccine of [10} or the combination
vaceine of [17] to the subject; and

[20] the method of [19], wherein the disease is caused by the Japanese encephalitis virus.
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vaccine, Neisseria meningitidis vaccine, oral poliomyelitis vaccine,
inactivated poliomyelitis vaccine, and hepatitis vaccine; [19] a method for
preventing a disease caused by a bactgrium and/or virus in a subject,
which comprises the step of administering the Japanese encephalitis
vaccine of [10] or the combination 35 vaccine of [17] to the subject; and
[20] the method of [19], wherein the disease is caused by the Japanese

alitis virus. .6, Inactivated liqui panese e I|t
orog Lo R S R R PR A e methos
are d@@mﬁﬂﬁ@@wme Inventlon 5 An objective of the present invention is to

provide methods for producing effective and safe inactivated liquid
ModdBRGHESE en ePB’allﬂlsvga,[ccw;]es that can be stored for a long period even
—a'roun%{rr%oﬁéemperatmew ch comprise the step of combining multiple
inadtivatisaiireathibngesonUapaniee is trephaiianitbedsiobmanthgiby ehiective and
safe iﬁ@@tﬁé&k@&@i@ﬁih@ﬁa&é@%@ﬁﬂ@ﬁﬁ&i%ﬁc@fd&‘ﬁgﬁ'ﬁ%ﬁfﬁé RURBHTBrIS F@ng penod even
rovide J se e alitis vaccines uc uction
o B R e AL R R LB R Heaon reatments
for J aiapam@@hwéphamwevmm\mhkmhei qn;besemrath@g!en Yaetheesbjective of the
prescﬁﬂﬂ%ﬁ@@ﬁ%\{ﬁ&fﬂ&q SREH Hﬁﬁs'%ﬁgciﬂ@%\ﬁﬁﬁiﬂﬁ W theproduction
th relnbelow stor st I|t eans that g@ g[malnlng tlt%}pﬁ it
ethaey "f}ih% 8Br¥£ﬁﬁ§%8 181%% Strage Brsima Tooi
vaccitempetfatther typless etthgnmsecc:lﬁespeﬂﬁeﬂ;waﬂnﬂawm@m&e@@mmmﬂon isto

pmw@gqgg%@%@eg@gggsof the present invention are liquid products. "Around
room temperature means g temperature Wléhln the range of 1 to 40C. In

the [DFELBRE e iF £t A g RIS BRI PabN S E ST o eRABRSC
encephdia pvefenably mnye drgiog wiorgganchiess tian foupyears:. Asihlh&mtbelnemise

sp ec1ﬁfe&0{f'e[§8n¥¥ Hcf?x@—:qqﬁ?glé‘ Q&%Hﬁ%tﬂ&%%é%@ﬁ%@&%ﬁ%e liquid

present invention can be stably stored in a cold place for a long 20 erlod

prodygts o mgﬁﬁ%ﬁ%@%éﬁﬂwa\?ﬁa é?n%%ﬂf&%ﬂ’%%ﬁ’é@ifh@%%&fe” to 40°C.
In thepeephdliisnaccitiessafrtize prasdnit preénticly mayde anyofechinicalyeferably two

years'%? II%?rg éﬁcﬁ 1% é%j iétyeﬁeg%g@'nsA@@%ﬁlﬁPM@%H%ﬂ%&%ﬁH@éﬁ% Hygpbﬁlzed

vaccine stralns a tic recombinant strains, as Iong as they have
produghti BRI N TGRA BIRS TR HAR Col B STRREN e vs s aepithglace for a long
periogrigineetechbiyrevarsagenetics techniques. 25 Meanwhile, both of the

mO%%p{@g‘lng]‘? E'Cﬁ%\%@gdﬁk% %AI gH ?B 'Q%%)ﬁafg%yvg& %%%(f?k gFESTIIlt invention

obtalnlnfg Viruses; ever, the c cu ture m IS re erre

may bEAHe Leeacmlﬁéﬁ%%ﬂ?érﬁrﬁéﬁ&h@ﬂﬁr&i@tﬁaﬁ@sm%aé@ﬂﬁéréén%ﬁe attenuated
live maﬁ%ﬂm@pﬂt&@e&amwmuﬁw rakS1cngCR ﬁe&}snarcélmggﬁmty The
genenc recgmem}l/a%tos a1|ns§ HMP%KV%%ASS ity gggr}%%%gfg I3 vaIsE geneg':cs techniques.
Meanwhile, both of the mouse brain method and the cell culture method may be used for
obtaining viruses; however, the cell culture method is preferred.

Any cells may be used in cell culture for the viral strains, as long as the cells are
susceptible to the Japanese encephalitis virus.  Such cells include, for example, Vero cells,
MDCK cells (non-adhesive cells), and Per.C6.

Media supplemented with serum are typically used in cell culture for Japanese
encephalitis viruses to produce vaccines. However, from the safety viewpoint of vaccines, it is
more preferable to use viruses obtained by serum-free culture. Unless otherwise specified,
master and working cell banks used as seed for cell culture are commonly prepared by
serum-supplemented culture. However, it is more preferable to use master and working cell
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
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30 Media supplemented with serum are typically used in cell culture for
Japanese encephalitis viruses to produce vaccines. However, from the
safety viewpoint of vaccines, it is moreypreferable to use viruses obtained
by serum-free culture. Unless otherwise specified, master and working
cell banks used as seed for cell culture are commonly prepared by
serum-supplemented culture. However, it is more preferable to use master
.__and working cell 35 banks ptepared.by serum:-freg culture. This can
inact e QU A DasSP S BB SCIRE YL Rire method that
was/erseck e (éihy tHd pBésentdhassedtbama\poduee 7 conddtivetd dviduierum-free
medi&ﬁi?@ﬁ@%@a@t@?@ﬂﬁ'%ﬂ&.ﬂ@%ﬂ%@%@%%&gﬁl@&(- V;@f&é“&"c’?f@ﬁ@ﬁ@fjing-l strain,
i C.CL-81{1%1U%%has§?d_froan ATCC were COI‘I%II’IQI’IG with serum-fhea%, )
which 8 & R Sho S AR T TBHERTg R PP ARESE dBADSST SUCRRRGULS Ysfge: were
passaBedjiorgp sstreid, govieiah o suntog Serbredt sdenvegastrainasfer asbvinrking viral banks.
Proguging HaRanesaBRCEANAIIRVACHASWEFE R HasSAYeF-ONE N BRYE R

generations u inc%]Vero cells to prepare master and workjng viral banks.
iy

Ing
serunyy s SR AR FR A RTAIRY S calirBRaYsa SReERSH I ypus was inoculated

wherHbaltbitarelity weche-freel Hlegilsinfbr fivadnaseved Haysddselapamesehe culture
superRRERR Alis MUs WaD neruales whrndhg cell density reached 1 x 106

cells/ml. After arqund three days of culture, the culture su;ernatant was
colledteidfesreiainar iral QtidBendiBlsuppeAHR AhBHF e dti sitfgRsqregadient
centrifirghos pe psiparwvasquoiifted Biasiltrasengyabienid et atrifigatian ite., after purification.

The sf?égﬁ%qsqﬂ&ﬁ%gﬁsr%g)@ﬁ)&i&g rﬁﬂ}]@é he.add ,eg,%té%gnq% kg, after

purification. The stabilizers includeé amino’aci mines, amides, and
orgaRfciBRsHE atrAdifud HoRteeshqurFObH Hifes enee phEIRiTsas Hawpon have
marktatyirepeveinviabilan favengreikesiyrippievesisehilityigrlangdemihe methods for
prodﬁ%&? % 215%%89650&%%%9& %é%ﬂ%‘sggﬁicén %EqﬂgssJ%rci%é %:P t%%mp etgtemvention are
improved Inactivated Japanese encephalitis vaccines of the prgsent

modifigdRrdrrasehroniradonat i vtighsHitsial iddetimRionometidashea present

inveriitir aveIReB uifinh eifiase oy entbmiel IS WS NG &/ hRhene Afnts described
belo vg%ggl?ﬁréaﬂggt.of two types (_)1_‘ thg treatments de_scr_lbed below for

inactivation: The first modification in the inactivation methods of the

pred$éatinienediicstionchy eonecso ahen mathodt of thetheinrsaneetionanto carry out
the irddivgREIhahediaciving presenidavaenitee fanrnasc.anERRABINS e
raparlihS 2 ppdiveled in 2 bulfer.containing an aming acid, amine, anide o iqe

P organic acid in AddiioATo aninacivator ‘ffor exampl%,a’f‘orma m%. li:lms © & or

organafiowid pradddtiontefrinaetivesied Japaxesplentepiatiils vabsindstsarroduction of
inactiRsiaBpAsEQiR B NAI RIS NG RHAVENG A Ra e FelSHOIRGE REBUBE AQRAng

;[em erature. 25 A method is known to control the degree of inactivation
long {5,

torace around r e Tl . .
ANGFAMING adit sn,ltal%ﬁ?o?’ﬁ%,eamlnes, or the like present when

inactivethedbadrerian whsletuitibe deprsteirtesihsiticebiNuwiPanino acids,
ammbAEURERES hHRE BXaMRIenilIRSMBELA CATRPBRAY-RGCARISE hALYSIRRotein toxins
(see I(Ieo%c-:i’satent Document 6). For example, it has been commonly accepted that lysine reacts
with formalin and traps excess formalin to neutralize its action, and thus lysine has the effect of
controlling over progression of the inactivation or virtually terminating the inactivation.
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, 1s preferable for production of inactivated Japanese encephalitis
vaceines.  For this reason, amino acids, which have been considered to have the effect of
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
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with formal.in and traps excess formalin to neutralize its action, and thus
lysine has the effect of controlling over progression of the inactivation or
virtually terminating the inactivation. 3Q3Furthermore, 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.,

ete ral mactlvatlon IS pre rablef oductl n of inactiyat
the L LB A O b AT b T chree of
macilhatmrbedm tumsidéyeeninhacesl arisiisfacas perfatitsidng girzdthesclivatiorolling the
mactl@'a%&?t aggrdyhen M@é@%&%ﬁa@%ﬁfﬁ'&ﬁ ReltHMseshwirage stablhty

malin. The present inve aried the.formalin concentration
Thus JHECRB! (e 5 THL BAGSLR SPAFCADchOEP ORE ke g s veines
that aasstddedwireafcolmeigtiomitribe degrdemfmnacpesatiors. In. this study,
amin@,acid addiPRWas RS f@é@?ﬁl@?ﬁ%%ﬁ%ﬁ%ﬁﬂ%&@&w of amino acids,

. inactivation. This show d an unexpected and novel effect of improving the

AmingioPaHES BifFFRRR fr#é]f&&&ﬁ?%@%ﬁ ARADSSERARFRIS) aaaacmes has the
effectindctivatadniapangsatemitiephalitis vaccines 5 that are stable even after

|0n9&1t1?rr p%t%aa%?a'i%‘ BEh QORGP RN TSR ﬂ@a‘é%ﬁg&'é&{%em of the

finding by the present inventors that the presence of amino acids,
PreseaFﬁWéaﬁaﬁq.de“gna%l‘»aaﬁ@&&fag -BORRIBe ARSI apaprsdaTed.  Furthermore,
basicentephaifisaraccinephfstik eWetirabluidcominig steidgerstafilityr&ayred; however,

wate})m?oﬁ{b%%ﬁ%eam%%&%g%ﬁ% %r#%deﬁeglﬁmcgb\{ﬁlgggsyse atgy ?srégc%fmble to use

resent invention. Amon rotein constltutlng amino ac
both %?Bifﬂleff%ﬁ&?)@&ﬁﬁ@ﬂﬁ@%m 16’3%%1%%@%1%% b preferiegamino acids
includY aber-selubldiathidaqcidsale a&ﬁ&wmf@mﬁyhowﬂgmam@slmiub @rginine,

giy013@é18t%%%a§%c 8}% C%ﬂnel)égﬁﬁgz)ﬁﬁl%cggP ﬁ%s‘%%hﬁe' 588&3%5 fles, and

natur natural type amino aci
minﬁ%r%@%ﬁﬁ%%ﬁ%@ﬂﬁdﬂf‘d@o%ut are not limited to, aspartic acid,

y-amigfbety e aeidarl aninds (Fralarieutargl Eitﬁtﬁ;rﬂxﬁ@'}l@“aﬁqgilﬂi@{&(kuch as

eth 1%%"]' |s%euc ne.. Ieucnée Igsm serlne thﬁaonmehl valine, a C{%ggm S 1and
Y dnam N0 aci ofgo grs con alnlngt ereo? Bref%rreg nes

B- aiaaﬂmémm@@nm@aéemgmé@tﬁﬁ%%@mmbmcag ethylamlne,
ethﬂlﬁﬂ%ﬂﬂ@béﬂd eﬁf@zﬁkﬁﬂﬁ@ﬁﬁ@ Qv@mkjﬁﬁxm%eaﬁﬁér@@d%’@ﬂ&@fﬁidﬁ salt.

3 aJa lamide; a nia; a |nor c salts of th%a}
the (?I&l % e ers Buc as m axﬁ:i 1 esters can be used,
su s ahce Cldic and Dasic amino ac s as we MIiNes can be

useRrefetmedforaye saids mmﬁiénwr@fegimd@aﬁﬂﬁ@, a@mlésx@ﬁsds@@ﬁaag acid,

glucdi'ﬁ%ﬂé!&f@g‘l@féﬁ@ %}&%bﬁﬁi@@&@%ﬁ@ lﬁae%hnﬁrﬂﬁgr@ﬁ@wanmom it is

e, but are.not limit succini¢.acid, tart on cid

poss G e OISR L eI Sl LT B e i end sl
inclugedib kremoisenutheé rtcprfarmpimal@lfa@@eptamé igcicid atehgalesithéredtic acid,

glucoRbpb AL 8 ANd 3RS AR INRIHG. B UlRr & DRIHNI Gtk dandpsgxample,

maleic,acid, mal.ic aC|d stearic aCJg linoleic acid,
n the présent invention, amino acid$, 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,
buffer pH, temperature of reaction solution for inactivation, etc. Methods for determining the
optimal concentration are known to those skilled in the field of vaceines.

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

There is no particular limitation on the suitable Japanese encephalitis virus strains for
producing Japanese encephalitis vaccines of the present invention.  Specifically, it 1s possible to

use any clhinically isolated strains (1.e., wild type stains), artificial mutant strains, attenuated
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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 concentrationgn 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
. determjnin% th% ofﬁltimal. concentration are known to those skilled in tthe ! '
e ESRUAEah e Eﬁ%%a%‘?ﬁ%ﬁi%%nﬁﬂ%‘%%%@%‘?ﬁﬁﬁ YdRYici8s spetics), as long as
they cargslniv aoiiisemciyybebad deetidn ptiMecirg thecbieginning, or added
sepalalel-QRGe. BTy e R WaRine T BRedShaf mavticy i dimitalion e thR duced by
| suitable Japanese encgéjh%y IS Vjrus stralnsaﬁor 35 produging,Japanese
the PrEsRIl AT DLEB RE ST é’r—‘éQSFﬁ“iﬂk‘i’é%% RS AT
Methersefanyettimicailhg isel tited dtlajreéie snadiphblpes staicispsanifieisl imotantassay
methcfiNS AtERYRIRML A, SRS SRNEHS IRaaBina M SHAN SHINEIUdRnethod.  OF

strains engineered by réverse genetics), as Jong as they can show
these B?ﬁﬁb%‘ilﬁcfgﬁv%‘.’?é“ﬁ fd PPBAI IS Metaes PrESiBratE StaBfty S fdopted for
the MiapanadtequeepkalititovBird o celfrquhodsiots ppedd dee dtoliys thepreseand high

reliab.ﬁ‘i .““?Ha%&&ﬁ%%éé%ﬁy Q%MM§%SBWBQ&E§r“gﬂgﬂﬁlgquenreduction

stgraae. 5 Methods for deterimining the titer of Japanese enceg_h litis
methqgecidedhitchidRomn b HietHBUR OGN HEctHE AEutRmpingd with a known
amoundibhghatiter enethba;tvirethodthnd &d 84 anedhocRénthesesmatiedss

detenﬁiﬁg@%@}%ﬂ%@% B’?D%¥ 6@2%&&@%&r%{ ggntﬁ@%@iﬂﬂ 5’3§Ob&?1@; and the

dc _ e Minimum iIrements for Biological Products in Japan )
neutrgizdng ardiBndp hkay 1o Aafimehar dhasmacerpedivion tb g X rtiBE dyrifgue reduction.
This reHadd ik adsmrefeised doi ksl B0Ye Hladust-taduieieon 10 method". In this

method, samples of diluted immune,antiser re combpin ith 0 :

s s e LA S S R S e S
acids ramiERingUits s MeaRitrmisad thadeacon imasivamiserafptderatbaestmeihods of the
preseaftak eMbAGH Wit Rt Gl tha haendaliziieg antlkeidintitessthgaiinadtxample an
amin aécﬁ'&%d% Ie8 tgf df.ll“elﬁion 11 hg tgfggves 59;1()1/0&19 Iaquéle redlfcggg' Té]rliseﬁ ew?sdsiséculated

AOWN 10 THosE Skifled in thetield of vaccines. 15 The mechanism P
that thneHpimeptica stapnlivinerbifedesrad aded Byutiaprosdhes brlarwifrscdsiemsverted
into a3HURESaBIRESoRhATERbiGAE datitRedime okipagtiNationdn 4R8no acid, while

eatment methods of the present inventign will be discussed below. The .
o ARAR I A3 TS e AP iR R g O protens

large prtysnedandecsgretie surhabeglgeitie oralrome] @rishyart iengirsboratesisurface of
JapariiRidR&FRAIQENALON OftRAlYSRCEHANABSANhAIREMEIHHEHIG80 BRI reacting
h urfa%e IS con‘}/ert d Z%mto Eg Sr}?#r% statilg %o?gor zi-ltltr)nn %url e% Alv.reach some of
WD JRERAVATOR R t‘?{é‘%?&é R BB RR Hiiino' dtfa, W FoPMETH S gf‘:flvé’tlon
the frpeceeiadgmope tiprotnipoBoebifioalictogetiseriedth envelope proteins,
largg polysRecharidesteyaiurrR ANt NeHagIdiG PRaskeMAlRsHIe T A% ed out in the
absen%%é%%?#&?g%ﬁ%gﬁggﬁg t%%%%%%rgﬁg%hﬁ té‘?a\{éggg élpc%rée %‘f{ﬂg Siral 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
inactivated products.

According to the present invention, in the co-presence of an anino acid having a
terminal amino group, such as glycine or lysine, the amino acid can bind to some portions of
large viral structures because it has the property of forming a sait with an acidic substance.
When an amino acid newly binds to some portions, polysaccharide molecules tangled on the
viral surface undergo conformational changes, and previously covered amino groups are exposed

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



10

15

25

30

35

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 thejgonventional 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

roteing Aare thought tq remain coyered and thereby retain their, activity.

e S e SO g Bbove process
and thpsoafrimeERt o Protpiascenphesenéecotidnastiinte daidahavivigles tenominz more
stabl@MiAGGFRUPe SUBAs@IVSRE: F5YRIRE ithaRMI0A Ack eanhind 4280 esistance to

ortions of large viral structures because it has the property of formging.a .

the B B L S S St A MBS co Qb ve s 2
possiplsyisplenpnpstrdhefes vl éainestarghuhalititheias vieliserfigkly storable over a
long PAGIGACEORENING EhangeSyanthreMQUS Y CQYRIESF AR QR or such,

are xeposed as %.Egsujt. Th%g, free formal%gé?%s nt nearby binds to the .

o GF SO o A R Ay 18 AR OT L1 PANSERS Brygnton is 2 second
viral yipdtivetiomtainisioro cesgsphisieotisroimghtydhyitpe: aboVeqwerneskinamniyation may be
perfo%@%?ﬁ%%&%ﬁ&f&rﬁﬁéﬁée%”f thenshiragsatinagtvated viral particles

bec;ﬁilmes more Séible. Alternatively, more complete formalin inactivation
ma

& SORPERAANCEE RS ST RER Y SYPRK By R0 tHhd iRfiles both
chempraltend pbysdridminatddimvandine plodocts, fﬁhérxab@vﬁiimaa& pessibteformed using
only @Pﬁp@@féﬁﬂcféﬁrzﬁé%tf@%m%e]a@ﬁ%%%%?ﬂ@gm&\@{ \é%é‘ﬂ%?a %%ﬁactivaﬁon

storable over a_long period can be produced by formalin treatment in the

Aty R HERE I SR ARa L e iRy S THEtseT el BRI HeRIRIAL fradéation, and no
comhhnadﬁnaﬁﬁlnuhgﬂmddsqdwnmpr_eaﬁnﬂmmm maisdeond WighindatuiDthat the
inactiGEHD ?é‘édfﬁﬁ?&&b%ﬁﬁ@ Hhemical EF%HH%%HE%%?& 9!?95' %%Véﬁlgf%@a%aﬁon is

be performed in the presence or absence of a_chemical inactivator. 10~ =
confippeteBhVARGHEI TR AT FASHEHY of GRIERAALS ShepVSRbPIHGTEs ivating
free hotéinsherhicat dindlphysiddehemichiddplhanttiMavwavesatherinaativiedionhought to
be unﬂééepﬁ?rﬂ Qﬁéfﬁ{ﬁg %jeH?S %1961 %895&9[1%36‘ mﬁ%l II)@&%%\{%I@&%%& gme%mastted that
. with formalin or glutaraldehyde, and inactivation “treatments usin
IncompplgtG dBRHBRICA ’c%él’?ﬁ}&ﬁégrébéH%%ﬂrlé?ﬁsd}“{!ﬂﬂ&\ﬂérégﬁﬁﬁdﬁi?@ﬁ?@ﬁ@cﬁ@lﬂiﬂs
virus canchinaponiotsd bifiphadiegivaienmehoiis hashhearcarmedQue bissent inventors
i.nvesﬂrggtgﬁsﬁ%%go m%%@%%%:/ﬁ%gﬁ}e@ %%géaﬁileéﬁgsl r\}i%eetsr.ea}{g %nrtétf?ﬂt E}ﬁe present
. Inactivating whole virus when viral inactivation Is_confirmed, or wheri the
invenfess GreaKe i BrReRRyISecsHIRHBd atie ataRenrlosinectivmingg téebbique, in
additiproteinshdsteldinglyvaambisatamoimuitpie dTecivadadadreaimentsbagbility of
vacci?,%,en thought to be unnecessary, and thus there was no such attempt.

e present inventors speculated that incomplete inactivation is a cause

for tHe geranY ivagtidatiog wekagechicyapAneseientepleiiitsizoridaligreatment methods.
Such yageibeshpraguced hydnacivadi s d ghamieakieghnighasick idseB8d below.
Exm%&%%%ﬁc%\@)@%%é%gé?gl&eg%%%guﬁ?r'nst %‘\%{: e%écfe%:}%? %8%\/3%%2%68@0%%?% gns are not limited
thereto.

<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, 0.01 to 1 I (joule)/em?); electron
beam irradiation (microwave); sonication.

Furthermore, quality loss can be prevented by microencapsulation of whole virus. It is

possible to use one or more of the above methods in combination. The same method may be
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inventors discovered that performing a second inactivation by a
physicochemical technique, in addition to a chemical inactivation
treatment, is effective for increasing thid 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

repeaffE RRQBARMEI. DTN RANRYE LIRBHRANAUHO NS HE LRLIWIRA DRI &IRt ADropriate

sphysicochemieal, treatments and conditions> Thermal treatment

condif{ i SaR G AN 0 e AU SRR Y, YOREMS0 Fia{SEpeyaratp, buffer pH.
duratipmadfdtitnisou e, calbaltlbd Sty SeokBymkibd graatintasenisradiattbouflighter sterile
condiS@Hkce, various laser irradiators; wavelength, 500 to 700 nm; amount of

to 1 J (joule)/em?2); electron beam irradiation (microwave);

light, Q.0 .
soA&ﬁ%ﬁ%%ﬁ?ﬁ%@ﬂ&%ﬁﬂw%%%@&mm%ﬂw excessive denaturation
of antigior peoicapstidtloss of wiitdenitits utidisr @ossibiectarbias onelaifomore Tfuiefrom a

comp?&%‘ﬁ?i%%r@ﬁ oqﬁfgg}m%?&hgdgeaﬁ@@&ﬂ}%@g)m% s'kfl]ouﬁ%%%'éqgcaﬁd by

several times. The treatment conditions are not necessarily constant, an

examining SRFHEBARFTIEAY EaA PEUERATHEYAFUHSAREEHe amount of
sudpehcleetvirdisndervpavatufehbpféeembhventiatont ot dseatmnestoeleniibg

inacti@gt%{t? @gyﬁggpﬁwg& UEAIMKALS, e ﬁl%gfﬁgt%ﬁ g;pdtee OStegékr?Fg! r%sé%g multiple

conditions. 5 In irsf and second inactivations, the freatme
treatmgity it F Rbsdive derhsimistionadihatisgdrepivethanbadeiored by a

physiesdlgefieiiynsedententataiieaiment sloRditonemidlisn{t0Rk8on treatment may be
QQgg})tn%%gg%%l Enethods and treatment conditions

1

nsive st
fo}'lo‘gﬁ%%?dggg %%fg%lté%ﬁé examinin t]ﬁé immunogenicity and other properties_ _
aftehg aarriGAIsTh ﬂ@é%@l%?g&?\vé?ﬁéhﬁﬁeﬂ@%m%@mﬁm@ﬁﬁéhﬁ prcksasinvention

is diseuplysiensheriigalibhnaciiiandieatmentdmpriried edenMISA W@ilar to formalin
ctivation |S{Perfor usgggulﬂ%a%g%g&%sd!n %?nnggégzlgn?}g%?ase of

S db
1[}80111'\'/‘]%1011 mf eéﬂ' SENCE O El.nfl lil(%
chemical Inactivation treatment may be 10 ed by a phyS|co

formalip cagetticriigustant noldkpphsisbentpsicat itastiaiio s tremtnentiththeisenl
treatnﬁﬁﬂg\&ft_;fﬂg @éf(ﬁ?ﬁ&i'iﬁ@'ﬂ@@@ﬁkyﬁm_ -_ aégiﬁimﬂﬁrgﬁ‘%dﬂﬂ@@téﬁ Eﬁ?gﬂﬁqj%ﬁ!ﬁg undergo

the etfect the sec Inactivati oft € pregent.inyenyon IS
conto A Rl A T AL AOUATOR e el B PRl e
comphifpiyathasforhraivndribetitatibyin the proseinet of aficashimuadidadivigon treatment
in theproaihesizag: Breflyidi the sasednh feamRliRiinactyatian HSNgARIEochemical

; h sicicgesrrn#cal treat eEt, for.examPIe, mild thermal treatment, it.is 4 with
cchnidyE AIRAEETHAT SETVRRCChALE R OIARY R iR G RIS AR AR RREd Wi
mild hgatfeggo conformational changes, and the binding of formalin to the viral
surface praceads Mare 20 comiletelyniius. ennancingdhe siabilitynlhes
comblnatloQ of a chemical inactivation treatment L
effectiveness, such as thermal treatment, v-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
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
example, a Japanese encephalitis vaceine 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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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 amiri@ 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
and 19D ABRAMRACEAIIEMm AR CQNNGAtGHE - RIRISINS Rdetild RRdHIONS ine

. The ago e methods for producing stable Japanese encephalitis vaccines

R L @’%ffa&m? as %1%(2”5?661 SR o G e Ve e SaeEHa Doh
enterdtomgstheivirkmes elovigirigrio 8RofdaxiSirigael(SenhHavidiridad Sirases:occus
preutiIREE ARAGUSMITLIS Yl JEYErYITR, BEk-Deras 1RRGER P&lgﬁ%\%’de‘lrﬁbmyelitis

(TBE), West Nile fever virus, and Saint [ouis encephalitis vifus.

vacCifes HIRFL e RO QUG G DY BTRiReS vTBR YR FaC sl valluRTea, veRgines.
stabléditapant sEetive pldalitisisaocinedofstiekpresens BNanteotheandtation effect.

AccoHﬁﬁg_@? a&%&%@cﬂﬂgﬁﬁg 9%%\’%?}98 i@@%g&leyl%c&g %@Ei%%ec?f ﬁ{ nlléggrﬁ mvention,

. vaccines are combiried. For 35 example, a Japanese encephalitis vaccine )
includipgeoBHISEHPThVRR T ) he Bthiiméaahlthta therpaceipss A ahortessn invention
includehinlt isenotiinieotdefantisitondigddiddtheibitoxgisi endperteagishydrocarbons
such m@h@m afzﬁlébﬁa&%m'{e}%&?&ﬁ@ﬁ%@&%é}i)ﬁ URCH 35,2 QUIWAY 1« cuch as

u e}ﬁ-]l]éemo%?]

... vaccine. Other bacterial vaccine antigens inc usinfluenza
mulin, and BORBiEgeRS MEFiRGiti disesKitloHENa iy PRicsehlivhrd igesie the type of effective
adjuvinsche dahiacial, t}{@ﬂﬁrﬁhﬂbﬁ@ic&ta@ﬁ#‘lﬂm@%ﬁﬁﬂ lﬁ&i@%&igeg. The type of

: : iae.: Meanwhile, viral antigens jncju ut are .
e L Bt B By o B those sled
in the,ait eiedetRBp RIS & Besad cantenifiinyal\efftse adheditiofo o sffedtivdy known
trial -adidvantséhwdecines is known to enhance the vaccination effect.

Ac%srqﬁi[ﬂgl thaé%%r(%lpria e adjuvants can also be addfd to . g\?vaccines of

J

VENTIon ACCHEeS g vaccine products ent in i
the present invention, Inc U(ylng com maﬁlon vagcmes. d?{t%g vention may

contagpilieddomtemniaeeintsblings tfesemmplentdatimciudes e frotexample,

- thimelipaHPShDrMHBIRI W Aty Qxide ABAHR ARG KR AheneobHaEr oy bons

10 such as squalene and oils, bacterial toxins such as cholera toxin, an
s s s Al by

resent invention also reiates ?%Yﬁg?ggfa 568%?31156

polysgc?c er es' suc a_s IFIUFII:I, aﬁodl%%
bactetigerediohv mstabiishatiesie whicheopprriot dffestive fadjinsistiong a vaccine of the

presef@1RA6GHE theHEvMeRlogiael A6 l0R fB.Se AN YACHIng R0lS T RE YRS
Encep’%;ﬂ ffective adjuvant also varies depending on the administration'method.

o@vlé;vvélffl%ﬁscise skilled in the art can determine the type and

cortenirafiednghistiations adjudanbith arvbaoihpagniarabmdndibistration.  Oral

admirfiglAbd-RURuRehadssArivbremhe ég&ﬁxeﬁfi‘?f&%o\éﬁ_géiﬂﬁ-ﬁq the Y)%éggnts can be
lect roguct?%g%the present lnéﬁentlon may contain in additi
seled ﬁﬁ}e

on to antigens,
B SESSTe SOIERRS, SRECENR L or SR AbddiaRleamal
admirgsighapine moxyl sthanel)]arfdgologitgeatisats fonexampiecphienol red).

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
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The present invention also relates to methods for preventing a disease
caused by 20 bacteria and/or viruses in a subject, which comprise the
step of administering a vaccine of the Hresent invention to the subject.
Herein, the disease includes those caused by Japanese encephalitis
viruses. Herein, "administration” includes both oral and parenteral
administration. Oral administration includes administration of oral agents.

Thedpraea fapih @l rat RIS A Pe2mEs REIB S HIMeISctivating the virus

%%% es lutions, susg)ensmns, et%T nsnasal and transdermal
m ro

it R A PR BRGNS 6rop S B SR RO K ek agtgied forther
storagessishibifal adhsimsthatibeninbiydé ssaldroimistidiedovby injection. The dosage

andradmiateali 9 MR VANAERAHNG A RENRAY Wergbt 388 A0 ium used

symptom of g subject, ang can_he ropriately selected by those skilled )
was TR LSO RFeGLAl ATEAA A oseBuRr e carid out using
an 8(éfisreresdetatheaBxanilés mediever, it should not be construed as being

imiieadbeneiolnderaghJaaHmERIP iRMeTeIn Ale dReRpAIalNg - e

.this specification by reference. Examples 35_[Exarg£ e 1| Effect on tl o
mediygy f0 PLCORIR ST FRCTFRIS B Sringnkeids Aaumea ok ireRriiingr] strain, which is a
mousinactivaioivdBsimpriovedelapandaecinn taphalit e Mephaldtcinesing(evere passaged

; . i . ; lin ce. of an
O R A L Do .
stabifif) CPHE gt BH RISy BirTe dedersey efow! vhed Bisijrgmim-free medium for
five tdapanedeyenc@bbdlifisndst siatcplmitsirae dvaliaduliied MBehUm: UsBAsnsity
- c [tur i EM (Inyitrogen). Cell culture ‘
e e o s B C R T g v

cultupgsipearpeselceed oy isdrenasdherrashad brmrdecsamdinenese pmcephalitis virus
vaccises i Kiesamesitmtéo preparelvasienandwerkingicalbRanks: M isugesakaline

(PBS QS (E%;Qgﬁ;g%sw&i&%s a mouse brain-derived strain for use in
roducing Japan

anese’ encephalitis vaccines, were passaged 10 over

sevEREIgaRSTAHONEUSHRY Vased BEIS Colnrepaiiemieisterea mionidedn gheipeesence of

0.05 Hanke) Metakells Wenes GtikinachQRIPIS AR RS S WERMeX- 8. 9% Mdbher test
um-free medium for. five to seven@% . The Japanese encephalitis

Su}m%ﬁ%ss was f%\%gulé %eﬁﬁrgxsﬁé}%ﬁfc e .s?’l )rjé }(Qached | x 106 cells/ml. After

abctiten the igagiivetien taeimpret vimmswites doltestbu, frodmtdéticedtumee removed by
sucroStlBefsaFankdand Quifiadueing he methadJorRrealtInS-48RaNRES! with PBS.
Thenet@l%eS%Pu ;i(giss\\%ug 315 va e(%%ﬁfz%/&*(ltasat Institute. Then, the virus was, .

sUspended in phoSphate-buffér a2 PR Y IBbrARrEcS frgcphalitis vaccines.

sudpEhsion . Waretonbiviaeolidaddpaativiied bieiGalsoubatiprediod thray three months
from MORLAS #T BRSNS RIAE months,  Five vials of samples prepared under the same
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.
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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; impdrities, 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
[Tabl¥v@g stored in a cold place at 4C. The vials were opened every three
months from the start of storage up to nine months. Five vials of samples
re pared under the same 25 condltltns Wel

%@qgg@g Sl MEHRRRER R B ggftgrgd vaccine 10E(n)
] S Teriman IIIIU e T | 8wy Tt

; Sreints th eoMnfrrimantis | 9 months
. .é'§4:.llc IEQ ||||| l:_ggl alLC| 2“101

nnnnnnnnnnnnn raVdalilal
21T MIILIUUU e T 1T

1 “TOEhChdme in o
2 2 '@Nf 3','.‘ e L% oWl sibpded [ 2.060
T Ty TXIITY 7 X T To-¢t o +
3N L?fl%lz-ﬁjl cggl?f‘téf“gftgltored yading (n) | tefifera Ab-6addep!-563
] atlthe time-ofinacti h.3 menths 6 nths.9 maonths 1
4 05956 RedG 2.08% o2 501 {AT01 PleB8% dI9dRR 1.88¢2&brbitq) 1-476
A 9 Peh-Stanioe 1 4P Iastyss 0 494| -Glutamine 1.8% Sorbitbl 4C 2.653
5_ o alyp siditige {ogptmol) 504 | actose 4 0450 GV -h higaosolieduc | 0.299
1.890 2.506 2.227 1.476 0.4% L-Glutamine +5%Lactose 5 No additive
(control) 4°C 2.639 1.759 0.907 0.299 As shown in Table 1, the results of
6- antsBome mrr@wag ehdessarstpee shabtheohtemainipdditmned &*f@that the
apese en halltls VaCCI Ei\Froducts to w |c mlnglaﬁzléjnsl .such.

remamfl%’ ine and ? aDr%ﬁlﬁ(See(‘Elssgy ) Vfct mf)por amino acids and st 601 S SUCh as
giycx%@@ﬁcﬂblmwmwqu i drets deiEoR s md@@ma&ﬁahnls (Assay Nos. 2 to 4)
were Hﬁi@@ﬂ@ﬂ@@tﬁﬁ@dﬂ%ﬁﬁﬂﬁh%d&@@di@?ﬁ&ﬂﬁﬁ@ﬁ%lﬂﬁlwﬁﬁaﬂ&@@eﬁﬁggﬁﬂgﬁ@%m& was

hiche QE E<§urré|n titer uctc?ucr%actlvate onventional.me
& fhe Sence H?%%d ive Ii Ssa Sl%acg) 1't’ ¥ Ay FRURIEL

of addefipsdrhaseroNsyd staBiiey wagwém&mb@mm&imgimlm stability was

enhadé@@mﬂttmmmfi&@@éﬁtﬁﬁ'ﬁlp Foﬁfﬁﬂﬂ@@%’ 6reRdUVEB1RSabove additives
comgﬁed t&lln he abs e a d es The tit rwas rastically

a5 COnyBE Easet in T S%}%% éﬁ% b é%%rn‘% Eﬁ?&f’ o SHRFD R the
PYOdUaddiﬁ@nvaﬁeérbmbfa@m‘mﬁ@@gai aisbhdv{dontrejdt® i {ample 23iB festgdr alcohol
(cont@fided amino acid on long-term storage of liquid Japanese encephalitis

vaccine products

conventional o4in the absence

[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
density gradient centrifugation. The virus was resuspended in PBS at a viral protein
concentration of 10 pg/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
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. 1 and 3 and between Assay Nos. 2 and 4 show that after 15



10

15

20

23

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 g/ml. The suspensions were aliquoted (0.7 ml)

mon{RdQV RS RBIMSGH AT IVAGLIACS AL HABHI VG ARAPIQAS P;]’@H?.%] 4 Vl#égvzfal

alcohol were added as_stabilizers 1o the vaccines in the via

inact(YaOLIg i BISAEUE: Yo PR BCK PP A GRBTINr SpEemBaIgA fdhe producs
inactresteal it dite rim esotid ldivam asJaye ik cueiy dhrde addinibs nylibenactivation

tream%%éﬂ%%t&eﬂwfo%wmm@%g%%ﬂéﬁé%ﬁ QIE accines.

Products. The result is shown in Tab The'titer is ente

2. Corapprpn i tasaB ouy atelo TRt ot ihateftable @aa%ﬁéﬁtafégesﬁée remaining
titer Yadloghgr Wheompasend hetwenn Assnl Nes dddad 3 andineivwasnhe vaccine as

com@Rf N8 3 RN NAlR erdxl/?e “Eh EARIAES DS W, \os. 1 and

Japanese encephalitis vaccine products u’ce y vira |nact|va ionin
2 Sh% hredbndaparesn srrmRbalitis wasiBREa hﬁgﬁeﬁeﬂtepvggtwmmm@dmth
formpliaducts praetivatethwithow aminaasidhdeiiambiiig aﬁd&ﬂtﬁﬂ%ﬁﬂ(itabzhzmg effect

ofth@%?ﬂﬁ%’hﬂ‘&'&ﬁd Lvation ﬂ%&‘&%‘%&é@f zg%‘SFf Glve el %d for proﬁ Cinl% months of

stable Japanese ncepha itis vaccin omparison

storagge hesrapaining Gies Iastliakeris WM%flstorage the remaining tlter

3. Theaatighies Mewm;gﬁ@@aﬂaaﬁ@%gémmm@f@mm Asstplilizerss
VACC enno d ed Meanwhile,

com B B R TR Sbloe i s oater when

SEOT@%ﬁEé)%F%lt@bﬁéém%@@? ﬁ‘i’éf’éYéééﬁt ﬁn‘iﬁéﬁﬁ‘éﬂ |2}act|vated with formalin in

4. It $he preseacesf @e I@fﬁmeﬁa@@t&l&ﬂa@q{i‘gﬁ@;ﬂaﬁaw lﬁﬁ()r@i‘fhdo@ggﬁ%%ait 28°C in Assay

st b|||z ct.10 of ino.acid and ear after
No. T 5 5em gI?stt(t)}rlf'ﬁlg(jgn H‘%oanf%m F%}c?hé? Eﬁ{hsg’ﬁt‘é’? onstrated
that %meawﬂﬁééagﬂmm mesnweaeﬁmafmmgmmnmeﬁfgttmbnd&aaﬁéosmodgang stable

Japarbéendiish2B6s Assay No. 1, as compared to the control without
additives (Assay No. 3). The difference was clearer when stored at 28C.
The same was observed for Assay No. 2. 15 4. It was revealed that the
[ Tabledihaining titer was higher after 4 months of storage at 28C in Assay No
1, astcT redto-the controtwithgot additives (Ass Fhatis
i R E A e R e A

D“&‘F-i P aEe HetHE L ﬁ?&duﬁlﬂqahstakleom@parﬁeeeteﬂc H3haliths m«:nes. 24 months
20 !Table;] Stabilizer su(‘.icade Nemura |Z|ng argibody titer| of signed vacg;jﬁe 7533
0 5ff)“l‘fc

mpe dﬂﬁ?lnqéb@ctlvaggﬁztterﬁgéncathqﬁtyre O3 5757 2630

")
IMormrTS U ||U|II.IID LTI UdILII\. LI 1TTTOT TS

ne |4C 37 _ _
21 0.5% Giycine 0.5% Glycine 2373 2132 2.186 2874 2042 2630

oy

1% Sosbitel  |2g°C 2373 2579 | 2616 2695| 2345| 1523
&c , _
3l Noadditive | No additive 22081 1350| 1350] t542| 1858| 1271
28°c | 2298| 1498| 1488| 2023] 1694| 1465
. 0,

1% Sorbitol  |28°C 1.755 1.842 1530 2274 2,580 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
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4C 2.017 2.475 2.347 2.714 2.324 2.533 1 0.5% Glycine No additive 28C
2.017 2.906 1.767 2.537 3.127 2.630 0.5% Glycine 4C 2.373 2.132 2.186
2.874 2.042 2.630 2 0.5w o Glycine 1 £6 Sorbitol 280C 2.373 2.579 2.616
2.695 2.345 1.523 4C 2.298 1.350 1.350 1.542 1.859 1.271 3 No
additive No additive 28C 2.298 1.498 1.498 2.023 1.694 1.465 0.5%
Glycine 4C 1.755 2.557 1.788 1.767 2.024 2.436 4 No additive 1%

aliq u&%ﬁ(’&% %%S?IM %ﬁal% %ﬂgu%e%ség %a%Zﬂlgs589‘l}eQ/§igc1gExam I%t:cg)l rg{%{;& or 28°C for

effect of the vaccines against infection after two years of storag
25 mapliribed Fsiexnprn 103\91}‘:51@&%68?{%?4@9\}@% Ww@ﬁwﬁghﬂn were
infectellevith @6 seusmuited@anecicnvAsiiesepiiedimhRxampeetimmieal  ddY mice (4
for. n.for ctivation t 4C for th
eSO E AR A RO HACRU IRy e

two ‘ﬁ?slaqeﬁt@ééﬁ!rﬁ’ﬁ@AW%ée@ﬁ%ﬁl@imbarm§oitﬁm &%@Qsﬁmmﬁ'@rﬁliy
inoculfedliquoteelflcd, ey ik Vinls aogk %@&@@\@ew&emm&a@%@%@{@ E%rvwal

The Iﬁlﬁ{&g %%le&\g{fe%? Igut,gr %Ssmon:%lsfa’géoal%sshess thej %1 y O,I; ?]]% genved

vaccines, mice |mmun|zed W|th em were In c the V|ru
vaccipfquedie s dnagnsenireatpeniviithadloddiet ey vascaqatalviiks withused as a

contr\ﬂlereﬂmmwl@@ﬁl( Wﬁﬂn&h@ istoregkvinedinesciay ru@éﬁ@ﬁ ﬁfetﬁﬁﬁ%rﬂiliﬁsl ?gg(l@hihzed
o.wee s apane e itis virus solution

pmd]fclgé U)n\:/t\lllvé%eﬁll acere glg’rllﬁoculta%? wﬁgnfﬁ‘é% e 13?33“#?@?{%%’3?%%?%‘1 nPBSina
prescabﬁérfﬁé@wwmwa@g@@stme& sunlivedd Frestandrdrotsnevfoedter
deterﬂjﬁﬁ@ﬂ@ﬁ({@@@eﬁ@é @@1@@ shown in Table 3. A cell culture-derived

vacgine pra ced ac atment withqut adding any .

sta[’JEi zerg Was usga acs’qa ééﬁ‘ﬂ%%ﬁﬁr?é?ﬁ%%r%“&‘%ﬁ%& &in- &ﬁ%ﬁh‘}éﬁ“—mn was 83%
after yaceprtlusesie e BiliohandbsapdijophitireuiIdepioduttapdrohtsastesence of
0.5%fpoyitRepatinaldnsiiitie afd 'ﬂ’;ﬁﬁ{@&@@dﬁ%ﬁﬁﬁﬁ)ﬂe’ﬁﬁﬂ@?%\’tﬁg RRBS A ssay

nd employead as a

a, ribed fash on each measure .
No.1 8 ARGl H0F DAL F?é‘?&?i@e/i’e‘ﬁ%@l\}%éﬁf@?%% K@k was used
and tragteayiNG e sohFabiaBr thiessapdse $urvivat retevaftesuliratinfectiare st the vaccines

of theggré&eﬁ{tﬁﬁ@%mp&m slQfaes %‘?&ﬁﬂ@ﬁ@wﬂ?ﬁf@!ﬂﬁ%%&?%%aﬁ oT more.

inag vatedj rese ce of 15 0.5% glycine but does not contain t roro
e&Eﬁ?{‘é{ Yfﬁ%é iGh'oRSA the Proiicherstasrdnb 40 bhesay No. 1; <4°C”).
Me&nmlk@mwmw&iammaﬁ%mmmmmammmbwwi the presence

of an 4880 20f reried INLIhe RREAINLE ARSEAY N 40aldeFROVEIGRLL

demons érates that the vaccines,
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.

[Table 3]
Assay Substance added Storage | Mouse survival rate (%) after viral infection
No. During In vaceine temperature N‘ﬁ;i,bﬁ Day6 |Day8 Dayl0| Dayl4
inactivation mice

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

28C 6 100 83 83 83

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

0.5% Glycine 28°C 10 100 50 30 30

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

(control) (control) 28°C 10 100 40 [20 |20

4 Reference vaccine (lyophilized product) 10 100 90 80 80
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of the present invention can be stably stored in a liquid form at 28C for two
years or more. The survival rate was 67% when the vaccine was stored at
4C (Assay No. 1; "4C"). 20 It was denidnstrated 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

[Exaﬁlﬁ!ﬁ}fzzl) WAROWELHNA RS AR QSR D AeRHVANGE Bandbat.alr Eeo the vaccine

ithout additives (Assay No. 3). The conventional pro uct could
noiuilé%wt%gﬁgfb%%ﬁs ¥ TR G ?.ﬁ@meggefésﬁﬁaﬁﬂa%wgs%gﬁmplel The

Japar@ebstanpkatitid eth Steragedvtouseddur viddinga fertta)iafterhdraldpiesiins iiNte pre sence

I radur; be
e e LR A8 P A e

EAHRBY semoycamPEiGhe 1Y ARG A PRObeE 0SS Wes trsupended in PBS at
a virdb}yroien 28hthtB0cR® B30/t araddiivesd asedditiye ACid4) 108 2EOwith 1%
I fere aecine

sorbigh o %%%d&éﬁgﬁtéﬁgﬁ%o%%Qd%gs%g?%@ﬁ%ﬁ?n% R S e sored
The fsaﬁé%f%&t%&ebwm@a gAraHntkesradecsEsnorRre Yxdarrhyieg described in
Exangplsfiensibeseveldyyiepandd Bybleet same method described in Example 1.

The Japanese encephalitis virus was inactivated by adding formalin to the

suspensmns in the presence of 0.5% glycine and 1% sorbitol. Then, the

[ Tablgidls was purlfled by sucrose den5|ty gradient 5 centrifugation to remove

mptiities:After itrifagaton-the-vras-was+esuspended-ir-RBS-at—a
M Stabilize § ‘ﬁ] lfi:frahzu% mubody titer of stored vaceine 10E(m)

viral FJW}EE !_ngég. Uaggg Xﬁer punE}cmg ’t%é:ﬁ} Off?m‘f eoa (?ngl?ig\s’:,:__nF & months
Irogefner witm 170 leU@Lg% (\Il@&(déjb aigsdo acids Wclczai\jg o&as os%ngch 2128

{o thd suspensions, ang, thgyiuere SIopeg-—The TETTSITg tters yete 5B5]
getermined every threg MQRER UP 048X MONNS, asS,O0esLioed 15 4133 XY
xample 2. The resultig showan in TolRjecd. 10 Tablg ;5 tabilizef (pofage ™ 5 305

eutyalizing antibogy ttes ahistesed YagTine T OE(N)2DwgINg INacgtpafipn 7037
fter |purification tempéfafaratd montpe3omonths 6 noniBs 1 0.5%1GHyICINE 3 058

4C 2|175 3.303 2.1P80.5% Arginine |4°C 2175 2724 2 285
1% Sorbitol 28°C 2175 2077 3.058
; 0.5% Valine A0 2175 2118 2730
1% Sorbitol 28°C 2175 2.017 7468
) °C 2175 2.445 2718

9% Sorbitol =
6 % Sorbito 28°C 5175 1913 1.734
; o additive 4T 5175 2468 2629
28°C 5175 2631 2333

The result shown in Table 4 demonstrates the following:
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.

[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

presence of 0.5% glycine, and this was used as a Japanese encephalitis vaccine. Meanwhile, a
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1 % Sorbitol 28C 2.175 2.736 2.651 2 0.5% Lysine 4C 2.175 2.433 2.646
1 % Sorbitol 28C 2.175 3.082 2.305 3 0.5%Alanine 4C 2.175 2.235 2.032
1 % Sorbitol 28C 2.175 3.198 3.058 4 B85%Arginine 4C 2.175 2.724 2.289
1 % Sorbitol 28C 2.175 2.977 3.058 5 0.5% Valine 4C 2.175 2.118 2.730
1% Sorbitol 28C 2.175 2.017 2.468 6 1% Sorbitol 4C 2.175 2.445 2.718
28C 2.1751.913 1.734 7 No additive 4C 2.175 2.468 2.629 28C 2.175

o e e e

e .
from XiL33ALG TG S ABLADENG Ol {BRERGIFOF tRAATHE e BbedifscPiRARAEvention.
additheds¢neSeacNantigci 8@tndentasahds crenudstratiesh tdiahiinicateid in the
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suspensions were obtained by inactivation treatment as described in
Example 2. The virus was inactivated by incubating the suspensions with
ﬁablf‘o? alin at 24C for ten days in the 25 presence of 0.5% glycine, and this
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Titer test | Japanese encephalitis vacoine 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

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 vaceines 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




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 tbXin inactivation test No abnormality

No abnormality Conformed Tetanus toxin inactivation test No abnormality

No abnormality Conformed Titer test Japanese encephalitis vaccine 8

units or more 42 units Conformed Diphtheria toxoid 47 units or more 100
distribinCarferoesh E@aﬂﬁ&ﬁ@f@&@ umt&@rd&ersf%&%g&%ﬁﬁé atiOvirus
WhlclfllndUSt |al Ig(:%%l %y%EC ag |ca ciﬂf the Ja e enceﬁfé) llttls vaccines
rgdguceélnby RE Prodichon athe r%glf’nnsf REFREHfONE necessary to store
vam@wmaﬁr@vﬂws) foighengtrari ah dyclinpletiempertiguidndapgnesst in order to
preve@DREPOIN S UASGNSEBEARYCEd YRR GREWIMHO BALIIAYSERIAIR MEIBOSY when

lon furth rmore the vaccines of the present invention have improved

g-term storage |,
ty and’s ora tablllty 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 20 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 25 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 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 management in order to prevent infection using the
vaccines. The vaccines of the present invention are useful when 5
long-term storage is needed. 20 CLAIMS 1. A method for producing an
inactivated whole Japanese encephalitis vaccine, which comprises the
step(s) of.
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5 (a) carrying out an inactivation treatment for a Japanese encephalitis

virus by a chemical technique in the presence of an amino acid, amine,

amide, and/or organic acid; and/or (b) 2&rrying out an inactivation

treatment for a Japanese encephalitis virus by a physicochemical

technique. 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 gejds pzgininobutyric acid, alanine,

(3-alanine, arginine, glycine, glutamic acid, isoleucine, leucine, lysine,

serine, threonine, and valine. 15 3. The method for producing a Japanese
1. A madudhaliisodictigeofiatimated violMhbreineiweeacejstelitis(@dcofredpivhidtisomprises
the steh{gpst an amine selected from ethylamine, ethanolamine, and

propanolamine; the amide in (a) of claim 1 is at least an amide selected
@ cding, P, 2 AT R T AR TS Lom iy RRATIERS ShorRbaliaicusdiy wehsmital
techngimim ibegtrieestant angamicoenitl] seleated dio, sucinieanid atadalie/or
(b) cﬁﬁ%@&ﬁ%ﬂ'&%ﬂlﬁl%%&@%ﬁﬁgﬁﬁgﬁ %ﬁ@: %211‘%1 E@&Q%%tho??t%r(:ochemical

producing a Japanese encephalitis vaccine of any Bne of dlams 18 ,
techni@iErein the inactivation treatment in (b) of claim 1 is at least a treatment

method selected from heating, y-ray irradiation, electron beam irradiation,

Iel |ati 5 for producing & Japanese . . .

,2' Thg%égﬁglﬁ{gﬁ\?ggg%%gé Jc%i;r%ggel\%iée e|n1 1?*38 inactivation reait%eeﬁ?%yt he amino acid
in () singnd Satisashar aracasidhgleredivheaanatticddish fraainshytaric acid,
alaniskgfanlasthencephadilic wAaeineueiaiy.eneieb IdMS, 14 WDEERINStIR. threonine,
and viARanese encephalitis virus is any one of a clinically isolated strain (wild

type stain), 30 an artificial mutant strain, a genetic recombinant strain,

and a strain engineered by reverse genetics. 7. The method for producing

3. Thashepiadede @naah@h:@ Hisayaseia %xﬁlfe@ﬁ%@i@&z@édﬂﬁé fé:ﬁclléﬁrﬁl %&*‘%‘3%&&3&% fhe amine
- J se en itis virus produ e,cell culture method. 35, 8.
n o e e S o o i VB3 e o
propagialipREnaos: e in1aliebelaimabimt denetraephiditisclerisdproduoa, lycineamide,
and Bteasermdires ewture.metnod n9(ah e methaddar Q&@Hﬁ'@%&i@&q@%ﬁmd from
Succiegc%%%g}%\l/a&c&l e ﬁ%%'&'é“ﬁ r ,.whe@elng aster cell bank produced

By fie serum-ree ehiture mefh oS Sl "8 SEPIBrEdr uiture. 5 10.

An inactivated whole Japanese encephalitis vaccine produced by the
4. ThotReUsHIBPRIDE:Qf 30y M08 helainn ds teade Whighgan fetain it fiterin;

b Ion&-ﬁterm storage. 11. The.J a{gfae_enée he&htls vaccine of claim 10,

wherel tag thactivalior i‘[fse?ﬁ‘é‘ﬁﬁ 182@- 2l ﬁp@t east a treatment method selected from
heating, y-ray irradiation, electron beam irradiation, and laser irradiation.

5. The method for producing a Japanese encephalitis vaccine of claim 4, wherein the inactivation

treatment by heating is carried out at 24°C or higher.

6. The method for producing a Japanese encephalitis vaccine of any one of claims 1 to 5,
wherein the Japanese 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 claims 1 to 6, which

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

8. The method for producing a Japanese encephalitis vaccine of any one of claims 1 to 6, which
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10 at a temperature between 15C and 40C. 12. The Japanese
encephalitis vaccine of claim 10, which comprises an amino acid, amine,
and/or amide as a stabilizer. 15 13. Th2lJapanese encephalitis vaccine of
claim 10, which is stable during a storage period of one year or more, and
less than four years. 14. The Japanese encephalitis vaccine of claim 10,
which further comprises an adjuvant. 20 15. The vaccine of claim 14,

uses Wheygissthaapeuntsof Al geRRed 9958 LfdRen accina crMBEging. the
adjuvant is less than that of a vaccine without the adjuvant. 16. The
vaccine of any one of claims 10 to 15, which is in a liquid dosage form. 25
9. Thernahoohibinsaibis ingotipammprisiepalic Uspanes efaicepRalitd, vaeriie a master

cell RhRAYRRNBAMSAHDSH9:16 caRd-epRiRes MR antiden: 43I ultre.

combination vaccine of claim 17, wherein said another type of antigen Is
at least an antigen selected from diphtheria toxoid, tetanus toxoid,
10. Apenedsistedoding Hapemephiluphdiisnzaci3e yasbine] Metdsarfaduction method of

any JReBingiticis vacsing:;oral RlemY NS NaG¢iNe, IRARtYAled poliomyelitis
vaccine, and hepatitis vaccine.

11. The Japanese encephalitis vaccine of claim 10, which can retain its titer in long-term storage

at a temperature between 15°C and 40°C.

12. The Japanese encephalitis vaccine of claim 10, which comprises an amino acid, amine,

and/or amide as a stabilizer.

13. The Japanese encephalitis vaccine of claim 10, which is stable during a storage period of one

year or more, and less than four years.
14. The Japanese encephalitis vaccine of claim 10, which further comprises an adjuvant.

15. The vaccine of claim 14, wherein the amount of antigen per dose of the vaccine comprising

the adjuvant is less than that of a vaccine without the adjuvant.
16. The vaccine of any one of claims 10 to 15, which is in a liquid dosage form.

17. A combination vaccine comprising the Japanese encephalitis vaccine of any one of claims 10

to 16, and another type of antigen.

18. The combination vaccine of claim 17, wherein said another type of antigen is at least an
antigen selected from diphtheria toxoid, tetanus toxoid, pertussis vaccine, Haemophilus influenza
vaccine, Neisseria meningitidis vaccine, oral poliomyelitis vaceine, inactivated poliomyelitis

vaccine, and hepatitis vaccine.,



