Vaccine FIELD OF THE I NVENTION This invention rel ates

to rotavirus vaccine fornul ations. The invention

relates to the use of an attenuated rotavirus

popul ati on fromone rotavirus serotype in the

prevention of disease associated wth rotavirus

infection from another rotavirus serotype. In

particular the invention relates to the use of an

attenuat ed rotavirus popMRe&in®n from Gl serotype in

the prevention of rit|9seTerIAS ROCERFION W th rotavirus

i nfection fromnon-Gl serotypes. BACKGROUND Acut e,
This jnyeetian r§|atesdip dptamiesavacsing forantiatiogs-Jhgdavestion rejates o thdise
of andf@hlated roBMLsHopRRLOH frBH\eoneW@falvﬂus $&toBY # ABIpRGention of

countries, the inpact of diarrhoeal diSease is
dlse@pgggwatﬁe with getapigyssnfectign frem anathel mitavirupgaiotyps. In particular
the lr’ﬂéﬁtl&'?@iht&ssfd tHBUSE of AiRhttdrit@te r@fa@nr&%&ﬁﬁéﬁoﬁ TronPGh IslaFHt‘ype in

cases di arrhoea each year and hose cases about

the praveption ‘Pﬂ digsrase @sspaiated with a@tﬁw(wmf@ﬁﬂonﬂw noRG1z3erotypes.
Engl. J. Med., 301:967-974 (1979)). Rotaviruses have
been recogni sed as one of the nost inportant causes of
severe diarrhoea in BAEEBOMND young chil dren

Acuté Eﬁfb@tﬁ)us MléfthBQﬁ@é( !eraHﬁ\%SCaﬁgg ofld1§ddse BRB I debtih %ny'a’ﬂeas of the
Fi el ds Virol ogy, Edition, edited by Fiel

worldy| In del@@@'ng pawntn@en éfp%'mnast @fat@rfmabdlseaﬁg%§tagwnﬂgs For Asia,

Afric®8hd Eﬁﬁrﬁﬂmbhéé ltrHéEfl%bﬁ 8StirHARE A% thete BRSRANEEHBS Biflbn cases

over one mllion deaths annually. Rotavirus-induced

of digrihoga sachear angraidinse casessaiost 80| raifien ressitir death (Wialsh, J.A.

et al. 2,Q ERRNS. Mef 3Ads7-01676)) peak preval ence of the
di sease generally occurs urlng the cooler nonths in
tenperate climtes, and year-round in tropical areas.

RotaifRis8Y¥ | 'héb@ﬁ rﬁre%o% efH %r}é’oﬁtﬁ@%@ hﬁ%ﬂaﬁtrééms 650 ere®

person oral route wt an 1 ncu atlon

diarrhnesip d‘f@?ts ﬁﬂ@ prewgochilden(5stes oMiK. 3Retayigisesjgnd Tkeir Replication
in FididY¥ @ifdIb@)) Third EQRioR a(fﬂ?l@ﬁ 'Bgy m;@é‘etrg? nthQ@ﬁuleﬁQr‘éFPhlladelghla

neonat esS are gener tOﬂHtIC or have on
1996y K iscesdimated thahiotayirus ﬂ@eaftehlé resppasibledprseves ene oiillien dgaths

annuSIW: RAGGF qn&tﬁbel‘!cﬂm%gf HHS# gérﬁ:‘i‘lonlg%%ct@@Hallcfrén Bétwe een 6 and 24

rotecte resu revi S rotavirus I nfection
montgy ohags, and the peakipsevalernee Qime disease @energlly aprussreening the

cooler qJn'tﬁs inferfiperle @inatdéL gﬁd yg_ und ﬁi(t@m%ilal%ﬁ RoBRruses are

taviruses are enera heri cal and nane 1S
typlcaihrrtramémlttaddmnn hersrm & B@rsm by the feesaboral e Wﬁh @n ingubation

perlog E{)e ibe i ? ﬁga&ﬁﬁ)?dgy?t UHIﬁ(teqﬁf%ctloTMR [ |n§6ntﬁ {?)924 month age

ed capsi structure a rotavil
groups; iepaaias| gr%menanaibfrasmmotoeﬁaﬁcsvh bavye mly owd @haeaa@ mmmuaﬁéo

the s \né?'e d%@QQéTﬁorn}m It Ste&’fn %}L@BtcﬁYdréH $ndst 2002 ¢HoBEted

segnments o
asa result of previous rotawrus infection so most adult infections are mild or

asymptomatic (Offit, P.A. et al. Comp. Ther., 8(8):21-26, 1982).

Rotaviruses are generally spherical, and their name is derived from their distinctive outer
and inner or double-shelled capsid structure. Typically, the double-shelled capsid
structure of a rotavirus surrounds an inner protein shell or core that contains the
genome. The genome of a rotavirus is composed of 11 segments of double-stranded

RNA which encode at least 11 distinct viral proteins. Two of these viral proteins



RNA whi ch encode at |east 11 distinct viral proteins.

Two of these viral proteins 1 designhated as VP4 and

VP7 are arranged on the exterior of the doubl e-shelled
capsid structure. The inner capsid of the rotavirus
presents one protein, which is the rotavirus protein
desi gnated VP6. The rel ative inportance of these three
particular rotaviral proteins in eI|C|t|nq§the i mrune

i

deSIgr@gﬁgbqﬁsng rad VP3Iare agangad-en the $xterpeefthe do e‘ﬁb?"e?éiaps’id
strucflr€afhe IHN%)f@édé’lﬂ)fetﬁé roté\hﬁjs\ﬁ:’@se‘ﬁfso&‘% &o@fﬁ FhiBhnethet Rfavirus

group and group antige VP4 VP7 proteins
protem ée%m@t%veﬁ @ fﬁ'@t'VGf'mﬁéfrtQﬂ‘?ﬁ’p% thase éhfPP Spttigulareptavirak

protelis ih %ﬁ&ﬁnglﬁeﬁﬂhﬁl\ﬁb rréb%oﬁ’sé ﬁfa@fo‘ﬂ@ﬁ§ rcﬁékﬂru% Jrnfééﬂoﬂ‘ié thSye'? clear.

serotypes have been dentified (Linhares A
Nevepiheless, the ¥P6 gralgin qmemynespng groupeadtbgeoD anggen and VP4

and VEP protélhs are"\ﬁ@@gtehhﬁr%ﬁts o?ger@tﬁ)%rs‘%bﬁﬁ&%/ and 6 P
serotypes have been i1dentified anong the hunman
rotavirus. VP7 protein is a 38,000 MV gl ycoprotein

To d&t82atd85st YWV a6 ﬂan@ @eéﬂt%feg%\ﬁh Ak §Gtavirty B Eer‘o?pe& Rgve been

transl ati onal égro uct genom c_seg

identifieg dkiaargs HrC+ Brases i, PAiAT. JoPoblHRalt 7089, B¢ 305- "330),

Amoh@ tHERE ] NG erdtiifesiidtd ﬁlslel%’tﬁ)%s alé BOSlYidEMirle@Wntthg the human
rotavirus infection. VP4 protein is a

rotavifgs- g| ycosyl ated protein of approximately 88,000 MV
which is the translational product of genomic segment
4. This protein also stinulates neutralising antibod

VPT7 pritein i #§8.080 MW alysopietain (344300 Mhwkenmen-gliiepsylated) which is
the tl%hg'éaﬁérfé?’ pRIdBictd %eﬁbrgﬂl seBfRhE7, ?oraég %bﬁ%dlﬂ@?ﬁﬁe strain. This

neutralsm ant’ les” are rected

proteiestirayjalgs ferr@éorp of the nediralisingr andibedit follkewing siaviys infection.
VP4 pRiéNid Afon- ppeséméd '\g.%fté.ﬁ bEARFoRnSteRldd, m@wngh is the

rotavirus i ness tural rotavirus 1 nfection uri ng
transisdipng! Repuclb@RNoMIC reasuRNt o Téls RIPteinyalse stimulples neutralising

antlbbBWH]vaMg rot%wh]ﬁsvlﬁfe%ﬁérfnuat ed rotavirus vaccine is thus
d

highly sirab Preterably this should be an oral
vaccine, as this is the natural route of i nfection of

Sincd UP4hEYP7 pﬁ?{emé aé ﬂ:eal ﬂt%‘(&ﬁsoﬁ%ﬁﬁ% ﬁgm%é}%bodaes

rotavirus infections In t

are difpglediibey atst bqhméed/iom%pnnnmcand@qaltgs foade\@nlnm%tﬂ ofrotayiris
vacchB8 i {),%t&rﬁgng R}gﬁ,ﬁ.@s ilsddddi ed and had ni xed or

|sapp0|n ng resu re recent efforts have
f ocused on hunman- anlnal reassortants that have been

Nt o FUETTERIE NG i A 0B il
A hvesamemavemomtﬂummm%*s thusbighly desirable. Vaeferably, thisgshpyld be an

oral \?é%@:l’né,ggs this8 the Jélgra?r%hgezoﬁﬁf@@tidﬁ of the virus.

Early vaccine development for preventing rotavirus infections began in the 1970s after
the discovery of the virus. Initially, attenuated strains from animals and humans were
studied and had mixed or disappointing results. More recent efforts have focused on

human-animal reassortants that have been more successful.

A rotavirus strain known as 89-12 has been described by Ward; see US Patent Number
5,474,773 and Bernstein, D.L. et al, Vaccine, 16 (4), 381-387, 1998. The 89-12 strain



2 was isolated froma stool specinen collected froma
14 nonth-old child wth natural rotavirus illness in
1988. According to US Patent Nunber 5,474,773 the HRV
89-12 human rotavirus was then cul ture-adapted by 2
passages in primary African Green Monkey Ki dney
(AGWK) cells and 4 passages in MA-104 cells as
descri bed by Ward in J. din. Mcrobiol., 19,
was izaigtepImm agén! spacimen collestediiionta d 4 mgrith-pldrchid withwatural
- ; ft-ar
t ; J773.thé HRV 89-12
o oD g e e P g e Ry
humgrarotaviyes was therdeultUresadanied M3 passagge payimans Afigan{Snepe
Monie] K@l i TP RAA- 1O Leny Bs 484Gibed By Ward i
On%&epsi t.edbsh{i@gﬁeﬂglﬁlg&%?%&%adaégﬁgg{ 1120C2. The 159%3?pa eroo
J. Clipp 9lnd SbT483E55 JO8# n Iteasdhert glaqus pyrified Sttinasdn dh-464
oy o | g I
coe 8548563 Sk AHA andop iy R85t 9300 A, O guanions
passpge/was madaripassege i1 2Lior depasition vatarttie AACE. untier Hevascessien
numBRATHE FREA 2! TRABGRHE&HeD sﬁ%fn.]i%kno\ﬁﬁ 5?8%22@9. by
passagi ng wi thout plaque purification trmes in
primary AGWK cells and then another 7 tinmes in an

The B per PEYech oyt ol AR il B U Baine (1908)

papes.el hapagersigserings dhesafelyrand immunogenicityf en oeally agnigstpreg! live
i R Gid g e o BB RRIAED2,

attenuated \nyrpassaging wittbub plaguse putficatiors 96 limea in priradry WiGMK gells and
. ' t he
e AL P rk 5 Slech Ao B 3o B okl ) 1
cells. This is referred to as P38. The P26 and P33
. , L R,
rel BFLAHESIAIESAE il B Bal 5 B8k BegBBE LS oo
referegddp ps E26tanddie aigtarighwhickihes beeresérially hassagee B3 dimeisoill be
w 0 . . 1 . ,
oter 058 210 GRS O B3I s i
referieditp @y, This has been established by genetic
characterisation as described hereinbelow (see
exanpl es). P26 is therefore not a reliably consistent
In thpexarmples which dellowf the 38 material age passagedan fuitben aimeon Vero
celis | FhisHL RGUEL] @hsQagyaccine Tots. Similarly, P33
conpriseS a mXxturé of variants and is not reliably
consi stent for the production of vaccine lots. 3 It

The g.?es?ﬁ’fﬁga [s%}é@éjs %ﬁhbéd“rﬁ tﬁ@@aé&ﬁrﬁeﬁ@b@h) pabePwBlehdt'd@p8ited in a

eas ree gene vari
culture coliection, nor were they analysed to establish their genetic characterisation.

It has now been found that the P26 population described in the literature comprises a
mixture of variants. This has been established by genetic characterisation as described
hereinbelow (see examples). P26 is therefore not a reliably consistent population for
further passages, in particular for the production of vaccine lots. Similarly, P33
comprises a mixture of variants and is not reliably consistent for the production of

vaccine lots.



P33 and P38 are simlarly a mxture of two variants.
These variants appear to be antigenically different,
in ternms of neutralising epitopes, to the 89-12C2
strain deposited at the ATCC when eval uating the
neutralizing antibody titers of sera frominfants
vacci nated with P33 agai nst these variants.
Furthernore it has been found that when the P33 )
It hagypeert found that HierRP 24 meterialds adnikiyreefial leashthireq YBA gppe ¥eriants.

P33 ¥id P88 b dinfla T)@Hl)&@%%@ v GarRRES, eltﬁ%ge vQﬁaleQppear to be
vacci nated infants, only 2 showed

antiggaicaliyslitfareat n tﬁgn-"d‘afé"% aligNgeRitonss,i tﬂ ﬁ'@c@q 6?102 #ihpip deposited
at th@ATBCRMRGEARILREAY &éﬁ%u@rahiugg SitibRey titEhesEsera ftENARANts

suggest that the identif variants are associ ated
vacciga W'E‘r%i%ﬁﬁ"éﬁﬁ“’quéﬂﬁf'@it&w rus di sease. WO 0112797

di scl oses a nethod of separating rotavirus variants

and an inproved |ive attenuated rotavirus vaccine
Furthggppredtihas kaandowndthatwherothe fidsanatenialis agministerad tq ipgants, two

identf¥ief @bﬁanté\hﬁé}eghc?a%d)&ﬁﬂekc?eté@ of ﬁ&i‘b@cﬁ@té&hé\ﬁté Baly 2 showed
popul ation (isolate characterised in that

SignsQ 91T B8 A ool SCTP NS85 pba PigcebagTap were
infechdl ITABEe flﬁ(ﬂh&s AfgksithatdRé idaRffidivariBRts a'ﬂé’ﬁ!ss‘&:fdté@wnh

sequence encodi ng at | east one of the major viral
proteﬁpqﬁ EPRdotguysy¥ishase- as VP4 and VP7. Protective
efficacy of such an oral attenuated hunman rotavirus
vacci ne agai nst (9 heterol ogous strain has been
WO QEI24PT digciones ameathodfsepanting faimirys vprianty aed ap imprgyedlive

attenbiBie8 rS@URRCRCERB R HRRCHoA A cﬁmeh 9@4 SORMsh RRirus
Chenot herapy (1 CAAC 2002) 27- 3 nber 2002, San

straimiAlgpisclosed inAB PEGW%M%“@S pvwdqtlopz(m'ﬂt%)r @haféetemsed in that
it comFﬁWSQE I%O:ﬁ@ &darfiht Bte§lﬁfs?d?\9§|l §E vggaﬁ'ﬁ@f id V&hbntGefidda by the

I gure is the nu eoti de sequence enco ng
nucleofide Weﬂ%?émﬂ"& atpeast ongpfyihednaior irat pr@temﬁcqi%ﬁmaa@ as VP4

and Wﬂ@@l‘é@tl@@fﬁ’éﬁc?_%f L M dralPitRinGhidd HunEhIotarlN dcelRe against
DESCRI PTION OF THE I NVENTION I n the

present | nventi o

G9 hgferalegrys straisrhashegnrepartedin hetirbhmaﬂw ipfants/(Peraz et al. 42nd
InterfGIMEE @dnfé?encec&ﬁﬁﬁﬁﬁléfdb%?ﬂgéﬁi tah@bhbﬁ\om FERAE 2002) d27-

single variant or substantral éa SN Q rrant, sail
n

30 S%emaﬁ& 20025 Sar Piegp).aTheiwhelsiced b1 ?eﬂ% & hereist

incorb&aild rgn@fépéngehe maj or viral proteins designated as
P4 and VP/, can be used as a vaccine to provide cross

protection agai nst disease caused by rotavirus

i nfection of grifkESGRAPTION OpPte FicbRes used in the
vacci ne. 4
Figure 1 is the nucleotide sequence encoding the VP4 protein of P43.

Figure 2 is the nucleotide sequence encoding the VP7 protein of P43.

DETAILED DESCRIPTION OF THE INVENTION
In the present invention we have determined that an attenuated rotavirus population,
characterised in that it comprises a single variant or substantially a single variant, said
variant defined by a nucleotide sequence encoding at ieast one of the major viral
proteins designated as VP4 and VP7, can be used as a vaccine to provide cross
protection against disease caused by rotavirus infection of a different serotype to that
used in the vaccine.



In particular the use of a Gl rotavirus popul ation,
[for exanple as deposited at the European Collection
of Animal Cell Cultures (ECACC), Vacci ne Research and
Producti on Laboratory, Public Health Laboratory
Service, Centre for Applied M crobiology and
Research, Porton Down, Salisbury, Wltshire, SP4 QIG
United Kingdomon 13 August 1999 under the deposition
nunber 99081301, under the ternms of the Budapest

In pa&&%ﬁleattj abé1 V&Sﬁr&ﬁ)o@&%\‘u?ﬁ t[fo?j b§§rﬁﬁlg a%%ééggtegyat h’%t h

] east one tfavirus ser ot
European Gellegtion oBAnimal GeltiCaltures (BUACGE Vascine Research and

Prod(/]\&%rL‘beEQé tﬁ@ol’@ﬁ-f‘e%ﬁﬂ'i_abﬁ‘éfd?%b% Jeebéhﬁéfc}r(ltpgﬁ& of an

nuated ot avirus ne rotaviru
Micrenielogyrd Resedneh, ;BoetvemoM@nSelisbdrys Wilishires §B4 |0dGeb!nmot h
Klngg\ﬂ{-l %Yl' rB%ﬁulsgL @g{dnﬁgr fh%cﬁglpﬂggérha ﬁtljm{:t%é 2?@6'85 %@k%ﬁﬁ&tmg ferms of
the Bruéfam&t feeatylocarhiee equermwem dlshasertmuaed by botn (Gt ardatieast
one .E’&Pé?f@‘aln Jé‘?o ;9& QUL HS 1Y 0(?5'@’3 'c?J‘aﬁc?G‘éf}é{a%‘fd CLdrSfles.
Ises a sin
subst anti al I y a single variant, sai d var| ant defined

Accopr%?@}/ %%r@?ér{t %eﬁﬁW%gégSI g%%qif af att%%t@@ﬁﬁ@%ﬁ}l@ pBbulbtish

viral protelns ted as
from pne frefavibisyserdtype itthe praventmmfidinsase aswmeiated with ktavirus

infecgtgl'lﬁjér a\@ﬁ\e}’ Htg\hrug SQF “:t‘ycﬂéo g@@%ﬂo hgc ! %&e a?%?éf{ara%@od%%ﬁgc} by

referﬂn@ftertmstyqueme at themefavieus G prateinr us serotype is Gl and
is able to provide cross protection against disease
caused by Gl and non-Gl rotavirus serotypes such as

Preferably thepetavirse pepulatibnfis oharatteriggdiio that dreonyrisegja singleGa&riant

or su%lz %‘X acﬁn «;Qgﬂrllag%} st evaurggnt d&lﬂgd 8?5]12%%5&% e%'l?en@@@ncoding

at lea&bpaepfth\s mmp'lmrat proteing desigretenhas ¢P4asndl¥p@si ted at
t he European Collection of Animal Cell Cultures
(ECACC), Vaccine Research and Production Laboratory,
Prefepal)y ithe netvirus popbationtcompriSes VP4 end/Se NP7 evirloprotegns! frosal

ECA{ BB S o B BBRE R o R SR iR BB et 1000
under the deposition nunber 99081301, under the terns

Prefe%bl%aS e t%“q%‘g?étay &%aée\%ty;g %rbp Snd' RS aq)lé & pdjré\? id& Q oSS pgc%tection

cause | '@ast  one, erab
agains¢ diseasercausat bg qar znfdslcaisGy rtatavnhmwotyﬂm&mch raBSErotypes

slecluf it i ol DSOS 108 Pl U 0 B9 B Ry o2
G13esd G, 5 8B, @, GlO Gl1, (312, 613 and Gl4. Ina
particularly preferred aspect, an inmune

In particular the use of a G1 attenuated rotavirus population, [for example as deposited
at the European Collection of Animal Cell Cultures (ECACC), Vaccine Research and
Production Laboratory, Public Health Laboratory Service, Centre for Applied
Microbiology and Research, Porton Down, Salisbury, Wiltshire, SP4 0JG, United
Kingdom on 13 August 1999 under the deposition number 99081301, under the terms of
the Budapest Treaty], can be used to prevent disease caused by G1 and at least one,
preferably at least two, more preferably at least three, most preferably at least four non-
G1 rotavirus serotypes selected from the group consisting of: G2, G3, G4, G5, G6, G7,



response is induced against two or nore rotavirus
non- Gl serotypes, typically against any serotype
selected fromthe group consisting of: &, G, 4, G5,
&, G/, &8, &x, GO, Gl1, Gl2, G13 and Gl4. It is
preferred to have heterotypic protection against at
| east two, at least three, at |east four, nore
preferably at |least five or nore of these serotypes
G8, @60, dit1, Cd 2t BAB anfl GHeinaparitingantyopretesiediaspectMars immune

resp B ARG 5hih T DBy mofE*REAEEs b USSR BiREy Bbaipe
any serolype selpeted fromotbe gpoupf Ganaisting oft GRe@st G#.0ad, @6, Ghds8, G9,
f ' - . : A
o10/H} & B HiEbUER T o hatt ot on et o
leastdwo patdéasy three,tat éeast fose mbore mmfelta_bbrrat letdsteﬁyee orangref thbed
sero&E?so ?'i}?/fgfgﬂlt tﬁqﬁﬁt oqttﬁeev %Pn%dcoh%tggi\t’ibﬁ.%oﬁ Hé?é(ég&ra%%%u%

e nmanutacture a 'vaccine nposi t1on
respénze is mducediagainsiat lshstone, preferably af [pastteoagaregrefegably at least
[ 0. I C
thred, el breTat) o Bas Torhr titrolbuidnply S TombBheY 5 3 Bne
G9, in@ddition teshomdétgpit(Gh) frptesti@® ser ot ype and/ or Gl
serotype. In a particular preferred aspect, an imune
response i s induced against two or nore rotavirus
In pastinular ppewding e e presend invpetiom) therd isi prgvidid the use .of an

attenbifi Bk T FRB Y O s8lotite i I IpdtyBb o Bfcrige
compeBijtioGTor tS indGttign dikh,imGiihe reénae dgﬂﬁéta tlotavirps which is not G1
or O e S B 1ol B 40 AR Bl
rotavirpfefréeczﬁbh iby atG9 serstypé iamd/ob G reeratyys. I bepagti’cglar pteferes aspect,
a1l A8k BE OIS RATRE S B 108
serofypeg ihat befngl G bar GE. Typicalll asy sarbtype otheGhan@31 o35 9anel séldcted

o HEG BUGAAN 2 ] AL chocd, 81 RY ofy AR
is prefetred/forhaye hetesbtypie pratbetiomeigaingt atdegwst itveo,rzg least three, at least
four, 307 B Bb 28 b1 o F -G R SRR oy PR et o e
vaccipe rcotmppsitiorPiidst pedférably faa imetunedesponae isshthambdadgainst all of the
fololgBF 5 68 Aol RR R EREAREGRG acm ni steri ng to a

subj ect a conposition conprising a rotavirus Gl

serotype vaccine conprising a single variant or

substantially a single variant as defined herein. 6
The iRverition alsoyrelabes to atrasthod of iIndpcihghin imuné Fespohdecagamesti ne

rotavFrSsnFr)l?eScltiE)ﬁ ?nr)]mI aS ro?gvirgs %e%tylpe',o‘lhz[r%thod comprising administering to a
subject a composition comprising an attenuated rotavirus vaccine from a different
serotype.

Preferably the method is a method of inducing an immune response against rotavirus
non- G9 serotype, the method comprising administering to a subject a composition
comprising a rotavirus G1 serotype vaccine comprising a single variant or substantially a

single variant as defined herein.



specificity. Mire preferably the rotavirus popul ation
conprises VP4 and/or VP7 viral proteins from ECACC
deposit 99081301 suitable to elicit an inmune response
and, typically, provide a cross protective effect.
Preferably the rotavirus vaccine used is the ECACC
deposit 99081301, or is derived fromthat deposit. In

nbodi nent t e.inv ion excludes the use o
P'ef‘?’é'i"é{ 1§ [plavirys pppu %'tﬂ"r"t—’!ﬁt‘fbﬂ’&l VRgeing 60@89@@’9'96’2 ?é%‘iwﬁﬁ]
speomcmyeu\hmd pRafertdbhy ta? rotandiue E}fo@dlaﬁ@?&’@nﬁrwles IVFitU&Hlkﬁ \mv viral
espaonse serotype al one, a ou
pf°“’1¥§e ‘Eﬁ‘ E&f&fg getzgﬁlt@??Péﬁmf%tﬂa?'ﬁéo Fﬁﬁﬁ‘nﬂi't imgpngsresp r?é‘
typichlB5 pRiviRRSa ér@s@rdtétt:w@ gfbot ai’ﬂeféﬁamy ¥H‘é rotilitGs Vﬁbtr@fl.llsled is the
0.0 Sero es is generally

ECARGdepost G051 %ﬁ’rt'%g?ré’ep om tt@éﬂ?r?%ﬁ relates to Gl P8

rotavirus strains in nethods or uses as descri bed

above. Preferably the vaccine is used in a 2 dose
In oqeeeé?t?ﬂglmeqtéip%pgﬁxt nteﬁfglugg%med.@e@f g rgtavirgs sleain corresponding

to EQAOC ®0D8 1801234 fhethod s UE@as i'ﬁdﬁfa'téd &ovéﬁ&qﬁ&iid'tiﬁ Hn imrflune

anot hﬁ-n e_f pect there flﬁg)rov a met hod accor
resporye tp ke ?l%f?%ﬂ‘?e?r'@?%a “gé'dﬁ*ﬁﬁ SHeLR Glstran @bt@d@g“dm" of
immieXe8drises to GY iR cHABHARIN With BHuMRAGF hBRe td3gbNcdUslother G
nst diarrhoea caused by infection of a rotavirus

seroggesdls(geppl@lll)é Ret Q’S?b’gef' 0 that of the attenuated

rotavirus present in the conposition. In another

. %fﬁ,fg there is Prow ded a nethod, according to the
Suitg RiTVGRINSIaeHia GEPE EAPEYE sirgins insmghogs opiises, as desc”bed

abover ot ective against gastro-enteritis caused by
infection of a rotavirus of a different type to that
of the attenuated rotavirus present in the

Pref&rabp &5 Ydceine id Osedi iftal 2 HodelteliiRy, aspect, there is
provided a nmethod according to the invention wherein

the conposition conprises a GlL rotavirus strain which

Prefdrébly hd @caﬁ%p%\mé%%rbéseprbfécﬁorpg%mﬁbb@t?o-eﬁtemt@ NcB&dR@ly, in

i ndi vi dual s_agai nst severe enteritis caused by

anotieiiaseestSiPrefs Piovded A aeliobRcRIdng ieihe inksntigwharein i

com;&ﬁ:it@h%)@&to 6% ToPdtadtivi¥, ih RS dpuRiies b %bcfréfé%t lﬁ&@l’dﬂél% against
di arrhoea and/ or gastro-enteritis and/ eve

dlarrlgocfsa[ Gysed, by ffegtion ggﬂ Fidvgusi o adiffesnt tyre t@ﬁh@}fof the attenuated

rotaVita§Pterééhﬁﬁ| theEBnvpSitdhSini arht)&et a8pdYY, tRereGs PAovidea a REthad
erent type to that of the attenuated rotavirus

accogings{ortbe Invef i WanrgiBdhe FAPOSION i b o 8% RIoleBvSCagAnst
gastriolinterls %ﬁﬁé%m_ly/mt%ﬁ&?@ﬁh rdtavirls BPYifERHt t)fb'é% &HABF theat

| east 50% he rotavirus vacci ne used gi ve cross
atteryaigddetavipss pragsentinthesompapition. Jr arstll fustner e%nq;f dhere is provided

a method according to the invention wherein the composition comprises a G1 rotavirus
strain which is up to 83% protective in a population of vaccinated individuals against
severe gastro-enteritis caused by infection of rotaviruses of at least two non-G1
serotypes.

Preferably the protection rate against diarrhoea and/or gastro-enteritis and/or severe
gastro-enteritis achieved in a population of vaccinated individuals infected by a rotavirus
of a different type to that of the attenuated rotavirus present in the composition, is
between 10 to 90%, more preferably between 20 to 80%, most preferably at least 50%.



Preferably the rotavirus popul ation according to the
invention is a cloned variant. By a popul ation
conprising a single variant, or substantially a single
variant, is meant a rotavirus popul ati on whi ch does
not contain nore than 10% and preferably |less than 5%
and nost preferably less than 1 % of a different
variant or variants. Virus popul ations can be
purified to honpgeneity or substantial honogeneity by
The RAAAAEY
o RESAENIRAI U bR B oA HEBLAE ares
the invention is that a population conprising a single
PreféflbhARE rétavifl t.
e e e E i
nucl eotide sequences encodlng the major viral proteins
hor &1BK
By 2 PRI P o R RRy HAbB M or ARRRRGRN Lobdi Sl et 2
rotaviryp eepulatianewiichh does rat contieint mare than 0%, aed eret%rablwﬁssmnan 5%
d B
s 8 5 e AL B oy gt B B2 iR Bepuigions
can keopréied éo bempgensity gr substantiet hamegesteity hy: pagsiagingi angsuitable cell

d b A
pe g PR 5 iRl BT Rl O Aefog B0 hosi ¢ rom 01

fromthe start codon. In a further aspect the single

An aanarﬁéq\%s fA08 InQehtionSs Ak § péﬁ?lhﬂ&ji %rﬂpiJngnQ Qlegl!?%hgﬁ i®fore

vention 1s a vari
swtab@rfprrths éymulation loé s cpaisisterinasaine lotc Pagicular Mgﬂants defined by
ém i) t
nucléHt’i@eg \?éﬁge% %\ d‘tﬂe g@é%ﬁb@@teﬂng mQ)tr aﬁg ??!e #ggékéigg with
enhapoed efficacydo thef premrttine of,tcaa\tlrucomfecnonpr ef erably at
position 897 there is an adenine (A). In a preferred

aspect the single variant in the popul ation according
In onegprefeued aseadt.itbesingle or substartislin single) vadianiio $he fotavirug 88

popu?aﬁlgn %P%e%\%nﬂoﬁ t%yawlé}aggtpwi%h 91%%#‘4 g&eSﬁn%{]sg?hthpﬁleoﬁde

codon ene sequen

Sequsn@er mwﬁlméeﬁst pheottha @tbl@wm:r eadenine base (fomb pasitiam?788,
on a1 i B Ao B2 by S B YRGB 58 e
startggdort.romthe 8 start codon | n the VP7 sequence. Mbst

preferably in the VP7 sequence there is an adenine

(A) at position 897. In a particularly preferred
In a fagheraspettdhs singleeor substamtially singleevagiaptih dhe poputativorafl they
- . ) v . g 788
ery O oAV o7 o B B lglas Lbd 25
comprising at least one of the following: a thymine (T) at position 605, an adenine (A) at
position 897, or a guanine (G) at position 897 from the start codon. Preferably at

position 897 there is an adenine (A).

In a preferred aspect the single variant in the population according to the invention has
an adenine (A) at positions 788 and 802 and a thymine (T) at position 501 from the start
codon in the VP4 gene sequence.

In another preferred aspect the single variant in the population according to the invention

has a thymine (T) at position 605 and an adenine/guanine (A/G) at position 897 from the



fromthe start codon in the VP4 gene sequence, and a
thymne (T) at position 605 and an adeni ne/ guani ne
(AAG at position 897 fromthe start codon in the VP7
sequence. Most preferably in the VP7 sequence there
I's an adenine (A) at position 897. In another aspect
the single variant conprises a nucl eoti de sequence

odi P4 r
start SRR o7 et ot el it B8 A reihenit e s a0
adentheqbeacsositivn@dzng a VP7 protein wherein the nucl eotide
sequence is as shown in Figure 2. Preferred rotavirus
popul ations for use in the present invention may be

In a Ehticulariypréfgrrad aspddn e siogie vasdan ¢ theadpalgtittgaccording to the

over U g BEREA 8By Pt 851505 bkl iy poson 0
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an aGofbrdiana Al ngRlon B87 e s sBitcasPRl BRI seduefce

Mostpeefarbiycn tieVRT Bedince tharé isdn adyirgd(A) at poditeg 897. of
the VP4 and/ or VP7 gene sequence. Preferably the
popul ation is derived fromthe P33 or P26 strains as

In andmecas;imdthelsmgwe varﬂnecaaﬂm@amﬁoﬁwsé@lenee eﬁ&)dlng aVP4
ar § ative

protehdBimine Gubfire Gattiice o8 s i Fiotrg t, anwoL £ Bucigplie

sequéiyder éntoding ia0VP Dpropdia Whereimiherrudiedtide SsqueRteisessadhowntife
Fiaur ? ected variant is a variant which is replicated and
QU&er et ed when the starting rotavirus preparation is
adrri ni stered to a human subject, in parti cular a

The r I t cl. oned r
Profef 4 P evis ORATERS ot L auhacesnent FuBRERTRY B pRiAmegfy 2
methmyonhﬁnsi:ﬁml ified by further passaging on a suitable
ne. 9 Suitable cel] for passagi ng the
pass i, roAG 5 ERAEIThS? A SRS BIAPSet hod | ne ade
optioﬁéllyls@w&tugg Béfoganaeay clitute eying Aaideps of dither:Whi ch nmay be
estaEIl ed cell lines or primary AGW cells.

sui t YBItEIROKOCel | 1ines include for exanple Vero
b) IndividiET plaGue isdlation %t FRhL 2 (ATCC CL-160), BSC-1 (ECACC

85011422) and -1 so suitable are
checiipg %Mh . ﬁa%f&s%rﬁyé el Sists SAient e et gk & seduence
deterfiilatib b} an appropliats @égloﬁ/ﬁf 1Be G4 gndadrev ARGdriecddqaehae.

preferred for anplification purposes. Passagi ng on

Preferably the population is derived from the P33 or P26 strains as described above.
The sequence determination may suitably be carried out by a quantitative or semi-

quantitative hybridisation technique such as slot blot hybridisation or plaque
hybridisation.

Preferably the selected variant is a variant which is replicated and excreted when the
starting rotavirus preparation is administered to a human subject, in particular a child.

The resulting cloned virus population resulting from the method according to the

invention may be amplified by further passaging on a suitable cell line.



Vero cells gives a high virus yield. Techniques for
checking whether there is a single variant in a virus
popul ation resulting fromthe nethod, and for
determ ning the nature of that single variant involve
standard sequencing or hybridi sation procedures known
in the art and are described hereinbelow. 1In a
preferred aspect the nmethod of the invention is
carried out using an appropriate rotavirus,
. rtj rely, [ tUs ' . C LSt
suteBldel 393 oSt Wirob L E Bod ISR R HACHNG e iRy e
Africah graet intnkey kigngy XGVIKecells| witle meyrhieaastabiciped cellilioes os
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81), RBSIFRhLERATAY Ch-1690¢rBIG-1ECACE 860 1d#22)rand| Qi1 {4 TECSRGL-
fanl | S ' I j n
70). pfhe SEtle B BAF RAC ok Morkel RS (1Bimefite AFEE coLrn
cell lidep o¥eroadlisaret fastidolartypreferréd Fdreniglificatioh parpases. @alsbaging on
t S . Vvacci ne Research and Production
Vero%@)so@g%o? 9,&35&@%%@1%& th Laboratory Service, Centre
for Applied M crobiology and Research, Porton Down,

reon TR Y Bl AR g T4 PR i 5 TR BSERUB Ao
from _thed_aethbu,mrtdefon?ecterfn\}ih_hg t&nlj?tp&as?f tﬁ'atﬁiltgjei va@ilaghiuwgtre Eﬂa'gdard
sequbEHt SRRSO RS sl S o SRl it Bociow

functionally substantially identical rotaviruses may

C b hese,or. ot her . met hods .in.view of th
in 2 el BB the e SR it e L i gpbrosnate
rotavsus) paditulady rotavidsittavingl the obaractetisties ohithe 89113 stelin edofta

' i call equi val ent to the human rotavirus P43
pass%gfec?(#]eﬁélgﬁl \c/tgﬁrte:égn and therefore are within the

general scope of the present invention. It wll
nvent i an

herefore be understood that t.he | .
A paria Bt SRS IR Befflan 1 R4 G BF phtined from Pa3
(an isplwedictrean sdtavius phssdyesB83invesrin @nlturao©n appeoprinteaskil types) by a
. herein. Lt will also be understood that the inventiaqn
serieg & i aiukion Yonina i SBuisRAS/FA=RgHing 1R consf uAbee cpero
cells feCAEDIIBEGHNBA301 by subjecting it to further processing
such as by propagating it by further passaging,
cl oning, or other procedures using the live virus or
A P4 popaiaiidnywagddpblitedatthy Baegpeian Colldition df Yaniedl €ell Cultures

ipeeri t echni S Oor.reassorta techni ques.
EcA e VSl e eror i g Eion AORE T Rl FeAth ReSSratory
Service, Centre for Applied Microbiology and Research, Porton Down, Salisbury,
Wiltshire, SP4 0JG, United Kingdom on 13 August 1999 under the deposition number
99081301, under the terms of the Budapest Treaty.

Although this indicated public availability is the simplest method of obtaining the human
rotavirus P43, similar and functionally substantially identical rotaviruses may be
produced by these or other methods in view of the teachings of this invention. Such
functionally substantially identical rotaviruses are considered to be biologically
equivalent to the human rotavirus P43 of this invention and therefore are within the

general scope of the present invention. It will therefore be understood that the invention
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Materials derived fromthe deposited P43 which are
covered by the invention include protein and genetic
material. O particular interest are reassortant
rotaviruses which conprise at |east one antigen or at
| east one segnent of P43, for exanple reassortants
whi ch conprise a virulent strain of rotavirus in which
one or part of one of the 11 genone segnents has been
encofmpgInsaatayijus pepulrtivnmbaviag thenchasacteristics ohibe £48 vefiam4s,
aechdbipal |y, a rotavirus reassortant in which the
descsegné%?ﬁbr partial segnment coding for NSP4 is a P43
segnent or partial segment, may have usef ul

It wullp{gérbor?é &ﬁo%?ﬁo&?ﬁ‘%@f?{eti%ntlof %g&ﬂ\éﬁﬁ?inﬁ%aise%mw Hom dﬁhe

arin emare we oste
depoyitassi 43 CAﬁ(C 99081280 by autectingdt ta Virthes presessing such as by
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particularly antigens of the virus, which are capable
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agai nst Rotaviru en injected Into
proteiioR(st gengtic material. aOf paricular interest praypasmnt:mtawmwaewhuch
comdfrﬁé a\f;‘fé?%@r%oa\@ggn SPM léast oh @Pé’mgﬁt of B e§)§ @fdmf)lg rbd&Bhtants
which: eanprigiersayitulent @halasaf acvtywrtadn mhtqhtqnelm pag@ﬁpee ohthe tay

I
genohfe ﬁ{%ﬁ%t q%n%efﬁééﬁoéfwe X gengﬁg‘é%rsngﬁfﬁfpart thereof of P43.
Specamlé'naur@tawuas reassasiast intwhich thaysebmenborepanal segment coding for
r n
NS B oy 87 paial omiet Thalp o2 s o BraBe RS, Regssortan
rotavirysestandriechminues f@mremrm tlaere @ré well keowyv dosterr, Rrkbcardur e
bt & r tayi ci ne

Wagyia, &, 00 raellh Rbklrk QHAYRE o reliBu; AL chutfoluiBh® |
BioDrugbs®ewntd (@), 1 1p5<i78gle08)ot avi rus variants are preferred,

however, use of single variants or substantially

single variants is not essential. The cross
Matefialp pEpartiqdarriotesast acsprogeny of RA3 ardempurolagically adiveidsrivatives
of P4§H¥mp1‘gln8|8§gélgﬁé4:tl% Hgm%{t bg{ mg%tq% ﬁ\\égr%ﬁs@nttélﬁ%@ﬁ?#g)ﬁ with the
P43 viyai pasticulartyaantigess oﬁ thé wicus, ovhiahrareicapatie of dliciting faprimmune

tures

respo?\%é %}f%ﬂ § '%?E' Jeh%afh%? RG ag Justf E/geril/ @Yeecigc{ intd fé(r?st %ﬁ@rﬁ%l

ot her cloned variants, or with other VI ruses in

In adQﬁUntg'tﬁc.!zjkoef%viriu(r%tt§I Eé a@éltogngt%tc%ﬁ |X% fglse meon% Qgrﬁr@eﬁg Y r%gy be

are-use I NES o
necessary to treat the virus so as to get rid of any potent|a| contaminant such as any
adventitious agents that may be present and which would otherwise cause
contamination. In the case of ether-sensitive adventitious viruses, this may be done by
ether treatment as described hereinbelow. The present invention also relates to
inclusion of such ether treatment as an optional step in the overall procedure for

obtaining an attenuated live rotavirus or vaccine formulated therewith.
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whi ch are descri bed herei nbel ow. The present invention
al so provides a |ive attenuated rotavirus vaccine
capabl e of providing cross protection, preferably

whi ch conprises a substantially single variant
popul ati on, adm xed with a suitable adjuvant or a
pharmaceutical carrier. Preferably, the rotavirus

vacci ne according to the invention is a nonoval ent
Vacging: eamnrising single pheubstantiaiynsingle sotayirug varianis (g pigterred,

howe?fel‘ QsB-of {RGleR/apiaRE lor 'sGE'!s%‘rﬁtla‘iN{1 singleRAfiants i Adtle¥sential. The
advant ageotis i n provid i Ve rotavirus vaccine in

crospfiotastive eotavinue siaingd tha ereswaitlwﬂ% may bg cRmbined with other
rotav‘irQE §Nélh§¥o &Bdldg QBSitiBRdl p?&é'étﬁ)n drRId43PrSte S é{ﬁimst rotavirus
Sui tabl e pharmaceutical carriers for use wt
infectign @iQig®as¢- rot avirus strain according to the
i nvention include those known in the art as being
suitable for oral admnistration, especially to
Therefgreydlso withirt thessppe et ejinwentionargadnixtirasf v Mithedhero

rota\/i?ﬂ§ RSN, A6eSamphPbingl Ao \%naﬁ@ Btowr’t’r%tﬂér vnﬁjsémﬁbé#mular
hydr oxi de, magnesi um hydr oxi d hydroxyapatite, talc,

other tiearpigshvisusere, Suqhdnlxwéﬁ @fﬁl”ééfu' inethe KagainasSf éie igvention’
whick FGasEABE e Rbki hydr oxypropyl met hyl cel | ul ose,
m crocrystalline cel I uI ose, gelatin, vegetal peptone,
xant hane, caraghenane, arabic gum f3-cycl odextrin.
The graSent i @ntib® leélpﬁ&ldys‘a’l'i\/é%?teﬁuﬁ’tée c&QavrdsVacBhé Eé‘éétf@ota
rotavirus vaccine, for exanple by freeze dryin
provigiing gsossrpretestion, eeaferably yyhich carapsises grsubstantially single vanant
popu@a‘i’n@hxéd?ﬂixéé‘ﬁnt}‘{'ars'ﬁﬁablé‘%ﬁ(/élr‘\trw alfhatfiScdufi¥gbiep Wi th a
sui tab adj uvant or pharmaceutical carrier. 12 It may
al so be advant ageous to formul ate the virus of the
PreférQM? Nhé PHtalifus! VaRtide Q@é&gl Wg\(@ me%\?ﬁ?ltléH &h %né‘veﬂcﬂﬁ P&BVirus
or osones, in oll sions or wt
vaccipgreen rnmspansmglﬂ r@ta.vww Stéalﬂat ively or in addition
i mmunosti nul ants such as those known in the art for
oral vaccines may be included in the fornulation. Such
The presemdavention isrpastiquiasly aguantpaequsrin groviding & live rotavirus vaccine in
which §1d1v8 4iBhbted AL AR 1§ SHuhah Bibvirdb dfFadeird: hydehe
hol otoxin (entire ecu aS or t B chain only (CTB)
intusgyfgeptien. heat | abile enterotoxin of E. coli (LT).
Mutated LTs (nlLTs) which are less likely to convert to
_their active formthan the native LT are described in
Suitaple ermeesuticalerigs ig268 withdhesitenuasal royirusstrain @ecording to

the ilvERHEIPREAEY 'tt?d(}e S FlHERH é’fﬁé?ﬁﬁ %%?lé%y or3PadriflsHdfsh,

a_r e sqponl n rivatives su
espenigliyigHntapisorSuchicapsiess iaclude apdare nelllimited tel carbohysyates.ed

polyalcohols, amino acids, aluminium hydroxide, magnesium hydroxide, hydroxyapatite,
talc, titanium oxide, iron hydroxide, magnesium stearate, carboxymethyicellulose,
hydroxypropylmethyicellulose, microcrystalline cellulose, gelatin, vegetal peptone,
xanthane, caraghenane, arabic gum, R3-cyclodextrin.

The invention also provides a process for preparing a rotavirus vaccine, for example by
freeze drying the virus in the presence of suitable stabilisers or admixing the virus

according to the invention with a suitable adjuvant or pharmaceutical carrier.



nmonophosphoryl lipid A (3D-MPL). Purified saponins as
oral adjuvants are described in WO 98/56415. Saponi ns
and nmonophosphoryl lipid A nay be enpl oyed separately
or in conbination (e.g. WD 94/00153) and nmay be
formul ated in adjuvant systens together wth other
agents. 3D-MPL is a well-known adjuvant nanufactured
by Ri bi I munochem Montana and its manufacture is

It may edzer hendyantagepup tofomaulatethe Wi ofithelinyentiosiin fipid foased
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MutalestlcT shenliTs) whighiane tase fikely byccvwatt tcatjueirmcmer fatmdéhan the native
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accor ing to the Invention ormul a W th an
antacid to mnimse inactivation of the vaccine by

FurtHr hrﬁmgﬂoéuhﬁnaﬁ&&{}vﬁféh magziﬁg%ﬁ#& L‘ie’sy 5’&1n@|u8 FBRNEPoRin

I NC e 1 norgani c ant Um nrum

derwﬁgr\msmd @s Aj2yral rambnfagmlumdwydm patticgangdrderd-acylated

monfGAREHG A A TIBNEAR, Pl S ] gt 6 hpea
WO 9iHBe41S. csﬂmalnﬁsandlmnﬁonhgmmm hmd iAdway hel empipyed iseparately or in
comthb(éifom gewJ 52/6%5?‘3‘ GntHay) oﬁghlﬁt Wjﬁ S&,uvém‘éyé’t%ﬁmsqwe‘?ﬁ‘er

I N SuUsSp um ni'um I oxi
with ptaet a@emlt%«r BD-MPeisca weti-koowm edlgmntmarwfacaced by Ribi

ImmGrIEREm! M'oﬂ{éna AR5 A éc%rfa hse?# ?&{) ?2ééo4‘? an

provi y an an acl ut a SO an
adj uvantation effect. Also suitable for use as

A geﬁ&taptﬁiég.é oﬂ o? U&\I(\,{lég Qh@ deﬁ(/arjftg @r 0@1' %ﬁhﬁlg?@fng%%:t%%gﬁd in

as organi’'c acl car box
Vaccinedpesigred har&uaunldammAdheaManrmhcmdshytﬁqv\rell apfl Netweman,

[ j an organic acid carboxyl ate salt,
Plen%rﬂ‘gﬁéegéé&%mp\o&k 21 dys.

y a salt of citric acid such as sodium
citrate or potassiumcitrate. A particularly preferred

The i@ﬂ%ﬂﬁb %(lestggﬂ{)w@ a hfetrlrb%efgr b‘%ﬁ%&%ﬁ% @?xﬁ%ﬁ‘ gutﬁ(%@ o I;})Eeblgﬂf |ﬂfa nts,

I nvention IS elnora
by adsainisteripglte & subjeatrib oned thefetd @oRffectiMesamasit of aimaccine
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ctivity i1s

otavir
administered by oral admmistration.

In a preferred aspect the attenuated rotavirus strain according to the invention is
formulated with an antacid to minimise inactivation of the vaccine by acid in the stomach.
Suitable antacid components include inorganic antacids for example aluminium
hydroxide Al(OH); and magnesium hydroxide Mg(OH),. Commercially available
antacids which are suitable for use in the invention include Mylanta (trade mark) which
contains aluminium hydroxide and magnesium hydroxide. These are insoluble in water

and are given in suspension.
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mai nt ai ned during the association with the cal cium
carbonate. To prevent sedi nentation of cal cium
carbonate during the filling step, viscous agents are
preferably present in the formnulation. Possible
vi scous agents that may be used include pseudopl astic
exci pients. A pseudoplastic solution is defined as a
sol ution having higher viscosity on standing conpared
Alumijuinthydiaxisieds atpartiealasly pa@emr%d wmpormépﬁ@ vanciegiompesiion
acco?dm&toatﬁ@ iMRhtibihs Peby gﬁivﬁie %ﬁ At SredvBut also an
dragante gum agar-a g| n tes, pect nes or
adJU‘é?émtD@ﬁﬁfleﬁtetl c polyners for exanpl e:
car boxynet hyl cel | ul ose (Tyloses C(r)), nethylcellul ose
(Methocels  A(r Vi scotrans r), Tylose MH(r) and
Also KBitable for yigel Be ap [gigym the| agtine of |g{||m)(egn@r( ane)organmid antacids
such@é@r@ﬂ@%@ieﬂam}?&\% Cs%'lt%u &fe %EH&E@' in trl%( chiﬂg@o#\%)[)gltlon
Vi scontrans eneral  those
of the jnvepliam centaine anssganioaed Katbowylate salti prgteranm 2 salg efitsic acid
suctds! SRR LSt HRERYEBNAGRAES thal may be used are
pseudopl asti c excl plents Wlth|0Wf|0WIng capacity.
Those pol yners, at a sufficient concentration, give
A paﬁicﬁf%rlg ?réi‘er?écr %H{i Hat hidyi @eﬁqﬁgﬁr%@&ne cgﬁ‘\gbédl&g?f' the &
scosi t ut'l on “havi ng oW ng Capaci iy on
presentmh@" isghe msplubh inergamic isalj; caiciusm cargpnate ¢8aC0Oq). e
calcifi Bk e S BpEaD sRcicte Mth M IS Bnd e LIRS Bl i
mainfaingsbiuginglthe associationwithithe caltiwndarkanatengenent i n order
to obtain a fluid solution. Exanples of such polyners
are Carbopol s(r) and xanthane gum 14 Thi xotropic
To peexentsedineeriationm calciyer carbenate dudngthe itling dtapg visboussagents are
forma fluid solution. Exanples
prefeg:éﬁfEll'e%ghtp@g‘l\égﬁgb(@?%?nent s are: Veegum (r)(Magnesi um
alum niumsilicate) and Avicel RC(r) (about 89%

Poss@alf{/@&fdé% }s tﬂﬁ rﬁ?y b/ L%éfm@i[}ﬂ ?Jg'%ucé:?f)lastlc eﬁ%od%n@ AL of

pseuamaé%lpmmwﬁed@n qmo@ftvendnlawg higher visessity onistanding
com883lo SRk hdd B, BB i AL Dpalll b

SUCthea‘r@blebum adragantaigo, ‘agarha@r ai@natea.alacmsocﬁr seajisynthetic

o O A 0 e SORIIghpovcces
A®, \élagdmsﬂ\dﬁ(@ ‘BytesgdViH®@andrME®), dnydroayprbpyltalisbse TKiecels®), and

hydr%%ﬁ@gpﬁeg%%ﬁﬁbgé ‘(’Meﬁ%&g %%01 P?@t\Vigcdn'?r%ﬁg M#ﬁb@?%n general

I'ona
those pseudoplastic excipients are used together with thixotropic agents. Alternative

viscous agents that may be used are pseudoplastic excipients with low flowing capacity.
Those polymers, at a sufficient concentration, give rise to a structural fluid arrangement
resulting in a high viscosity solution having low flowing capacity on standing. A certain
quantity of energy needs to be given to the system to allow flowing and transfer.
External energies (agitation) are needed to destroy temporarily the structural fluid
arrangement in order to obtain a fluid solution.

Examples of such polymers are Carbopols® and xanthane gum.
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i ncluding for exanple flavourings (particularly for an
oral vaccine) and bacteriostatic agents. Different
presentations of the vaccine conposition according to
the invention are envisaged. In one preferred

enbodi nent, the vaccine is admnistered as a liquid
formulation. Preferably the liquid fornulation is
reconstituted prior to admnistration fromat | east

Thixqtrepic éxsipents brpomem gel sructore on standing whilst cioderoagitation they
i ccqti] | 3 ot:Di i : ' :
ormis 4 S 15l RO ARE S, Ut ifaanosi-

aluminiusg siticate) andAyiee! REP (ahout 896 maicroghyistatiingegliulose and 11%

' separate conpartnments of a single
Ca’b\%@%ﬁ?@%“‘%&ﬁ@ate vessel s which can be connected in

such a way that the final vaccine conposition is

. . . . . . Pr i
The (AERBSEBSAER o DR ROhA el by Byt g Teole ben
seledtedyiior xpothane Buesfasistdstly t he virus conponent is

| yophilised. Lyophilised virus is nore stable than

virus in an aqueous 15 solution. The |yophilised
Thusithe yacaine cdsepasitionalf the present énvientinreid posferalyfoinujated with a

com t%ﬁio‘fjcal%ﬂﬂp%?%&{a‘?@?ﬁé’x@{tﬂ%g&wrﬂ liquid vaccine

or mul at'r on. ernatively yophi lised virus may
be reconstituted with water or aqueous solution, i

n
. 1 T : i
Ol iRt Sl Aen B8 1, e B n L RBH 4 pgprs or
exampiteesuyciess arsl/drdactoseat i on conprises a virus conponent
formul ated with cal cium carbonate and xant hane gumin

one conpartment or vessel and this is reconstituted
The vdctinewwatmposition acpoeding tasihk inventiopmay enttainradditisnalemommbnents

SRR B3l REABE IR L pperosta

agenfsornul ati on, preferably a |yophilised cake which is
sui table for immediate di ssolution when placed in the
mout h. Lyophilised fornul ati ons may conveniently be
Differenbpriedentatianstdi éhef aacinefcotrplokitios aciéandiag phthe imeation asl
envisgbjac?.t er pack. In another aspect the invention provides
a“rotavirus vaccine in the formof a quick dissolving
tabl et for oral adm nistration.

In one preferred embodiment, the vaccine is administered as a liquid formulation.
Preferably the liquid formulation is reconstituted prior to administration from at least the
following two components:

i) virus component

i) liquid component.

In this embodiment, the virus component and the liquid compoﬁent are normally present
in separate containers, which may conveniently be separate compartments of a single
vessel, or separate vessels which can be connected in such a way that the final vaccine

composition is reconstituted without exposing it to the air.

Prior to reconstitution, the virus may be in a dry form or a liquid form. Preferably the

virus component is lyophilised. Lyophilised virus is more stable than virus in an aqueous
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In anot her aspect the invention provides a conposition
conprising a live attenuated rotavirus strain, in
particular a human rotavirus strain, wherein the
conposition is a |yophilised solid capabl e of

i mredi at e di ssol ution when placed in the nouth.
Preferably the quick dissolving tablet according to
the_invention dissolves in the nouth of the subject

solutigpt fhgilyaphilised virusngy be syitablierieconsiitytedvsing a dauidpatacid
code%ﬁubﬁ 8 bRt cd Q%ﬁih vaddihe forRBREIGRCRitdrAatvly the Wophfi¥ed virus

advant ageous for paediatric rotavirus vaccl nes.
may pe é?cé’f‘étlﬂpg?dt"ﬂ@ WatPLE aiequs saldions inowhieh ezperihedephilised virus
com;fd%tt@ﬁ'p?éféraw &)tﬁtdu% dPAMHELIBIcBMpBAdAL an  inorganic
antacid such as cal cium carbonate and a vi scous agent
such as xanthane gum A further aspect of the present
Prefdridifthé 98cdirfe foRmPEEH Ssingtisk¥ ARAHUS LaRBohdt Bthiidtewith
wher’ein the virus conponent is any rotavirus strain
calciyipicarbonaterasdniantiaag awm iR angicemparteenbeveseel agddhis is
recoﬁ%"t’iﬂkélﬁﬂﬁh QatBr of Qqﬁ@ﬁﬁ's@ﬁfﬁoﬁﬁgésaﬁ t ih WSO cBMPai@ent or
fornmul ated and adm ni stered known t echni ques,
Vess@5|ng a suitabl e anbunt of I|ve virus to provide
effective protection against rotavirus infection
w t hout suPnlflcant adverse side effects in typical
In anpther prefereed embediman, thepstine compositinisg salid fegmulation,
prefe(PéHly}J@Uo)Shﬁ?e&%‘éWﬁcﬁi@@uﬁMe 18 imhieaiste HiSESNtRM WHHH Slaced in

er dose typi cal dose of vaccine may
the "m%rkmhmw formglgtieds mag eonygsientivbie pegyided '@Ff\ﬁe‘ﬁfm @f tablets
,na‘ggwﬁgagmcgqmggrgggg a period of tinme, for exanple in
doses given wth a two-nonth interval. Benefits
nay however be obtai ned by having nore than 2 doses,
In aanNer ﬁgfﬁé&){h% ifventiBh g?owdé@%erofa%%gﬁfbc'rfé% tHetd A‘ﬁrok ¥ qulek
deve ng countries he interval between doses may
dissojying ﬁbloeéf%pral agdministeaionmo nont hs |1 ong. An opti nal
amount of live virus for a single dose or for a
mul ti ple dose reginmen, and optimal timng for the
In angthepaspechiheteventior prayides @ esynpositian samarising dilive attenuated
rotavirl Sr&h N8 pghﬁﬁfagahh%n%t_?@mé Qesh, r\&éieg%lﬁ ﬁ’he | A gYsliBh is a

responses I n su he vacci nventi on
lyophitiggd aplgbcamhimfsr@mdmer digsplutiem| vehen placed in thacmotiby

protection against other di seases, for exanple

poliovirus. Alternatively other suitable live virus
Prefeyaly ihecigkotissohing abilet according totheimyentien dissalyesi in the mouth of

the sﬁﬁgé}rﬁhﬁzie‘m ngk'lg t@grebgﬁt s%vaa'ﬂ@wmg F}%’ tﬂﬂhs'%‘,ﬁlvéﬁ ablet. This

rotavirus v ccin nposi tion ing t
approgehds paryeulaieadvantageousisr paediatrio ratavitustvaceings.i nf ant s
vaccinated with the P33 material as described in the

Vacci ne (1998) paper were tested for neutralization of
Prefepaidy theldrus %3 livmatte@@ated human rotavirus which is formulated with an

inorganic antacid such as calcium carbonate and a viscous agent such as xanthane
gum.

A further aspect of the present invention is to provide a lyophilised formulation wherein

the virus component is any rotavirus strain which is formulated with calcium carbonate

and xanthane gum.
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12C2. The range of neutralization titers of all the

tested sera is simlar for P33, P38 and P43. The

statistical analysis shows no significant difference

in the overall neutralization titers against all

three viruses. This suggests that the conformational

and non-conformational neutralization epitopes of

P33, P38 and P43 are equally well recognized by the
Vacciggs of fgnvestion may bedamylater ﬁati administareddy kpawg techniques,
usingPPSGLBRE ArRBurit B iiVeBius Yo pHARR R cliVearoteldfon against rotavnrus

neutralization epitopes revealed in this in vitr
infectignowithapé signifieant adverse gidseffgels in typizal mmeaﬁdAfsn@ablerﬁ@ount
of livé @ﬂ&ewmfnoﬁﬁélfyrbfél Be%ﬁéérpfb‘tdrfdefog f&fus ?&ﬂf ﬂgzﬁ;%t r‘(Yiﬁﬂ‘@’cﬁ'rdose A

ficantly differs fromP and P43

tYP'CQi lS‘f?é‘P ohyacsinedn e Ry iseHAX -t1ﬁefflé: B?ﬁ@sﬁ@ﬂﬂ &ray beygjven in several

dosed eoer@wr%rm.h@nﬂr exélﬁyuter.ﬁw&aéee @.@Iﬁ.@%ﬁv&ﬁmoﬁﬁ%tewan
P43 are not equally well recognized b

Beneﬁﬁtmay M@e\@é P oémlms@y\lmmgrra@r@dhamz sases, forrﬁx'\émpb a3or4
dose POSIFIM aﬁér@éhlér\ﬂh WeGdibping H&Qﬁﬁtfss 'ﬁﬂﬁhtewé? bétiveen doses may be

neutrali zati on epltopes revea his in vit

morepsdsss thir MoANORIhE IPNBe ANRRNTEY ampUELO! iy vingsdor a pinglecgse or
for a frftftipld BEHa! rég He%f Sﬁd Sﬂlrﬁzﬂ@iﬁ‘ﬁr‘\d"ﬁm% seb rl%nﬂgeeé:sgeﬁamed by

I nvent i on |nc use of an attenu

standagd siydies gwg{vprm Qbsﬁf\@ﬁwaotint@@ﬁbt“ﬁﬁeaﬂdrpthﬁef eRpANSLa i sibiects.
of a vaccine conposition for the induction of an
i mmune response against a rotavirus. which is not Gl

The vgccigg of the inyantigr may @iss eanyise other ahitatle livearirusasing @rotection

agawfs?éﬁ@ﬂé@eés%s aQFI bién%\@ 8'0W0\)u{]§| Uﬁﬁé’mé%lf‘éther éd?ttaﬁi\é' live %Hus

I nfection by a ser e and serotype
vaccipeefos oed adwgstta@on may @ Wﬁé‘rlélarﬁelpﬁ@t?r ﬁmm@tro@stb@ fame; s

occaél HE B BERINS addi cg{en?pr?gﬁ %@ aE@ér%b Ity &eﬁﬁvé?ft%ﬂes

ese serotypes not use as
clalned inany of 1 to 3 wherein the serotype ot her

Sera AWk e W to@moﬁl‘ﬁrd?& HBshtd §ac%§4afé§6\ﬁ ith f‘h(eq:%trngtehéﬁats described

consi stin
in theéi@cc"m(sggﬁicpa@@ﬂwew tetad foreutsalizetion abP3% P8y P43 and 58—
12¢24 Wherein an inmmune response is induced against all
of the followi ng non-Gl serotypes: &, G3, 4 and 3.
6. The use according to any of 1 to 5, wherein the Gl

The r‘é §@Mf AdiRra2fibh rﬂf’er§ Bfmﬁrgé tddY s ?@éhﬁgrsfo‘aP% HHefand P43,

avirus variant or substantia a single rotavirus
The s\tapsﬁlga{tanab(als &hows no significant d|fference in the overall neutralization titers

against all three viruses. This suggests that the conformational and non-conformational
neutralization epitopes of P33, P38 and P43 are equally well recognized by the anti-P33
sera of P33 vaccinated infants. This observation indirectly suggests that the
neutralization epitopes revealed in this in vitro assay were not altered between P33, P38
and P43.

The range of neutralization titers of P89-12C2 however significantly differs from P33,
P38 and P43. This observation suggests that the conformational and non-conformational
neutralization epitopes of P33, P38 and P43 are not equally well recognized by the anti-

P33 sera of P33 vaccinated infants. This observation indirectly suggests that the

17



vari ant defined by a nucl eoti de sequence encodi ng at
| east one of the major viral proteins designated as
VP4 and VP7. 7. The use according to 6 wherein the
conposition conprises a rotavirus having a VP4 gene
conprising, in the nucleotide sequence, at |east one
of the follow ng: an adenine base (A) at position
788, an adeni ne base (A) at position 802 and a th¥n1ne
neutt%ts@ooppltgmeqor@gealedam thisin vitrorassaewerezaliereshbriween 89-92 C2
and P58 RS ding to 7 wherein the VP4 gene conprises
a nuc eotlde sequence conprising an adeni ne base (A
at positions 788 and 802 and a thym ne base (T) at
i bl he use
High C cg‘tregie ﬁ 5 ﬁ%dféﬁ%l?@ﬁ% %{’%&H 'ﬁ%ig@ |n t' r?:(l)ur? -Ec onprises a
rotavirus having a VP7 gene conprising, in the
;qu%eg’té LA %1}? goz?\%u‘lag ﬁ{r‘éiggrtorﬁ)g B1 er&gﬁe qg'-le Anthctite of a
vgg@m C@npmrdndthg industiom of c'(reymwnqor@smnseragamst afotayitus
WF% b@{é1gp@@p 10. The use according to 7 wherein
the VP7 gene conprises a nucl eoti de sequence
conprising a thymne (T) at position 605 and an

2. ﬁ@%b%%céd'(@r?gqg 1%!‘%@9 laAGmb{Ghe #sp oﬂQ?o égﬁﬁloﬁal?y R?@é@fé&%mst

start co Gséraccor di
rofiavirus infectien byraeSsierotype enﬁfpfr%esmévneot avirus having
a VP4 gene conprising, in the nucl eotide sequence, an
adeni ne (A? at positions 788 and 802 and a thym ne
3. The)usgtacpardingitot o5 @witareimthehiraung responseris induded againstitwo or

T e e S S

positi on 897 fromthe start codon. 12. The use

4. T%Qf%%l '%Qd e e/OJf 1]tot3‘1~ﬂe]reu\°('t?ﬁé Qé@p/gg ‘EFR%SG’E ng;;

capa agal ns S an
sar@xrneheaeleat@gé@nwlelhafmustmg bfde 58t 6\4; GﬁsG&fGa G8, G1O

Cghftﬁﬁe@%ta}{@%ﬁo the Gl serotype of the attenuated
rotavi fus present in the conposition. 13. The use

according to 12 wherein the corrp05|t| onis up to 83%

5. TF%QISS %Ebcyrﬁmg o gny BPP HJ £ n Mﬁﬁ&ﬂ&%&ggnéqu n‘&h?é@ggcfamst

Sstro-en erl 'S ca
adjfof ﬂ@tfaﬂnv\nm@e@n Gﬂ serotypems G2t B8, 6d@od\@ks, t hese
serotypes being different to the Gl serotype of the
attenuated rotavirus present in the conposition.
6. The use according to any of 1 to 5, wherein the G1 rotavirus vaccine composition

comprises a single rotavirus variant or substantially a single rotavirus variant, said
variant defined by a nucleotide sequence encoding at least one of the major viral
proteins designated as VP4 and VP7.

7. The use according to 6 wherein the composition comprises a rotavirus having a VP4
gene comprising, in the nucleotide sequence, at least one of the following: an
adenine base (A) at position 788, an adenine base (A) at position 802 and a thymine
base (T) at position 501 from the start codon.
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10.

1.

12.

13.

14.

15.

14. The use according to 13 wherein the severe
gastro-enteritis is caused by infection of a
rotavirus of at |east four non-Gl serotypes. 15. The
use according to 14 wherein the non-G serotypes are
X, &3, A4 and ® serotypes. 19 16. The use according
to any of 1 to 15 wherein the rotavirus strain is
ECACC deposit 99081301, or is obtainable or derivable
Theoise CRaTdingdp 3 3vheren 1 8B4 gene camarisese ruclasttide seauesce

cBRYriSihg Janta‘aeé\ﬁe WB&E )t bﬁﬁtléfr%cféané‘nd So45fa th‘}nﬁhezbégés(?) at

ol l om ng, non-limting, exanpleés
qoﬁ'?ﬁ%ﬁ?bf"@"‘tth%stmﬁpﬂ on. EXAMPLES Exanpl e 1:
Denonstration that strain 89-12 at passage 26 (P26) is

a mxture of variants Sequencing of VP4 and VP7 genes
Thedise gceording ie 6 yhesein dha eampasilignsaaipriseod rafpvrushavippa VP7

gaﬁa %émw.ang, nﬁmie%%ée &@auéﬁeéyatééa\é&ﬁ@u hd 'folﬁalﬁﬁag%ymme

est abl'i shed (as 05) posed 9Erlmar
P

(T) ﬁ@ps't'@a%ag@ Mmr{ b@@&@@ 8 @sldvaeauqmer (&3)rebposition 897

froft Rk sBWeRishr action was reverse transcribed and
anplified through PCR in one tube/one step. Prinmers

Rota 5Sbis and Rota 29bis anplified the entire VP4 gene
m@@sgrab&ﬁ’ﬁﬁlg?@t?%hleréﬁ‘%e\ﬁef ge@%&n AigRk iz fﬁtﬁ:féotga enté
as been s

ene CR mat er 1 al eguence

Oempf'@f\@ athyRina€ T )at pesiiorr 685 and pn agering &qus@e;mzme (%) at

pggq&eggﬁfrg,lnftf@g@q(foagﬁnthe passage P33 sequence by 3
bases (at positions 501, 788 and 802 bp fromthe

start codon) in VP4 and by three bases in VP7 (108,

TH%s83ecAtdiA %’aﬁ)? 8M e, gir\/tg(t_} ﬁﬁ;d&m osiliBR cBﬁ'@ﬁ?&ea Ft&irus

sequence sc ns VP4 an t mut at

h{eMQg &i\Gisgeneccomurisingnindhe huelpetidesseqrgreeran adedjoe fkeatas

T, t
o i 50 o
whetfire Hiee/ Rt aenre euanfrises.io Q@w@a@eqﬂde wequened, a thymine (T) at
pB&ti&H BG4 SPHR ali@ine g£§7at 8§ifon 867 forRthe &gn%@ﬁéﬁ"ge P38

(derived from passa was passaged tinmes on Vero
cells and

The use according to any of 1 to 11 wherein the composition is capable of protecting
against gastro-enteritis and/or diarrhea caused by infection by a rotavirus of a
different type to the G1 serotype of the attenuated rotavirus present in the

composition.

The use according to 12 wherein the composition is up to 83% protective in a
population of vaccinated individuals against severe gastro-enteritis caused by
infection of rotaviruses of at least two serotypes, these serotypes being different to
the G1 serotype of the attenuated rotavirus present in the composition.

The use according to 13 wherein the severe gastro-enteritis is caused by infection of

a rotavirus of at least four non-G1 serotypes.

The use according to 14 wherein the non-G1 serotypes are G2, G3, G4 and G9
serotypes.
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di spl ayed the sane set of VP4 and VP7 sequences as
passage P33 (AGW cell line). Thus there was no nmj or
change in popul ations between P33 and P38. TABLE 1:

A i gonucl eoti des used for RT-PCR and sequenci ng nane
sequence position VP7 Rota 1 GGC TTT AAA AGA GAG AAT
TTC CGT CTG G -49 to -22 Rota 1 bis GGI TAG CTC CTT
TTA ATG TAT GGT A -16 to 10 Rota 2bis GGI CAC ATC GAA
CAA TTC TAA TCT AAG 1014-988 Rota 7 CAA GTA CTC AAA

16. The ks decilifg fa aRpor ¥ (o, 1SRhRrelrPin Fiadiah sholn, S ECAGT el
98681 30T o6 5 LbtAmablearTdetvabietfeom ECOCE depasit R8PSIBQIATT
TCT CAT TCT CAG 682-651 CAA CC VP4 Rota 5 TGG CTT CGC
CAT TTT ATA GAC A 2-23 Rota 6 ATT TCG GAC CAT TTA TAA

17 The Wweacggdingrow@ay §b1 ¢ 183BheFin thewadane iFUBed ima @Aldsa regime.
2-23 Rota 6bis ATT TCA GAC CAT TTA TAA CCT AG 878-856
Rota 25 GGA GTA GTA TAT GAA AGT ACA AAT AAT 268-296

The faftowingangrelirgiting, ERAMPES iUsixateTthe trgantiosr ACT ACT CC
206-268 Rota 27bis TCG ATA CAG TAT AAG AGA GCA CAA G
721-745 Rota 28 Rota 31 TTC ATT AAC TTG TGC TCT CTT
ATA CTG 753-727 Rota 32 GTA TAT GTA GAC TAT TGG GAT G

070 Rota 45 CAT CCC AAT AGT CTA CAT ATA C

1070-1048 Rota 53 TGT AAC TCC GGC AAA ATG CAA CG
1205- 1227 Rota 54 CGT TGC ATT TTG CCG GAG TTA CA

T

variadg7- 1465 Rota 39 CTT GAT GCT GAT GAA GCA GCA TCT G
1703- 1727

Sequencing of VP4 and VP7 genes from different passage lots

Sequencing of VP4 and VP7 genes from passage P26 (primary AGMK cells), passage

P33 (established (as opposed to primary) AGMK cell line), passage P41 and passage

P43 was performed. Total RNA extraction was reverse transcribed and amplified

through PCR in one tube/one step.

Primers Rota 5bis and Rota 29bis amplified the entire VP4 gene and primers Rota 1 and
Rota 2bis amplified the entire VP7 gene. The PCR material has been sequenced using

different primers (see Table 1).

The passage P26 sequence differed from the passage P33 sequence by 3 bases (at
positions 501, 788 and 802 bp from the start codon) in VP4 and by three bases in VP7
(108, 605 and 897 bp from the start codon).

The passage P26 sequence scans of VP4 and VP7 show at mutated positions the
presence of the passage P33 sequence as a background. Thus it can be seen that

passage P26 is a mixture of at least 2 variants.

The passage P33 sequence scans seem homogenous in VP4 and heterogeneous for
VP7 (see Table 2).
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Rota 33 CAG ATG CTG CTT CAT CAG CAT CAA G 1727-1703
Rota 34 CGA TCA TAT CGA ATA TTA AAG GAT G 2008- 2032
Rota 29bi s CAT CCT TTA ATA TTC GAT ATG ATC G 2032-2008
AGC GIT CAC ACA ATT TAC ATT GTA G 2335-2311 21 TABLE
2: oligonucl eotides used in hybridization nanme
sequence position VP7 Rota 41 AGI ATT TTA TAC TAT AGT
AGA TTA TAT 882-913 TAA TC Rota 42 AGI ATT TTA TAC
TAT GGT AGA TTA TAT 882-913 TAA TC VP4 Rota 15 ATC
Pass@ﬁ&p@ﬁ Xde‘ﬁ%d GhfA @d&a&@sﬁé& %&Qée& 8 ime8UnA/er chilCartdCT
. ATT ATA CTG CAT TTC TTT_C 807-78 Rota 35 ATC CCC ATT
displayed thy spmapetaiYRdrandVBD requencergs RastoaSEEMIf relhiing)-
Thus@éreis ndiRajbf Ehdngdld Pzﬁﬁat—ﬂ?ﬁ Hedsésh BEPYRY PRg Lol d type
in Table 2 are the sites of specific sequence
variation in VP4 and VP7. TABLE 3: sequence variation

TABIE 1:\'%0?\Gele¥§?c7esg.%@€$or RT-PCH4nd"68queréidg PP 788 bp 802
bp 108 bp 605 bp 897 bp 167 as 263 as 268 as 36 as

202 as 299 as P26 A GA GAACTA (AGK) P33T AA

snamer/ C AsequenmelNk) P38 T A A AGT GA (VEREpsitarg T
VP7 ARStA1T A| GGERIT AAA AGA GAG AATTTCCGT CTG G | -49 to —22
Rota 1bis | GGT TAG CTC CTT TTAATG TATGGTA -16 to 10
Rota 2bis | GGT CAC ATC GAA CAATTC TAATCT AAG 1014-988
Rota 7 CAA GTACTC AAATCAATG ATG G 266-287
Rota 12 TGTTGATITTICTGT CGATCC AC 372-394
Rota 46 GGT TGC TGA GAA TGA GAA ATT AGC TAT 651-682
AGT GG
Rota 18 CCA CTA TAG CTAATT TCT CAT TCT CAG 682-651
CAA CC
VP4 | Rota 5 TGG CTT CGC CATTITATAGACA 2-23
Rota 6 ATT TCG GAC CATTTATAACC 878-859
Rota 5bis | TGG CTT CACTCATTT ATAGACA 2-23
Rota 6bis | ATT TCA GAC CAT TTATAA CCT AG 878-856
Rota 25 GGA GTA GTA TAT GAA AGT ACA AAT AAT 268-296
AG
Rota 26 CTATTATITGTACTT TCATAT ACTACT CC | 296-268
Rota 27bis | TCG ATA CAG TAT AAG AGA GCA CAAG 721-745
Rota 28
Rota 31 TTCATT AACTTG TGC TCT CTT ATACTG 753-727
Rota 32 GTATAT GTAGAC TATTGG GAT G 1048-1070
Rota 45 CAT CCC AAT AGT CTACATATAC 1070-1048
Rota 53 TGT AAC TCC GGC AAAATG CAACG 1205-1227
Rota 54 CGTTGCATTTIGCCGGAGTTACA 1227-1205
Rota 55 GTA AGA CAA GAT TTAGAG CGC CA 1465-1487
Rota 40 TGG CGC TCT AAATCTTGT CTTAC 1487-1465
Rota 39 CTT GAT GCT GAT GAAGCAGCATCT G 1703-1727
Rota 33 CAG ATG CTG CTT CAT CAG CAT CAAG 1727-1703
Rota 34 CGATCATAT CGAATATTAAAG GAT G 2008-2032
Rota 29bis | CAT CCT TTAATATTC GAT ATG ATC G 2032-2008
AGC GTT CACACAATTTACATTGTAG 2335-2311




N.B. In a second clone fromthe 3 clones which were
devel oped to the |l evel of production lot, the VP7 897
bp position nucleotide is G rather than A as in the
P43 selected clone. This results in a nethionine in
pl ace of an isoleucine in the amno acid sequence.
Variants corresponding to both the selected P43 cl one
and the clone in which there is a Gin VP7 at 897 bp
fromthe start codon, were excreted in the stools of
i nfants who had been vaccinated with the P33 material.
TABUM2 Ta@igbruckedtideshsedintHybridizatiom t wo al t ernati ve bases at
a particular position, the first of the two

repnament s t he| bepenodi ch appears in a ngjor position

VP7 POPRbei4PN andi hag APCPRA TAT TAP ATSRGAZETAMATD | 882-913
appears in a nl#fgAa epul ation. Maj or and m nor variant

PE”E' %ﬂ%ﬁ?f ng. | fﬁ@“ TORTAC BT ESORRA AT op| 886010

f\f\l_ QO -7

VP4 595 o Lou| BTG/GG ATA T T8 GATAOGELT B o AR
P33RP¥?e1€GI u Ar gARCGIGF @TM&T TGIGAT BE TT(TA@NK) p8@/-783
PheRaadfr g Ar pARELCCRATVRATA CFG CNERDC PARCPhe [BOI7-783

Ar grAtREVEt || PATC\GEOATTAECBGT AN TOE THeCan npsex-783
chpanges result|{ng fromthe nucl eotide differencep

petween the variants. TABCE 4~ VP4—(— 788802

3;3%%3 ShOTn DL g Y TaBe e M ies o Sfo Sl n

assages

TABLE 3: sequence variation of VP4 and VP7 genes

3.1
VP4 VP7
501 bp 788 bp 802 bp 108 bp 605 bp 897 bp
167 aa 263 aa 268 aa 36 aa 202 aa 299 aa
P26 A G/A G/A A C/T A
(AGMK)
P33 T A A G /A T/C Al/G
(AGMK)
P38 T A A AlG T G/A
(VERQ)
P43 T A A A T A
(VERQ)

N.B. In a second clone from the 3 clones which were developed to the level of
production lot, the VP7 897 bp position nucleotide is G, rather than A as in the P43
selected clone. This results in a methionine in place of an isoleucine in the amino acid
sequence. Variants corresponding to both the selected P43 clone and the clone in
which there is a G in VP7 at 897 bp from the start codon, were excreted in the stools of

infants who had been vaccinated with the P33 material.

In Table 3.1, where there are two alternative bases at a particular position, the first of the
two represents the base which appears in a major population and the second is the base
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Tabl®5, 2fs‘i’5‘8{/vs‘?ﬁé Sn%garfw%ﬂdﬂgfeg‘fésluﬁmg%n{l {Sl:\% éfglgke%tl as téren

betw%?’?er v% ?ﬂg di lution passages in 96 well mcrotiter
plates, 10 positive wells were anplified successively

TAB(G4 Ver o cells and evaluated for their yield. Based on

IIUIIUCI

i Bt

yleld, three clones wer e developed to passage IeveI of
[JT UU bl.l UTI I II Al I.IUII U
ant| bOdI es was gﬁ% dfgdé é% | ar bot Wé \ﬁzéﬁs‘[ﬂﬁ%)
L hre Res """‘”' bet +Hherelpres —P33-
i Q-,Gﬂ \:?‘ Re c?hj\' SWREAS 5055 by-—spE blot
%bﬁs 88, P o Rolni5 ¢ | Kla 38 LROIcHD of Rt hot bROEA
Pas ased-onlyvield and sequence hd
P26 - + + HE nd nd
P33 - + - - ++ +
P38 - + - - + ++
P43 - + - - + -
Slot blot hybridization

The change in populations between passages P26 to P33 on AGMK cells has been
further confirmed by slot blot hybridization. The VP4 and the VP7 gene fragments
generated by RT/PCR were hybridized with oligonucleotide probes specific for each
variant (see Table 3.1 and 3.2). In contrast to P26 which hybridized with Rota 16, Rota
35 and Rota 36 and not with Rota 15, the VP4 PCR fragment of the P33 material, at
positions 788 and 802 hybridized only with Rota 16 and not with either Rota 15 or Rota
35 or Rota 36. These resulits established the presence of at least 3 variants in P26 (see
Table 4).
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The sel ected clone was anplified by successive
passages on Vero cells to generate a Master seed, a
Working seed and finally production lots. 24 The
sel ected cl one was genetically characterized at
di fferent passage | evels by sequencing of VP4 and VP7
(identity) and by specific slot blot hybridization of
the VP4 and VP7 (honogeneity) of the PCR anplified
For the V&Yi RCR fragimentaefdoe R38 mutteriahepogition 88d hyhiilizegowidsRota 41 and
Rotald¥ Fribde FBORE 'e@%gbﬁgh%d%g Eﬂasbﬂ OfH ﬁ%}&&voi%qlaats in tt%e P31?
respectively and are 1 dentical 't nogenei 0
materigk sel ected cl one was assessed by a sel ective
hybri di zati on using oligonucl eotide probes
di scri m nating nucl eoti de changes in VP4 and/or VP7
Examplei 2inisolation angk¢haraciesization ofithief P4diclonei ng sequenci ng
of P26/ primary AGWK (see Table 4). The VP4 fragnent
hybri dized with Rota 16 and not with Rota 15, Rota 35
To isplaterBB3 caBponertieas/Rhomoggneaus Miryb popilatian, fireé eRdpaint 1
and not with Rota 42. These results confirnmed that P43
dilutipes of PEibGMiteauYerouells weroperformed apddhesresEting vialis was used to
potential adventitious virus Ether was added to P33
infect ¥eyacais.own) to a final concentration of 20%for 1 hr.
Et her was then bubbled out with N2 for 35 mn. No
i mpact on the titre of P33 seed was observed. Exanpl e
4: Fornul ation of a |ive attenuated vacci ne The
production |ots described above are fornul ated for
Positiweanellsavira seleatedaisingdworsriteniasgriowth densonsiitatesibynige largest
nmet hod. 1. Lyophilised virus Standard techni ques are
numbgred chmdetpdegan thegvelisrand toe sst iselatedaqesitive wWelledn therplates, as
bulk is thawed and diluted wth appropriate nedi um
is dope lessicallyoifter 3 endidiutiersrasBagescio &6 well mistititer gdhtes JOgositive
Medium up to a desired standard viral concentration,
wells werelzineplified suacessigely bh end cellstandciviluated for theis vietd. t hen
further diluted with [yophilisation stabiliser
(sucrose 4% dextran 8% sorbitol 6% am no-acid 4%
up to the target viral titre, in this case 105.6
ffu/dose. 0.5 m aliquots of stabilised virus
Basegdmideldt these cleresaverptdevelppgd torpassage level of praiugtiomipt.
vials. Each vial is then partially closed with a
Immyngaseeagniion pyeolyclonal andibpdies was fshews éo be similar both between the

three clones and between the clones and P33. Homogeneity of the clones was assessed
by slot blot hybridization. The final selection of a single clone was based on yield and

sequence.

The selected clone was amplified by successive passages on Vero cells to generate a

Master seed, a Working seed and finally production lots.
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dri ed under a vacuum the vial is then fully cl osed
and an alumniumcap is crinped in place around the
vial to keep the stopper in place. For use, the virus
is reconstituted using one of the foll ow ng antacid
reconstituents: (a) Ctrate reconstituent Sodium
citrate is dissolved in water, sterilized by
filtration and aseptically transferred into
The seleeiad clong avas gepaticdlin ehararterizedatdifferat nassage lewels by
seqdéﬁ@iﬁ& BF UL 288 V&7 Rikhti C&Sﬁ? é&fﬁ:tﬁot%@lgﬂ ization Bt t e VP4

dose. The reconstitue ners nay or exa
and ¥P#i(horpeganeity)sif the RER\areplified praterialg. Hier saqayerce ofithe Pt4 and
VP7 BEASS bidng PUSFAABNA aFABOEh REFibes ATdhd 2 RAPLAVSN LAk R
an alternative to Traintaining sterile conponent
identigaiixP4terile conditions, the final container can be
aut ocl aved. (b) Al (OH) 3 reconstituent An aseptic
al um ni um hydr oxi de suspension (Ml anta - tradenark)
Hompgengilyof thecgelacter clonewas pasessed by e satective hybsidizationusing
ohgom]agétfo%r Arébed Qsérf %\'ﬁ{g rfdt':%'?ﬁld& eﬁE@ge %L\?P& aﬂ&/oﬁ?@'ﬂ’é@or?s for

rin or so astic capsul es)
eachzaﬁ*ané %@é déa@mswenamuqﬁ 52%rlﬁgry AGMEHpee Table 4).

alternative to u3|ng steril e conponents under sterile

conditions is to irradi ate the al um ni um hydr oxi de

The Y4 freameahhybpidized M@tbl%otaﬂﬁ andinptivigh R@taa‘gfe)‘?otasﬁémﬂama 36.
r uspensi on
The ‘ragrrfn'%I g?ﬁf'ﬁyr?gaﬁ gﬁ‘h@%ﬁﬁ?g"?ﬁgﬂ |en2: i ncl ude for
exanpl e magnesi um st earate, carboxynethyl cel | ul ose,
Y I alline
Thes BB el WAL o AR BLEBARIABN, o151 o
agents for exanple butyl paraben, propyl paraben or
ts used in food,
Exargh%% gé@&?ﬁ{}gsp&an%aa gﬁ I nc ‘S%ed 2. Lyophili sed
virus with AI (OH)3 in I|qU| d formul ation Standard
r | - :
Ethel G55 PIARS PUSRASRR of i 1 £734 kot BE20R o™ AE Yner
was ﬁ\@p rb@pbleétogt it Nu far SSrmios iNa iopact an thhitire P83 seed was
obseRigbecco’'s nodified eagle Medium up to a desired
st andard viral concentration, in this case 106.2
ffu/m. Al um nium hydroxi de suspension is added to
N and the virus
Exa[ﬁ@%pq]oslla?%ﬂaéllgmgﬁ?&%’é%ﬁ\%ﬁ?ﬁéf’yopgﬂ‘%l sation stabiliser
(sucrose 4% dextran 26 8% sorbitol 6% am no-acid
{ t
The é f&iy?g}f&n IGts tdggng%P %%F)v% h{()ataflgrrélfjlé(e? %H cf}al Jygﬁné\tpﬂgn 1ORfants by
the f@bwpmsmeihod are aseptically transferred to 3 ml vials.

1. Lyophilised virus

Standard techniques are used for preparing virus doses. Frozen purified viral bulk is
thawed and diluted with appropriate medium composition, in this case Dulbecco’s
modified eagle Medium, up to a desired standard viral concentration, in this case 10%2
ffu/ml. The diluted virus is then further diluted with lyophilisation stabiliser (sucrose 4%,
dextran 8%, sorbitol 6%, amino-acid 4%) up to the target viral titre, in this case 10%¢
ffu/dose. 0.5 ml aliquots of stabilised virus composition are aseptically transferred to 3
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Lyophilisation and closing of the vials is then
carried out as described in part 1. 3. Lyophilised
virus with AI(OH)3 for blister presentation Standard
techni ques are used for preparing virus doses. Frozen
purified viral bulk is thawed and diluted wth
appropriate nmedi um conposition, in this case
Dul becco's nodified eagle Medium up to a desired

ml viglsa fragh dialisrtaen partialyrriesediwith a rubbenstoppersibe sappie is freeze

dried Jrﬂfeﬁ% vaé'fl}m‘ R YA EWHér??U I§i §I§§é{§ ?ﬁ@ﬁh Qﬂrﬂlrguﬁ‘lqgﬁqs Efinped in

reac nal quant dose the virus
place aipypd the \dal to keep th?tSiQpnﬂf!fhplathl | i sation stabiliser
whi ch may be sucrose, dextran or am no-acid 4% or
gelatin, or vegetal peptone, or xanthane up to the
For ysgy tetvirug is rgconstituted using 066 of the/follpwéing antacid egnonstituents:
filling operation is enployed to transfer doses of
0.5 m or preferably less to blister cavities. The
(a) Citsatedqecanstitvent | yophili sed, and the blister cavities

Sodn@r'i‘lecnﬁagé‘isedisgb‘l’vetdhﬁ WE}éj d§§fﬂ 2o %y fiftRtibR Qﬁ!é Wr@ferred into

|ngre lents are vent t
reconsfigenk p@r@tamgt;slpér&,mbwnbumﬁﬁseppnmatmsu@ﬂﬁ%tm@dar d

|
NesCHRESHLOE 1SR 0, T8 ARl S TRy B e o
vials norch it vigist off 2 mheyringes, arlsolt @lastin dqusezable wepides foe p@l
adm:ﬁlsﬁ%ﬁéﬂ | AO3n gﬁé/rneillv%(% %lhtﬁfﬁ'irtédsqgn e E?ﬁgBJ\&téun@EféYl\er us
ormul at1 ons

viral titratiron for various
condgions,dbefiaalicootaines car be autoctaved and sucrose based

fornmul ations: Table 5 Batch n Fonulation Viral titer

before Viral titer after conposition Iyophilisation

(b) Al{ihiredonstituent and 1 week at 37C 98Q06/ 01 Lact ose: 2%
An agchit il it K RRRB muBhel,; Eadeiding s agepicgly diued

in stenite waten,: aseptiady biansferrgddo resonstibueat dentaiez 1 for example 2 ml
syringes, or soft plastic squeezable capsules) in 2 ml amounts each containing 48 mg

Al(OH);. An alternative to using sterile components under sterile conditions is to y

irradiate the aluminium hydroxide suspension (preferably at a diluted stage).

Standard ingredients are included to prevent the suspension from settling. Such
standard ingredients include for example magnesium stearate, carboxymethyicellulose,
hydroxypropylmethylcellulose, microcrystalline cellulose, and silicone polymers.
Bacteriostatic agents for example butylparaben, propylparaben or other standard
bacteriostatic agents used in food, and flavourings, may also be included.

2. Lyophilised virus with AI{OH)sin liquid formulation

Standard techniques are used for preparing virus doses. Frozen purified viral bulk is
thawed and diluted with appropriate medium composition, in this case Dulbecco’s
modified eagle Medium, up to a desired standard viral concentration, in this case 10°2
ffu/ml. Aluminium hydroxide suspension is added to reach a final quantity of 48 mg/dose
and the virus composition is diluted with lyophilisation stabiliser (sucrose 4%, dextran
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P43 rotavirus was formul ated either with sucrose or
wth |actose as shown in the table above. Viral
titration before |yophilisation is the viral titre in
the conpleted fornulated liquid (containing sucrose
dextran sorbitol am noacids) and w thout the
| yophilisation step. Good results are those in which
a <0.5 |l og decrease at the |yophilisation step and
8%, saybitpl 6P @mire-aeid 98 )duprtpthe tanget viraltigrek inghis 3ase 10°° ffu/dose.
: - | . .
0.5 i ARGEAE BN o Siiln ofY SseBEOUF B8 10 3 my vigs
Lyophitisptiontandralasing of thediatsds thenirarriesiaut as deseripetén partd.
i nstead of |actose. 5.2: Effect of arginine and

repl acenent of sorbitol by maltitol: Table 6 Batch no
3. Lophilisedivirns With AI(QH)s for blistert pragentatidinr al titer after
conposition zero after lyopjhilisation and 1 | o

hilisation week at 37C 98L16/01 Lactose: 2% 10 4.8 10
Standard tedbmiquea @relesedSor piepatingVigus dases.oPizes padfied viral bulk is

ol S5 Sl ol g, PV B8 g
modified: eagle Medjum,Quptoa deBirsd sBedandairaliggnekbtrationoin:thisicase 10°2
rumf ARyt A oAt SRS bInASRIRY 5746 morose
and thepirgsy eormpesitiontia diluted witb flyaphitisationistabdiser which may be sucrose,
i f . . basi . :
cons PSR4 0, 50K by UL AR e B T e
viral titeg oft H0°Affu/tlbse. vAm aseptictfiling operation is employed to transfer doses of
0.5 mi or preferably less to blister cavities. The composition is lyophilised, and the

blister cavities are sealed by thermic sealing.

Optionally standard ingredients are included to prevent the aluminium hydroxide
suspension from settling. Such standard ingredients include for example magnesium
stearate, carboxymethylcellulose, hydroxypropylmethylcellulose, microcrystalline
cellulose, and silicone polymers. Flavourings may also be included.

Example 5: Rotavirus viral titration for various formulations

5.1:Comparison between lactose and sucrose based formulations:

Table 5
Batch n® Fomulation Viral titer before Viral titer after
composition lyophilisation lyophilisation and 1
' week at 37°C
98G06/01 Lactose:2%; 10 %% 10 %7
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%
98G06/03 Sucrose:2%; 10 528 10 492
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%
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28 Sorbitol tends to decrease the glass transition
tenperature of the |yophilised cake by too great a
degree. This can be overcome by using nmaltitol instead
of sorbitol as shown above and the viral titer is
still maintained. 5.3: Various fornul ation
conpositions This experinent denonstrates that a
nunber of fornulations are possible. Table 7 Batch no
Fonmul ation Viral titer before Viral titer after
conposition |yophilisation |yophilisation and 1 week
P43 rgtavgus seciormulatedSaitires sith 3ucrose obwith laptose. a3 shown in the table
abov%eXt ran: 4% Sorbitol:3% Am noAcids: 2% 99C11102
ucrose: 2% 10 5.09 10 4.92 Dextran:4% Maltitol:3%
Viral finatipn/sifere Iyophilisgtonlis ¢ sk titrexim: thecompleteddormwated Giguid
i - 20 ' i,ds::2% . 1.000,: Vi
o g Yo B B0 if el R O s L
after lyophilisation and 1 |1 o hilisation week at 37

I WA . - 49
Good SR AP e A et st g flersled alrhe y/ORHAEAon i ano.5
log decrgaselduringdBe “Darek aln37295 (accelerated stability test) are achieved.
The precision of the viral titration is around + or — 0.2 log.

The results indicate that sucrose may be used instead of lactose.

5.2: Effect of arginine and replacement of sorbitol by mailtitol:

Table 6

Batch n° Fomulation Viral titer at time = Viral titer after
composition zero after lyopjhilisation and 1
lyophilisation week at 37°C

98L.16/01 Lactose:2%; 10 48 1048
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%

98L.16/02 Lactose:2%; 10 48 1049
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%
Arginine: 3%

98L16/04 Lactose:2%,; 10 +7 10°
Dextran:4%;
Maltitol:3%;
AminoAcids:2%
Arginine: 3%

The results demonstrate that the addition of arginine (which is known to improve the
stability of the virus during lyophilisation and also provides a basic medium in order to
compensate for the stomach acidity) maintains the viral titer.
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Sorbitol:1.5% Am noAcids: 2% 99C17/03 Sucrose: 2% 10
5.31 10 5.24 Dextran: 4% Am noAcids: 2% 99Cl1 7/04
Sucrose: 2% 10 4.42 W45 Dextran:4% Mltitol: 3%
Am noAci ds: 2% 99C17/05 Sucrose: 2% 10 4.39 10 4. 40
Dextran: 4% 29 Maltitol:1.5% Am noAci ds: 2% 99C17/ 06
Sucrose: 2% 10 5.44 10 4.97 Dextran:4% Sorbitol: 3%
99C17/ 07 Sucrose: 2% 10 5." 10 4.89 Dextran: 4%

Sorbifty téridisdd décreése the.glassAsmeitipa teroperatate\efdhe Rophilisedusakariy too

greatd] dcdile’ TR B b ovelEu Y LERY Adiindtbod 3P <dritelhs shown
above andlthe vitattiter is sfill madintginedr room ffu/m in ffu/m
tenperature 10 5.6 ffu/mM 48 ng in 0.76 30 m n

8000rpm 10 3.66 0.240mL. m 10 mn 10 5.6 ffu/m O0.48
5.3: Various formal8®néompositiopsn 10 4.41 0.240mL m 10 min

This experiment demonstrates that a number of formulations are possible.
Table 7

Batch n°

Fomulation
composition

Viral titer before
lyophilisation

Viral titer after
lyophilisation and 1
week at 37°

99C11/01

Sucrose:2%;
Dextran:4%,;
Sorbitol:3%;
AminoAcids:2%

10 5.24

1 0 5.07

99C11/02

Sucrose:2%;
Dextran:4%;
Maltitol:3%;
AminoAcids:2%

10 5.09

1 0 4.92

99C11/04

Dextran:4%;
Maltitol:3%;
AminoAcids:2%

1 0 4.89

10 5.06

Batch n°

Fomulation
composition

Viral titer at time =
zero after
lyophilisation

Viral titer after
lyophilisation and 1
week at 37°

99C17/01

Sucrose:2%;

10 5.40

10 5.41

Dextran:4%:;
Sorbitol:3%;
AminoAcids:2%

99C17/02 Sucrose:2%; 10 530 10 493
Dextran:4%;
Sorbitol:1.5%;
AminoAcids:2%

99C17/03 Sucrose:2%: 10 531 10 5%
Dextran:4%;
AminoAcids:2%

99C17/04 Sucrose:2%; 10 442 10 *4
Dextran:4%;
Maltitol:3%:;
AminoAcids:2%

99C17/05 Sucrose:2%:; 10 43¢ 10 440
Dextran:4%;
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10 5.6 ffu/mM 1 mM 30 mn 8000rpm 10 5.68 10 mn
Rotavirus in 12 ng in 1.38 30 m n 8000rpm Below W7
Lyophilised 0.120m Orl 10 min detection Cake AlI(OH)3
is used as an antacid. This shows that Rotavirus is
associated with the insoluble inorganic salt
(Al(OH)3) since it centrifuged together with the

AlL(OH) 3 (decrease of viral activity in the
super nat ant ) | Maltlol: 103%sol uti ¢on of Al (OH) 3 antjaci d by
Sodi unCi tr at =Ahm£@x¢wsv;_i%al tiitration Table 9 Viral

99C res DIssp ndi tiongg¥kealr titers it

99B10/ 06 |iqu ngﬂfgél Na30tr§1t0e 24h at roomjl BVS "
fornmul ati on hperatune |yophilisation;
5. 43 QQR1n/n“SP(Mﬁh3%| zed 1 %m Na3Citrate 24h aj r oom

99C107%. 53 10 bSudosedMer at ur e |30 *hen Rot avi r J0i*®
associ ated W Dextrdre4® (OH) 3, |it is possible to
| yophi |'i se eyebitBi: 118%; (i ncl udi ng the Al (OH) 3). After

yophiTisation, it IS possible TO recover tn
Rotavirus by dissolving AI(OH)3 in SodiunCitrate.

s BBk T SRS D s 1

Tabl ?fectlwty of Rotavirus after |iberation of the
(OH) 3- Rot avi rus associ ati on The mephani sm of virus

A co +ba e e A WA W

ot QA TG0 T CORIEE o, L el Sl ety Poters

’ ) fiu/mi
Rot avi{rus wi || bell i n the stom Al C]—|'§-P
a | AL 1 nv§ rBPerﬁ U,(Q —2 N og orhch:

\Al J N\ i

10 F4uim | 48480 i | Ak 4800HBed ( | 00rPRoue| 10
R JugddAfdgh |4#ld R P.H  ThotBewim. The regulatipn of

hydrofi de becorfes cq rﬁq ely $8Muble, a E\’?m §'” viral titer
7
B&

10 >fuel 410.48isgript 0076 i| Botrhia gas{ BOOGHesSt i hao *4'r ack,
Procegdi.24@sniof |inile Nutrition Heginghy (1P99), 58,

10 Sekfufmit 33) - 1ml | 30 min 8000rpm, | 10 3%
10 min
Rotavirusin | 12mgin | 1.38 | 30 min 8000rpm, | Below 10 7
Lyophilised | 0.120ml Oml 10 min detection
Cake

Al(OH); is used as an antacid. This shows that Rotavirus is associated with the
insoluble inorganic salt (AI(OH),) since it centrifuged together with the AI(OH); (decrease
of viral activity in the supernatant).

5.5: Dissolution of Al{OH); antacid by SodiumCitrate before viral titration
Table 9

Viral samples Dissolution Conditions Viral titers ffu/ml
99B10/06 liquid 1.5ml Na,Citrate 24h at room 105"
formulation before temperature

lyophilisation;

10 5.43

99B10/06:lyophilized | 1.5ml NasCitrate 24h at room 10 453

10 543 temperature
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In the intestine, due to the increase of pH, insoluble
forms of alumniumare precipitated (A (OH) 3 or
AlPO4), and elimnated by the natural way. It is
unknown whet her the newly forned Al (OH) 3 (or Al PO4)
precipitate will be able to re- associate with free
Rotavirus. This raises the question of the infectivity
of the Al (OH)3- Rotavirus association itself.
WheniRuawituis dhassiociatedawith the Al(Qihe, titie possitieialysphilise everything
. L atiam by y . | : .
(nci 530 eI AR AR AERER t R Rosk e 1B P IE R Suirus by
disseidag AHOH)nindGodni@ikpe. Thix $tep dees wotslamage theRatawirus and

B, SRUARB SRR BgoPr € a1, Kovn L0 e

n-al um ni um hydr oxi de, thus,
theoretically, it should be possible to displace (by

5.6: FZBit g Motalirus ifledistafion SF i ARQURBGNIGHR aes Son
The mgcharfistR)od virus ibetationrtby dissolutipnLof $hienearridr) 8&9 vaty wd@0r in
. L QF i, t
vivo. JBec oL pH BRIk K St Hle S PIr a8 apg thus.
Rotagirgs witibe, libBsted/inrtbe stomache | i berated fromthe
Rotavirus - Al1(OH)3 association and the |iberated
Rotavirus remains active. This |liberation can be done
ei t AOH)y +@ H'sol-riAG" Mdtaridutldy+ 318,0i n t he st omach,
or by Na3Ctrate in vitro) or by displacing Rotavirus
by a basic amno acid (lysine). 5.7: Infectivity of
In the lstorpachOM)" 3 -idRwst are inotiabsastsasiof . iRowell, RiJugdaohdingle anfl R.P.H.

Thor R b FeludE R ighel SRR REF Mo USRI NBRE . 0
Proceedings6fdhe Norition Soeietye(d999), §8,d147-183  vol une of wat er.

In the intestine, due to the increase of pH, insoluble forms of aluminium are precipitated
(A OH); or AIPQ,), and eliminated by the natural way.

It is unknown whether the newly formed Al(OH); (or AIPO,) precipitate will be able to re-
associate with free Rotavirus. This raises the question of the infectivity of the Al(OH)s-

Rotavirus association itself.

Liberation of Rotavirus from the Al(OH);-Rotavirus association by other mechanisms is
also possible. Lysine, for example, interferes with the viral adsorption on Al(OH);.

Other anions like borate, sulfate, carbonate and phosphate are known to be specifically
adsorbed on aluminium hydroxide, thus, theoretically, it should be possible to displace
(by competition for the adsorption site) Rotavirus from the Al(OH);-Rotavirus association.
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The second part received 24ng of Al (OH)3 suspended in
0.240 m of water (Preclinical wviral titrations). 32
DRVCO03A46 1.5 mM H200.750 m 0.750 M + + 0.240
m H024 mg AL(OH)3 in 0.240 M 1 hour 1 hour 5.55
6.22 When AI(OH)3 is present, Rotavirus is active and
the viral titration value is higher conpared to the
reference sanple. This experinent was repeated w thout
di viding the |yophilisedReseozans by adding 12 ny

Al (OH)3 or 24 ng AI(OH) 3 Herg the reference sanpl e was
the one reconstituted w ' t e- Bi car bonat e
buffer. Thus, the vi raI&?nlci%gqﬁgagai n higher in the
oresence of Al(OH) 3. DRVAIdsHP™brvcn03A46 DRVCOBA4E
+++ 1.5mM W buffer 12 A (OH3 24 ng A(OH)3 in
0.120m in 0.240n + + 03! ¢pO 1.260M H20 5. 34
6.24 6.05 5.32 5.95 6. 2638BmAH20h t he exanpl e above,
Rot avi rus associates with the Al (OH) 3 particles, since
the virus can be di scaBdednBponeht ri fugati on.
DRVCO03A46 is a | yophilised fornul at ed Rot avirus
(Sucrose: 2% Dextran: 4%&grikigh@dn 3% Am no-aci ds: 299 .

8000rpm 10 min

P

Culot Supernatant
+
dissolution
in Citrate
below detection 3.8

Thus, Rotavirus may be liberated from the Rotavirus — Al(OH), association and the
liberated Rotavirus remains active.

This liberation can be done either by dissolving AI(OH); (by HClI in the stomach, or by
Na;Citrate in vitro) or by displacing Rotavirus by a basic amino acid (lysine).

5.7: Infectivity of the AI(OH);-Rotavirus association

A single dose of lyophilised Rotavirus was reconstituted with water and divided into two
parts. The first part, considered as the reference, received an additional volume of water.
The second part received 24mg of Al(OH); suspended in 0.240 ml of water (Preclinical
viral titrations).
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DRVQ003A46 DRVOD03A46 + +
Al(OH3 in 0.120 M in 0.240 M + + 1.380 m H20
1.260 M H20 + + Centrifugation Centrifugation
8000rpm 10 8000rpm 10 min m % JQ Cul ot Supernatant
Cul ot Supernatant + + 1.5 n 1.5m SDSAA SDSAA 5.78
<1.44 5.92 <1.44 5.96 <1.44 6.11 <1.44 SDSAA= Sucrose
2% Dextran 4% Sorbitol 3% Am no-Acid 2% According
to the viral titration carried out on the supernatant,
the quantity of Al ( needed to adsorb Rotavirus
seens to be | ow (star Bﬁ@lﬁmﬁ%one | yophi | i sed dose
5.7 log) scaling Up viral+titration): Table 10

Al (OH) 3 Adsorption ting5thtK2Oin supernatant 12 m1
hour RT2724rTg1hour RT 3.4 48 ng 1 hour RT 3.4
72 mg 1 hour RT 2.0 96 ng 1 hour RT Bel ow detection

12 m Overni ght 2. ‘7}2»4 ng%;nl ght Bel ow detection

12 ng Al (OH) 3 24 ngy

0.750 ml 0.750 ml
+ +
0.240 ml H20 24 mg AI(OH)3
in 0.240 ml
1 hour
1 hour
5.55 6.22

When AI(OH); is present, Rotavirus is active and the viral titration value is higher
compared to the reference sample.

This experiment was repeated without dividing the Iyophilised dose, and by adding 12
mg Al(OH); or 24 mg Al(OH)s.

Here the reference sample was the one reconstituted with a Citrate-Bicarbonate buffer.
Thus, the viral titer is again higher in the presence of Al(OH)s.

DRVC003A46 DRVCO003A46 @ DRVCO003A46
+ + +
1.5 ml WL buffer 12mgAI(OH)3 24 mg AI(OH)3
in 0.120ml in 0.240ml
+ +
1.380m! H20 1.260ml H20
5.34 6.24 6.05
5.32 5.95 6.26
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48 mg Overnight 2.5 12 ng | medi ate Bel ow detection

24 ng Imediate 2.0 48 ng | medi ate Bel ow det ecti on

Ti me needed to adsorb Rotavirus on Al (OH)3 seens to be

short: One dose of |yophilised Rotavirus was

reconstituted in presence of 24 ng Al (OH) 3, and

centrifuged after 0, 15, 60 mn and 24 hours. The

_"culot" were resuspended in SDSAA before viral )

As inithe pxampla :abyys IRotavirusiaggoa@ie witisthehl(ila particlgs ngincesthg girus
can b difcalded b osptifo ibn ORYEANTME B 2 odtiipdfl fodhded Rbravius
(Sucepseicte; Alextrpmi 49mSorPitol% Amionecids: 2%)-ant aci d Al (OH) 3was

repl aced by another insoluble inorganic salt: CaCC3

(cal cium carbonate). The phenonena observed w th CaCO3

are par al PRVGO@3Adese described for BA46

Associ ation off Rotavirus with the inorgantc salt; -

Mai nt ai nddaeg Al(GRDBavi rus activity whemgasl§OH)At ed

with the imd.p20nt salt; - Possibilityn0R240inkerati on

of Rotavirus fromthe association by dissplution of

the inorgap)milppge by an acid; - PosSideihi tivoof

co-1yophilisation of the antacid and the Rotavirus.

CaCQB_ a_ndC i-'ﬁl‘#a{ib‘r? asso_ci ati on In aAf] {r% &t{oinal ,
| yophilis §o amrus (viral titer vva% .
reconstit ROURE A a suspension of 10 mint er

(50ng in iﬁBrﬁ’ « and then centrifuged, d whe viral
e su

titer of ernatant conpared to#he peMet. 35
DRVQOOBAKS DRVCHIpéhatant + Culot Supernatant
+ +
1.5ml 1.5 ml
SDSAA SDSAA
5.78 <1.44 5.92 <1.44
5.96 <1.44 6.11 <1.44

SDSAA= Sucrose 2%, Dextran 4%, Sorbitol 3%, Amino-Acid 2%.

According to the viral titration carried out on the supernatant, the quantity of Al(OH);
needed to adsorb Rotavirus seems to be low (starting with one lyophilised dose 5.7 log)
scaling Up viral titration):

Table 10

Al(OH)3 Adsorption time Titer in supernatant
12 mg 1 hour RT 2.7

24mg 1 hour RT 3.4

48 mg 1 hour RT 3.4

72 mg 1 hour RT 2.0

96 mg 1 hour RT Below detection

12 mg Overnight 2.7
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50ng CaC3 50 ng CaCB inin 1.5 mM HO1.5 nmM HO +
+ Centrifugation Centrifugation 8000rpm 10 8000r pm
10 mn mn Culot Supernatant Cul ot Supernatant + +
1.5 m 1.5 m SDSAA Na Citrate 5.83 4.46 4.33 5.88
This indicates that nore that 90% of the Rotavirus is
associ ated with CaCG3. Al so, when the virus was
associated, it was possible to realise the titration

24mgnd to re¢@wernighte ori gi nal yBelaw dplegtibnti es. Al so

48 mgiral titejOverrgl i ghtly highes that those obtainefd

w t hout Ca(O3. DRVCO03A46 DRVOO03A46 + + 1.5 m HO

12mg. 5 M+ WimBiehiaty  Cent ri f ugaeloadetéddiohpm 10 m n po |

24amh "CUlof SupRied@tant 5.03 5. B5036 4.99 Quantity o

48 mgaC8 ROt aYlifHedats 0C! ali 0N LY BBIW detédioffol avi T US VAs

Feconstitated W T a cCaco8 T m water (L. 5mi)”

Time needed to adsorb Rotavirus on Al(OH); seems to be short:

One dose of lyophilised Rotavirus was reconstituted in presence of 24 mg Al(OH);, and
centrifuged after 0, 15, 60 min and 24 hours. The “culot” were resuspended in SDSAA
before viral titration:

Table 11

Time Culot Supernatant
0 min 5.26 3.17

15 min 5.34 <1.44

60 min 5.96 <1.44

24 hours 6.13 <1.44

5.8: Using CaCO; as antacid
In order to avoid aluminium in the vaccine, the antacid Al(OH)s; was replaced by another
insoluble inorganic salt: CaCOj (calcium carbonate).
The phenomena observed with CaCOj; are paraliel to those described for Al{OH)a:
- Association of Rotavirus with the inorganic salt;
- Maintainance of Rotavirus activity when associated with the inorganic salt;
- Possibility of liberation of Rotavirus from the association by dissolution of the
inorganic base by an acid;

- Possibility of co-lyophilisation of the antacid and the Rotavirus.

CaCO; and Rotavirus association

In a first trial, lyophilised Rotavirus (viral titer 5.7) was reconstituted with a suspension of
CaCO; in water (50mg in 1.5ml); and then centrifuged, and the viral titer of the

supernatant compared to the pellet.
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10 mg 50 ng 100 ng and then centrifuged, and the
viral titer of the supernatant conpared to the cul ot.
Table 12 CaCO8 Extenpo + Centri. 1 Hour + Centri

Cul ots Surpernatant Cul ots Surpernatan t 100m 4.57
3.01 4.79 3.09 50ng 4.17 4.15 4.22 3.86 10ny 3.17
4.77 3.87 4.87 Thus, clearly, nore CaCOB8 nbre virus is
associ at ed?R‘AﬁQO%@fs is found in tH%RVgﬂ?B%M\%t ant .
However, the ftull dose is not conpletely recovered
(expect ed $0mgCalO3f 5.3 at | east of0 mga(@® 8 as
obtai ned earlimr - see above). CaCO3 ofinRot avi rus
duri ng Babyl.Rag$pid - Ri ce antacid titr.skuileiedJsi ng 10
doses of I|yophilised Rotavirus (DRVO003A46) and 50ng

of CaC(s, CHRrifupRESh of baby Rosset¢gdgifigafidd ration
were carri 2@09111% ld n a classic Ross%b%?f ot itration,
[ -
1]

t he ant aci S xed with Rotavirus an i s poured
into this mediih In the "inverse" baby Rosset t - R ce,

the situation is the reverse:
the HCl pool (as it occurs in
Cl assi cal baby Rossett-Rice ti

antacid is dropped into
vivo). Table 13

trati% o\ﬂ{i. Rot a
Buffer Thaeéreti | Measured 37 stor at: diral Titer

Viral TOuWRR A4C §ifdefitmaCB 5.

5.3 4.6 +4C 24 ng Al (OH)3 5.4

1.5ml
SDSAA

5.83 4.46

3 4Calot- 80C @eﬂgtagacoe
<2.9 4+

1.5ml
Na
Citrate

4.33
5.88

This indicates that more that 90% of the Rotavirus is associated with CaCOs.

Also, when the virus was associated, it was possible to realise the titration and to

recover the original viral quantities.

Also, viral titers are slightly higher that those obtained without CaCO;.

DRVC003A46
+

1.5 ml H20
+

Centrifugation
8000rpm 10 min

RN

“Culot Supernatant
5.03
4.99

DRVCO003A46
+

1.5 ml
W.L Buffer

5.35
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-80C 24 ng AI(OH)3 5.4 <2.9 Inverse baby Rossett-Rice
titration Lyophi. Rota Buffer Theoretical Measured
stored at: Viral Titer Viral Titer 4C 60 ng CaCO3 5.3
4.6 -80C 60 ng CaCB 5.3 4.6 4C 24 ng AI(OH 3 5.4
<2.9 -80C 24 ng AI(OH) 3 5.4 <2.9 Thus, in this in
vitro experinent, calciumcarbonate is able to protect
about 20% of Rotavirus fromthe presence of HO,
whi | e al um ni um hydrOX| de is not able to. 5.9

ity efiQaCOyandRofavirys asseciatiom presence of CaCOB
antacid: Table 14 Batch no Conposition Viral titer at
time Viral titer after zero after Iyopjhilisation
Lyopamaeleoﬂavwswwas egonslitutes with @ CH7Q: s\PROSODIN \Gater Jsaml):
2%1‘59 a 28 10 5.10 Dextran: 4% Sorbitol: 3% Am

Aci 2% CaCQO3: 50 ng 99KO08/02 Sucrose: 2% 10 5.16
10 @ms Dextran: 4% Sorbitol: 3% Am Acids: 2%
80 nmg 00024/ 01 Sucrose: 2% 10 5.07 10 4.69

Dextran 4% Sorbitol: 3% Am Acids: 2% CaCQO3:
and then centrifuged, and the viral titer of the supernatant compared to the culot.

Quat

Table 12
CaCoO3 Extempo + Centri. 1 Hour + Centri
Culots Surpernatant Culots Surpernatan
t
100mg 4.57 3.01 4.79 3.09
50mg 4.17 4.15 4.22 3.86
10mg 3.17 4.77 3.87 4.87

Thus, clearly, more CaCQOj3; and more virus is associated, and less is found in the
supernatant.

However, the full dose is not completely recovered (expected a total of 5.3 at least or
even 5.8 as obtained earlier — see above).

CaCO; Protection of Rotavirus during Baby Rossett-Rice antacid titration

Using 10 doses of lyophilised Rotavirus (DRVC003A46) and 50mg of CaCO3, two types

of baby Rossett-Rice titration were carried out:

In a classic Rossett-Rice titration, the antacid is mixed with Rotavirus and HCl is poured

into this medium.

In the “inverse” baby Rossett-Rice, the situation is the reverse: antacid is dropped into

the HCI pool (as it occurs in vivo).

Table 13

Classical baby Rossett-Rice titration

Lyophi. Rota l Buffer ] Theoretical Measured
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Xant hane 0. 3% 00024/ 03 Sucrose: 2% 10 5.07 10 4.85
Dextran: 4% Sorbitol: 3% Am Acids: 2% 38 CaCO3: ng
Xant hane 0. 3% OOE09/ 25 Sucrose: 2% 10 5.03 10 4.91
Dextran: 4% Sorbitol: 3% Am Acids: 2% CaCOB:
Xant hane 0. 25% OOE09/ 30 Sucrose: 2% 10 5.01 10 4. 87
Dextran: 4% Sorbitol: 3% Am Acids: 2% CaCGB:
Xant hane 0. 30% 00F26/ 06 Sucrose: 2% 10 a_ 5 10 4.70
sfoeed atan: l4% Sorbitol: |13% Vil Titeei ds|: 2%ralCEE803: |ng
Syacch: 2%ebwhg daedde "al |l g5 one”| - |yamhilisdtion
ogoJéot avir ) & %a@a}am d (L,%L,ps) Toget ner46n thg sane
Igt plivc* él IILaLIUIUI Lapuotlglllllng
sfes—vi i slogddm ndetied.Ex ch
B s Xant Sethe gum and R8rch. {The

Rotavirus activity is maintained even in the presence

of Xant hajpemsebabyRo¥setCRice titration

Lyophi. Rota Buffer Theoretical Measured

stored at: Viral Titer Viral Titer
4°C 60 mg CaCO3 5.3 4.6
-80°C 60 mg CaCO3 5.3 4.6
4°C 24 mg Al(OH)3 5.4 <2.9
-80°C 24 mg AI(OH)3 5.4 <2.9

Thus, in this in vitro experiment, calcium carbonate is able to protect about 20% of

Rotavirus from the presence of HCI, while aluminium hydroxide is not able to.

5.9: Lyophilisation of Rotavirus in presence of CaCO; antacid:

Table 14

Batch n°

Composition

Viral titer at time =
zero after
lyophilisation

Viral titer after

week at 37°C

lyopjhilisation and 1

99K08/01

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCOs;: 50 mg

10 5.28

10 5.10

99K08/02

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCOs: 60 mg

10 5.186

10 5.15

00C24/01

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCOs;: 60 mg
Xanthane 0.3%

10 5.07

1 0 4.69

00C24/03

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%

1 0 5.07

1 O 4.85
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5.10 Lyophilised tablets for quick disintegration when
pl aced in the nouth: The follow ng fornul ati ons
denonstrate the "lyoc" concept. That is, quick

di ssolution of the Iyophilised cake in the nouth.
Tabl e 15 Batch no Fornulation Viral titer before Viral
titer after conposition |yophilisation

| yopj hilisation and 1 week at 37 99B10/06 Sucrose 4%

W11l 10 |4 m ¢l utamate 3.7% Al (OH) 3 48ny
3 o j

99C11/ 14 %‘tﬂdn}a‘ﬁs 0A)JO 4.16 10 3.79 AI(G—i) 48my H y
1

PTORY, 1 cet Fgse— 19639 tgh—1o
005‘193% ati cﬁ'r‘cl%ﬁp%é tion 1©i ral titer af ?ﬁ = Viral
titer afitRetraned% after |yopjhilisation and
| yophi | i|Serbitol 306 week [at 37 00024/ 05| Sucrose: 2% 10
5.02 10 [AddAcide2ty an:i 4% Sorbitol: 3% Am Acids: 2%
CaCOB: 8@4uD,: ggmdwane 0. 3% 00024/ 06} Sucr ose: 2% 10
4.86 10 ﬁ(a%%an@%xé ogn| 4% Sorbitol: 3% Am Acids: 29

O e NNy 0.4

00E0Y730™ " 1 Sucrose! 2% '] 105977 10 +¥
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCOj;: 60 mg
Xanthane 0.30%

00F26/06 Sucrose: 2% 10 +° 10 470
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO;: 60 mg
Starch: 2%

This is the “all in one” - lyophilisation of Rotavirus and antacid (CaCO3) together in the
same vial. To prevent sedimentation of CaCO; during the filling step, viscous agents are
needed. Examples of such viscous agents include Xanthane gum and Starch. The
Rotavirus activity is maintained even in the presence of Xanthane gum and Starch.

5.10 Lyophilised tablets for quick disintegration when placed in the mouth:
The following formulations demonstrate the “lyoc” concept. That is, quick dissolution of
the lyophilised cake in the mouth.

Table 15
Batch n°® Formulation Viral titer before Viral titer after
composition lyophilisation lyopjhilisation and 1
week at 37°
99B10/06 Sucrose 4% 10°" 1043
Sodium glutamate 3.7%
Al(OH)3 48mg
99C11/12 Maltitol 3% 10 416 1037°
AI(OH) 48mg
Hydroxypropylmethyl-
cellulose: 1%
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00F26/ 11 Sucrose:

Sorbitol: 1.
2% In the "I

5% 1%

yoc concept”

Am Aci ds:

1 %10 4.70 10 4.40 Dextran:

CaC33: 60 ng

2%
St ar ch:

bot h Xant hane and Starch can

be used (naintaining the quick dissolution properties

of the lyophilised cake).

Exanpl e 6: Use of Cal cium

Carbonate as the antacid for the Rotavirus vacci ne
conpositi on When a suspension of CaCO3 in water is

used as the

antacid for

Rotavirus there is a problem

Batchh hat the cal
when pl aced

approaches 2

n water since th
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Sorbitol: 1.5%
Am. Acids: 1%
CaCO;: 60 mg

O et—to—t9
'Y exci pi ents
exanpl e:

Starch: 2%

bl 0t4'F10i s

In the “lyoc concept” both Xanthane and Starch can be used (maintaining the quick

dissolution properties

of the lyophilised cake).

Example 6: Use of Calcium Carbonate as the antacid for the Rotavirus vaccine

composition

When a suspension of CaCOj; in water is used as the antacid for Rotavirus there is a

problem that the calcium carbonate particles sediment rapidly when placed in water

since the powder density value approaches 2.6 and the average particle size is 30um.

This sedimentation can be slowed by:

1 increasing the density of the surrounding medium

2 increasing the viscosity of the surrounding medium

3 reducing the particles size

4 keeping particles away from each other
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arabi ¢ gum adragante gum agar-agar al gi nates

pectines sem -synthetic polyners for exanple:

car boxynet hyl cel | ul ose (Tyl oses CO nethylcell ul ose

(Met hocels A(r), Viscotrans MZ(r), Tyl ose MHO and

MB(r)) hydroxypropyl cellul ose (Kl ucels(r))

hydr oxypr opyl net hyl cel | ul ose (Met hocel s EO and K(r),

Vi scontrans MPHC(r)) In general those pseudopl astic

3] o igimediumt h t hi xot ropi ¢ agents.

I
Wheﬁ%r?e“é% Wét&r sﬁ.fég{et%l&pww Cpﬁéebﬁtd‘??gg{]ecsgfwgté gﬁ%&& b the
lyophilised oabe (acoatalmng suabsd 2% demmnaﬁﬁg‘esmml 3‘Voeamirtq-augjds Z%}a\the
[ [ . g | .

densg)( gﬂtgl}é ﬁéﬁ&iﬁ%ﬁe@ &QEMH ané?é%te'a btﬂt%é\{?] ééééev(\f dr?] g:ea %as%d[%erﬁﬁlon
is notyvarg much diﬁaeemymtkretQaCXDJ-Wate‘rlsuspe@mnd transfer.

Ext ernal energies (agitation) are needed to destroy

tenporarily the structural fluid arrangenent in order
6.2 Inaveasinihe viscbsity of tisosurtoundingfrediwnes of such pol yners

are Carbopol s(r) and Xant hane gum 41 Thi xotropic

exci pents Wth these exci pents, on standing, a gel
Pseutoplasticrexcipentst ai ned whi |l e under agitation a fluid

A psé@gﬁﬁsﬁ@ élﬁ%oﬁ'gg nﬁ ?f}'ip*ins h&ngﬂlﬂg?\? t\f rﬁoﬁg 3/ QN standing

compréd tm'tse)uscmslﬂy ud?dar(agltaﬂaﬁ(r) (about 89%

LCI ellulose and 11 %

Usué&%%@;é/ﬁ%%ﬁ CQE? Bse Na). 6.3 Reducing the particles
Si znatwcarmlwnensdurexamm CaCCB8 particle size resulted
in aaqgﬁyag%e in the antacid capacity of the
compound. 4 Keeping particles away from each ot her
Thi s adsagdmte garme i n Veegun(r) and Avicel (r) for which
|nsoI Ig articl es smaller (about 1 pn) than the

Bl es, are placed between CaCO3 particles in
or deralgmaqes event

pectines

semi-synthetic polymers for example:

carboxymethylcellulose (Tyloses C®)

methylceliulose (Methocels A®, Viscotrans MC®, Tylose MH® and MB®)
hydroxypropylcellulose (Klucels®)

hydroxypropylmethylcellulose (Methocels E® and K®, Viscontrans MPHC®)

In general those pseudoplastic excipients are used together with thixotropic agents.

Pseudoplastic excipients with low flowing capacity

Those polymers, at a sufficient concentration, give rise to a structural fluid arrangement

resulting in a high viscosity solution having low flowing capacity on standing. A certain
quantity of energy needs to be given to the system to allow flowing and transfer.
External energies (agitation) are needed to destroy temporarily the structural fluid
arrangement in order to obtain a fluid solution.

Examples of such polymers are Carbopols® and Xanthane gum.
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aggregation. 42 Exanple 7: Product design The

foll ow ng schenes denonstrate exanpl es of possible

product designs. 7. 1 CaCO3 in the syringe Having

al ready clinical batches of Rotavirus in |lyophilised

vials, the antacid can be placed in the reconstituent

liquid contained in the syringe. Syringe with 1.3 n

CaC®B (60my/ M) Needl e Lyophilise d Rotavirus 1In

this product presentation, sedinentation of CaCO3 nust
Thi bﬁ under .control not only during the filling steps,

XBHOP XSIRAIFP ng t he conpl ete shelf-1ive of the product

With (edsel exaipent2, oty s@ahdihg, & gel3trGatGrSBisiobtditl; Whikp bidérsgitation a

. vial 43 ringe with 1.3 Ml Water Needl e
ﬂ”'dﬁ‘f)B{ﬁﬂ'Fiogéc'f“??gal Rotavirus + CaCO3 (60ng) Xant hane
7.3. Lyophilisation in a blister
Examples of thixotropic excipients are: Veegum ®[Magnesium-aluminium silicate) and

Avicel RC® (about 89% microcrystalline cellulose and 11% Caboxymethylcellulose Na).

6.3 Reducing the particles size

A reduction in the CaCO; particle size resulted in a decrease in the antacid capacity of
the compound.

6.4 Keeping particles away from each other

This is the case in Veegum® and Avicel® for which insoluble particles smaller (about 1
pm) than the CaCO; particles, are placed between CaCO; particles in order to prevent
aggregation.
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In this case Rotavirus, CaCO3 and Xant hane gum are

| yophilised together directly in the blister. no = NJ

E~ Exanple 8: Lyophilisation of different strain of

Rotavirus Table 16 Batch n Rotavirus strain

Fonul ation conposition Viral titer at t = Viral titer

after zero after lyopjhilisation |yophilisation and

| week at 370 O0OOF26/01 Gl Sucrose: 2% 10 4.6 10 4 7
ExaraplepliRroduétiddsign r an: 4% PRQ 0232 Sorbitol: 3%

e S S TALAT A 0B USRES i o 0.

Sucr ose: 2% 10 4.6 W5 Dextran: 4% 44 Sorbitol: 3%
| ds: 2% QOF26/ 04 A (VA-70) Sucrose: 2% 10 a_a
L1 3 £ v—ggr: 4% Sorbitol: 3% Am Acids: 2%
00:26/ 05 &® (WL61l) Sucrose: 2% 10 4.6 10 a.5 Dextran:

Hava %I?@Jﬁ'cﬁu? al b%t@heA@f RA&{V%S m%%philised vials, the antacid can be

placed in the reconstituent liquid contained in the syringe.

with 1.3 ml
CaCO3 (60mg/ml)

I I Syringe

' Need]
(]

Lyophilise
d
Rotavirus

In this product presentation, sedimentation of CaCO3; must be under control not only

during the filling steps, but also during the complete shelf-live of the product (at least 2

years).

7. 2 CaCO; in the lyophilised vial
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7.3.

The strains DS-1, P and VA70 are descri bed as Human
rotavirus reference strains for serotype &, G3 and
4 respectively at page 1361 of "Fields" Raven press
1990, second edition. In this experinent different

Rot avi rus strains have been |yophilised. For all, both
the viral titer have been nai ntai ned during

I yophilisation and accelarated stability (one week at
37C) has been shown. Exangle 9: Phase | safety study
in adults of one oral adnj iss@ﬁhg@n of the Rotavirus
vacci ne. A Phase | study !%s GAf 1.¢¢hjout to assess the
safety and reactogeni cit yppf qvﬁkpgle oral dose of
1060 ffu of the P43 vacci in healthy adults aged 18
to 45 years. The clinicalldrial was double blind and
random zed. It was placeba-controlled and sel f-

cont ai ned. The study was gerforNeefllin one single
centre in Belgium Study Ropul a¢ion A total of 33
subjects, 11 in the placelp group and 22 in the
vacci ne group, were enr ed and all conpleted the
study. Al volunteers we Caucasi ans. Their nean age
at the tinme of vaccinafion was 35 3 years, with a
range of 18 to 44 years| LBphiliddialbggan in January
and ran for just over ohoub+ Material Vaccine

Clinical lots of P43 valfe rpduced, purified,
formul ated and |yophili z%f;%gg?ﬁﬁgﬁg to Good

Manuf acturing Practices e Tots wefe rel eased by
Quality Control and Quality Assurante. Each vial of
vacci ne contained the follow ng conponents: 45 Active
ingredient: P43 strain Mn. 10S8 ffu Excipients,

ili n e 9 ng Dextran 18 ng Sorbitol
13.5 ng Amno acids 9 ng

In this case Rotavirus, CaCOj; and Xanthane gum are lyophilised together directly in the
blister.

Example 8: Lyophilisation of different strain of Rotavirus

Table 16
Batch n° Rotavirus strain Fomulation composition | Viral titer att = | Viral titer after
zero after lyopjhilisation
lyophilisation and
1 week at 37°
00F26/01 G1 Sucrose: 2% 104¢ 1047
SB purif n°61 Dextran: 4%
PRO/0232 Sorbitol: 3%
Am. Acids: 2%
00F26/02 G2 (DS-1) Sucrose: 2% 10 44 10 44
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
00F26/03 G3(P) Sucrose: 2% 10 *° 10 +°
Dextran: 4% )
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Pl acebo Vials of placebo were prepared and rel eased.
Each vial of placebo contained the follow ng
conmponents: Excipients, stabilizers: Sucrose 9 ng
Dextran 18 ng Sorbitol 13.5 ng Amno acids 9 ng

Dl uent Water for injection was used as diluent to
reconstitute vacci ne and placebo. Adm nistration
Approxi mately 10 to 15 mnutes before adm nistration

of the |vaccine or theg gyt sSubjects of both
groups |were given 10 'ﬂmo,t(p&é”z‘}'nt a(r) o] aIIy

My ant regrytered tactd—The_gntacid y
OOFqézdc{lease‘é‘i g)-l of ”%chqs n‘gdé’h and pre éﬁ 104
i nactivation of the |M®#PNr4% during i{s passage

through the stomach. |Teripgto@be t he vac¢ine, two vials
of lyophilized P43 comimiAdideyy 24058 ffu per vial were

00F26RFEPNSt/idaihvgdyy th 1. %d&*rosgfz I Tuent wal qp «por 10 43
i nj ectijon. This achi g\( rgnc‘@ cul ated viral titer of
106. 1 f|fu per dose. -Hégb tituted vacci ne was
adm ni qtered pronpt|y §' fngl e oral |dose. To

prepare the placeho, AR Aﬁ'dﬂ a/mf Lyaophilized placebo
were reconstituted with 1.5 m  water for i njection
The sirainsa@fi 1niPsanst \GA7 darel degcritedaasdiiurgére rat@dres référebaé strgins for

srof RS AT Lol SO AR A odh k.

secopgeditibever, di arrhea, vomiting, nausea, abdom nal pain
and | oss of appetite. They were recorded during eight
days post adm nistration. Unsolicited synptons were

In this experiteent differeny RiBaviray straios hawelbéeri lgophilisedn.  Seri ous
d e n ire st

For UG e AUF Bl pBY BedSFRE RN KB P AR AL e

stability ¢one Wesksat@ysC) hambearmhoam on. The results were:

Example 9: Phase | safety study in adults of one oral administration of the
Rotavirus vaccine.

A Phase | study was carried out to assess the safety and reactogenicity of a single oral
dose of 10°° ffu of the P43 vaccine in healthy adults aged 18 to 45 years.

The clinical trial was double blind and randomized. It was placebo-controlied and self-
contained. The study was performed in one single centre in Belgium.

Study Population

A total of 33 subjects, 11 in the placebo group and 22 in the vaccine group, were
enrolled and all completed the study. All volunteers were Caucasians. Their mean age at
the time of vaccination was 35.3 years, with a range of 18 to 44 years. The trial began in

January and ran for just over one month.

Material

Vaccine
Clinical lots of P43 vaccine were produced, purified, formulated and lyophilized

according to Good Manufacturing Practices. The lots were released by Quality Control
and Quality Assurance. Each vial of vaccine contained the following components:
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No solicited synptonms, no unsolicited and no serious
adverse events were reported during the respective
observation periods. No cases of diarrhea were
reported. Conclusions SB Biol ogicals P43 vacci ne was
safe relative to the placebo when adm nistered orally
in a double-blind fashion as a single dose at the
dose of 1061 ffu to healthy adult volunteers aged 18
Activedndtédiehtxanpl e 10 - Efficacy of two doses of a human
nonoval ent Rotavirus vaccine, RotarixTMin preventing
P43 §@Shro-enteritjym.deesfp GL and non-G (@&@) Rotavirus A
randoni sed, doubl e-blind, placebo-controlled phase |
I nducted to evaluate the protective
@-g&@ﬁz é)a vacci ne derived fromthe GL P human
strain 89-12 f infant inmunisation. Specifically
Sucr vacci ne usgﬂmhas naned Rotari xTM and conpri ses as
Dextiame rot avirus 18o@ponent the attenuated Gl human
Sorbigdir ai n deposi t ¢8lsasg ECACC deposit 99081301. 493
Anm{yg&#gn/l nfantgpyecei ved two doses of RotarixTMat the
viral concentration (106 ffu) or placebo (504) at age
2 and 4 nonths, concomtantly with DTPwHBV and Hi b
vacci nes, OPV was adm nistered 2 weeks apart.
Placébar r hoeal sanples were tested for the presence of

Vralsrd?tpﬁéébbé' We(é%r'e%d%@ Fr;élgﬁse?ﬁ =2 Folq:fﬁrfeb@ce Girled the

npl es (RT- . Drarr epi so
follor&gégb n?rr%mtvvo weeks after t he second dose vvere
considered for the efficacy analysis. Severity was
Excipignt 4sing a 20-point scal e (Ruuska and
Vesi kari, 1990). A score >_ 11 defined severe di sease.
Sucrgse Results. An9mg erim anal ysis of efficacy was
Dextier f ormed on tf@ngbove nentioned group and the

Sorblé&(" ated ser otgj)gen\l%ere GlL and (&, al nost evenly

EXcipi

i buted. The o all attack rate in the placebo
Qra&ﬁf{? varied fT8¥ 4. 8% for GL to 3.6%for & during
the 6 nonths observation period. Two doses of

Diluewdt ari xTM at 106 ffu protected against all types of

o AR 3 SN A,

agai nst severe gastro-enteritis. If the diarrhoea was
Adm@ by &3, the protection against all types of

[ arr oea was 60%[95% Cl: 0.2-86.0] and 81%[95% O :

Appragmateds1®io Hyminutes haforeradmjsistrationanf ther vaccise oF the mlacdbo,

subjeQ:(s 5#5%%’?9%(1& %@gi@é}gm WB?‘My!‘anFabeoraﬂy. Mylanta® is a registered
antacid. The antacid increases the pH of the stomach and prevents inactivation of the
rotavirus during its passage through the stomach.

To prepare the vaccine, two vials of lyophilized P43 containing 10°2 ffu per vial were
reconstituted with 1.5 ml of diluent water for injection. This achieved a calculated viral
titer of 10°" ffu per dose. The reconstituted vaccine was administered promptly as a

single oral dose.

To prepare the placebo, two vials of lyophilized placebo were reconstituted with 1.5 ml

water for injection and administered orally as a single dose.
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was a statistically significant decrease in diarrhoea
epi sodes in the HRV group as conpared to the pl acebo
group (p < 0.05, two-sided Fisher's exact test).
Concl usion. These results are highly supportive of the
efficacy of 2 doses of a nonoval ent HRV vacci ne,
Rotari XxTM in protecting young infants agai nst the
honol ogous Gl strain and cross-protect against the &
Safetnangh Reackogenfsite 11 - Efficacy of two doses of a human
I : i ] : .af.1 XTM admi ni st er ed
Thé @%ﬁ?éﬁ@ﬁ?ﬁ%ﬁ’féh{é@i r}ré%é%%ﬁ%t rﬁﬁ?gﬁ'ons in preventing
Solicited generalrayapiterns weiteefever, diarrhaal vomitingl na@a, asdoniiaal p2@) and
I u - .. .
oss BRAREH" Tndh bERIEEH SRS dut bty Bt auministaten-
Unsaligitdd symptomb wepe teicerded\duriag 80 days/pest ddmiristadion. agai nst
: ' [ ' CEls er | the GL P
SerchSRUL % L Ao Bkdia A Lol B
Diarrgp sampleamege tofee eallected elutisg dighbdays poetiadRoinistratioiyvl and
conprises as the rotavirus conponent the attenuated
The%;} .strain deposited as ECACC deposit 99081301.
n ¥
Nos; rEe% BM%%JA?Ubﬁ'ﬁtgf%m%é%%@?%ﬁgéfs%*%%%‘t% bl ogrec
during ey refspective @bsemvation/petiotdes. 2 ffu; 464 received 1058
ffu) or placebo (454) at age 2 and 4 nonths,
N R I ' PwHBV and Hi b vaccines, OPV was
© adm ni sattr@?éﬁégwm@éﬁtggapart. D arrhoeal sanples were
tested for the presence of rotavirus (ELISA) and the
CO"Cél_éﬁ‘QﬂSypes determ ned in positive sanples (RT-PCR).
SB Bidigyicdopas vaRiny %sﬁ&?&ét‘i&%ﬁﬁé’&bw& Mﬁ&#&qﬂ%kf‘&e& B&atly in
second dose until subjects were one year of age were
a doyhigrbiingtfashjon gs atsinglefesecaidie dord of 103 figtpvkaaithy aduit volunteers
agedd@ltg4qi ned 48 using a 20-point scale (Ruuska and
Vesi kari, 1990). A score >_ 11 defined severe
di sease. Results: Results are illustrated in the
Exarhp1Bl19S. Eﬁic%\ég of PXIS‘Wo§e§ Bf & !ﬂﬁn%%bﬁgvﬁéwéﬁabﬁgs vaccine,
significantl ewer rotavirus gastroenteritis
Rotagigi'siodwreventing Gastroreoteritis dusctopGhast mog-@t [GY)Retavirus
0.001, two-sided Fisher's exact test). Depending on

A raerBti%iééQ,s 855bie-Bfirtt g%{céﬁrfc?{:?rﬁstﬁléggﬁg%g@g@%@% wﬁfc?ed to evaluate

rotavi fus gastro
the pasctie eificagynof a7 ascinesadved fraBAh S GNP ransEnstairadg-12 for infant
fyhrus gastroenteritis. For each of these efficacy
points, there was a statistically significant
decrease in diarrhoea episodes in the HRV group as
Specifically the vaccine used was named Rotarix™ and comprises as the rotavirus

immun
en

component the attenuated G1 human strain deposited as ECACC deposit 99081301.

493 healthy infants received two doses of Rotarix™ at the viral concentration (10° ffu) or
placebo (504) at age 2 and 4 months, concomitantly with DTPw-HBV and Hib vaccines,
OPV was administered 2 weeks apart. Diarrhoeal samples were tested for the presence
of rotavirus (ELISA) and the serotypes determined in positive samples (RT-PCR).
Diarrhoeal episodes reported from two weeks after the second dose were considered for
the efficacy analysis. Severity was determined using a 20-point scale (Ruuska and

Vesikari, 1990). A score > 11 defined severe disease.
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conpared to the placebo group (p < 0.001, two-sided
Fi sher's exact test). Miultiple rotavirus serotypes
(Gl, &, &G, A and D) were identified from
gastroenteritis stools (ELISA and RT-PCR) allowing to
al so cal cul ate vacci ne efficacy agai nst non-Gl
serotypes. As can be seen fromtable 19 in particular,
for non-Gl serotypes (&, G, &4 and @), and

Reswits, ddntegmoanalysis of effisgey wes pederoiedzapethaebowementioned group

and fh%ﬁ?d(ét%i%epr VE &1 drlaSao fa‘ﬁ'QSQ%%fcﬁﬁ sgr%%t/ The overall

I'ng proof o once

attagkgaieJa thenplacgbo greuevarigdimom B84 fon @matn 3r6% émca%gunng the 6
mon}fé%‘ﬁ%@r@aﬁéﬂ(ﬁ% o% f\%’ %85 t o‘i%dia)g 1 8 'Offll aﬁro@%%e%ra%tamt gll types
of digrdywieaccagaedby G|1 swnthrﬂm dﬁnsamye[pa%t @kl 504957 and©2s% efficacy

10590 47 000 Bl AgAp ootierd aoRSnis, 1 indlidfidetd i Fayssapy oo,
the peote¢tonsagainsdall types pi @ammea(w 6@2%{95%iCID.24861] Bind 81% [95%
t
ci: 33U LoPIRT dotrs ohAIPYUEND. BEPLIA Qs dfacl BUARITE, there
was & sGitistically Sighificant)dedrepasejn diarBda gfisdded jn the HRV GBoUpR)
i t
wm\JA?QF& fi@thepiicPRd ottt § 50.05, q%%”f’fﬁd@&? Wb (e
(31(5 002(4 49 A 001(7) 0 @ 8 (38)

condghi gk 0 By OOV B A NSO °

mondnaharh HRM aancmes Rummmm ptgtecnﬁj younQtigfdhts Wgainst the homologous

G1 sggf?wtar %ecrrlct)s%[;grae%t ;rg%lns? the G9 strain.

Example 11 - Efficacy of two doses of a human monovalent Rotavirus vaccine,
Rotarix™ administered at three different virus concentrations in preventing
Gastro-enteritis due to G1 and non-G1 (G2, G3, G4, G9) Rotavirus

A randomised, double-blind, placebo-controlled phase Il trial was conducted to evaluate
the protective efficacy and efficacy against hospitalization of a vaccine derived from the
G1P human strain 89-12 for infant immunisation.

Specifically the vaccine used was named Rotarix™ and comprises as the rotavirus

component the attenuated G1 human strain deposited as ECACC deposit 99081301.

Healthy infants received two doses of Rotarix™ at three different virus concentrations
(468 received 10*7 ffu, 460 received 10°2 ffu; 464 received 10°® ffu) or placebo (454) at
age 2 and 4 months, concomitantly with DTPw-HBV and Hib vaccines, OPV was
administered 2 weeks apart. Diarrhoeal samples were tested for the presence of
rotavirus (ELISA) and the serotypes determined in positive samples (RT-PCR).
Diarrhoeal episodes reported from two weeks after the second dose until subjects were
one year of age were considered for the efficacy analysis. Severity was determined
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Any rotavirus Severe rotavirus Hospitalization for
gastroenteritis gastroenteritis rotavirus
gastroenteritis Nn (9% Efficacy n (% Efficacy n (%
Efficacy (95% C) (95% d) (95% C) Pooled 1392 58
(4)* 61 (42-74) 27 (2)* 74 (56-85) 9 (0.6) * 79
(48-92) vaccine groups RIX4414 464 15 (3)* 70
(46-84) 5 (1)* 86 (63-96) 3 (0.6)1 79 (25-96) 105.8
using A30moiat stale4Bouska grg) Vesti@ri( PI80) 54 sd@¥e 2) tdefibed 46ved )
0.2)* 93 (54- 105.2 ffu 100) RI X4414 468 21 (4)*
"(29-76) 12 (3)* 66 (32-84) 5 (1)t 65 (-2-90) 104.7
ffU Placebo 454 49 (11) - 34 (7) - 14 (3) - *p<0.001
Resglgs: each conparison between the vaccine and pl acebo

Ros AP B B er BRBY i 106k 83be 6548 kM rcamy
fewer telavieuscgastroanieritis apisbdesgthen whildren tinthes plaeebo Fiasihe(p' < 0.001,
two-§i4EE Fidhed _e&éétggk{).' Bgﬁémﬁrgé’ oh Rk c?o:sgﬂg 5%ro$e%ﬁge %Qf?ca]::g fagainst
t he conpari son petwee t vaccl ne and pl acebo gr oups
severs retavirusi gasiroeptesitie reacheda8t%t (95%Qls 63%+96%)arand| 8% (95%Cl,

46%534%"’):%% aNg:roféV%’sePaﬁﬁo k@iti@.c ESr BAch 57 fhugD %?ﬁcgf:)o endpoints,
subj’ects reporting a east one Specified rotavirus
therqywas acdatistieallyisignifispntdeireddedo didenies episodesinethe HRV group as

i h r tive. effi Y. ,
comiied 308 GRG0 0 £ PAOE USRI FRAES Bl ot wutite
rotaviis sesatipes 6di B2c GSe Gdrandr @9hwerelidentified froengastidenteritis stools

(ELISRPAR For-PEKS SioWHg? Yo "diso %&Lfa?ee%géihéiécfﬂcacy against non-G1

serotypes. As can be seen from table 19 in particular, for non-G1 serotypes (G2, G3, G4

dise

and G9), and depending on the dosage, efficacy against severe rotavirus gastroenteritis
reached 83% (95%Cl: 40%-97%), providing proof of concept that the monovalent G1-
based G1P1A P[8] human rotavirus vaccine elicits cross-protection against heterotypic

(i.e. non-G1) strains.

Features of rotavirus gastro-enteritis episodes reported during the study

Table 17
RIX4414 10*" RIX4414 10°2 RIX4414 10° Placeb
ffu ffu ffu acebo
Any rotavirus gastroenteritis 21 22 15 51

no. of episodes (percent) with specific feature among all rotavirus gastroenteritis
episodes reported

Severity scores <7 4 (19) 8 (36) 2(13) 5(10)
7-10 5 (24) 4 (18) 8 (583) 12 (24)
> 11 12 (57) 10 (45) 5(33) 34 (67)
Identified rotavirus serotypes
wild G1 12 (57) 6 (27) 7 (47) 30 (59)
G2 0 0 1(7) 3 (6)
G3 1(5) 0 0 2 (4)
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Nn(% Efficacy (95% ) p-value* Gl wld type
rotavirus Pool ed vacci ne groups 1392 13 (0.9)

74(41-88) <0.001 RIX4414 1058 ffu 464 2 (0.4) 88
(48-99) <0.001 RIX4414 1052 ffu 460 4 (0.9) 75

(24-94) 0.006 RIX4414 104.7 ffu 468 7 (1.5) 58

(-9-85) 0.057 Placebo 454 16 (4) - - Non-Gl rotavirus
(mainly @ with G, G3 and 4 types) Pool ed vacci ne
groups 1392 G4 (1) 73 (42-88) <0.001 RIX44147)105.8 0

ffu 464 3 (qz 83 (40 0. 001 4414 ffu 4
6(1) 65(7-89 . 020 Risiié¢14 104174ﬁ‘4l3,|< 468 éo((i% qg (29)
71(19-92) 0 | acebo @54 17(4) O - *Tvvo sPded 1(2)

Fi sher's exagikno@at (siggificant of a=g. 05) usedg
for each conparison bet

groups. N = nunber of subj ects n/ % = nunber of
subj ects reporting at |east one specified rotavirus
gastroenteritis I sode Exact 95% confi dence . .
Proteglive efficacy of Mev&se@oﬁe IRIX4414 humanerotaviiys svageine against
rotayirys,gasteQgyeritis ve of the efficacy of 2 doses of a
nonoval ent HRV vaccine, RotarixTM in protecting
Tabi¥qgng i nfants agai nst any and severe rotavirus
gastroenteritis caused by the honol ogous Gl strain and
broad cross-protection agai nst heterol ogous strains,
nanely @, G, &4 and 3. 51 dains 1. An attenuated
rotavirus strain froma Gl serotype for use in the

prepar ati on oAny potavirpssi t i Sevieoe rotadings ng Hospitatization for
response agaigastroeotegitisr us i gastroenteritisom t he GBlavirus
at | east tvvo of the non-Gl rotavirus serotyp@astroenteritis

sel ecteg f qmo})he EehRy CONLS ' "Erlacy™ e & Bhfta
D serotypes (95% Cl) (95% Cl) (95% gl);

Pooled 1392 58 (4) 61(42-74) 27 (2)* 74(56-85) 9(0.6)* 79 (48-92)
vaccine .
groups

RI%(;1414 464 15(3)* 70(46-84) 5(1)* 86 (63-96) 3(0.6)f 79 (25-96)
10°° ffu

RIX4414 460 22(5)* 56 (25-75) 10(2)* 71(40-87) 1 (0.2)* 93 (54-
10%2 ffu 100)

Rli(;1414 468 21 (4) 58(29-76) 12(3)* 66(32-84) 5 (1)t 65 (-2-90)
10™ ffu

Placebo 454 49 (11) - 34 (7) - 14 (3) -

*p<0.001 for each comparison between the vaccine and placebo groups by two-sided
Fisher's exact test (significant level of a=0.05)

1p=0.037 for the comparison between the vaccine and placebo groups by two-sided
Fisher's exact test (significant level of a=0.05) :

$p=0.007 for the comparison between the vaccine and placebo groups by two-sided
Fisher's exact test (significant level of a=0.05)

N = number of subjects

n/% = number of subjects reporting at least one specified rotavirus gastroenteritis
episode

Exact 95% confidence intervals are shown
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2. An attenuated rotavirus strain froma Gl serotype
for use according to claiml1, wherein the conposition
i s capabl e of inducing an i mmune response agai nst
rotavirus infection fromat |east three other
rotavirus strains. 3. . An attenuated rotavirus strain
froma 3 serotype for use according to claiml or 2
wherein the conposition is capable of inducing an
Protectivgnefficacy fstwe slases ofi RD&4t bumas Gtaviass vaxcinadagainst
serotypesinegifigrayere rotapirus gastroentéritist avi rus strain froma
Gl serotype for use according to clains 1 to 3
Tabidgrein the attenuated rotavirus strain is a single
rotavirus variant or substantially a single rotavirus
variant, said variant defined by a nucleotide sequence

encodi ng at | east one of Seyrrerrgtayirugigastrognteritisns
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i ses a nucl eoti de se uence conprising an adenine

N°“‘9&?éta‘('¢0s (MaiplyG9 with-GZ 433 and Gddypesid a t hym ne base
Pooléd )/ao%tna%}smsé omdmpl fromiyhe stargs %% t 7. A.001
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rotavirus stralnf roma ype for use
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Rp@nmne\?%ff@ rotagorus Bay) ng a VPgs5grpg) Cormrl 30090
'If)@l“% (\ip | eoti de_sequence, at |east one of
R % “3? a th§f8ne (P)(Tht posi t4 o] S-%)s5, an a@@ﬂ?ne
( Mpladébcposi ti on4897 anty @)guanine (@ at position 897

ted rotaviruys

strain froma G serotype for use accor di ng to claim?7
*TwotsidethFistierishexabRéstg eigaificanteves 6550.<0.08)alsed far@dach eatmpatison
betweamipeivatcige and plagelregiolips.at  position 605 and an
N = rafifber Besubfact9r a guanine (G at position 897 fromthe
% §E%Befd?ggg]e?ts%pé$ﬂn§5{ ISQ%%BS Eaﬁe?&’ b‘iéﬁrgébﬁ?ﬂ'c%ngr?@ a

episcdt S€r ot use ~accor
Exac /°§8ﬂfé°t ﬁ-ﬂ'ﬁ?n@%%;ftfeg conprises a rotavirus having a

Conclusion:

These results are highly supportive of the efficacy of 2 doses of a monovalent HRV
vaccine, Rotarix™, in protecting young infants against any and severe rotavirus
gastroenteritis caused by the homologous G1 strain and broad cross-protection against
heterologous strains, namely G2, G3, G4 and G9. ’
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in the nucleotide sequence, an adenine (A) at
positions 788 and 802 and a thyrnine (T) at position
501 fromthe start codon; and wherein the VP7 gene
conprises, in the nucleotide sequence, a thymne (T)
at position 605 and an adenine (A) at position 897
fromthe start codon. 10. An attenuated rotavirus
strain froma GL serotype for use according to clains
clamg 0 9 wherein the conposition is at |east 50%
protective, in a population of vaccinated

i ndi vi dual s, agai nst diarrhea and/or gastroenteritis
and/ or severe gastroenteritis caused by infection of

a rqtav IA %ﬁexﬁfate@'iot%ﬁﬁ? Etraﬁ%on?glblcée;o@%rf&l WP fitthe ‘aéParﬁﬂ)n of
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at t gnuat,ed rota Irus str 0

Scchr o g GRR sy e £ O sfape BR L ART b o G 1
up Veergn eﬁ@ﬁ@%tqnvwa@bé? plcipduging ap dmEHReIEsPONSS agans Ejavirus
by infeékceat framatdéasethree béer owsgingfstrains. | east two non- Gl
serotypes. 13. An attenuated rotavirus strain froma

GL ser o}\%{ E&enﬁxggd ro?a%{rgscs%glrndl‘lrorﬁga b? sgrgsg)g‘for use %ccorgmg to clalm 1

wher'ei n

poptil athesin dhe %19@#1% ig §apably d’if \wdaaag §n §§‘§W}?§FSP§’§9 &9 @e Gl
gasdnd ¢o e Gar G31,iGBt and G9aekotypesi nf ecti on of rotaviruses of
at | east two non-G 1 serotypes sel ect ed fromthe

rogp c %t'te%azl%tgcgro%vmgzsfraleifomra Gﬁserot@f for use taccordu%goto clalms 1

at t enuat e
C B PRSI e i cRVAROTpavirug Strif i SEEIGTBEEFY ERRDT or substantially
gas sigglerstayirig vaiants sshivaot defingdbyez nirdevtidé sequenoe endoding at

of 1edst dne@Sihe niaftr ORalPRIcifsldcHiBHALNR SP4S0d TOY qﬁeférmmlne
group consisting of &, &, &4 and 2. 15

attenuat ed rot%wrus strain froma Gl ser oefor use
ccor di fgfgatieauaéﬁ Pty st Bpwia Ok sseotpydon yse éWP@mgtt? glajms 1

c ali& é ovhprgini the eomipositionvgoniprie a r@aviruGhavingla ¥h4 gerecbmprining, in

53 thbnucledtideisbqishi] £deabina b thel SolRWirdt Bn AdeRiit BaslA) at position

ot SRl B AT SRR B By S £ g NG rom

r ot
ob?lg’ ?f‘é'bﬁo r derivabl e from ECACC deposi t 99081301.
17. An attenuated rotavirus strain froma Gl serotype
f 06. Us @naemniactdrGtatifus €hrfin Bk G1 SerdiPpedoeiistiabeokdify to claim 5

CORPRRiEH RN P4SgeRd BInPrRlsS ifliebflaeBseuedS &nlpfiGingEn adenine base
(A) at positions 788 and 802 and a thymine base (T) at position 501 from the start
codon.

7. An attenuated rotavirus strain from a G1 serotype for use according to claims 1
to 4 in which the composition comprises a rotavirus having a VP7 gene comprising,
in the nucleotide sequence, at least one of the following: a thymine (T) at position
605, an adenine (A) at position 897 and a guanine (G) at position 897 from the start
codon.
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18. An attenuated rotavirus strain froma Gl serotype
for use according to clains 1 to 17 wherein the
attenuated rotavirus strain is fornulated with a
suitable pharnmaceutical carrier or wwth an antacid
buffer or both. 54 WD 2005/021033 112

PCT/ EP2004/ 009725 FI G 1 VP4 sequence of P43
ATGGCTTCAC TCATTTATAG ACAACTTCTC ACTAATTCAT ATTCAGTAGA

CAG&X?IC-;%&A tff)‘ﬁ“ %@A w Wﬁ%&lg to claim 7

Arednviche AGT Eaperrmprisss @ nuelsqids Pegusps e APy perhymine (1) at
TTC@@T@Q@QS STPERASDAN AD DT T AGANS(S: 20 Positi@EY T APOAIG start codon.
CCAACTACAT TTACTCCAAC TAATGATTAT TGGATACTTA 250

T SHGIETE ST ST T,
300 TJT
CAGYAGATRESIES COMPORHIPA PAFPPEISAT Ao HAT @ik comprising,

ATTInAh @S ofdsTAN@ORT I aigoine GRANTONANTS/ &8and$92ramia thymine (T)
GAA@(TﬁET];AS@W%WMGréﬁQhG VPT TgedeAéobdprises, in the

e’ Chalfbofide's egﬁﬁ J&o%%ﬁd%ﬂe% smon 897
AAATATCGT TTTCA TGGTGAAACA
550 éﬁaé&éﬂ\ TTCAAGTAAT GCAAATTTAA ATAATATATC

AATTACAATT 600 CATTCAGAAT TTTACATTAT TCCAAGGICC
CAGEAAT An Attehidied fotabnds dial frofl AGASdrdtipe RAARLSGEECOTARE to claims 1

CAGEAAIHEEdn ﬁr@%&ﬁ%ﬁ% iR G, otzgg/e i EA h bf vaccinated

AN R e R e e et e

800bY infkesign/of Aqtavirns afiat lagt twa oG ferefyPe P AATAGTATT
GTAAAGATGG 850 GAGGACTAGG TTATAAATGG TCTGAAATAT

CATATAARL St e YOl iNs sueid fro@%ﬁ?&&g e OEUsEACaldY, to claims 1

R R T e

1050rotyP&TGTAGACT ATTGGGATGA TTCAAAAGCA TTTAGAAATA
TGGTATATGT 1100 TAGATCATTA GCAGCT AATT TAAATTCAGT

T%em s#ég% Jefd g g@% L AEASR o claims 1
to 5 wherein the composition is up to 81% protectwe against gastro-enteritis caused

by infection of a rotavirus of at least two non-G1 serotypes.

13.  An attenuated rotavirus strain from a G1 serotype for use according to claims 1
to 9 wherein the composition is up to 83% protective in a population of vaccinated
individuals against severe gastro-enteritis caused by infection of rotaviruses of at least
two non-G1 serotypes selected from the group consisting of G2, G3, G4 and G9.

14.  An attenuated rotavirus strain from a G1 serotype for use according to claim 10,
12 and 13 wherein the gastro-enteritis is caused by infection of a rotavirus of at least

three non-G1 serotypes selected from the group consisting of G2, G3, G4 and G9.

15.  An attenuated rotavirus strain from a G1 serotype for use according to claim 14
wherein the gastro-enteritis is caused by infection with G2, G3, G4 and G9 serotypes.

53



GITTCGITGC ATTTTGCCGG AGITACATTA TCCACGCAAT TTACTGATTT
1250 TGTATCATTA AATTCACTAC GATTTAGATT TAGITTGACA
GITGATGAAC 1300 CACCTTTCTC AATACTGAGA ACACGTACAG
TGAATTTGTA TGGATTACCA 1350 GCCGCTAATC CAAATAATGG
AAATGAATAC TACGAAATAT CAGGAAGGIT 1400 TTCACTCATT
TCTTTAGITC CAACTAATGA TGATTATCAG AC. CCAATTA 1450
TGAATTCAGT GACGGTAAGA CAAGATTTAG AGCGCCAACT TACTGATTTA
1500 CGAGAAGAAT TTAACTCATT GTCACAAGAA ATAGCTATGG
CACAATTGAT 1550 TGATTTAGCA CTGITGCCTC TAGATATGIT
TTCCATGITT TCAGGAATTA 1600 AAAGTACAAT TGATTTAACT
AAATEAARDG éuded AtaMEEs AATTGOAGAGA sdr6fyPe fof TS G ORNAg to claims 1

CAARAIST Wfdreif A bt strhf AGROA A ANMH & 3Qbtainable or

GTCAGAT. TTCTATT AGATCGAATT
1756“‘“‘?"%WWQATGTTT CAAATGATGT
GTCAAACGTA 1800 ACTAATTCAT TGAACGATAT TTCAACACAA
ACATCT AGAATTAGT ARG H8HGTomAOBT ABATTAARGIRMIG O claims 1
TTAGT6AAR einlt fibn RGlinihikfef¥dn 4 9Q@se réfmé TTCAGC
AGCTGTACTA AAAA TAGATATGIC TACTCAAATT 1950

%S@AAAATA CT TTACCT GA TAT. GT TA &Ao$g& G AGAAA[I)'I; agnrs i

AT@@AAATthrezmsme a\rsn@mmmmmmfo@@hmma suitable
TTAMASedulical CAYTic ARGtk ad hAcid GEIfeT 668G TAAATAAATT
CGCTGAACTA GTAACAGATT CTCCAGTTAT 2150 ATCAGCGATA
ATCGATTTTA AGACATTGAA AAATTTAAAT GATAATTATG 2200
GAATCACTCG TACAGAAGCG TTAAATTTAA TTAAATCGAA TCCAAATATG
2250 TTACGTAATT TCATTAATCA AAATAATCCA ATTATAAGGA
ATAGAATTGA 2300 ACAGTTAATA CTACAATGTA AATTGTGAGA
ACGCTATTGA GGATGTGACC 2350 WD 2005/ 021033

PCT/ EP2004/ 009725 2/ 2 Fig 2 VP7 sequence of P43
ATGTATGGTC TTGAATATAC CACAATTCTA ATCTTTCTGA TATCAATTAT
50 TCTACTCAAC TATATATTAA AATCAGTAAC TCGAATAATG
GACTACATTA 100 TATATAGATC TTTGTTGATT TATGTAGCAT
TATTTGCCTT GACAAGAGCT 150 CAGAATTATG GGCTTAACTT
ACCAATAACA GGATCAATGG ACACTGTATA 200
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CCCTAACTCT ACTCAAGAAG GAATATTTCT AACATCCACA TTATGITTGT
250 ATTATCCAAC TGAAGCAAGT ACTCAAATTA ATGATGGTGA
ATGGAAAGAC 300 TCATTGICAC AAATGITTCT CACAAAAGGT
TGGCCAACAG GATCAGICTA 350 TTTTAAAGAG TATTCAAGTA
YEGPFRTPY TTCTGTCGAT
TAACTTAGTA CTAATGAAAT ATGATCAAAA TCTTGAATTA 450
GATATGICAG AGITAGCTGA TTTAATATTG AATGAATGGT TATGTAATCC
500 AATGGATATA ACATTATATT ATTATCAACA ATCGGGAGAA
TCAAATAAGEehAce EAIATCAAT GGGATCATCA TGTACTGIGA
AAGTGIGT CC ACTGAATACG 600 CAAATGITAG GAATAGGTITG

T
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FRSERCTAGAC IRFATRCABCMS TATICEAA

Al

ACCAMIGETCASCAGBFAALGTTREAAMAGATTICARGRACATT
AAAMF@IWG@@QFFT AT AGACARTIREAGCFFRAAATICRAAACTA

1%

ATATATTAAT
CATTGCCATT
GAAGACATTA
TAGGGATATT
GAGGACTAGG
CAATATAATT
TTCAGTAAAT
CTGATTTTGG
TATGTAGACT
TAGATCATTA
ATTATTTCAG
GTTTCGTTGC
TGTATCATTA
CACCTTTCTC
GCCGCTAATC
TTCACTCATT
TGAATTCAGT
CGAGAAGAAT
TGATTTAGCA
ABAGTACAAT
TTTAGAAAAT
GTCAGATGCT
TATCTGCGAT
ACTAATTCAT
ACTTAGATTA
ACATTTCAGC
GGAAAAMATA
TCCAAAACGA
ATACTGAAGG
CCATTCGATG
ATCAGCGATA
GAATCACTCG
TTACGTAATT
ACAGTTAATA

SiCAs

AATGGTCTGC
ATCATCTAGA
TAGTTTCAAA
ATAATTAGAT
TTATAAATGG
ACTTACGTGA
GGAGTGAACA
TATTTCAAGG
ATTGGGATGA
GCAGCTAATT
TATACCAGTA
ATTTTGCCGG
AATTCACTAC
AATACTGAGA
CAAATAATGG
TCTTTAGTTC
GACGGTAAGA
TTAACTCATT
CTGTTGCCTC
TGATTTAACT
CAAAATTAGC
GCTTCATCAG
TTCAAATTGG
TGAACGATAT
AAAGAAATGA
AGCTGTACTA
CTTTACCTGA
TCATATCGAA
AAAATTCTTT
TAAATAAATT
ATCGATTTTA
TACAGAAGCG
TCATTAATCA
CTACAATGTA

GCAAATTTAA
TCCAAGGTCC
CACCAATTCA
TCGATACAGT
AACTTCATTA
TTAAATTTGG
TCTGAAATAT
CGGTGAACAA
ATTTTAGCTA
TATGAAGTTA
TTCAAAAGCA
TAAATTCAGT
GGTGCATGGC
AGTTACATTA
GATTTAGATT
ACACGTACAG
AAATGAATAC
CAACTAATGA
CAAGATTTAG
GTCACAAGAR
TAGATATGTT
AAATCAATGG
TACATCAATT
CATCAAGAAA
ACTAATGTTT
TTCAACACAA
TTACTCAAAC
AAAACAAAAR
TATAGTTACA
TATTAAAGGA
GCATACAAAA
CGCTGAACTA
AGACATTGAA
TTAAATTTAA
AAATAATCCA
AATTGTGAGA

ATAATATATC
CAGGAATCTA
AAATACTAGA
ATAAGAGAGC
TGGAAAGAAA
TAATAGTATT
CATATAAGGC
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TAATGGAGGG
TTAAARGAGAA
TTTAGAAATA
GAAATGTACA
CAGTAATGAA
TCCACGCAAT
TAGTTTGACA
TGAATTTGTA
TACGAAATAT
TGATTATCAG
AGCGCCAACT
ATAGCTATGG
TTCCATGTTT
CGACTAGTGT
TCAGAAATGA
CGTTTCTATT
CAAATGATGT
ACATCTACAA
TGAAGGAATG
TAGATATGTC
GAAGCATCTG
TGATGAAGTA
TTAATACATT
GTAACAGATT
AAATTTAAAT
TTAAATCGAA
ATTATAAGGA
ACGCTATTGA

AATTACAATT
AATGTAATGA
AATGTAGTTC
ACAAGTTAAT
TGCAGTATAA
GTAAAGATGG
AGCAAATTAT
ACACCACTTG
TTTCTACCCA
TTCTTATGTA
TGGTATATGT
GGTGGAAGTT
TGGTGGCGCT
TTACTGATTT
GTTGATGAAC
TGGATTACCA
CAGGAAGGTT
ACTCCAATTA
TACTGATTTA
CACAATTGAT
TCAGGAATTA
AATGAAGAAA
CTAATTCATT
AGATCGAATT
GTCAAACGTA
TTAGTAAGAA
AGCTTTGACG
TACTCAAATT
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Fig2 VP7 sequence of P43

ATGTATGGTC
TCTACTCAAC
TATATAGATC
CAGAATTATG
CGCTAACTCT
ATTATCCAAC
TCATTGTCAC
TTTTAAAGAG
ATTGTGATTA
GATATGTCAG
AATGGATATA
GGATATCAAT
CAAATGTTAG
GGTTGCTGAG
ATCATAAAAT
AAGTTAGGTC
TGTATTAGAC
TGATGAGAGT
GATTATATTA
AAATTCTGCA
GATGTGACC

TTGAATATAC
TATATATTAA
TTTGTTGATT
GGCTTAACTT
ACTCAAGAAG
TGAAGCAAGT
AAATGTTTCT
TATTCAAGTA
TAACTTAGTA
AGTTAGCTGA
ACATTATATT
GGGATCATCA
GAATAGGTTG
AATGAGAAAT
AAATTTGACA
CAAGAGAGAA
ATAACAGCAG
GAATTGGAAA
ACCAAATCGT
GCTTTTTATT

2/2

CACAATTCTA
AATCAGTAAC
TATGTAGCAT
ACCAATAACA
GAATATTTCT
ACTCAAATTA
CACAAAAGGT
TTGTTGATTT
CTAATGAAAT
TTTAATATTG
ATTATCAACA
TGTACTGTGA
TCAAACAACA
TAGCTATAGT
ACTACGACAT
TGTAGCTGTA
ATCCAACGAC
AAATGGTGGC
GCAGGTAATG
ATAGAGTATA

ATCTTTCTGA
TCGAATAATG
TATTTGCCTT
GGATCAATGG
AACATCCACA
ATGATGGTGA
TGGCCAACAG
TTCTGTCGAT
ATGATCAAAA
AATGAATGGT
ATCGGGAGAA
AAGTGTGTCC
AATGTAGACT
GGATGTCGTT
GTACTATTCG
ATACAAGTTG
TAATCCACAA

AAGTATTTTA’
TCCAAAAGAT.-

GATATATCTT

TATCAATTAT
GACTACATTA
GACAAGAGCT
ACACTGTATA
TTATGTTTGT
ATGGAAAGAC
GATCAGTCTA
CCACAATTAT
TCTTGAATTA
TATGTAATCC
TCAAATAAGT
ACTGAATACG
CGTTTGAAAT
GATGGGATAA
AAATTGTAAG
GTGGCTCTAA
ACTGAGAGAA
TACTATAGTA
CAAGATCATT
AGATTAGATC
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